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Preface 

This thesis is arranged in eight chapters, with an introduction (Chapter One), six submitted or 

published papers (Chapter Two to Chapter Seven), and a conclusion (Chapter Eight). The 

University of Sydney allows published papers that arose during the candidature to be included in 

the thesis. 

 

Chapter One is an introduction to the thesis and provides the background on musculoskeletal pain 

and main statistical methods used. Chapter Two is a systematic review and network meta-analysis 

evaluating the effectiveness and safety of conservative care approaches for pregnancy-related back 

pain. This chapter is presented as published in Physical Therapy. Chapter Three is a research 

protocol of a network meta-analysis and systematic review assessing the effectiveness and safety 

of surgical and invasive procedures for adults with degenerative lumbar spinal stenosis. This 

chapter is presented as published in BMJ Open. Chapter Four presents the full systematic review 

and network meta-analysis on the comparative effectiveness and safety of surgery, invasive 

treatments and conservative care for people with degenerative lumbar spinal stenosis. This chapter 

is presented as submitted for publication in Physical Therapy. Chapter Five is a cohort study 

examining both cross-sectional and longitudinal associations between lumbar radiographic 

changes and the severity of back pain-related disability. This chapter is presented as published in 

JAMA Network Open. Chapter Six is a cohort study conducted to identify distinct trajectories of 

analgesic use and the potential association of these trajectories with mortality and quality of life. 

This chapter is presented as submitted for publication in Pain. Chapter Seven is a cohort study 

quantifying the association between chronic musculoskeletal pain and all-cause mortality and the 

extent to which this association is mediated by physical activity, smoking status, alcohol 

consumption, and opioid use. This chapter is presented as published in EClinicalMedicine. 

Chapter Eight is an overview of the thesis and discusses the clinical implications of the findings 

and recommendations for future research. 

 

Each chapter contains its own reference list. Ethical approval was obtained from the Waltham 

Forest and Redbridge Local Research Ethics Committee, UK for the studies presented in Chapter 
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Five and Chapter Six, and the North West Multi-centre Ethics Committee, UK, for the study 

presented in Chapter Seven. The remaining chapters did not require ethical approval. 
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Abstract 

Musculoskeletal pain often includes pain in the back, neck, knee, and hip, and is associated with a 

substantial financial and personal burden. Eight chapters are included in this thesis that aims to 

improve the understanding of the heterogeneity in treatment effects and prognosis of 

musculoskeletal pain. Four issues were identified: i) people with different pain phenotypes (i.e. 

back pain with or without neurological deficit) or with distinct underlying health conditions (e.g. 

pregnancy-related back pain) may respond differently to treatment strategies; ii) people with 

chronic back pain and presenting different radiological phenotypes may experience different 

course of the disease; iii) different patterns of analgesic use over time may be associated with 

different long term health status; iv) different types and number of sites of musculoskeletal pain 

may be associated with different clinical prognoses. Chapter One is an introduction to 

musculoskeletal pain.  

 

Pregnancy is a special time during a woman’s life. Research shows, however, that more than one-

half of pregnant women experience pregnancy-related back pain. Despite many conservative 

strategies being commonly recommended for pregnancy-related back pain, little is known about 

the comparative effectiveness and safety of these approaches. Thus, a systematic review and 

network meta-analysis was conducted and is presented in Chapter Two comparing the 

effectiveness and safety of different types of conservative care for pregnancy-related back pain. 

The results showed that, for women with back pain during pregnancy, progressive muscle 

relaxation therapy (mean difference [MD]: −3.96, 95% confidence interval [CI]: −7.19 to −0.74; 

moderate-quality evidence) and Kinesio Taping (MD: −3.71, 95% CI: −6.55 to −0.87; low-quality 

evidence) resulted in small reductions in pain intensity (Visual Analog Scale, range = 0 to 10) 

compared with placebo. Moderate-quality evidence suggested that transcutaneous electrical nerve 

stimulation results in a moderate improvement in function (MD: −6.33, 95% CI: −10.61 to −2.05; 

Roland Morris Disability Questionnaire, range = 0–24) compared with placebo. This study bridges 

an important gap in the evidence regarding optimal management of pregnancy-related back pain. 
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Degenerative lumbar spinal stenosis affects 11% of the population and is often managed with 

surgery or other invasive treatment options (e.g., epidural injection). Similar to pregnancy-related 

back pain, little is known about the comparative effectiveness and safety of available management 

approaches for lumbar spinal stenosis. Thus, a protocol for a systematic review and network meta-

analysis is presented in Chapter Three and a network meta-analysis is presented in Chapter Four 

comparing the effectiveness and safety of surgery, invasive treatments, and conservative care for 

degenerative lumbar spinal stenosis. Overall, the results showed no statistically significant 

differences between conservative approaches and any surgical or invasive interventions in the 

primary outcomes of physical function and all-cause mortality. Likewise, no significant 

differences between groups were observed for back pain, mobility, or treatment withdrawal due to 

any reason. Although interspinous device (MD: -2.05, 95% CI: -3.98 to -0.12), midline splitting 

decompression (MD: -2.47, 95% CI: -4.45 to -0.5) and conventional open decompression (MD: -

1.80, 95% CI: -3.49 to -0.11) were statistically superior to conservative care for short-term leg pain 

(0-10-point Visual Analog Scale), the difference was clinically unimportant. Conservative care 

was associated with lower odds of intervention-related adverse events when compared with other 

surgical interventions, except for endoscopic decompression. When comparing across all surgical 

interventions, interspinous device was the procedure associated with the highest odds of 

reoperation. This network meta-analysis provides the reader with the most comprehensive 

understanding of the current evidence for treatments of degenerative lumbar spinal stenosis. 

 

Current international practice guidelines do not recommend routinely using diagnostic imaging in 

the management of back pain. However, spinal diagnostic imaging is still widely used in clinical 

practice. Previous studies, using mostly cross-sectional data, provide conflicting evidence of a 

potential association between lumbar spine radiographic changes and the severity of back pain–

related disability. Such conflicting evidence may be associated with the wide use of unnecessary 

diagnostic imaging of the lumbar spine. Chapter Five aimed to examine both cross-sectional and 

longitudinal associations between lumbar spine radiographic changes and the severity of back 

pain-related disability among middle-aged, community-dwelling women. The study found that, 

among 650 women (mean [SD] age, 61.3 [5.9] years) whose data were included in the cross-

sectional analyses, and 443 women (mean [SD] age, 60.6 [6.0] years) included in the longitudinal 
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analyses, there was no evidence to support an association between higher number of lumbar 

segments with radiographic changes (K-L grade, osteophytes, and disc space narrowing) and more 

severe back pain–related disability (e.g., cross-sectional analyses using the K-L grade; 1 segment 

vs 0 segment: adjusted odds ratio, 1.22, 95% CI, 0.76 to 1.96]). No interactions were found of an 

association between lumbar spine radiographic changes and the severity of back pain–specific 

disability with age, body mass index, or smoking status. The findings suggest that the changes 

detected in lumbar radiographs provide limited value for decision-making regarding the 

management of back pain in this population. 

 

Analgesics are widely used and at a steadily increasing rate over the past years. Given the many 

associated adverse events of analgesics and the potential impact their long-term use may have on 

the patient’s general health, it is relevant to better understand whether different patterns of 

analgesic use may influence adverse outcomes. Chapter six aimed to identify distinct trajectories 

of analgesic use and the potential association of these trajectories with mortality and quality of 

life. Among 804 women, three distinct trajectories of analgesic use were identified: (i) ‘no use’ 

group (691, 85.9%); (ii) ‘increasing probability to use’ group (73, 9.1%); and (iii) ‘constant 

analgesic use’ group (40, 5.0%). Compared with the ‘no use’ group, the ‘constant analgesic use’ 

group was associated with 2.15 times higher risk of all-cause mortality (95% CI: 1.18 to 3.91). No 

association between cause-specific mortality and pattern of analgesic use was found. Worse quality 

of life in terms of physical function, role limitations due to physical health and pain was associated 

with constant and high probability of using analgesics, and with increased probability of using 

analgesics. This study showed that, in this cohort of middle-aged women, a small group of women 

presented a high and constant probability of using analgesic over the study period and a markedly 

higher risk of all-cause mortality compared to those with no or low probability of using analgesics. 

The findings indicate the need for public health initiatives addressing the potential drivers of a 

high and constant probability of using analgesics, including better communication between 

physicians and patients and effective education for the community-dwelling people.  
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Chronic musculoskeletal pain is common, and although it has been linked with increased risk of 

mortality, the nature of this association is still uncertain. Chapter seven aimed to quantify the 

association between chronic musculoskeletal pain and all-cause mortality and to investigate the 

extent to which this association was mediated by physical activity, regular opioid use, current 

smoking, and regular alcohol consumption. Of the 384,367 included participants, 54.2% were 

women, with mean (SD) age of 57 (8) years. A total of 187,269 participants reported chronic 

musculoskeletal pain. Neck or shoulder pain only, back pain only and hip pain only were 

associated with higher risk of all-cause mortality. Higher number of pain sites was associated with 

increased risk of all-cause mortality compared to having no pain (e.g., four sites vs no site of pain, 

Hazzard Ratio [HR] 1.46, 95% CI 1.35 to 1.57). The single mediator analyses showed the 

following mediating proportions of the association between chronic musculoskeletal pain and all-

cause mortality: 8.0% to 15.7% for physical activity; 32.5% to 79.0% for opioid use; 14.6% to 

29.8% for smoking status and 2.4% to 17.5% for alcohol consumption. The multiple mediator 

analyses showed that the mediating proportions for all four mediators ranged from 53.4% to 

122.6%. Among participants with one pain site, chronic musculoskeletal pain was not associated 

with all-cause mortality. Among participants with two or more pain sites, however, the effect 

estimate reduced substantially, e.g., for two pain sites, HR reduced from 1.25 (95% CI: 1.21 to 

1.30) to 1.07 (95% CI: 1.01 to 1.11). The results suggest that supporting healthy lifestyle behaviour 

as well as opioids deprescription is an important strategy to decrease the mortality risk associated 

with chronic musculoskeletal pain. 
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Introduction 

Background 

The global burden of musculoskeletal pain is substantial, especially in the older population. Based 

on the results from the 2019 Global Burden of Disease, the global prevalence (all ages and both 

sexes) for rheumatoid arthritis, osteoarthritis, low back pain, neck pain and gout is 18.6 million 

(0.25%), 0.5 billion (7.1%), 0.6 billion (7.6%), 0.2 billion (3.0%) and 53.9 million (0.72%), 

respectively1. The prevalence rate is higher for those who are 65 years of age or older: 1.7% for 

rheumatoid arthritis, 64.8% for osteoarthritis, 38.5% for low back pain, 12.1% for neck pain and 

6.4% for gout1. These conditions are also leading causes of disability worldwide. For example, 

low back pain has been considered the number one cause of years lived with disability from 1990 

to 2017, with neck pain ranking the number ten2. 

 

There is substantial heterogeneity in the clinical course of these conditions as well as in how people 

respond to different treatment options used to manage musculoskeletal pain3-14. I have identified 

the following issues which may be associated with these levels of heterogeneity: i) people with 

different pain phenotypes (i.e. back pain with or without neurological deficit) or with distinct 

underlying health conditions (e.g. pregnancy-related back pain) may respond differently to 

treatment strategies; ii) people with chronic back pain and presenting different radiological 

phenotypes may experience different course of the disease; iii) different patterns of analgesic use 

over time may be associated with different long term health status; iv) different types and number 

of sites of musculoskeletal pain may be associated with different clinical prognoses.  

 

Treatment for pregnancy-related back pain 

Pregnancy is a special time during a woman’s life, however more than one-half of pregnant women 

experience pregnancy-related back pain15. About 50% of women with pregnancy-related back pain 

present with persistent symptoms 12 months postpartum, and 20% remain with symptoms three 

years postpartum16,17. Pregnancy-related pelvic girdle pain (PGP) is another type of 

musculoskeletal pain, which presents different prognosis compared with pregnancy-related back 

pain (women with pregnancy-related PGP are more disabled than pregnancy-related back pain)18. 
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The management of pregnancy-related PGP and back pain is largely focussed on conservative 

approaches to relieve pain and improve function during pregnancy, although very few clinical 

practice guidelines offer specific recommendations for these conditions. For instance, one of the 

few guidelines to provide specific recommendations, the Irish clinical practice guideline for PGP 

management in pregnancy and post-partum endorses individualised physiotherapy tailored 

programs, exercise, and education for back pain in pregnancy and post-partum19. The guideline 

also mentions that manipulation or mobilisation of pelvic joints and acupuncture may be used; 

whilst massage and pelvic belts should not be used as a single intervention; paracetamol, codeine-

based preparations and non-steroidal anti-inflammatory drugs should be used cautiously.  

 

Despite many conservative strategies being commonly recommended for pregnancy-related back 

pain, little is known about the comparative effectiveness and safety among these approaches as 

these recommendations are based on the results of two-treatment comparisons reported in existing 

trials or systematic reviews. Thus, a network meta-analysis and systematic review of randomised 

controlled trials and observational studies was conducted and is presented in Chapter Two 

evaluating the comparative effectiveness and safety among numerous conservative care 

approaches for pregnancy-related back pain. 

 

Treatment for degenerative lumbar spinal stenosis 

Degenerative lumbar spinal stenosis is a specific type of back pain that affects 11% of the 

population around the world and is recognised as one of the most debilitating forms of back pain 

20,21. Usually, this condition is the result of a decreased spinal canal diameter due to structural 

changes that occur with age22, with patients typically experiencing pain, numbness and/or fatigue 

in one or both lower limbs that is worsened during walking and standing and alleviated with 

forward bending or sitting8 – also described as neurogenic claudication. Occasionally patients may 

present with spinal instability or degenerative spondylolisthesis, which can change the way their 

condition is managed or how they respond to some treatment approaches21. The degree of stenosis 

of the spinal canal also varies substantially among patients, and there is little correlation between 

the degree of stenosis and the severity or location (i.e., unilateral vs bilateral) symptoms21.  These 

variations in patient phenotype challenge the choice of treatment options21.  
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International clinical practice guidelines will usually recommend surgical interventions (e.g., 

decompression, fusion, and interspinous spacer), injections (e.g., epidural injection and 

adhesiolysis), and nonsurgical interventions (e.g., physical therapy and bracing)23-33. However, 

similar to pregnancy-related back pain, little is known about the comparative effectiveness and 

safety of these available approaches, i.e., surgical interventions and conservative care and most 

guideline recommendations are based on head-to-head comparisons between two interventions. 

Thus, a research protocol is outlined in Chapter Three and the formal systematic review and 

network meta-analysis is presented in Chapter Four assessing the effectiveness and safety of 

surgical, invasive treatments and conservative care for people with degenerative lumbar spinal 

stenosis. 

 

Imaging for back pain 

A common source of clinical heterogeneity among people with back pain is the large range of 

radiological phenotypes observed in this population. Patients with back pain may present with 

degenerative changes to the intervertebral spaces, spondylolisthesis, or osteoporotic fractures. 

Research, however, has not been able to fully establish a reliable correlation between symptom 

severity or clinical prognosis and radiological findings among people with back pain, as 

highlighted below. For that reason, routine diagnostic imaging for patients with back pain is in 

general discouraged. For example, the clinical practice guidelines developed by the American 

College of Physicians34 highlights only three indications for diagnostic imaging: 

➢ Immediate imaging: major risk factors for cancer, risk factors for spinal infection, risk 

factors for or signs of the cauda equina syndrome, severe or progressive neurologic deficits. 

➢ Imaging after a trial of therapy: minor risk factors for cancer, risk factors for inflammatory 

back disease or vertebral compression fracture, signs or symptoms of radiculopathy, risk 

factors for or symptoms of symptomatic spinal stenosis. 

➢ Repeated imaging: new or changed low back symptoms. 
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Similar recommendations are seen in the National Institute for Health and Care Excellence35, 

which recommends that imaging should be only considered in specialist settings of care (for 

example, a musculoskeletal interface clinic or hospital) if the results are likely to change the 

management. However, diagnostic imaging is still widely used. A recent systematic review and 

meta-analysis, which included 45 studies with 4 million imaging requests/events, showed that36:  

➢ Simple imaging (defined as plain radiography or ultrasound): no significant change in the 

proportion of requests over 20 years with 21.2% of patients with back pain (clinical setting 

includes emergency care and primary care) receiving a referral for imaging in 1995 and 

21.3% in 2015. 

➢ Complex imaging (defined as computed tomography, magnetic resonance imaging or 

nuclear bone scan): a significant increase over 20 years with 7.4% in 1995 and 11.4% in 

2015. 

 

Previous studies, using mostly cross-sectional data, provided conflicting evidence of any 

association between lumbar spine radiographic changes and the severity of back pain–related 

disability37,38. Such conflicting evidence may be associated with widely unnecessary diagnostic 

imaging of the lumbar spine. Thus, a cohort study was conducted and is presented in Chapter Five 

examining both cross-sectional and longitudinal associations between lumbar radiographic 

changes and the severity of back pain–related disability using composite scores that combined the 

number of segments and type of changes in terms of K-L grade, disc space narrowing, and 

osteophytes. 

 

Analgesic use 

Pharmacologic treatments including opioid, nonsteroidal anti-inflammatory drugs (NSAIDs) and 

acetaminophen, are mainstream options to alleviate musculoskeletal pain, although the effects of 

these treatments on pain and function are small to moderate39,40. In general, analgesics could be 

classified as opioid analgesics (e.g., tramadol and morphine), non-opioid analgesics (e.g., 

paracetamol, aspirin, and ibuprofen), and compound (e.g., Co-Codamol - codeine and paracetamol 

and Co-Dydramol – dihydrocodeine and paracetamol). On 07 April 2021, the National Institute 
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for Health and Care Excellence (NICE) released a new guideline titled Chronic pain (primary and 

secondary) in over 16s: assessment of all chronic pain and management of chronic primary pain41. 

The NICE guidelines mentioned that these analgesics should not be used as first line care of 

chronic primary pain (including musculoskeletal pain), defined based on the following 

International Classification of Diseases – 11 (ICD-11) criteria42: 

➢ pain that persists or recurs for longer than 3 months, AND 

➢ pain that is associated with significant emotional distress (e.g., anxiety, anger, frustration, 

or depressed mood) and/or significant functional disability (interference in activities of 

daily life and participation in social roles), AND 

➢ the symptoms are not better accounted for by another diagnosis. 

  

However, although current guidelines refrain from recommending the prescription of analgesics, 

especially opioids, for the management of chronic pain, these are still widely used by patients with 

musculoskeletal pain. Different patterns of analgesic use in terms of type of medication and 

duration of use can be identified in clinical practice. These differences might be associated with 

distinct long term health status. Thus, a cohort study presented in Chapter Six was conducted to 

identify distinct trajectories of analgesic use and identify the association of these trajectories with 

mortality and quality of life. 

 

Chronic musculoskeletal pain and mortality 

The nature and magnitude of the association between chronic musculoskeletal pain and the risk of 

mortality is still unclear. There is substantial heterogeneity in the definitions used for chronic 

musculoskeletal pain among previous studies, which might explain the lack of clarity in this field. 

For example, the suggested standard definition of ‘chronic pain’ is ‘pain duration of at least 3 

months’42.  However, existing studies in this field have failed to use this definition. Holmberg et 

al defined chronic as pain in the last 14 days, whereas Roseen defined chronic as pain symptoms 

reported in the past 12 months “most of the time” or “constantly”, both at baseline and first follow-

up visit43,44. A second issue is the heterogeneity in the design of previous studies, including the 

selection of the control group. Previous studies have compared the risk of mortality in people with 
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musculoskeletal pain with that among those with either other types of chronic pain, or with acute 

or subacute musculoskeletal pain. From a clinical and epidemiological perspective, the control 

group should be defined as the participants without pain to better inform practice and policy. One 

final issue is related to how chronic musculoskeletal pain may increase the risk of mortality. For 

instance, the role of opioid use as a potential mediator between chronic musculoskeletal pain and 

risk of mortality has not been well established44,45. Moreover, whilst a previous study explored the 

role of three lifestyle behaviours (physical activity, smoking status, and alcohol consumption) 

individually45, the combined role of lifestyle behaviour, i.e., the simultaneous influence of these 

three factors is still unknown. These results would have a substantial impact on policy and the 

development of preventative strategies. Thus, a cohort study was performed and is presented in 

Chapter Seven quantifying the association between chronic musculoskeletal pain and all-cause 

mortality and investigating the extent to which this association is mediated by physical activity, 

smoking status, alcohol consumption, and opioid use. 

 

Challenges of assessment 

Most of the research included in this thesis is based on patient reported outcomes (e.g., pain, 

physical function, and quality of life). There is some uncertainty associated with self-reported 

outcomes, which may affect the results and needs to be acknowledged. For example, pain intensity 

can be measured in a variety of ways: pain at its worst, pain over the last 24 hours, average pain 

in the last 7 days. Additionally, diagnoses based on spinal imaging might be subject to error due 

to low interrater reliability. 

 

Aims of the thesis 

The aims of this thesis were: 

• To evaluate the effectiveness and safety of conservative care approaches for pregnancy-

related back pain. (Chapter Two) 

• To develop a research protocol (Chapter Three) and conduct a full network meta-analysis 

(Chapter Four) to assess the effectiveness and safety of surgical, invasive treatments and 

conservative care for people with degenerative lumbar spinal stenosis. 
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• To examine both cross-sectional and longitudinal associations between lumbar 

radiographic changes and the severity of back pain-related disability. (Chapter Five) 

• To identify distinct trajectories of analgesic use and identify the association of these 

trajectories with mortality and quality of life. (Chapter Six)  

• To quantify the association between chronic musculoskeletal pain and all-cause mortality, 

and to investigate the extent to which this association is mediated by physical activity, 

smoking status, alcohol consumption, and opioid use. (Chapter Seven)  

 

References 

1. 2019 GBD Results Tool  [Available from: http://ghdx.healthdata.org/gbd-results-tool 

accessed May 15 2021. 

2. James SL, Abate D, Abate KH, et al. Global, regional, and national incidence, prevalence, 

and years lived with disability for 354 diseases and injuries for 195 countries and territories, 1990–

2017: a systematic analysis for the Global Burden of Disease Study 2017. The Lancet. 

2018;392(10159):1789-1858. 

3. Burmester GR, Pope JE. Novel treatment strategies in rheumatoid arthritis. The Lancet. 

2017;389(10086):2338-2348. 

4. Cohen SP, Hooten WM. Advances in the diagnosis and management of neck pain. Bmj. 

2017;358. 

5. McInnes IB, Schett G. Pathogenetic insights from the treatment of rheumatoid arthritis. 

The Lancet. 2017;389(10086):2328-2337. 

6. Aletaha D, Smolen JS. Diagnosis and management of rheumatoid arthritis: a review. Jama. 

2018;320(13):1360-1372. 

7. Foster NE, Anema JR, Cherkin D, et al. Prevention and treatment of low back pain: 

evidence, challenges, and promising directions. The Lancet. 2018;391(10137):2368-2383. 

8. Hartvigsen J, Hancock MJ, Kongsted A, et al. What low back pain is and why we need to 

pay attention. The Lancet. 2018;391(10137):2356-2367. 



9 
 

9. Dehlin M, Jacobsson L, Roddy E. Global epidemiology of gout: prevalence, incidence, 

treatment patterns and risk factors. Nature Reviews Rheumatology. 2020;16(7):380-390. 

10. Hansildaar R, Vedder D, Baniaamam M, Tausche A-K, Gerritsen M, Nurmohamed MT. 

Cardiovascular risk in inflammatory arthritis: rheumatoid arthritis and gout. The Lancet 

Rheumatology. 2020. 

11. Safiri S, Kolahi A-A, Hoy D, et al. Global, regional, and national burden of neck pain in 

the general population, 1990-2017: systematic analysis of the global burden of disease study 2017. 

Bmj. 2020;368. 

12. Safiri S, Kolahi A-A, Smith E, et al. Global, regional and national burden of osteoarthritis 

1990-2017: a systematic analysis of the Global Burden of Disease Study 2017. Annals of the 

rheumatic diseases. 2020;79(6):819-828. 

13. Xia Y, Wu Q, Wang H, et al. Global, regional and national burden of gout, 1990–2017: a 

systematic analysis of the Global Burden of Disease Study. Rheumatology. 2020;59(7):1529-1538. 

14. Katz JN, Arant KR, Loeser RF. Diagnosis and treatment of hip and knee osteoarthritis: a 

review. Jama. 2021;325(6):568-578. 

15. Sencan S, Ozcan-Eksi EE, Cuce I, Guzel S, Erdem B. Pregnancy-related low back pain in 

women in Turkey: prevalence and risk factors. Annals of physical and rehabilitation medicine. 

2018;61(1):33-37. 

16. Norén L, Östgaard S, Johansson G, Östgaard HC. Lumbar back and posterior pelvic pain 

during pregnancy: a 3-year follow-up. European spine journal. 2002;11(3):267-271. 

17. Padua L, Caliandro P, Aprile I, et al. Back pain in pregnancy: 1-year follow-up of untreated 

cases. European Spine Journal. 2005;14(2):151-154. 

18. Vermani E, Mittal R, Weeks A. Pelvic girdle pain and low back pain in pregnancy: a 

review. Pain Practice. 2010;10(1):60-71. 

19. Clinical practice guideline: management of pelvic girdle pain in pregnancy and post-

partum. Chartered physiotherapists Women’s health and continence and Directorate of Strategy 

and Clinical Programmes Health Service Executive. 2014. 



10 
 

https://www.hse.ie/eng/services/publications/clinical-strategy-and-programmes/management-of-

pelvic-girdle-pain-in-pregnancy-and-post-partum.pdf. 

20. Jensen RK, Jensen TS, Koes B, Hartvigsen J. Prevalence of lumbar spinal stenosis in 

general and clinical populations: a systematic review and meta-analysis. European Spine Journal. 

2020:1-21. 

21. Jensen RK, Harhangi BS, Huygen F, Koes B. Lumbar spinal stenosis. bmj. 2021;373. 

22. Chen L, Ferreira PH, Beckenkamp PR, Ferreira ML. Comparative efficacy and safety of 

surgical and invasive treatments for adults with degenerative lumbar spinal stenosis: protocol for 

a network meta-analysis and systematic review. BMJ open. 2019;9(4):e024752. 

23. Boswell MV, Shah RV, Everett CR, et al. Interventional techniques in the management of 

chronic spinal pain: evidence-based practice guidelines. Pain physician. 2005;8(1):1-47. 

24. Chou R, Qaseem A, Snow V, et al. Diagnosis and treatment of low back pain: a joint 

clinical practice guideline from the American College of Physicians and the American Pain 

Society. Annals of internal medicine. 2007;147(7):478-491. 

25. Watters III WC, Baisden J, Gilbert TJ, et al. Degenerative lumbar spinal stenosis: an 

evidence-based clinical guideline for the diagnosis and treatment of degenerative lumbar spinal 

stenosis. The spine journal. 2008;8(2):305-310. 

26. Chou R, Loeser JD, Owens DK, et al. Interventional therapies, surgery, and 

interdisciplinary rehabilitation for low back pain: an evidence-based clinical practice guideline 

from the American Pain Society. Spine. 2009;34(10):1066-1077. 

27. Manchikanti L, Boswell MV, Singh V, et al. Comprehensive evidence-based guidelines 

for interventional techniques in the management of chronic spinal pain. Pain Physician. 

2009;12(4):699-802. 

28. Kreiner DS, Shaffer WO, Baisden JL, et al. An evidence-based clinical guideline for the 

diagnosis and treatment of degenerative lumbar spinal stenosis (update). The spine journal : 

official journal of the North American Spine Society. 2013;13(7):734-743. 



11 
 

29. Manchikanti L, Abdi S, Atluri S, et al. An update of comprehensive evidence-based 

guidelines for interventional techniques in chronic spinal pain. Part II: guidance and 

recommendations. Pain Physician. 2013;16(2 Suppl):S49-283. 

30. Matz PG, Meagher RJ, Lamer T, et al. Guideline summary review: An evidence-based 

clinical guideline for the diagnosis and treatment of degenerative lumbar spondylolisthesis. The 

spine journal : official journal of the North American Spine Society. 2016;16(3):439-448. 

31. Deer TR, Grider JS, Pope JE, et al. The MIST Guidelines: The Lumbar Spinal Stenosis 

Consensus Group Guidelines for Minimally Invasive Spine Treatment. Pain practice : the official 

journal of World Institute of Pain. 2019;19(3):250-274. 

32. Rousing R, Jensen RK, Fruensgaard S, et al. Danish national clinical guidelines for surgical 

and nonsurgical treatment of patients with lumbar spinal stenosis. European spine journal : official 

publication of the European Spine Society, the European Spinal Deformity Society, and the 

European Section of the Cervical Spine Research Society. 2019;28(6):1386-1396. 

33. Anderson DB, De Luca K, Jensen RK, et al. A critical appraisal of clinical practice 

guidelines for the treatment of lumbar spinal stenosis. The Spine Journal. 2020. 

34. Chou R, Qaseem A, Owens DK, Shekelle P. Diagnostic imaging for low back pain: advice 

for high-value health care from the American College of Physicians. Annals of internal medicine. 

2011;154(3):181-189. 

35. UK NGC. Low back pain and sciatica in over 16s: assessment and management. 2016. 

36. Downie A, Hancock M, Jenkins H, et al. How common is imaging for low back pain in 

primary and emergency care? Systematic review and meta-analysis of over 4 million imaging 

requests across 21 years. British journal of sports medicine. 2020;54(11):642-651. 

37. Lee SY, Cho NH, Jung YO, Seo YI, Kim HA. Prevalence and Risk Factors for Lumbar 

Spondylosis and Its Association with Low Back Pain among Rural Korean Residents. Journal of 

Korean Neurosurgical Society. 2017;60(1):67-74. 

38. Perera RS, Dissanayake PH, Senarath U, Wijayaratne LS, Karunanayake AL, Dissanayake 

VHW. Associations between disc space narrowing, anterior osteophytes and disability in chronic 

mechanical low back pain: a cross sectional study. BMC Musculoskelet Disord. 2017;18(1):193. 



12 
 

39. McDonagh MS, Selph SS, Buckley DI, et al. AHRQ Comparative Effectiveness Reviews. 

Nonopioid Pharmacologic Treatments for Chronic Pain. Rockville (MD): Agency for Healthcare 

Research and Quality (US); 2020. 

40. Chou R, Hartung D, Turner J, et al. AHRQ Comparative Effectiveness Reviews. Opioid 

Treatments for Chronic Pain. Rockville (MD): Agency for Healthcare Research and Quality (US); 

2020. 

41. guideline NG193 N. Chronic pain (primary and secondary) in over 16s: assessment of all 

chronic pain and management of chronic primary pain. Methods. 2021. 

42. Nicholas M, Vlaeyen JW, Rief W, et al. The IASP classification of chronic pain for ICD-

11: chronic primary pain. Pain. 2019;160(1):28-37. 

43. Holmberg T, Davidsen M, Thygesen LC, Krøll MJ, Tolstrup JS. Mortality among persons 

experiencing musculoskeletal pain: a prospective study among Danish men and women. BMC 

musculoskeletal disorders. 2020;21(1):1-12. 

44. Roseen EJ, LaValley MP, Li S, et al. Association of back pain with all-cause and cause-

specific mortality among older women: a cohort study. Journal of general internal medicine. 

2019;34(1):90-97. 

45. Smith D, Wilkie R, Croft P, Parmar S, McBeth J. Pain and mortality: mechanisms for a 

relationship. Pain. 2018;159(6):1112-1118. 

 

 

 

 

 

 

 

 



13 
 

 

 

 

 

 

 

 

CHAPTER TWO 

 

Comparative Efficacy and Safety of Conservative Care 

for Pregnancy-Related Low Back Pain: A Systematic 

Review and Network Meta-analysis 

 

 

 

 

 

 

Chapter Two has been published as: 

Chen L., Ferreira ML, Beckenkamp PR, Caputo EL, Feng S, Ferreira PH. Comparative Efficacy 

and Safety of Conservative Care for Pregnancy-Related Low Back Pain: A Systematic Review and 

Network Meta-analysis. Phys Ther. 2021 Feb 4;101(2):pzaa200. 



14 
 

Statement from co-authors confirming authorship contribution of 

the PhD candidate 

 

The co-authors of the paper “Comparative Efficacy and Safety of Conservative Care 

for Pregnancy-Related Low Back Pain: A Systematic Review and Network Meta-

analysis” confirm that Lingxiao Chen has made the following contributions: 

 

Conception and design of the research  

Analysis and interpretation of the findings  

Writing of the manuscript and critical appraisal of the content 

 

In addition to the statements above, in cases where I am not the corresponding author 

of a published item, permission to include the published material has been granted 

by the corresponding author. 

 

Lingxiao Chen                                   Date: 21 July 2021 

 

As supervisor for the candidature upon which this thesis is based, I can confirm that 

the authorship attribution statements above are correct. 

Manuela Loureiro Ferreira Date: 21 July 2021 

 

 



15 
 

 

 



16 
 

 

 



17 
 

 



18 
 

 



19 
 

 



20 
 

 



21 
 

 



22 
 

 



23 
 

 



24 
 

 



25 
 

 



26 
 

 



27 
 

 



28 
 

Supplementary Material 

Items 

Protocol registration on PROSPERO   

Search strategy 

Supplementary Table 1. Magnitude of Effects 

Supplementary Table 2. Baselines of primary outcomes in included studies 

Supplementary Figure 1. Risk of bias of included randomized controlled trials in network 

meta-analyses 

Supplementary Table 3. GRADE results 

Supplementary Figure 2. Comparison-adjusted funnel plot for pain during pregnancy                                                                           

Supplementary Table 4. Results from direct and network evidence 

Supplementary Table 5. Rank results 

Supplementary Table 6. Adverse events of included studies  

Supplementary Table 7. Effect estimates from studies not included in the network meta-

analysis  

Supplementary Table 8. Sensitivity analyses  

Supplementary Table 9. Loop and global inconsistency 

Supplementary Table 10. Results of node-splitting method for pain during pregnancy  

Supplementary Table 11. Previous meta-analyses 



29 
 

Protocol registration on PROSPERO 

 

Deviations in the formal study 

Some of the planned secondary outcomes (health-related quality of life, global 

impression of recovery, and work absenteeism) were not reported because the data from 

the included studies could not be incorporated into meta-analysis. We added more 

sensitivity analyses to test the robustness of the results. 

 

Comparative efficacy and safety of conservative care for pregnancy-related low 

back pain: protocol for a network meta-analysis and systematic review 

 

Introduction 

Pregnancy-related low back pain (LBP) is common in pregnant women, and the 

prevalence of it is about 50% (range 25% to 90%) (1-3). It is also the most common 

complaint about musculoskeletal disorders in pregnant women (4). Some women 

(about 33%) suffer severe pain, which reduces their quality of life (2). Worse, the 

symptoms of pregnancy-related LBP will still exist in 50% of pregnant women one year 

postpartum and 20% three years after delivery (5, 6). In addition, it ranks first in all 

reasons for working pregnant women to ask for sick leave (7).  

 

Conservative treatments should be preferred considering the potential risk of invasive 

and surgical interventions (8). A 2014 UK survey indicated that paracetamol, 

codeine/co-codamol, NSAIDs, osteopathy, reflexology and chiropractic treatment were 

the popular options (9). A lot of other options could also be chosen, such as massage, 

acupuncture, Yoga, exercise, and cyclobenzaprine (8, 10). Previous meta-analyses and 
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systematic reviews were pairwise and therefore could notprovide comparative efficacy 

and safety of these conservative interventions (10-15). A network meta-analysis could 

overcome the limitation, by simultaneously comparing all these interventions and 

making a hierarchy of all interventions in each outcome (16). We aim to perform a 

network meta-analysis and systematic review to compare efficacy and safety of 

conservative care for pregnancy-related LBP. 

 

Methods and Analysis 

Criteria for Considering Studies for this Review 

The protocol is written based on the Preferred Reporting Items for Systematic Review 

and Meta-Analysis Protocols (PRISMA-P)(17). Any revise on this protocol will be 

updated in the PROSPERO registration.  

 

Types of Participants 

Studies involving pregnant women who are diagnosed with pregnancy-related low LBP 

will be included. We will exclude studies involving patients with malignancy, trauma, 

vertebral fracture, infection, and inflammatory disorders. For studies including 

pregnancy-related pelvic girdle pain or other diseases, we will include the study if we 

can extract the data for pregnancy-related LBP or at least 80% of pregnant women are 

diagnosed with pregnancy-related LBP.  

 

Types of Interventions 

Any pharmacological or non-pharmacological, non-invasive options for pregnancy-

related LBP will be included. The examples of pharmacological options are 

acetaminophen, NSAIDs, opioids, tramadol and tapentadol, antidepressants, skeletal 
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muscle relaxants, benzodiazepines, corticosteroids, and antiseizure medications. For 

non-pharmacological, non-invasive options, exercise, Taichi, Yoga, mindfulness-based 

stress reduction, psychological therapy, multidisciplinary rehabilitation, acupuncture, 

spinal manipulation and transcutaneous electrical nerve stimulation will be included. 

The comparison group could be no treatment, usual care, another active option or 

combination of options. 

 

Outcome Measures 

The outcome will be divided into two parts: during the pregnancy and postpartum. If 

included studies report one outcome in several time points, we will choose the data 

from the longest duration of follow-up to perform the primary analysis. For postpartum 

outcome, we will perform a subgroup-analysis.  

 

Primary Outcomes 

1. Physical function, commonly measured by Oswestry disability index (ODI), Roland 

Morris disability questionnaire (RMDQ) and core outcome measures index (COMI) 

(18). Other rating scales will be included if they have been proposed in peer-reviewed 

journals. 

2. Pain intensity, commonly measured by numeric rating scale (NRS) and the visual 

analog scale (VAS) (19, 20). Other rating scales will also be included if they have been 

proposed in peer-reviewed journals. 

 

Secondary Outcomes 

Health-related quality of life (HRQOL), commonly measured by SF-36, EQ-5D, 

Nottingham health profile (NHP) and SF-12(18). SF-36, NHP, and SF-12 could be 
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mapped into EQ-5D (21). Other rating scales will be included if they have been 

proposed in peer-reviewed journals. 

Global impression of recovery, measured by the percentage of the patients who satisfy 

the recovery. 

Work absenteeism, measured by the length of sick leave. 

Adverse effect, measured by the percent of any adverse event.  

Treatment withdrawal due to any reason, measured by percent of the patients who drop 

out.  

 

Types of Studies 

For the efficacy outcomes (physical function, pain intensity, HRQOL, global 

impression of recovery and work absenteeism), only randomized controlled trials 

(RCT) will be included. For safety outcomes (adverse effect and treatment withdrawal 

due to any reason), RCTs and non-randomized studies (NRCT) with a control group 

will be included. For cross-over studies, only data before wash-out period will be used. 

For cluster randomized trials, we will extract data which is adjusted for clustering. If 

these data are unavailable, we will extract original data and adjust them (22, 23). 

 

Search Strategy 

Electronic searches  

The following databases will be searched: MEDLINE, Embase, the Cochrane Library, 

AMED, CINAHL, PEDro, PsycINFO and Clinicaltrials.gov.  

 

Reference Lists and Other Sources 
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Reference lists of all included studies, relevant systematic reviews and meta-analyses, 

and guidelines will be screened to check whether there is a study to be included. 

 

Identification and Selection of Studies 

Two reviewers will independently screen the titles and abstracts of the articles from the 

search. Before the formal screening, we will perform a pilot test: we will randomly 

choose 50 citations using a random number table to confirm we have enough inter-rater 

agreement (at least 80%). Discussion will solve any disagreement. Otherwise, a third 

reviewer will make a decision. If some articles’ necessary information is missing, we 

will contact the corresponding author or first author. 

 

Data Extraction 

Two reviewers will independently extract data from included studies using a 

standardized data extraction form. Similarly, a pilot test will be performed before the 

formal extraction. We will randomly choose five articles using a random number table 

to confirm we have enough inter-rater agreement (at least 80%). Any disagreement will 

be solved by discussion. Otherwise, a third reviewer will make a decision. The 

following data will be extracted from each included study based on the 

recommendations from previous studies (18, 24). 

Study characteristics, such as year of study publication, first author, journal, sample 

size, study funding, and location. 

Patient characteristics, such as age, gender, including and excluding criteria, diagnostic 

criteria, comorbidities and previous treatment. 

Intervention characteristics. 

Primary and secondary outcomes. 
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Measurement of Treatment Effect 

Relative treatment effects 

Continues outcomes: If the studies use the same rating scale, we will use mean 

difference (MD) with its 95% confidence interval (CI). If different rating scales, 

standardized mean difference (SMD) with its 95% CI will be used. 

Dichotomous outcomes: odds ratio (OR) with its 95% CI will be used. 

 

Relative treatment ranking 

The surface under the cumulative ranking curve (SUCRA) and mean ranks with 

uncertain interval will be used to rank each intervention for each outcome (25).  

 

Dealing with missing outcome data and missing statistics 

For continuous outcomes, if the study only reports standard error (SE), P value or CI, 

we will convert them into standard deviance (SD) (23). If the study reports median and 

interquartile range (IQR), we will calculate SD through divide IQR by 1.35 and 

consider median equals mean (23). If relevant information is in the figure, we will 

extract the data from the figure. If no data could be obtained, we will contact 

corresponding or first author. If fail, we will perform available data analysis only (23). 

For dichotomous outcomes, firstly, we will try to contact corresponding or first author. 

If fail, similarly, we will perform available data analysis only (23). 

 

Risk of bias assessment 

Two reviewers will independently assess the risk of bias in included studies. Any 

disagreement will be solved by discussion. Otherwise, a third reviewer will make a 
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decision. We will contact corresponding or first author to obtain further information if 

the third reviewer thinks it is necessary.  

 

For RCT, risk of bias tool will be used based on Cochrane Handbook for systematic 

reviews for interventions and the recommendation from Cochrane Back and Neck 

Group (23, 24). The tool has 13 items, which is: 1. Random sequence generation; 2. 

Allocation concealment; 3. Blinding of participants; 4. Blinding of personnel/ care 

providers; 5. Blinding of outcome assessor; 6. Incomplete outcome data; 7. Selective 

Reporting; 8. Group similarity at baseline; 9. Co-interventions 10. Compliance; 11. 

Intention-to-treat-analysis; 12. Timing of outcome assessments; 13. Other Bias. For the 

item 13, we will mainly focus on whether the study received commercial funding. For 

each item, we will rate it as low risk of bias, unclear risk of bias or high risk of bias. If 

7 or more items are rated as low risk of bias and the study has no serious flaws, we will 

rate the study as low risk of bias, or we will rate the study as high risk of bias (26, 27). 

 

For non-randomized trials, Risk Of Bias In Non-randomised Studies - of Interventions 

(ROBINS-I) tool will be used (28). The tool has seven domains: 1. Bias due to 

confounding; 2. Bias in selection of participants into the study; 3. Bias in classification 

of interventions; 4. Bias due to deviations from intended interventions; 5. Bias due to 

missing data; 6. Bias in measurement of outcomes; 7. Bias in selection of the reported 

result. For each domain, we could rate it as one of the following: Low risk of bias, 

Moderate risk of bias, Serious risk of bias, Critical risk of bias and No information, as 

well as the overall risk of bias. 

 

Data Analysis 
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The characteristics of the study, patient and intervention will be summarized 

descriptively. We will make a narrative review for some comparisons if insufficient 

data is provided. Network plot will be drawn to descript the available interventions. The 

size of the node reflects the number of patients in each intervention. The breadth of the 

edge shows the number of comparisons. For efficacy outcomes, pair-wise and network 

meta-analysis will be performed for data from RCT. For safety outcomes, pair-wise and 

network meta-analysis will be performed for data from RCT and NRCT, separately. 

 

Pairwise Meta-Analyses 

We will perform traditional pair-wise meta-analyses through the random-effect model 

for every direct comparison. In some subgroups, we will also perform pair-wise meta-

analyses if network meta-analyses could not be performed. The heterogeneity will be 

assessed by I-square and tau-square (23). 

 

Assessment of the Transitivity Assumption 

The potential baseline effect modifiers will be assessed to confirm they are similar 

among different comparisons before we perform network meta-analyses (16). If any 

difference is found, we will conduct meta-regression to explore the influence on the 

results. 

 

Network Meta-Analyses 

Random-effect network meta-analyses under the frequentist framework will be 

performed to combine both direct and indirect comparisons (29, 30). The heterogeneity 

parameter is assumed the same for each network (31, 32).  
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Assessment of Inconsistency 

Bucher method as a local method and design-by-treatment interaction model as a global 

method will be used (33, 34). If any inconsistency is found, the node-splitting method 

will be used to explore the origin of the inconsistency (35).  

 

Exploring Sources of Heterogeneity or Inconsistency with Subgroup Analyses and 

Meta-Regression 

For two primary outcomes, subgroup analyses and meta-regression will be performed 

to assess the influence of the potential effect modifiers. Subgroup analyses will be 

presented as follows: 1. Gestational age by trimester; 2. The parity situation; 3. For 

postpartum outcomes, a subgroup about the duration of follow-up will be set for three 

months, one year and three years; 4. Patients with radicular pain versus without. Meta-

regression will be performed as follows: 1. Age; 2. Sample size; 3. Baseline pain 

intensity; 4. Baseline physical function; 5. Percentage of the smoker.  

 

[Sensitivity Analyses 

For two primary outcomes, sensitivity analyses will be performed as follows: 1. Only 

studies with a low risk of bias; 2. Studies without a non-active comparison group; 3. 

Studies without receiving commercial funding; 4. Studies without unpublished data. 

 

Publication Bias 

Comparison-adjusted funnel plot will be used to test the publication bias if the number 

of included studies is larger than 10 (25). As above describes, meta-regression about 

sample size and effect estimates will be performed to detect the small-study effect (36). 
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Statistical Software 

All analyses will be performed in Stata (StataCorp 2017. Stata Statistical Software: 

Release 15.1. College Station, TX: StataCorp LP). 

 

ETHICS AND DISSEMINATION 

This research does not require ethics approval because it uses data from literature. We 

will publish the study in a peer-reviewed journal after completing it.  
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Database: Ovid MEDLINE(R) Epub Ahead of Print, In-Process & Other Non-

Indexed Citations, Ovid MEDLINE(R) Daily and Ovid MEDLINE(R) 

1     exp Low Back Pain/ (18896) 

2     exp Backache/ (34916) 

3     "Low back pain".mp. (29875) 

4     Back Pain.mp. (54017) 

5     Backpain.mp. (69) 

6     Backache.mp. (3538) 
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7     Back ache.mp. (98) 

8     (lumbar adj5 pain).ti,ab. (4860) 

9     Lumbar pain.mp. (1345) 

10    Spinal pain.mp. (1264) 

11    Lumbago.mp. (1293) 

12    Lower back pain.mp. (2055) 

13    Dorsalgia.mp. (86) 

14    Vertebral pain.mp. (103) 

15    1 or 2 or 3 or 4 or 5 or 6 or 7 or 8 or 9 or 10 or 11 or 12 or 13 or 14 (58834) 

16    exp Pregnancy/ (830174) 

17    exp Pregnancy Complications/ (393355) 

18    exp Maternal Health Services/ (42806) 

19    pregnant women/ (6602) 

20   (pregnan* or postpartum).mp. [mp=title, abstract, original title, name of substance 

word, subject heading word, keyword heading word, protocol Supplementaryary 

concept word, rare disease Supplementaryary concept word, unique identifier, 

synonyms] (940534) 

21    Perinatal Care/ (3824) 

22    exp Postpartum Period/ (57970) 

23    16 or 17 or 18 or 19 or 20 or 21 or 22 (993450) 

24    randomized controlled trial.pt. (457341) 

25    controlled clinical trial.pt. (92294) 
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28    drug therapy.fs. (2005857) 
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30    trial.ab,ti. (497372) 
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33    (animals not (humans and animals)).sh. (4408192) 

34    32 not 33 (3657644) 

35    Non-Randomized Controlled Trials as Topic/ (321) 

36    ((nonrandom* or non-random* or quasi-random* or quasi-experiment*) adj (stud* 

or trial*)).tw. (11747) 

37    (non-RCT or non-RCTs or nRCT or nRCTs).tw. (626) 

38    exp cohort studies/ (1726989) 

39    (cohort stud* or Follow-Up Stud* or Longitudinal Stud* or Prospective Stud* or 

Retrospective Stud*).tw. (518582) 

40    exp case-control studies/ (906482) 

41    case-control* stud*.tw. (90488) 

42    35 or 36 or 37 or 38 or 39 or 40 or 41 (2110451) 

43    34 or 42 (5084336) 

44    15 and 23 and 43 (668) 
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41    placebo$.mp. (417193) 
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tissue/ or animal cell/ or nonhuman/ (25892717) 
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50    48 and 49 (19528170) 

51    48 not 50 (6364547) 

52    47 not 51 (14341811) 

53    cohort analysis/ (361958) 

54    exp case control study/ (142056) 
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62    "controlled clinical trial (topic)"/ (9400) 

63    (non-RCT or non-RCTs or nRCT or nRCTs).mp. (928) 

64    ((nonrandom* or non-random* or quasi-random* or quasi-experiment*) adj (stud* 

or trial*)).mp. (17486) 

65    53 or 54 or 55 or 56 or 57 or 58 or 59 or 60 or 61 or 62 or 63 or 64 (2682771) 

66    52 or 65 (14593960) 

67    13 and 18 and 66 (2603) 

 

Database: The Cochrane Library 

#1¬MeSH descriptor Pregnancy explode all trees  

#2¬MeSH descriptor Pregnancy Complications explode all trees  

#3¬MeSH descriptor Maternal Health Services explode all trees 

#4¬MeSH descriptor Perinatal Care explode all trees  

#5¬MeSH descriptor Postpartum Period explode all trees 

#6¬pregnan* in All Fields in all products 

#7¬postpartum in All Fields in all products  

#8-#1 OR #2 OR #3 OR #4 OR #5 OR #6 OR #7 
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#9 MeSH descriptor Back Pain explode all trees 

#10 dorsalgia 

#11 backache 

#12 MeSH descriptor Low Back Pain explode all trees 

#13 lumbar next pain OR coccyx OR coccydynia OR sciatica OR spondylosis 

#14 MeSH descriptor Sciatica explode all trees 

#15 MeSH descriptor Spine explode all trees 

#16 MeSH descriptor Spinal Diseases explode all trees 

#17 lumbago OR discitis OR disc near degeneration OR disc near prolapse OR disc 

near herniation 

#18 spinal fusion 

#19 spinal neoplasms 

#20 facet near joints 

#21 MeSH descriptor Intervertebral Disk explode all trees 

#22 postlaminectomy 

#23 arachnoiditis 

#24 failed near back 

#25 MeSH descriptor Cauda Equina explode all trees 

#26 lumbar near vertebra* 

#27 spinal near stenosis 

#28 slipped near (disc* or disk*) 
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#29 degenerat* near (disc* or disk*) 

#30 stenosis near (spine or root or spinal) 

#31 displace* near (disc* or disk*) 

#32 prolap* near (disc* or disk*) 

#33 #9 or #10 or #11 or #12 or #13 or #14 or #15 or #16 or #17 or #18 or #19 or #20 

or #21 or #22 or #23 or #24 or #25 or #26 or #27 or #28 or #29 or #30 or #31 or #32 

#34 #8 AND #33 

 

Database: AMED (Allied and Complementary Medicine) 

1     exp Low back pain/ or low back pain.mp. (5447) 

2     back pain.mp. or exp Backache/ (7223) 

3     exp Neck pain/ or neck pain.mp. (1440) 

4     (low back pain or back pain or neck pain or backache or lumbago or neck ache or 

spin* pain or knee pain or hip pain).mp. (9140) 

5     1 or 2 or 3 or 4 (9184) 

6     pregnancy/ (1255) 

7     pregnancy complications/ (636) 

8     postpartum.mp. (190) 

9     pregnan*.mp. (2123) 

10    6 or 7 or 8 or 9 (2177) 

11    exp Randomized controlled trials/ or randomized controlled trial.mp. (4289) 
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12    randomized controlled trial.pt. (4074) 

13    exp Random allocation/ or random allocation.mp. (354) 

14    exp Placebos/ or placebo.mp. (3049) 

15    (random* adj3 trial).ab,ti. (5633) 

16    Random*.ab,ti. (16750) 

17    11 or 12 or 13 or 14 or 15 or 16 (18599) 

18    case control studies/ (143) 

19    cohort studies/ (982) 

20    follow up studies/ (1403) 

21    longitudinal studies/ (579) 

22    prospective studies/ (1047) 

23    retrospective studies/ (659) 

24    case-control* stud*.mp. (644) 

25    (cohort stud* or Follow-Up Stud* or Longitudinal Stud* or Prospective Stud* or 

Retrospective Stud*).mp. (8918) 

26    (non-RCT or non-RCTs or nRCT or nRCTs).mp. (15) 

27    ((nonrandom* or non-random* or quasi-random* or quasi-experiment*) adj (stud* 

or trial*)).mp. (209) 

28    18 or 19 or 20 or 21 or 22 or 23 or 24 or 25 or 26 or 27 (9693) 

29    17 or 28 (27044) 

30    5 and 10 and 29 (31) 
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Database: CINAHL 

S57 S17 AND S24 AND S56 442 

S56 S48 OR S55 1,255,387 

S55 S49 OR S50 OR S51 OR S52 OR S53 OR S54 377,256 

S54 ((nonrandom* or non-random* or quasi-random* or quasi-experiment*) AND 

(stud* or trial*)) 15,734 

S53 (MH "Quasi-Experimental Studies+") 10,460 

S52 cohort stud* or Follow-Up Stud* or Longitudinal Stud* or Prospective Stud* 

or Retrospective Stud* 276,046 

S51 case-control* stud*  39,851 

S50 (MH "Retrospective Design") OR (MH "Retrospective Panel Studies")

 104,735 

S49 (MH "Prospective Studies+") OR (MH "Case Control Studies+") 247,700 

S48 S46 not S47 1,242,625 

S47 (MH "Animals+") 37,347 

S46 S25 OR S26 OR S27 OR S28 OR S29 OR S30 OR S31 OR S32 OR S33 OR 

S34 OR S35 OR S36 OR S37 OR S38 OR S39 OR S40 OR S41 OR S42 OR S43 OR 

S44 OR S45 1,255,981 

S45 volunteer* 28,994 

S44 prospectiv* 250,036 

S43 control* 670,584 
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S42 followup stud* 396 

S41 follow-up stud* 13,597 

S40 (MH "Prospective Studies+") 215,887 

S39 (MH "Evaluation Research+") 42,071 

S38 (MH "Comparative Studies") 103,577 

S37 latin square 142 

S36 (MH "Study Design+") 694,900 

S35 (MH "Random Sample+") 68,215 

S34 random* 204,969 

S33 placebo* 33,851 

S32 (MH "Placebos") 8,341 

S31 (MH "Placebo Effect") 1,216 

S30 triple-blind 139 

S29 single blind 9,042 

S28 double blind 29,448 

S27 clinical W3 trial 124,800 

S26 randomi?ed controlled trial* 77,785 

S25 (MH "Clinical Trials+") 156,485 

S24 S18 OR S19 OR S20 OR S21 OR S22 OR S23 141,421 

S23 (MH "Pregnancy Trimesters+") 4,889 

S22 (MH "Pregnancy, Multiple+") 1,682 
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S21 pregnan* 127,526 

S20 Postpartum 13,180 

S19 (MH "Pregnancy Complications+") 47,621 

S18 (MH "Pregnancy+") 117,854 

S17 S1 OR S2 OR S3 OR S4 OR S5 OR S6 OR S7 OR S8 OR S9 OR S10 OR S11 

OR S12 OR S13 OR S14 OR S15 OR S16 29,571 

S16 lumbago 38 

S15 (MH "Spondylolysis") 272 

S14 (MH "Spondylolisthesis") 587 

S13 lumbar N2 vertebrae 7,339 

S12 (MH "Lumbar Vertebrae") 7,227 

S11 back disorder*  517 

S10 coccydynia 39 

S9 coccyx 161 

S8 sciatica1,057 

S7 (MH "Sciatica") 789 

S6 (MH "Coccyx")  111 

S5 lumbar N5 pain 1,283 

S4 lumbar W1 pain 354 

S3 backache or back pain 23,197 

S2 (MH "Back Pain+") 19,102 
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S1 dorsalgia 8 

 

Database: PEDro 

Abstract & Title: pregnan* OR postpartum 

AND 

Problem: pain 

AND 

Body part: Lumbar spine, sacroiliac joint or pelvis 

AND 

Method: Clinical Trial 

 

Database: PsycINFO 

1     back pain/ (3549) 

2     dorsalgia.mp. (6) 

3     backache.mp. (134) 

4     (lumbar adj pain).mp. (53) 

5     (low adj back adj pain).mp. (3243) 

6     sciatica.mp. (146) 

7     lumbago.mp. (35) 

8     spinal nerves/ (2535) 

9     lumbar spinal cord/ (625) 
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10    ((disc or disk) adj degenerat*).mp. (36) 

11    ((disc or disk) adj prolapse*).mp. (19) 

12    ((disc or disk) adj herniat*).mp. (137) 

13    1 or 2 or 3 or 4 or 5 or 6 or 7 or 8 or 9 or 10 or 11 or 12 (7646) 

14    Pregnancy Outcomes/ (956) 

15    exp Pregnancy/ (22930) 

16    Obstetrical Complications/ (1246) 

17    Prenatal Care/ (1659) 

18    pregnan*.mp. (45293) 

19    postpartum.mp. (11662) 

20    14 or 15 or 16 or 17 or 18 or 19 (52461) 

21    clinical trials/ (10856) 

22    Randomi?ed controlled trial*.mp. (25501) 

23    control*.mp. (654443) 

24    random*.mp. (177536) 

25    exp Treatment/ (709214) 

26    21 or 22 or 23 or 24 or 25 (1330923) 

27    cohort analysis/ (1248) 

28    followup studies/ (12359) 

29    longitudinal studies/ (15441) 

30    prospective studies/ (498) 
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31    retrospective studies/ (389) 

32    quasi experimental methods/ (144) 

33    case-control* stud*.mp. (6848) 

34    (cohort stud* or Follow-Up Stud* or Longitudinal Stud* or Prospective Stud* or 

Retrospective Stud*).mp. (100060) 

35    (non-RCT or non-RCTs or nRCT or nRCTs).mp. (70) 

36    ((nonrandom* or non-random* or quasi-random* or quasi-experiment*) adj (stud* 

or trial*)).mp. (2891) 

37    27 or 28 or 29 or 30 or 31 or 32 or 33 or 34 or 35 or 36 (119499) 

38    26 or 37 (1402501) 

39    13 and 20 and 38 (39) 

 

Database: Clinicaltrials.gov 

pain | Studies With Results | pregnan* OR postpartum | Studies with Female 

Participants 
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Supplementary Table 1. Magnitude of Effects on pain intensity and physical function. 

Pain Intensity 

Rating Scale Slight/Small Moderate Large/Substantial 

 If the studies use the same rating scale 

VAS (0-100) 5-10 10-20 >20 

NRS (0-10) 0.5-1 1-2 >2 

 If the studies use the different rating scales 

SMD 0.2-0.5 0.5-0.8 >0.8 

Physical Function 

Rating Scale Slight/Small Moderate Large/Substantial 

 If the studies use the same rating scale 

ODI (0-100) 5-10 10-20 >20 

RMDQ (0-24) 1-2 2-5 >5 

 If the studies use the different rating scales 

SMD 0.2-0.5 0.5-0.8 >0.8 

VAS: Visual Analog Scale, NRS: Numeric Rating Scale, ODI: Oswestry Disability 

Index, RMDQ: Roland Morris Disability Questionnaire, SMD: Standardized Mean 

Difference. 
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Supplementary Table 2. Baselines of Primary Outcomes in Included Studies a 

During pregnancy 

Study Comparisons Pain Physical function 

Methods Baselines Methods Baselines 

Abu 2017 Exercise + Paracetamol 

Paracetamol 

VAS 4 (4) 

5 (4) 

Oswestry Disability Index 26 (16) 

24 (14) 

Akmeses 2014 Progressive muscle relaxation 

Control group 

VAS 7.78 (1.61) 

7.69 (1.75) 

36-Item Short Form Survey 76.21 (9.1) 

67.87 (9.84) 

Mohseni Bandpei 

et al 2010 

Exercise 

Control group 

VAS 5.31 (1.18) 

5.73 (0.78) 

Oswestry Disability Index 40.7 (14.22) 

41.5 (13.29) 

Gil et al 2011 Exercise 

Control group 

VAS 5.2 

5.8 

Roland Morris Disability Questionnaire 7.1 

9.5 

Gundermann 2013 Spinal manipulative treatment 

Control group 

VAS 6.1 (1.4) 

5.8 (1.4) 

Roland Morris Disability Questionnaire 6.7 (3.4) 

6.2 (3.3) 

Hensel 2015 Spinal manipulative treatment 

Placebo 

Control group 

VAS 5.07 (2.39) 

4.71 (2.34) 

4.78 (2.41) 

Roland Morris Disability Questionnaire 6.7 (4.97) 

5.9 (4.68) 

6.55 (5.09) 

Kalinowski 2017 Kinesio taping 

Placebo 

VAS 4.94 (1.74) 

4.96 (1.73) 

Roland Morris Disability Questionnaire 5.66 (2.64) 

5.4 (2.21) 

Kalus 2008 BellyBra 

Tubigrip 

VAS 6.1 (2.2) 

6 (2) 

Likert scale 6.5 (2.3) 

6.4 (1.7) 

Kaplan 2016 Kinesio taping + Paracetamol VAS 7.57 (1.49) Roland Morris Disability Questionnaire 13.42 (3.82) 



61 
 

Paracetamol 7.27 (1.13) 15.03 (3.56) 

Keskin 2012 TENS 

Paracetamol 

Exercise 

Control group 

VAS 7 (0.74) 

6 (0.74) 

7 (0.74) 

6 (0.74) 

Roland Morris Disability Questionnaire 15 (3.70) 

14 (2.22) 

15(2.96) 

14 (0.74) 

Licciardone 2010 Spinal manipulative treatment 

Placebo 

Control group 

NRS 4.9 (2.1) 

4.8 (2.3) 

4.9 (2.3) 

Roland Morris Disability Questionnaire 8.4 (4.7) 

8.1 (5.3) 

6.6 (4.5) 

Pekçetin et al 

2019 

Tel 

Fac 

VAS 6.66 (2.16) 

5.15 (1.68) 

Oswestry Disability Index 39.53 (14.04) 

42.96 (12.84) 

Rohrich 2014 Spinal manipulative treatment 

Control group 

VAS 6.1 (0.8) 

5.7 (1.7) 

Roland Morris Disability Questionnaire 7.4 (3.8) 

6 (3.3) 

Sedaghati 2007 Exercise  

Control group 

Quebec 20.43 (7.25) 

21.88 (7.06) 

N/A N/A 

Shirazi 2017 Rose oil 

Placebo 

Control group 

VAS 5.86 

5.18 

5.05 

Roland Morris Disability Questionnaire 9.97 

8.15 

6 

Yan et al 2014 Exercise 

Control group 

BPI-T 7.67 (4.68) 

9.61 (4.07) 

Family Exercise Support Attitude 

Questionnaire 

17.73 (11.99) 

24.25 (12.3) 

Postpartum 

Akbarzadeh 2014 Cupping 

Control group 

VAS 7.8 (2.7) 

7.6 (2.7) 

N/A N/A 

 

Belz 2014 Spinal manipulative treatment VAS 6.95 Pelvic Girdle Pain Questionnaire N/A 
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Control group 6.41 

Kamel 2016 Spinal manipulative treatment 

Placebo 

Control group 

VAS 7.2 (1.08) 

7.26 (0.96) 

7.53 (1.06) 

Oswestry Disability Index 57.14 (9.96) 

56.72 (7.63) 

53.63 (11.58) 

Lee 2015 Spinal manipulative treatment 

Control group 

VAS 5.02 (1.97) 

4.7 (1.8) 

N/A N/A 

Mohamed 2018 Kinesio taping + Exercise 

Exercise 

VAS 6.95 (1.23) 

7.65 (1.08) 

Back Pain Function Scale 21 (4.82) 

19.7 (3.62) 

Recknagel 2007 Spinal manipulative treatment 

Control group 

VAS 6.83 (1.41) 

5.92 (0.83) 

Pelvic Girdle Pain Questionnaire 28.1 (12.2) 

28.5 (9.4) 

Schwerla 2015 Spinal manipulative treatment 

Control group 

VAS 7.3 (0.9) 

7 (1) 

Oswestry Disability Index 16.8 (6.7) 

22.1 (7.2) 

Pain and physical function are presented through mean (stand deviance). 

 

a VAS: Visual Analog Scale, NRS: Numeric Rating Scale, Quebec: Quebec questionnaire, BPI-T: Brief Pain Inventory–Short Form Taiwanese 

Version. TENS: transcutaneous electrical nerve stimulation, Tel: telephone-supported ergonomic education, Fac: face-to-face ergonomic 

education, N/A: not applicable. 
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Supplementary Figure 1. Risk of bias 
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Supplementary Table 3. GRADE Results 

3.1 Pain intensity for LBP during pregnancy 

Comparison Number of 

Studies 

Within-Study 

Bias 

Across-Studies 

Bias 

Indirectne

ss 

Imprecision Heterogenei

ty 

Incoherence Confidence 

rating 

Con:Exe 3 No concerns Undetected No 

concerns 

Some 

concerns 

No concerns No concerns Moderate 

Con:PMR 1 No concerns Undetected No 

concerns 

No concerns Some 

concerns 

No concerns Moderate 

Con:Par 1 No concerns Undetected No 

concerns 

Some 

concerns 

No concerns Some 

concerns 

Moderate 

Con:Pla 3 No concerns Undetected No 

concerns 

Some 

concerns 

No concerns No concerns Moderate 

Con:Ros 1 No concerns Undetected No 

concerns 

Some 

concerns 

No concerns Some 

concerns 

Moderate 

Con:SMT 4 No concerns Undetected No 

concerns 

Some 

concerns 

No concerns No concerns Moderate 

Con:TENS 1 No concerns Undetected No 

concerns 

Some 

concerns 

No concerns Some 

concerns 

Moderate 

Exe:Par 1 No concerns Undetected No 

concerns 

Some 

concerns 

Some 

concerns 

Major 

concerns 

Low 

Exe:TENS 1 No concerns Undetected No 

concerns 

Some 

concerns 

Some 

concerns 

Major 

concerns 

Low 

Exe+Par:Par 1 No concerns Undetected No 

concerns 

Some 

concerns 

Some 

concerns 

No concerns Moderate 

Kin:Pla 1 Major 

concerns 

Undetected No 

concerns 

Some 

concerns 

No concerns No concerns Low 
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Kin+Par:Par 1 Major 

concerns 

Undetected No 

concerns 

Some 

concerns 

No concerns No concerns Low 

Par:TENS 1 No concerns Undetected No 

concerns 

Some 

concerns 

Some 

concerns 

No concerns Moderate 

Pla:Ros 1 No concerns Undetected No 

concerns 

Some 

concerns 

No concerns No concerns Moderate 

Pla:SMT 2 No concerns Undetected No 

concerns 

No concerns Major 

concerns 

Some 

concerns 

Low 

Con:Exe+Par 0 No concerns Undetected No 

concerns 

Some 

concerns 

No concerns Some 

concerns 

Moderate 

Con:Kin 0 No concerns Undetected No 

concerns 

No concerns Some 

concerns 

Some 

concerns 

Moderate 

Con:Kin+Par 0 No concerns Undetected No 

concerns 

Some 

concerns 

No concerns Some 

concerns 

Moderate 

Exe:Exe+Par 0 No concerns Undetected No 

concerns 

Some 

concerns 

Some 

concerns 

Some 

concerns 

Low 

Exe:Kin 0 No concerns Undetected No 

concerns 

Some 

concerns 

No concerns Some 

concerns 

Moderate 

Exe:Kin+Par 0 No concerns Undetected No 

concerns 

Some 

concerns 

Some 

concerns 

Some 

concerns 

Low 

Exe:PMR 0 No concerns Undetected No 

concerns 

Some 

concerns 

No concerns Some 

concerns 

Moderate 

Exe:Pla 0 No concerns Undetected No 

concerns 

Some 

concerns 

Some 

concerns 

Some 

concerns 

Low 

Exe:Ros 0 No concerns Undetected No 

concerns 

Some 

concerns 

Some 

concerns 

Some 

concerns 

Low 

Exe:SMT 0 No concerns Undetected No 

concerns 

Some 

concerns 

Some 

concerns 

Some 

concerns 

Low 

Exe+Par:Kin 0 No concerns Undetected No 

concerns 

Major 

concerns 

No concerns Some 

concerns 

Low 
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Exe+Par:Kin+

Par 

0 No concerns Undetected No 

concerns 

Major 

concerns 

No concerns Some 

concerns 

Low 

Exe+Par:PM

R 

0 No concerns Undetected No 

concerns 

Some 

concerns 

Some 

concerns 

Some 

concerns 

Low 

Exe+Par:Pla 0 No concerns Undetected No 

concerns 

Some 

concerns 

Some 

concerns 

Some 

concerns 

Low 

Exe+Par:Ros 0 No concerns Undetected No 

concerns 

Major 

concerns 

No concerns Some 

concerns 

Low 

Exe+Par:SMT 0 No concerns Undetected No 

concerns 

Some 

concerns 

Some 

concerns 

Some 

concerns 

Low 

Exe+Par:TEN

S 

0 No concerns Undetected No 

concerns 

Major 

concerns 

No concerns Some 

concerns 

Low 

Kin:Kin+Par 0 No concerns Undetected No 

concerns 

Major 

concerns 

No concerns Some 

concerns 

Low 

Kin:PMR 0 No concerns Undetected No 

concerns 

Major 

concerns 

No concerns Some 

concerns 

Low 

Kin:Par 0 No concerns Undetected No 

concerns 

Some 

concerns 

Some 

concerns 

Some 

concerns 

Low 

Kin:Ros 0 No concerns Undetected No 

concerns 

Some 

concerns 

Some 

concerns 

Some 

concerns 

Low 

Kin:SMT 0 No concerns Undetected No 

concerns 

Some 

concerns 

No concerns Some 

concerns 

Moderate 

Kin:TENS 0 No concerns Undetected No 

concerns 

Some 

concerns 

Some 

concerns 

Some 

concerns 

Low 

Kin+Par:PMR 0 No concerns Undetected No 

concerns 

Major 

concerns 

No concerns Some 

concerns 

Low 

Kin+Par:Pla 0 No concerns Undetected No 

concerns 

Some 

concerns 

No concerns Some 

concerns 

Moderate 

Kin+Par:Ros 0 No concerns Undetected No 

concerns 

Some 

concerns 

Some 

concerns 

Some 

concerns 

Low 
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Kin+Par:SMT 0 No concerns Undetected No 

concerns 

Some 

concerns 

No concerns Some 

concerns 

Moderate 

Kin+Par:TEN

S 

0 No concerns Undetected No 

concerns 

Major 

concerns 

No concerns Some 

concerns 

Low 

PMR:Par 0 No concerns Undetected No 

concerns 

Some 

concerns 

No concerns Some 

concerns 

Moderate 

PMR:Pla 0 No concerns Undetected No 

concerns 

Some 

concerns 

No concerns Some 

concerns 

Moderate 

PMR:Ros 0 No concerns Undetected No 

concerns 

Some 

concerns 

No concerns Some 

concerns 

Moderate 

PMR:SMT 0 No concerns Undetected No 

concerns 

Some 

concerns 

No concerns Some 

concerns 

Moderate 

PMR:TENS 0 No concerns Undetected No 

concerns 

Some 

concerns 

Some 

concerns 

Some 

concerns 

Low 

Par:Pla 0 No concerns Undetected No 

concerns 

Some 

concerns 

Some 

concerns 

Some 

concerns 

Low 

Par:Ros 0 No concerns Undetected No 

concerns 

Major 

concerns 

No concerns Some 

concerns 

Low 

Par:SMT 0 No concerns Undetected No 

concerns 

Some 

concerns 

Some 

concerns 

Some 

concerns 

Low 

Pla:TENS 0 No concerns Undetected No 

concerns 

Some 

concerns 

No concerns Some 

concerns 

Moderate 

Ros:SMT 0 No concerns Undetected No 

concerns 

Some 

concerns 

Some 

concerns 

Some 

concerns 

Low 

Ros:TENS 0 No concerns Undetected No 

concerns 

Some 

concerns 

Some 

concerns 

Some 

concerns 

Low 

SMT:TENS 0 No concerns Undetected No 

concerns 

Some 

concerns 

No concerns Some 

concerns 

Moderate 

 



69 
 

3.2 Physical function for LBP during pregnancy 

Comparison Number of 

studies 

Within-study 

bias 

Across-studies 

bias 

Indirectne

ss 

Imprecision Heterogeneit

y 

Incoherence Confidence 

rating 

Con:Exe 2 No concerns Undetected No 

concerns 

Some 

concerns 

No concerns No concerns Moderate 

Con:Par 1 No concerns Undetected No 

concerns 

Some 

concerns 

No concerns No concerns Moderate 

Con:Pla 3 No concerns Undetected No 

concerns 

No concerns Some 

concerns 

Some 

concerns 

Moderate 

Con:Ros 1 No concerns Undetected No 

concerns 

Some 

concerns 

No concerns Some 

concerns 

Moderate 

Con:SMT 4 No concerns Undetected No 

concerns 

No concerns Some 

concerns 

Some 

concerns 

Moderate 

Con:TENS 1 No concerns Undetected No 

concerns 

Some 

concerns 

No concerns Some 

concerns 

Moderate 

Exe:Par 1 No concerns Undetected No 

concerns 

No concerns Major 

concerns 

Major 

concerns 

Low 

Exe:TENS 1 No concerns Undetected No 

concerns 

Some 

concerns 

No concerns Some 

concerns 

Moderate 

Kin:Pla 1 Major 

concerns 

Undetected No 

concerns 

Some 

concerns 

Some 

concerns 

No concerns Low 

Kin+Par:Par 1 No concerns Undetected No 

concerns 

Some 

concerns 

No concerns No concerns Moderate 

Par:TENS 1 No concerns Undetected No 

concerns 

Some 

concerns 

No concerns No concerns Moderate 

Pla:Ros 1 No concerns Undetected No 

concerns 

Some 

concerns 

Some 

concerns 

Some 

concerns 

Low 
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Pla:SMT 2 No concerns Undetected No 

concerns 

No concerns Major 

concerns 

Some 

concerns 

Low 

Con:Kin 0 No concerns Undetected No 

concerns 

Some 

concerns 

No concerns Some 

concerns 

Moderate 

Con:Kin+Pa

r 

0 No concerns Undetected No 

concerns 

Major 

concerns 

No concerns Some 

concerns 

Low 

Exe:Kin 0 No concerns Undetected No 

concerns 

Major 

concerns 

No concerns Some 

concerns 

Low 

Exe:Kin+Pa

r 

0 No concerns Undetected No 

concerns 

Some 

concerns 

Some 

concerns 

Some 

concerns 

Low 

Exe:Pla 0 No concerns Undetected No 

concerns 

Some 

concerns 

Some 

concerns 

Some 

concerns 

Low 

Exe:Ros 0 No concerns Undetected No 

concerns 

Major 

concerns 

No concerns Some 

concerns 

Low 

Exe:SMT 0 No concerns Undetected No 

concerns 

Some 

concerns 

Some 

concerns 

Some 

concerns 

Low 

Kin:Kin+Par 0 No concerns Undetected No 

concerns 

Some 

concerns 

Some 

concerns 

Some 

concerns 

Low 

Kin:Par 0 No concerns Undetected No 

concerns 

Major 

concerns 

No concerns Some 

concerns 

Low 

Kin:Ros 0 No concerns Undetected No 

concerns 

Major 

concerns 

No concerns Some 

concerns 

Low 

Kin:SMT 0 No concerns Undetected No 

concerns 

Some 

concerns 

Some 

concerns 

Some 

concerns 

Low 

Kin:TENS 0 No concerns Undetected No 

concerns 

Some 

concerns 

No concerns Some 

concerns 

Moderate 

Kin+Par:Pla 0 No concerns Undetected No 

concerns 

Some 

concerns 

Some 

concerns 

Some 

concerns 

Low 

Kin+Par:Ro

s 

0 No concerns Undetected No 

concerns 

Some 

concerns 

Some 

concerns 

Some 

concerns 

Low 
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Kin+Par:SM

T 

0 No concerns Undetected No 

concerns 

Some 

concerns 

Some 

concerns 

Some 

concerns 

Low 

Kin+Par:TE

NS 

0 No concerns Undetected No 

concerns 

Some 

concerns 

No concerns Some 

concerns 

Moderate 

Par:Pla 0 No concerns Undetected No 

concerns 

Some 

concerns 

Some 

concerns 

Some 

concerns 

Low 

Par:Ros 0 No concerns Undetected No 

concerns 

Major 

concerns 

No concerns Some 

concerns 

Low 

Par:SMT 0 No concerns Undetected No 

concerns 

Some 

concerns 

Some 

concerns 

Some 

concerns 

Low 

Pla:TENS 0 No concerns Undetected No 

concerns 

Some 

concerns 

No concerns Some 

concerns 

Moderate 

Ros:SMT 0 No concerns Undetected No 

concerns 

Some 

concerns 

Some 

concerns 

Some 

concerns 

Low 

Ros:TENS 0 No concerns Undetected No 

concerns 

Some 

concerns 

No concerns Some 

concerns 

Moderate 

SMT:TENS 0 No concerns Undetected No 

concerns 

Some 

concerns 

No concerns Some 

concerns 

Moderate 

 

3.3 Pain intensity for LBP postpartum 

Comparison Number of 

studies 

Within-study 

bias 

Across-studies 

bias 

Indirectne

ss 

Imprecision Heterogeneit

y 

Incoherence Confidence 

rating 

Con:Cup 1 No concerns Undetected No 

concerns 

Some 

concerns 

Some 

concerns 

No concerns Moderate 

Con:Pla 1 Major 

concerns 

Undetected No 

concerns 

Some 

concerns 

Some 

concerns 

Some 

concerns 

Very low 



72 
 

Con:SMT 5 No concerns Undetected No 

concerns 

Some 

concerns 

No concerns No concerns Moderate 

Pla:SMT 1 Major 

concerns 

Undetected No 

concerns 

Some 

concerns 

Some 

concerns 

Some 

concerns 

Very low 

Cup:Pla 0 No concerns Undetected No 

concerns 

Major 

concerns 

No concerns No concerns Moderate 

Cup:SMT 0 No concerns Undetected No 

concerns 

Some 

concerns 

Some 

concerns 

No concerns Moderate 

 

3.4 Physical function for LBP postpartum 

Comparison Number of 

Studies 

Within-Study 

Bias 

Across-Studies 

Bias 

Indirectne

ss 

Imprecision Heterogeneit

y 

Incoherence Confidence 

rating 

Con:Pla 1 Major 

concerns 

Undetected No 

concerns 

Some 

concerns 

Some 

concerns 

Some 

concerns 

Very low 

Con:SMT 4 No concerns Undetected No 

concerns 

No concerns Major 

concerns 

No concerns Moderate 

Pla:SMT 1 Major 

concerns 

Undetected No 

concerns 

Some 

concerns 

Some 

concerns 

Some 

concerns 

Very low 

 

GRADE: Grading of Recommendations, Assessment, Development and Evaluations, LBP: low back pain, Exe: exercise, Par: paracetamol, Con: 

control group, SMT: spinal manipulative treatment, Kin: Kinesio taping, TENS: transcutaneous electrical nerve stimulation, Ros: rose oil, Cup: 

cupping therapy, PMR: progressive muscle relaxation, Pla: placebo.
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Supplementary Figure 2. Comparison-adjusted funnel plot for pain during pregnancy 

 

01: control group, 02: exercise plus paracetamol, 03: paracetamol, 04: progressive 

muscle relaxation, 05: spinal manipulative treatment, 06: placebo, 07: Kinesio taping, 

08: Kinesio taping plus paracetamol, 09: transcutaneous electrical nerve stimulation, 

10: exercise, 11: rose oil.
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Supplementary Table 4. Results from Direct and Network Evidence a 

4.1 Physical function during pregnancy 

Control group 1.47 

(-0.63, 3.58) 

2.14 

(-0.78, 5.07) 

N/A N/A 3 

(1.62, 4.38) 

8 

(6.85, 9.15) 

5.57 

(-3.45, 14.59) 

5.12 

(3.91, 6.33) 

1.74 

(-0.17, 3.65) 

Spinal manipulative 

treatment 

0.33 

(-0.04, 0.70) 

N/A N/A N/A N/A N/A N/A 

2.28  

(0.22, 4.35) 

0.54  

(-1.74, 2.82) 

Placebo 1.12 

(0.16, 2.08) 

N/A N/A N/A NA 0.66 

(-0.55, 1.87) 

3.40 

(-0.87, 7.67) 

Indirect evidence 

1.66 

(-2.72, 6.03) 

Indirect evidence 

1.12 

(-2.61, 4.85) 

Kinesio taping N/A N/A N/A N/A N/A 

7.53 

(2.07, 13.00) 

Indirect evidence 

5.79 

(0.02, 11.57) 

Indirect evidence 

5.25 

(-0.58, 11.08) 

Indirect evidence 

4.13 

(-2.79, 11.06) 

Indirect evidence 

Kinesio taping 

+ Paracetamol 

-3.93 

(-5.38, -2.48) 

N/A N/A N/A 
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3.61 

(-0.24, 7.45) 

1.86 

(-2.41, 6.13) 

Indirect evidence 

1.32 

(-3.02, 5.67) 

Indirect evidence 

0.21 

(-5.52, 5.93) 

Indirect evidence 

-3.93 

(-7.82,-0.04) 

Paracetamol 5 

(3.81, 6.19) 

-1 

(-2.41, 0.41) 

N/A 

8.61 

(4.84, 12.37) 

6.86 

(2.66, 11.07) 

Indirect evidence 

6.33 

(2.05, 10.61) 

Indirect evidence 

5.21 

(-0.47, 10.89) 

Indirect evidence 

1.07 

(-4.36,6.51) 

Indirect evidence 

5.00 

(1.20, 8.80) 

TENS -6 

(-7.19, -4.81) 

N/A 

3.22 

(-0.55, 7.00) 

1.48 

(-2.72, 5.68) 

Indirect evidence 

0.94 

(-3.33, 5.22) 

Indirect evidence 

-0.18 

(-5.85, 5.50) 

Indirect evidence 

-4.31 

(-9.78,1.16) 

Indirect evidence 

-0.38 

(-4.23, 3.47) 

-5.38 

(-9.16, -1.61) 

Exercise N/A 

4.03 

(0.58, 7.49) 

2.29 

(-1.48, 6.06) 

Indirect evidence 

1.75 

(-1.70, 5.21) 

0.63 

(-4.46, 5.72) 

Indirect evidence 

-3.50 

(-9.96,2.96) 

Indirect evidence 

0.43 

(-4.73, 5.59) 

Indirect evidence 

-4.58 

(-9.68, 0.53) 

Indirect evidence 

0.81 

(-4.30, 5.91) 

Indirect evidence 

Rose oil 

 

4.2 Treatment withdrawal due to any reason during pregnancy 

Control group 0.75 
(0.16,3.62) 

0.92 
(0.18,4.78) 

0.72 
(0.43,1.21) 

0.74 
(0.44,1.26) 

N/A 0.33 
(0.03,3.15) 

0.48 
(0.04,5.67) 

0.32 
(0.03,3.18) 

0.75 
(0.16,3.62) 

Progressive muscle 
relaxation 

N/A N/A N/A N/A N/A N/A N/A 
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1.05 
(0.30,3.68) 

1.40 
(0.19,10.46) 

Indirect evidence 

Exercise N/A N/A N/A 1 
(0.18,5.6) 

1.58 
(0.24,10.52) 

N/A 

0.72 

(0.43,1.20) 

0.95 

(0.18,5.00) 
Indirect evidence 

0.68  

(0.18,2.64) 
Indirect evidence 

Spinal manipulative 

treatment 

1.09 

(0.62,1.91) 

N/A N/A N/A N/A 

0.75 

(0.45,1.28) 

1.01 

(0.19,5.28) 
Indirect evidence 

0.72  

(0.18,2.79) 
Indirect evidence 

1.05  

(0.61,1.82) 

Placebo N/A N/A N/A 0.65 

(0.1,4.11) 

0.77 

(0.06,9.34) 

Indirect evidence 

1.03 

(0.05,19.64) 

Indirect evidence 

0.74  

(0.07,7.65) 

Indirect evidence 

1.08  

(0.09,13.78) 

Indirect evidence 

1.03  

(0.08,13.08) 

Indirect evidence 

Kinesio taping 

+ Paracetamol 

0.97 

(0.18,5.16) 

N/A N/A 

0.75 

(0.12,4.75) 

1.00 

(0.09,11.31) 

Indirect evidence 

0.71  

(0.14,3.67) 

1.05  

(0.15,7.14) 

Indirect evidence 

1.00  

(0.15,6.77) 

Indirect evidence 

0.97 

(0.18,5.16) 

Paracetamol 1.58 

(0.24,10.52) 

N/A 

1.19 
(0.16,8.84) 

1.58 
(0.12,20.27) 

Indirect evidence 

1.13  
(0.18,6.96) 

1.66  
(0.21,13.20) 

Indirect evidence 

1.57  
(0.20,12.53) 

Indirect evidence 

1.53 
(0.12,19.19) 

Indirect evidence 

1.58  
(0.24,10.52) 

TENS N/A 

0.42 
(0.08,2.28) 

0.56 
(0.06,5.65) 

Indirect evidence 

0.40  
(0.05,3.28) 

Indirect evidence 

0.59  
(0.11,3.29) 

Indirect evidence 

0.56  
(0.11,2.94) 

0.54 
(0.03,11.02) 

Indirect evidence 

0.56  
(0.05,6.84) 

Indirect evidence 

0.36 
(0.03,4.90) 

Indirect evidence 

Rose oil 

 

4.3 Pain intensity postpartum 
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Spinal manipulative treatment N/A -1.26  

(-1.9, -0.62) 

-3.06  

(-4.17, -1.95) 

-0.76  

(-3.20, 1.68) 
Indirect evidence 

Cupping N/A -2.30  

(-2.87, -1.73) 

-1.52  

(-3.52, 0.48) 

-0.76  

(-3.74, 2.23) 
Indirect evidence 

Placebo -1.27  

(-2.03, -0.51) 

-3.06  

(-4.09, -2.03) 

-2.30  

(-4.51, -0.09) 

-1.54  

(-3.55, 0.46) 

Control group 

 

4.4 Physical function postpartum 

Spinal manipulative treatment -1.34  

(-2.14, -0.54) 

-2.15  

(-2.84, -1.46) 

-1.03  

(-2.26, 0.19) 

Placebo -1.28  

(-2.08, -0.49) 

-2.20  

(-2.88, -1.51) 

-1.16  

(-2.39, 0.06) 

Control group 

a TENS: transcutaneous electrical nerve stimulation
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Supplementary Table 5. Rank Results a 

5.1 Physical function during pregnancy 

Rank Name SUCRA Mean Rank (2.5th 

Percentile, 97.5th 

Percentile) 

1st Transcutaneous electrical 

nerve stimulation 

94.5 1.4 (1, 3) 

2nd Kinesio taping + 

Paracetamol 

86.8 2.1 (1, 6) 

3rd Rose oil 58.2 4.3 (2, 8) 

4th Paracetamol 50.8 4.9 (3, 9) 

5th Kinesio taping 50.0 5 (2, 9) 

6th Exercise 46.4 5.3 (2, 9) 

7th Placebo 34.3 6.3 (4, 8) 

8th Spinal manipulative 

treatment 

26.3 6.9 (4, 9) 

9th Control group 2.7 8.8 (7, 9) 

 

5.2 Treatment withdrawal due to any reason during pregnancy 

Rank Name SUCRA Mean Rank (2.5th 

Percentile, 97.5th 

percentile) 

1st Control group 66.7 3.7 (1, 7) 

2nd Transcutaneous electrical 

nerve stimulation 

65.1 3.8 (1, 9) 

3rd Exercise 62.8 4 (1, 8) 

4th Kinesio taping + 

Paracetamol 

48.4 5.1 (1, 9) 

5th Progressive muscle 

relaxation 

47.9 5.2 (1, 9) 

6th Paracetamol 45.8 5.3 (1, 9) 

7th Placebo 45.4 5.4 (2, 9) 

8th Spinal manipulative 

treatment 

41.6 5.7 (2, 9) 

9th Rose oil 26.2 6.9 (1, 9) 

 

5.3 Pain intensity postpartum 

Rank Treatment SUCRA Mean Rank (2.5th 

Percentile, 97.5th 

Percentile) 

1st Spinal manipulative 

treatment 

88.5 1.3 (1, 2) 
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2nd Cupping 64.9 2.1 (1, 3) 

3rd Placebo 43.9 2.7 (1, 4) 

4th Control group 2.7 3.9 (3, 4) 

 

5.4 Physical function postpartum 

Rank Treatment SUCRA Mean Rank (2.5th 

percentile, 97.5th 

percentile) 

1st Spinal manipulative 

treatment 

97.5 1.0 (1, 2) 

2nd Placebo 51 2.0 (1, 3) 

3rd Control group 1.5 3.0 (2, 3) 

a SUCRA: surface under the cumulative ranking curve 
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Supplementary Table 6. Adverse Events of Included Studies 

Study ID Adverse Events 

During pregnancy 

Kalinowski 2017 Kinesio taping group: Itching of the area covered by the tape (n=2, 3.8%). 

Keskin 2012 Transcutaneous electrical nerve stimulation group: discomfort sense (n=1, 5%). 

Paracetamol group: gastric intolerance (n=1, 5.3%). 

Shirazi 2017 Rose oil group: mild allergic rhinitis (n=1, 2.7%). 

Kaplan 2016 Kinesio taping group:  allergy (n=2, 6.1%). 

Yan et al 2014 Exercise group (n=4, 7.8%): preterm labor (n=2) and uterine contraction too frequencies (n=2). 

Control group (n=6, 11.8%): preterm labor (n=3), uterine contraction too frequencies (n=2) and bleeding (n=1). 

Hensel 2015 Spinal manipulative treatment group (n=11, 8.1%): preterm labor (n=3), preeclampsia (n=3), pregnancy Induced 

hypertension (n=2), gestational Diabetes (n=1), oligohydramnios (n=1) and eclampsia (n=1).  

Placebo group (n=19, 14.5%): preterm labor (n=8), preeclampsia (n=3), pregnancy Induced hypertension (n=3), 

gestational diabetes (n=1), polyhydramnios (n=1), low-lying placenta (n=1), significant 3rd-trimester bleeding 

(n=1) and premature rupture of membranes (n=1). 

Control group (n=20, 15%): preterm labor (n=3), preeclampsia (n=4), pregnancy Induced Hypertension (n=4), 

gestational Diabetes (n=3), oligohydramnios (n=2) and polyhydramnios (n=1), significant 3rd-trimester bleeding 

(n=1), cardiac dysrhythmia (n=1) and preterm dilation (n=1). 

Pekçetin et al 2019 Telephone-supported ergonomic education group: preterm labour (n=1, 1.6%) 

Face-to-face ergonomic education group: preterm labour (n=2, 3.3%) 

Postpartum 

Schwerla 2015 Spinal manipulative treatment group: occasionally, participants reported tired. 
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Supplementary Table 7. Effect Estimates from Studies which Were not Included in the Network Meta-Analysis a 

Study ID Pain Physical Function 

During pregnancy 

Abu 2017 N/A ODI 

Exercise + Paracetamol vs Paracetamol:  

(MD: -2, 95% CI: -4.82– to 0.82) 

Akmeses 2014 N/A SF-36 

Progressive muscle relaxation vs Control 

group:  

(MD: 65.3, 95% CI: 61.63–68.97) 

Mohseni Bandpei et al 2010 N/A ODI 

Exercise vs Control group: 

(MD: -25.74, 95% CI: -45.22 to -6.26) 

Kalus 2008 VAS 

BellyBra vs Tubigrip:  

(MD: -0.20, 95% CI: -1.10 to 0.70) 

Likert scale 

BellyBra vs Tubigrip: 

(MD: -0.90, 95% CI: -1.72 to -0.08) 

Pekçetin et al 2019 VAS 

Telephone-supported ergonomic education vs 

Face-to-face ergonomic education:  

(MD: -2.19, 95% CI: -3.07 to -1.31) 

ODI 

Telephone-supported ergonomic education vs 

Face-to-face ergonomic education:  

(MD: -6.56, 95% CI: -12.65 to -0.47) 

Sedaghati 2007 Quebec 

Exercise vs Control group:  

N/A 
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(MD: -6.47, 95% CI: -9.22 to -3.72) 

Postpartum 

Mohamed 2018 VAS 

Kinesio taping + Exercise vs Exercise:  

(MD: -3.2, 95% CI: -4.04 to -2.36) 

 

BPFS 

Kinesio taping + Exercise vs Exercise:  

(MD: 21.5, 95% CI: 18.19 – 24.81) 

a MD: mean difference, CI: confidence interval, ODI: Oswestry Disability Index, SF-36: 36-Item Short Form Survey, VAS: Visual Analog 

Scale, Quebec: Quebec questionnaire and BPFS: Back Pain Function Scale 
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Supplementary Table 8. Sensitivity analyses  

8.1 Pain during pregnancy 

Interventions Main 

Analysis 

A B C 

Progressive muscle relaxation 1st 1st 1st 1st 

Kinesio taping 2nd 3rd 3rd 2nd 

Kinesio taping + paracetamol 3rd 2nd 2nd 3rd 

Transcutaneous electrical nerve stimulation 4th 4th 4th 4th 

Exercise + paracetamol 5th 5th 5th 5th 

Rose oil 6th 6th 6th 6th 

Paracetamol 7th 7th 8th 7th 

Exercise 8th 8th 7th 8th 

Spinal manipulative treatment 9th 10th 9th 9th 

Placebo 10th 9th 10th 10th 

Control group 11th 11th 11th 11th 

A: exclude studies from grey literature / studies with suspected mixed population 

(Gundermann 2013 and Roehrich 2014) 

B: exclude a study with very high rate of lost to follow-up (Hensel 2015) 

C: exclude studies with high risk of bias (Mohseni Bandpei et al 2010) 

 

8.2 Physical function during pregnancy 

Interventions Main Analysis A B 

Transcutaneous electrical nerve stimulation 1st 1st 1st 

Kinesio taping + Paracetamol 2nd 2nd 2nd 

Rose oil 3rd 3rd 3rd 

Paracetamol 4th 4th 4th 

Kinesio taping 5th 6th 6th 

Exercise 6th 5th 5th 

Placebo 7th 7th 7th 

Spinal manipulative treatment 8th 8th 8th 

Control group 9th 9th 9th 

A: exclude studies from grey literature / studies with suspected mixed population 

(Gundermann 2013 and Roehrich 2014) 

B: exclude a study with very high rate of lost to follow-up (Hensel 2015) 

 

8.3 Pain postpartum 

Interventions Main Analysis A B 
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Spinal manipulative treatment 1st 1st 1st 

Cupping 2nd 2nd 2nd 

Placebo 3rd 3rd 3rd 

Control group 4th 4th 4th 

A: exclude studies with suspected mixed population (Schwerla 2015)        

B: exclude studies from grey literature (Recknagel 2007 and Belz 2014)     

 

8.4 Physical Function Postpartum 

Interventions Main Analysis A B 

Spinal manipulative treatment 1st 1st 1st 

Placebo 2nd 2nd 2nd 

Control group 3rd 3rd 3rd 

A: exclude studies with suspected mixed population (Schwerla 2015)        

B: exclude studies from grey literature (Recknagel 2007 and Belz 2014) 
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Supplementary Table 9. Loop and Global Inconsistency a 

9.1 Pain During Pregnancy 

Loop inconsistency 

Loop IF 95% CI P value 

Con-TENS-Exe 3.46 (1.22, 5.71) .002 

Con-Par-Exe 3.46 (1.07, 5.85) .005 

Con-SMT-Pla 2.02 (0.00, 4.04) .050 

Con-Pla-Ros 1.32 (0.00, 4.76) .453 

Con-Par-TENS 0.00 (0.00, 1.14) 1.000 

Par-TENS-Exe 0.00 (0.00, 1.15) 1.000 

Global inconsistency 

Chi-square = 73.55, P=0.000 

 

9.2 Physical function during pregnancy 

Loop inconsistency 

Loop IF 95% CI P value 

Con-Par-Exe 9.50 (0.00, 19.08) .052 

Con-TENS-Exe 9.50 (0.00, 19.02) .050 

Con-Pla-Ros 2.32 (0.00, 10.13) .561 

Con-SMT-Pla 0.56 (0.00, 5.22) .813 

Par-TENS-Exe 0.00 (0.00, 2.20) 1.000 

Con-Par-TENS 0.00 (0.00, 2.15) 1.000 

Global inconsistency 

Chi-square = 7.18, P=0.0665 

 

9.3 Pain postpartum 

Loop inconsistency 

Loop IF 95% CI P value 

Con-SMT-Pla 0.663 (0.00, 4.71) .749 

Global inconsistency 

Chi-square = 0.21, P=0.6472 

 

9.4 Physical function postpartum 

Loop inconsistency 

Loop IF 95% CI P value 
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Con-SMT-Pla 0.420 (0.00, 2.84) .734 

Global inconsistency 

Chi-square = 0.19, P=0.6610 
a Exe: exercise, Par: paracetamol, Con: control group, SMT: spinal manipulative 

treatment, Kin: Kinesio taping, TENS: transcutaneous electrical nerve stimulation, 

Ros: rose oil, Pla: placebo. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



87 
 

Supplementary Table 10. Results of Node-Splitting Method for Pain During Pregnancy 

a 

Side Direct Indirect P value 

 Coef. Std.Err. Coef. Std.Err.  

Par vs Con -2.00 1.26 -9.12 3.52 0.055 

SMT vs 

Con 

-1.55 0.78 -4.21 3.53 0.462 

Pla vs Con -0.97 0.64 -5.58 2.22 0.045 

TENS vs 

Con 

-3.00 1.22 -10.19 3.52 0.054 

Exe vs Con -2.73 1.09 4.33 73.12 0.923 

Ros vs Con -3.40 1.51 -0.73 3.29 0.460 

Par vs Exe 

+ Par 

1.00 1.45 -5.65 93.68 0.943 

Kin + Par 

vs Par 

-1.92 1.49 5.75 116.88 0.948 

TENS vs 

Par 

-1.00 1.46 -8.06 73.11 0.923 

Exe vs Par 1.00 1.26 -6.21 3.53 0.053 

Pla vs SMT -0.01 1.08 1.34 1.90 0.537 

Kin vs Pla -3.71 1.45 2.69 101.55 0.950 

Ros vs Pla -1.12 1.51 -3.79 3.29 0.460 

Exe vs 

TENS 

2.00 1.22 -5.22 3.52 0.053 

a Exe: exercise, Par: paracetamol, Con: control group, SMT: spinal manipulative 

treatment, Kin: Kinesio taping, TENS: transcutaneous electrical nerve stimulation, 

Ros: rose oil, Pla: placebo. 
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Supplementary Table 11. Previous Meta-Analyses a 

Liddle 2015 

Comparison: during pregnancy - any exercise + usual prenatal care versus prenatal care  

Outcome No. of 

Studies 

No. of 

Participants 

Statistical Method Effect Size 

Pain intensity 7 645 SMD (IV, Random, 95% 

CI) 

-0.64 (-1.03, -

0.25) 

Functional disability 2 146 SMD (IV, Random, 95% 

CI) 

-0.56 (-0.89, -

0.23) 

Franke 2017 

Comparison: during pregnancy – osteopathic manipulative treatment versus control group 

Pain intensity 7 677 MD (IV, Random, 95% 

CI) 

-16.75 (-31.79, -

1.72) 

Functional disability 7 677 SMD (IV, Random, 95% 

CI) 

-0.50 (-0.93, -

0.07) 

Comparison: postpartum – osteopathic manipulative treatment versus control group 

Pain intensity 3 173 MD (IV, Random, 95% 

CI) 

-38.00 (-46.75, -

29.24) 

Functional disability 3 173 SMD (IV, Random, 95% 

CI) 

-2.12 (-3.02, -

1.22) 

Hall 2016 

Comparison: during pregnancy – manual therapy versus usual care 

Pain intensity 8 865 SMD (IV, Random, 95% 

CI) 

-0.7 (-1.10, -

0.30) 

Functional disability 5 601 SMD (IV, Random, 95% 

CI) 

-0.62 (-0.93, -

0.31) 

Number of drop out 4 690 OR (IV, Random, 95% 

CI) 

0.64 (0.20, 2.02) 

Comparison: during pregnancy – manual therapy versus relaxation 

Pain intensity 2 82 SMD (IV, Random, 95% 

CI) 

-0.77 (-1.22, -

0.32) 

Comparison: during pregnancy – manual therapy versus exercise 

Pain intensity 1 57 SMD (IV, Random, 95% 

CI) 

-0.12 (-0.65, 

0.42) 

Functional disability 1 55 SMD (IV, Random, 95% 

CI) 

-0.21 (-0.77, 

0.34) 

Number of drop out 1 57 OR (IV, Random, 95% 

CI) 

0.36 (0.10, 1.32) 

Comparison: during pregnancy – manual therapy versus sham 

Pain intensity 2 364 SMD (IV, Random, 95% 

CI) 

0.05 (-0.15, 

0.26) 

Functional disability 2 366 SMD (IV, Random, 95% 

CI) 

-0.08 (-0.40, 

0.25) 
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Number of drop out 2 364 OR (IV, Random, 95% 

CI) 

1.09 (0.62, 1.91) 

a SMD: standard mean differences, MD: mean differences, IV: inverse variance, OR: odds ratio 

and CI: confidence interval 
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ABSTRACT 

Importance There are many surgical and invasive interventions available to treat degenerative 

lumbar spinal stenosis, but we are still not clear whether surgical or invasive interventions are 

better than conservative care (e.g., exercise). Degenerative lumbar spinal stenosis is heterogeneous 

which often incurs debates about the choice of treatments between physicians and surgeons. 

Objective To compare the effectiveness and safety of surgical interventions or invasive treatments 

to conservative care for degenerative lumbar spinal stenosis. 

Data Sources AMED, CINAHL, EMBASE, the Cochrane Library and MEDLINE (inception to 

September 2020), trial registers, and reference lists of included studies. 

Study Selection Randomised controlled trials evaluating surgical or invasive interventions (e.g., 

epidural injections) for the treatment of degenerative lumbar spinal stenosis in adults aged 40 years 

or older.  

Data Extraction and Synthesis Two authors independently extracted the data. Frequentist 

network and pairwise meta-analyses were performed. All data analyses were performed in either 

short-term (≤6 months) or long-term (≥12 months) separately if applicable.  

Main Outcomes and Measures The primary effectiveness outcome was physical function, 

measured by the Oswestry Disability Index, Roland Morris Disability Questionnaire, Japanese 

Orthopaedic Association score, functional rate index or neurogenic claudication outcome score.  

The primary adverse outcome was all-cause mortality. 

Results A total of 49 trials (mean age ranged from 52 to 76) with 5323 patients and 16 

interventions were included. For short-term (26 trials with 3247 patients and 13 interventions) and 

long-term (27 trials with 3342 patients and 9 interventions) physical function, no statistical 

difference was observed when surgical or invasive treatments were compared with conservative 

care. For all-cause mortality (10 trials with 1573 patients and 6 interventions), there was no 

statistical difference between any surgical treatment and conservative care. 

Conclusions and Relevance There was no evidence to support that surgery or invasive procedures 

are more effective or safer than conservative care in treating degenerative lumbar spinal stenosis. 
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This information may inform discussion with patients about the treatment options in degenerative 

lumbar spinal stenosis. 
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Introduction 

Degenerative lumbar spinal stenosis (LSS) is a narrowing of the spinal canal diameter due to 

degenerative changes1. Patients with central LSS typically present with neurogenic claudication, 

which is defined as pain, numbness and/or fatigue in the lower limbs2 that is worsened during 

walking and standing (i.e., lumbar extension), and alleviated with forward bending or sitting (i.e., 

lumbar flexion)1. Results from the Framingham study, based on radiology, indicated that the 

prevalence of absolute LSS (i.e., ≤10 mm canal diameter) and relative LSS (i.e., ≤12 mm canal 

diameter) in the general population is 7.3% and 22.5%, respectively3. For those aged 60 years and 

older, the prevalence of absolute LSS and relative LSS is higher and can reach 19.4% and 47.2%, 

respectively3.  

 

Besides conservative care (i.e., exercise), therapeutic procedures such as surgical interventions, 

including surgical decompression with or without fusion, interspinous process spacer devices, 

minimally invasive surgical decompression and epidural injections are commonly used to treat 

degenerative LSS4-6. To date, there is limited evidence to support one treatment type over another, 

with a Cochrane review concluding no superiority of surgery over non-surgical care for self-

reported disability at 12 months (mean difference (MD): -6.18, 95% confidence interval (CI) -15.3 

to 2.66) and a statistically significant but clinically unimportant difference at 24 months (MD: -

4.43, 95% CI -7.91 to -0.96). A limitation of the pairwise Cochrane review finding was the small 

number of studies available, with only five randomized controlled trials (RCTs) included7. An 

additional Cochrane review compared three different posterior decompression techniques to 

conventional laminectomy and found no significant difference between treatments, but was also 

limited by the small number of studies available for inclusion8. Moreover, previous studies using 

pair-wise analytic approaches, have failed to provide the overall comparative effectiveness and 

safety among all surgical and non-surgical procedures for lumbar spinal stenosis. A network meta-

analysis approach can, however, simultaneously compare the effectiveness of all included 

interventions providing comparisons not possible in previous meta-analyses. Furthermore, 

compared to pair-wise approaches, the network approach enables the inclusion of additional trials 

in the analyses, increasing the precision of the final results 9. We have therefore conducted a 
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systematic review with a network meta-analysis, to assess the effectiveness and safety of surgical 

or invasive treatments and conservative care for people with degenerative LSS. 

 

Methods 

The reporting of the study followed the PRISMA Extension Statement for Reporting of Systematic 

Reviews Incorporating Network Meta-analyses of Health Care Interventions and was registered in 

PROSPERO (CRD42018094180)10. The protocol for this paper was published elsewhere11. 

 

Eligibility criteria 

Population 

To be included, trials needed to recruit participants who were aged 40 years or older with a 

diagnosis of degenerative LSS (either central, lateral and foraminal). Details could be found in 

Appendix S1.  

 

Intervention, comparison, and study design 

Trials were included if they randomised participants to a surgical (e.g., decompression) or invasive 

(i.e., epidural injection) intervention compared to any other treatment (e.g., conservative care, 

another active option), and were published in English. All types of conservative care (included one 

or multiple components from the following options: exercise, education, and nonsteroidal anti-

inflammatory drugs if needed) were treated as one node and two sensitivity analyses were 

performed to verify the robustness of this strategy (Appendix S2).  

 

Outcome Measures 

The primary outcomes were:  
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Physical function as a primary effectiveness outcome, measured by the Oswestry Disability Index, 

Roland Morris Disability Questionnaire, Japanese Orthopaedic Association score, functional rate 

index or neurogenic claudication outcome score;  

All-cause mortality as a primary adverse outcome. 

The secondary outcomes were:  

Back pain;  

Leg pain;  

Overall pain (not specific to a body part);  

Global impression of recovery, defined as satisfaction rate;  

Mobility, measured by walking distance without pain, maximum distance of 900 m, the distance 

in metres that the patient could walk on even ground without a break or 6-minute walk test;  

Adverse effect (other than mortality) due to any reason; 

Intervention related adverse effect; 

Reoperation rate; 

Treatment withdrawal (due to any reason); 

Treatment withdrawal (due to adverse effects); 

Health-related quality of life; 

Work absenteeism 

Treatment withdrawal (due to adverse effects), health-related quality of life and work absenteeism 

were not reported given the insufficient data available to perform meta-analyses. Intervention 

related adverse events were added as secondary outcome measure to provide further information 

on the type and relatedness of the adverse event. Moreover, data on reoperation rate were extracted 

and reported as a secondary outcome (detailed definition for these added outcomes were provided 

in Appendix S3).  

 

Data Sources and Searches 

We searched AMED, CINAHL (via Ebsco), EMBASE (via OvidSP), the Cochrane Library and 

MEDLINE (via OvidSP) for published studies from inception to March 20th, 2019, with updated 
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searches conducted on the 5th of March, 2020 and 5th of September, 2020. Detailed search 

strategies, based on the key inputs from a trained librarian, could be found in published protocol11.  

  

Study Selection, Data Extraction and Risk of Bias Assessment  

Two reviewers (LC and MB) independently selected eligible studies through screening their titles, 

abstracts and full-text articles. Any disagreement was judged by the senior author (MF) and clinical 

expert (RS). The senior author (MF) made the final decision if any disagreement still existed. We 

extracted data on study characteristics (e.g., publication year, geographical region, study duration 

and funding source), patient characteristics (e.g., mean age, sex ratio, stenosis level and stenosis 

type), and intervention types. Two reviewers (LC and MB) independently assessed the risk of bias 

of included studies through revised Cochrane risk-of-bias tool for randomised trials (RoB 2)12.  

 

Data Synthesis and Analysis 

One reviewer (LC) performed all data analysis. A frequentist framework was used to conduct 

pairwise and network meta-analyses in Stata, version 1513-15. Random effects model was used to 

account for potential methodological and clinical heterogeneity. The heterogeneity parameter was 

assumed the same to increase power in the heterogeneity estimation. Continuous outcomes using 

the same rating scale (back pain, leg pain and overall pain) were reported as mean differences (MD) 

with its 95% confidence interval (CI). Continuous outcomes using different rating scale (physical 

function and mobility) were reported as standardised mean difference (SMD) with 95% CI. 

Dichotomous outcomes (all-cause mortality, global impression of recovery, adverse event due to 

any reason, intervention related adverse event, reoperation rate and treatment withdrawal due to 

any reason) were reported as odds ratio (OR) with its 95% CI.  

 

The magnitude of effects (small, moderate and large) for pain intensity and physical function was 

defined from the recommendations from American College of Physicians Clinical Practice 

Guideline (Appendix S4) 16,17. In this study, the term clinical importance was defined by at least a 

moderate effect (i.e., 10 in 0-100 pain score system and 0.5 in SMD for physical function) for the 



107 
 

lower confidence limit of a positive value and the upper confidence limit of a negative value17. As 

our protocol indicated, all data analyses were performed in either short-term (≤6 months) or long-

term (≥12 months) separately considering we have insufficient data in middle-term (6-12 months).  

 

To examine the transitivity assumption, we visually inspected the central tendencies of the study 

and patient characteristics13. Design-by-treatment interaction model and node-splitting method 

were used to assess the inconsistency15. Design-by-treatment interaction model could assess 

whether the particular choice of treatments in a study is associated with different effect sizes for 

particular contrasts when multi-arm trials exist18. Node-splitting method could split one treatment 

contrast into the direct parameter and the indirect parameter, and then test whether the difference 

exists between two parameters19. To rank all available interventions in each outcome, we used the 

Surface Under the Cumulative Ranking curves (SUCRA) and mean rank20. For two primary 

outcomes, we used comparison-adjusted funnel plot to assess the potential publication bias21. 

 

We performed network meta-analyses only if the network plot included conservative care as a 

comparison to provide more clinically relevant results. The only exception was with reoperation 

rates which was only analysed across surgical comparisons. To examine the robustness of the 

results from two primary outcomes, extensive sensitivity analyses were performed (Details could 

be in Appendix S5 and S6). All analyses were performed in STATA 15.1. 

 

Quality of the evidence appraisal 

Two reviewers independently used Grading of Recommendations, Assessment, Development and 

Evaluation (GRADE) approach to evaluate the quality of evidence for physical function and all-

cause mortality through CINeMA web application22. Details of GRADE definition could be found 

in Appendix S7. 

 

Results 
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Study Characteristics 

After screening 22025 titles and abstracts and 237 full text articles, 49 studies including 5323 

patients and 16 interventions, and 11 companion reports were included (Figure 1, Table 1 and 

Appendix S8). Forty-five studies were included in the meta-analysis. The details of remaining four 

studies are provided in Appendix S9. The most commonly included interventions were 

conventional open decompression (18 studies), midline preserving decompression (15 studies), 

epidural steroid with anaesthetic injection (11 studies), interspinous device (7 studies), 

conventional open decompression with fusion (8 studies), epidural steroid injection (6 studies), 

endoscopic decompression (6 studies) and conservative care (6 studies). Five or less studies were 

included for the remaining interventions.  

 

The included studies were published between 1995 and 2019: 18 in Europe (37%), 16 in 

Asia/Oceania (33%), 13 in North America (26%) and two in Africa (4%). The majority of studies 

included a small sample (n<100, 30/49 studies, 61%) and a longer follow-up duration (>12 months, 

31/49, 63%). Many studies did not report funding source (30/49, 61%), the level of stenosis (18/49, 

37%), or type of stenosis (11/49, 22%). 

 

Risk of Bias 

Approximately half of the included studies presented high (21/45, 46%) overall risk of bias (Table 

2, also see Appendix S10), with the main limitations including lack of blinding of participants, or 

those delivering the interventions (3/45, 7%); lack of blinding of outcome assessors (19/45, 42%); 

and lack of pre-specified analysis plan (6/45, 13%).  

 

Primary Outcomes 

Physical function 

Twenty-six randomised controlled trials including 3247 patients and 13 interventions were 

included in the network meta-analysis for short-term physical function (Appendix S11)23-47. The 
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overall results showed no statistical difference between any surgical or invasive treatment and 

conservative care on physical function (Table 3, quality of evidence: moderate to very low, also 

see appendix S12). Twenty-seven randomised controlled trials including 3342 patients and nine 

(seven surgical interventions, one epidural injection and conservative care) interventions reported 

long-term assessments of physical function (Appendix S11)24,25,33,35,39,40,42,44-59. Once again, no 

statistical difference was observed when surgical or invasive treatments were compared with 

conservative care (Appendix S13, quality of evidence: low to very low, also see appendix S12).  

 

All-cause mortality 

Ten randomised controlled trials including 1573 patients and six (five surgical interventions and 

conservative care) interventions reported all-cause mortality (Appendix S11)25,27,45,52,56,60-64.  

 

Inconsistency test, sensitivity analysis and publication bias 

The inconsistency test (Appendix S14) indicated minor inconsistency for physical function and no 

inconsistency for all-cause mortality. For both physical function and all-cause mortality, similar 

results were observed in the sensitivity analyses for both (Appendix S15), and we did not find 

publication bias from the comparison-adjusted funnel plot (Appendix S16). 

 

Secondary Outcomes 

For each outcome, the number of included studies, patients and interventions is listed in Appendix 

S17 and the network plot is listed in Appendix S11. 

 

For back pain (short-term and long-term), long-term leg pain, mobility, and treatment withdrawal 

due to any reason, there was no statistical difference between any surgical treatment or invasive 

treatment and conservative care (Appendix S13).  
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For short-term leg pain, interspinous device (MD: -2.05, 95% CI: -3.98 to -0.12), midline splitting 

decompression (MD: -2.47, 95% CI: -4.45 to -0.5) and conventional open decompression (MD: -

1.80, 95% CI: -3.49 to -0.11) were statistically superior to conservative care but the effects were 

too small to be clinically important.  

 

For short-term overall pain, epidural steroid + hypertonic sodium + calcitonin injection (MD: -

3.10, 95% CI: -5.56 to -0.64) was statistically superior to conservative care. The size of the effect 

was too small to be clinically important, however.  

 

For short-term global impression of recovery, midline preserving decompression (OR: 4.76, 95% 

CI: 1.41 to 16.67) and endoscopic decompression (OR: 9.09, 95% CI: 1.75 to 50) were statistically 

superior to conservative care. For long-term global impression of recovery, midline preserving 

decompression was statistically superior to conservative care (OR: 9.09, 95% CI: 1.12 to 100). 

 

For adverse effect due to any reason, conservative care (OR: 0.31, 95% CI: 0.10 to 0.94) was 

significantly associated with lower odds of adverse effect due to any reason compared to 

conventional open decompression with fusion.  

 

For intervention related adverse effect, conservative care was significantly associated with lower 

odds of intervention related adverse effect compared to conventional open decompression with 

interspinous device (OR: 0.06, 95% CI: 0.01 to 0.33), midline splitting decompression (OR: 0.06, 

95% CI: 0.01 to 0.39), conventional open decompression (OR: 0.05, 95% CI: 0.01 to 0.27), midline 

preserving decompression (OR: 0.15, 95% CI: 0.03 to 0.85), conventional open decompression 

with fusion (OR: 0.04, 95% CI: 0.01 to 0.24) and interspinous device only (OR: 0.18, 95% CI: 

0.04 to 0.84).  
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For reoperation rate, conventional open decompression (OR: 0.22, 95% CI: 0.10 to 0.45), 

endoscopic decompression (OR: 0.13, 95% CI: 0.02 to 0.75), midline splitting decompression (OR: 

0.24, 95% CI: 0.06 to 0.92), midline preserving decompression (OR: 0.10, 95% CI: 0.03 to 0.30) 

and conventional open decompression with fusion (OR: 0.22, 95% CI: 0.09 to 0.57) were all 

significantly associated with lower odds of reoperation rate compared to the interspinous device. 

 

Ranking results 

Details could be found in Appendix S18. 

 

Discussion 

This network meta-analysis incorporated 49 randomised controlled trials including 5323 patients 

comparing surgical and invasive procedures with conservative care in the treatment of 

degenerative LSS. The results showed that there is currently no evidence that a significant 

difference exists in physical function, mobility, or back pain between any surgical or invasive 

intervention and conservative care for the management of patients with degenerative LSS. 

Moreover, no statistically significant differences were shown between any treatment for reducing 

all-cause mortality. Interspinous device, midline splitting decompression and conventional open 

decompression were associated with a statistically significant but clinically unimportant 

improvement in short-term leg pain when compared with conservative care. With the exception of 

endoscopic decompression, all surgical interventions were associated with higher intervention 

related adverse effect when compared with conservative care. Of all available surgical procedures, 

interspinous device was associated with the highest rate of reoperation. 

 

Strengths and limitations of this study 

This systematic review has two main strengths. To our knowledge, it is the first comprehensive 

evidence synthesis to assess the effectiveness and safety of all available surgical and invasive 

interventions for the treatment of degenerative LSS based on published randomised controlled 
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trials. Comprehensive sensitivity analyses were performed to guarantee the robustness of the 

results. 

 

A limitation of our study was that many of the included studies may have been affected by bias, 

such as English-language trials; insufficient blinding of participants; carers and treatment 

providers; inadequate blinding of outcome assessors; and lack of pre-published research protocols 

and/or data analysis plans. Another limitation was the timing of enrolment in included trials. 

Patients with extreme disability, neurologic progression, or simply inability to 

economically/financially endure prolonged impairment were excluded from the trials. We must 

exercise caution when generalizing the results to these kinds of patients. A final limitation of this 

review was the grouping of conservative care into one node. We, therefore, performed two 

additional sensitivity analysis (Appendix S5) and found no significant change to the results. 

 

Comparison with other studies 

The findings of this network meta-analysis are similar with the conclusions of two previous 

Cochrane reviews with similar topics, that there is insufficient evidence to support surgical 

management as a treatment of LSS 7,8,65. Machado et al concluded a paucity of evidence on the 

efficacy of surgery for LSS65. In 2015, Zaina et al concluded that evidence was of insufficient 

quality to determine whether surgical treatment or a conservative approach is better for 

symptomatic (either neurogenic claudication or monoradicular or polyradicular symptoms) LSS7. 

Our findings on the lower rates of adverse effects and safety of conservative care when compared 

with surgical interventions was also consistent with a previous Cochrane review7. Furthermore our 

results corroborate with findings from one previous review which suggested that invasive 

interventions such as epidural steroids are not superior to conservative care and that epidural 

lidocaine with steroids was not found to be superior to lidocaine alone6.  

 

Patients with degenerative LSS are heterogeneous which might threaten the validity of the results, 

and previous studies paid less attention to it. To assess the potential influence from the 
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heterogeneity, we performed five sensitivity analyses based on the issues about typical symptom, 

spinal instability, spondylolisthesis, level affected, and inclusion criteria (Appendix S5). Because 

the surgical technologies might evolve without changing the name, we excluded studies which 

collected data before 2000 as an additional sensitivity analysis. Overall, the results from sensitivity 

analyses were similar with main analyses.  

 

Implications for practice and research 

This network meta-analysis provides the reader with the most comprehensive understanding of the 

current evidence for treatments of degenerative LSS. Readers may use the results of this review to 

assist in their recommendations and choices for treatment. Previous clinical practice guideline 

committees have had to rely on a small number of studies resulting in conflicting recommendations. 

For example, the North American Spine Society clinical guidelines recommend epidural steroid 

injections to provide short-term (two weeks to six months) symptom relief in patients with LSS 

and associated neurogenic claudication1. Our study showed that by assessing all available studies, 

there is no evidence to support epidural steroid injection above conservative care. Given the new 

evidence available from this network meta-analysis, updated clinical guidelines for the 

management of degenerative LSS is recommended. High quality cost-effectiveness analyses of 

surgical and invasive procedures for the management of degenerative LSS are also warranted to 

guide policy makers in their future recommendations. We also need future trials to clearly report 

the details of their conservative treatment protocols so that this part of studies could be reproduced.  

 

Conclusions 

There was no evidence to support that surgery or other invasive procedures are more effective or 

safer than conservative care at treating degenerative lumbar spinal stenosis. 
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Table 1. Characteristics of the 49 included studies. 

Characteristics No (%) of studies 

Publication year:  

  1995-2000 3 (6) 

  2001-2006 3 (6) 

  2007-2012 17 (35) 

  2013-2019 26 (53) 

Geographical region:  

  Asia/Oceania 16 (33) 

  Europe 18 (37) 

  North America 13 (26) 

  Africa 2 (4) 

Study setting:  

  Single centre 21 (43) 

  Multicentre 15 (31) 

  Not reported 13 (26) 

Study duration (months):  

  0-12 18 (37) 

  13-24 19 (39) 

  25-36 0 (0) 

  37-48 4 (8) 

  49-60 3 (6) 

  >60 5 (10) 

Funding source:  

  Commercial 7 (14) 

  Government 9 (18) 

  Hospital 3 (6) 

  Not reported 30 (61) 

Outcomes:  

  Physical function 46 (94) 

  All-cause mortality 21 (43) 

  Leg pain 22 (45) 

  Back pain 23 (47) 

  Overall pain 13 (27) 

  Global impression of recovery 18 (37) 

  Mobility 10 (20) 

  Adverse effect due to any reason 27 (55) 

  Intervention related adverse effect 26 (53) 

  Reoperation rate 12 (24) 

  Treatment withdraw due to any reason 28 (57) 

Age group (years, mean):  

  <65 22 (45) 

  ≥65 25 (51) 

  Not reported 2 (4) 
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Proportion of men (%):  

  <50 27 (55) 

  ≥50 21 (43) 

  Not reported 1 (2) 

Sample size:  

  <100 30 (61) 

  ≥100 19 (39) 

Stenosis level:  

  Single 4 (8) 

  Multiple 27 (55) 

  Not reported 18 (37) 

Stenosis type:  

  Central 28 (57) 

  Lateral 1 (2) 

  Foraminal 1 (2) 

  Mixed 8 (16) 

  Not reported 11 (22) 

Interventions:  

  CD 18 (37) 

  ID 8 (16) 

  CD+ID 3 (6) 

  CD+Fu 8 (16) 

  Endo 6 (12) 

  MPD 15 (31) 

  MSD 5 (10) 

  Epi 1 (2) 

  EpiS 6 (12) 

  BT 2 (4) 

  EpiSH 1 (2) 

  EpiA 5 (10) 

  EpiAS 11 (22) 

  EpiASC 1 (2) 

  EpiASH 1 (2) 

  Cons 6 (12) 
CD: conventional open decompression; ID: interspinous device; CD+ID: conventional open decompression with 

interspinous device; CD+Fu: conventional open decompression with fusion; MSD: midline splitting decompression; 

MPD: midline preserving decompression; Endo: endoscopic decompression; EpiS: epidural steroid injection; EpiA: 

epidural anaesthetic injection; EpiAS: epidural steroid + anaesthetic injection; BT: balloon treatment with epidural 

injection; EpiASH: epidural steroid + anaesthetic + hypertonic sodium injection; EpiASC: epidural steroid + 

hypertonic sodium + calcitonin injection; Cons: conservative care; Epi: epidural injection with saline solution only; 

EpiSH: epidural steroid + hypertonic sodium injection 
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Table 2. Summary of risk of bias assessment (n= 45 randomised controlled trials). Values are 

numbers (percentages). 

Assessment item Risk level 

Low Some concerns High 

Arising from the randomization process 21 (47) 24 (53) 0 (0) 

Due to deviations from the intended interventions (effect of 

assignment to intervention) 

14 (31) 28 (62) 3 (7) 

Missing outcome data 39 (87) 0 (0) 6 (13) 

Measurement of the outcome 24 (53) 2 (4) 19 (42) 

Selection of the reported result 20 (44) 25 (56) 0 (0) 

Overall risk of bias 7 (16) 17 (38) 21 (46) 
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Table 3. Results from pairwise and network meta-analyses for short-term physical function (The numbers are presented as standardised mean 

difference and 95% confidence interval). 

Cons 
    

-0.4 

(-1.92,1.12) 

  
0.19  

(-0.6,0.97) 

    

0.89  
(-0.14,1.92) 

ID 
     

-1.55  

(-2.84,-

0.26) 

0.31  
(-0.21,0.83) 

-2.46  

(-3.69,-

1.23) 

   

0.49  

(-1.21,2.19) 

-0.40  

(-2.20,1.40) 

EpiASH 0.73  

(-0.55,2) 

 
-2.15  

(-3.52,-

0.78) 

       

0.46  

(-1.22,2.14) 

-0.43  

(-2.21,1.35) 

-0.03  

(-1.19,1.13) 

BT 
 

-0.51 

(-1.79,0.76) 

       

0.06  
(-1.37,1.49) 

-0.83  
(-2.23,0.57) 

-0.43  
(-2.53,1.67) 

-0.40  
(-2.48,1.68) 

MSD 
  

0.37  
(-1.06,1.8) 

0.16  
(-1.26,1.59) 

    

-0.81  

(-2.03,0.41) 

-1.70  

(-3.05,-

0.35) 

-1.30  

(-2.49,-

0.11) 

-1.27  

(-2.42,-

0.11) 

-0.87  

(-2.59,0.86) 

EpiAS 0.15  

(-0.54,0.83) 

 
 0.49  

(-1.01,2) 

   

-0.66  

(-2.06,0.73) 

-1.55  

(-3.06,-

0.04) 

-1.15  

(-2.52,0.22) 

-1.12  

(-2.46,0.22) 

-0.72  

(-2.58,1.14) 

0.15  

(-0.54,0.83) 

EpiA 
      

0.36  
(-0.59,1.30) 

-0.53  
(-1.35,0.29) 

-0.13  
(-1.91,1.64) 

-0.10  
(-1.85,1.65) 

0.30  
(-0.94,1.53) 

1.16  
(-0.15,2.48) 

1.02  
(-0.46,2.50) 

MPD -0.45 
(-1,0.1) 

 
0  
(-0.94,0.04) 

  

0.29  

(-0.45,1.03) 

-0.60  

(-1.36,0.17) 

-0.20  

(-1.93,1.54) 

-0.17  

(-1.88,1.55) 

0.23  

(-1.00,1.47) 

1.10  

(-0.16,2.36) 

0.95  

(-0.48,2.39) 

-0.06  

(-0.69,0.56) 

CD 
  

0.32  

(-1.08, 

1.72) 

 

-0.72  

(-1.87,0.43) 

-1.61  

(-2.60,-

0.62) 

-1.21  

(-2.91,0.49) 

-1.18  

(-2.85,0.50) 

-0.78  

(-2.30,0.74) 

0.09  

(-1.12,1.30) 

-0.06  

(-1.45,1.33) 

-1.08  

(-2.05,-

0.10) 

-1.01  

(-2.02,-

0.00) 

EpiS 0.54  

(-0.43, 

1.51) 

  

0.10  
(-1.05,1.25) 

-0.79  
(-1.81,0.23) 

-0.39  
(-2.19,1.41) 

-0.36  
(-2.14,1.42) 

0.04  
(-1.42,1.50) 

0.91  
(-0.44,2.26) 

0.76  
(-0.76,2.28) 

-0.26  
(-1.09,0.57) 

-0.19  
(-1.16,0.77) 

0.82  
(-0.03,1.67) 

Endo 
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0.61  
(-0.98,2.19) 

-0.28  
(-1.87,1.32) 

0.12  
(-2.11,2.35) 

0.15  
(-2.06,2.36) 

0.55  
(-1.31,2.42) 

1.42  
(-0.47,3.30) 

1.27  
(-0.74,3.28) 

0.25  
(-1.28,1.79) 

0.32  
(-1.08,1.72) 

1.33  
(-0.40,3.05) 

0.51  
(-1.19,2.21) 

CD+Fu 0.21  
(-0.89,1.32) 

0.82  

(-1.24,2.89) 

-0.07  

(-2.14,2.01) 

0.33  

(-2.26,2.93) 

0.37  

(-2.21,2.94) 

0.77  

(-1.52,3.06) 

1.63  

(-0.67,3.94) 

1.48  

(-0.92,3.89) 

0.47  

(-1.56,2.50) 

0.53  

(-1.40,2.46) 

1.54  

(-0.63,3.72) 

0.72  

(-1.43,2.88) 

0.21  

(-1.11,1.54) 

CD+ID 

The results from bottom-left are network evidence. The results from top-right are pairwise evidence. For the network evidence, the minus sign means the up to the 

left intervention has the superior result. For the pairwise evidence, the minus sign means the leftward intervention has the superior result. The statistically significant 

results were presented in bold. CD: conventional open decompression; ID: interspinous device; CD+ID: conventional open decompression with interspinous device; 

CD+Fu: conventional open decompression with fusion; MSD: midline splitting decompression; MPD: midline preserving decompression; Endo: endoscopic 

decompression; EpiS: epidural steroid injection; EpiA: epidural anaesthetic injection; EpiAS: epidural steroid + anaesthetic injection; BT: balloon treatment with 

epidural injection; EpiASH: epidural steroid + anaesthetic + hypertonic sodium injection; Cons: conservative care. 
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Figure 1. Flow diagram. 
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Abbreviations 

AE: adverse effect 

BP: back pain 

BT: balloon treatment with epidural injection 

C: central 

CD: conventional open decompression 

CD+Fu: conventional open decompression with fusion 

CD+ID: conventional open decompression with interspinous device 

DE: death 

DS: degenerative spondylolisthesis 

Endo: endoscopic decompression 

EpiA: epidural anaesthetic injection 

EpiAS: epidural steroid + anaesthetic injection 

EpiASC: epidural steroid + hypertonic sodium + calcitonin injection 

EpiASH: epidural steroid + anaesthetic + hypertonic sodium injection 

EpiS: epidural steroid injection 

F: foraminal 

GIR: global impression of recovery 

HG: high grade: >50% or indicated as require surgical interventions 

ID: interspinous device 

L: lateral 
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LG: low grade 

LP: leg pain 

MB: mobility 

MPD: midline preserving decompression 

MSD: midline splitting decompression 

NR: not reported 

NRS: Numeric Rating Scale 

ODI: Oswestry Disability Index 

OP: overall pain 

PF: physical function 

QoL: quality of life 

RMDQ: Roland Morris Disability Questionnaire 

SMD: Standardized Mean Difference. 

TW: treatment withdraw 

VAS: Visual Analog Scale 
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Appendix S1: Characteristics of conservative care 

First author, 

Year 

Description 

Amundsen, 

2000 

The patients were fitted with a 3-point brace (a hyperextension thoracolumbar 

orthosis with pelvic support/Camp) and transferred to the rehabilitation 

department for 1 month. 

Delitto, 2015 Lumbar flexion exercises, general conditioning exercises, and patient education. 

Koc, 2009 Group 1: ultrasound 1.5 W/cm2 for 10 minutes (Sonostat 633 model, Siemens), 

hot pack for 20 minutes, and TENS (Bio Tens ST-606 M model) for 20 minutes 

to the lumbar region. 

Group 3: No treatment. 

Malmivaara, 

2007 

Weinstein, 

2007 

The patients were prescribed nonsteroidal anti-inflammatory drugs when 

indicated and were referred to Physiotherapists. 

at least active physical therapy, education or counseling including instructions 

for exercising at home, and nonsteroidal 

anti-inflammatory agents if tolerated 

Weinstein, 

2008 

At least active physical therapy, education or counselling with home exercise 

instruction, and the administration of nonsteroidal anti-inflammatory drugs, if 

tolerated. 
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Appendix S2: Definition for adverse effect outcomes 

Adverse effect due to any reason 

All mentioned adverse effects except those defined as reoperation. 

 

Intervention related adverse effect 

We classified adverse effects into this category if the study used the terms ‘intervention related’ 

or ‘related synonyms’. 

 

Reoperation rate 

To make this outcome more comparable, we only included studies which reported 2-year data for 

reoperation rate. Because cross-over from the conservative care group to surgical group is different 

from reoperation in surgical group, we excluded studies with a conservative care group in the 

analysis. 
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Appendix S3: Magnitude of Effects on pain intensity and physical function 

Pain intensity 

Rating scale Slight/Small Moderate Large/Substantial 

 If the studies use the same rating scale 

VAS (0-100) 5-10 11-20 >20 

NRS (0-10) 0.5-1 1.1-2 >2 

 If the studies use the different rating scales 

SMD 0.2-0.5 0.6-0.8 >0.8 

 

Physical function 

Rating scale Slight/Small Moderate Large/Substantial 

 If the studies use the same rating scale 

ODI (0-100) 5-10 11-20 >20 

RMDQ (0-24) 1-2 3-5 >5 

 If the studies use the different rating scales 

SMD 0.2-0.5 0.6-0.8 >0.8 
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Appendix S4: Inclusion and exclusion criteria 

First author, 

Year 

Inclusion criteria Exclusion criteria 

Amundsen 

2000 

sciatic pain in the leg(s), with or without 

pain in the back, together with radiologic 

signs of stenosis and compression of the 

clinically afflicted nerve root(s). 

a bulging or herniated disc, spondylolysis, 

coxarthosis, gonarthosis, arterial insufficiency in the 

legs, polyneuropathy, concomitant serious disease, 

or previous surgery on the back. 

Anderson 

2006 

at least 50 years of age, had to have their 

symptoms relieved by sitting or flexion, 

and had to have completed at least a 6-

month course of nonoperative treatment. 

could not walk at least 50 feet and/or were unable to 

sit for at least 50 minutes, or if anterior translation 

greater than 25% was seen on imaging studies. 

Azzazi 2010 degenerative spondylolisthesis or 

retrolisthesis (up to Grade I), to have 

lateral and/or central spinal stenosis as 

diagnosed on neuroimaging studies, and to 

qualify for posterior lumbar spinal 

decompression and instrumented fusion 

for single-level or contiguous two-level 

disease between L-1 and S-1.  

 

a predominant component of leg pain (a 

preoperative score of 40mm on a 100-mm 

VAS) rather than back pain symptoms. 

 

at least moderate disability and were 

unresponsive to conservative management 

for a minimum of 3 months. 

undergone an earlier lumbar fusion or 

decompression attempts, earlier total facetectomy, or 

trauma at the affected level. 

 

with diseases that preclude surgical management 

(severe osteoporosis, osteopenia, immune 

suppression, malignancy, and active local and/or 

systemic infection). 

 

younger than 20 years or older than 80 years of age 

or those with morbid obesity as measured by a BMI 

greater than 40. 

 

Benyamin 

2016 

≥ 65 years old, a Medicare beneficiary, and 

have had neurogenic claudication 

symptoms for at least 3 months that was 

refractory to physical therapy, home 

exercise programs, and oral analgesics. 

 

LSS with ligamentum flavum > 2.5mm 

was confirmed by preoperative magnetic 

resonance imaging or computed 

tomography. 

 

underwent predefined and precise 

diagnostic screening to confirm symptoms 

of neurogenic claudication prior to 

enrollment in the study. 

 

with lumbar spine comorbid conditions 

commonly associated with spinal stenosis, 

including osteophytes, facet hypertrophy, 

minor spondylolisthesis, foraminal 

stenosis, and disc protrusion, were 

included unless the treating physician 

determined that the condition was too 

advanced. 

with an Oswestry Disability Index (ODI) score < 31 

or Numeric Pain Rating Scale (NPRS) score < 5. 

 

with a history of spinal fracture with current related 

pain, prior surgery at any treatment level, or motor 

deficit or disabling back or leg pain from causes 

other than LSS neurogenic claudication. 

 

with Grade III or higher spondylolisthesis, and those 

suffering from epidural lipomatosis, if deemed to be 

a significant contributor of canal narrowing by the 

physician. 

 

past epidural injection therapy was not an exclusion 

criteria. 

 

unable to walk ≥ 10 feet unaided before being limited 

by pain. 

Brown 2012 symptomatic LSS patients with painful 

lower limb neurogenic claudication and 

they had prior surgery at the intended treatment level 

or had previously been treated with epidural steroids. 
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hypertrophic ligamentum flavum as a 

contributing factor. 

 

at least 18 years of age, had previously 

failed conservative therapy, and presented 

with an Oswestry Disability Index (ODI) 

score > 20.  

 

radiologic evidence showed evidence of 

LSS (L3–L5), ligamentum flavum >2.5 

mm was confirmed by preoperative MRI 

or CT, central canal cross sectional area 

was £ 100 mm, and anterior listhesis was 

confirmed to be £ 5.0 mm for all patients.  

 

all patients were able to walk at least 10 

feet unaided before being limited by pain 

and provided written informed consent. 

a history of recent spinal fractures, disabling back or 

leg pain from causes other than LSS, fixed 

spondylolisthesis > Grade 1, disk protrusion or 

osteophyte formation, or excessive facet hypertrophy 

 

bleeding disorders, current use of anticoagulants, or 

wound healing pathologies deemed to compromise 

outcomes, such as diabetes, 

cancer, severe COPD, or those that had used ASA or 

NSAID within 5 days of treatment 

 

pregnant or breastfeeding, unable to lie prone for any 

reason with anesthesia support, unable to give 

informed consent, on Workman’s Compensation or 

considering litigation associated with back pain 

Celik 2010 severe back/leg pain and neurogenic 

claudication (with different degrees of 

muscle weakness according to the stenotic 

level). 

 

had not responded to conservative medical 

therapy and a physical therapy program. 

 

all the patients were showed more than 

41% in ODI, more pain than 7 in VAS with 

walking distance less than 30 meters. The 

patients were classified as severe lumbar 

spinal stenosis clinically. 

 

all the radiologic studies were studied to 

achieve definitive preoperative diagnosis; 

dynamic x-rays, thin-sliced computerized 

tomography (CT) and magnetic resonance 

images (MRIs). 

the patients requiring discectomy or showing any 

kind of instability before the surgery were also 

excluded. 

Cho 2007 evidence of spinal stenosis was obtained 

from CT scans or MR images.  

 

spinal stenosis was defined by an 

anteroposterior diameter of the spinal 

canal less than 11 mm, an interpediculate 

distance of less than 16 mm, and a lateral 

recess distance of less than 3 mm 

 

hypertrophic facets and ligamentum 

flavum, and a bulging disc were typically 

found. 

 

the usual clinical symptoms were lumbago 

and intermittent claudication.  

 

conservative treatments, including 

medication, rehabilitation, rest, or wearing 

elderly patients (more than 80 years of age) with 

higher anesthetic risks or severe medical 

comorbidities, such as congestive heart failure, 

uremia, liver cirrhosis, coagulopathy, and others, 

were excluded, as were patients with lumbar stenosis 

and spondylolisthesis requiring additional 

instrumentation. 
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a brace were attempted for at least 6 

months before surgery. 

Delitto 2015 with a diagnosis of LSS identified by 

computed tomography using the criteria of 

Wiesel and colleagues or magnetic 

resonance imaging using the criteria of 

Boden and colleagues. 

 

all patients were considered by a spine 

surgeon to be candidates for surgical 

decompression and had consented to 

surgery. 

 

presence of neurogenic claudication (for 

example, self-reported inability to walk 

more than a quarter mile because of lower-

extremity pain or cramping); consent to be 

randomly assigned to surgery or a 

specified PT clinic for twice-weekly 

exercise sessions; and no previous surgery 

for LSS at the level being considered for 

decompression. 

younger than 50 years, had signs of serious dementia, 

were diagnosed with severe vascular disease or had 

a recent history of myocardial infarction, had 

concomitant spondylolisthesis requiring spinal 

fusion (defined as >5 mm of slippage), had 

compression fractures at the level being considered 

for decompression, or were diagnosed with 

metastatic cancer. 

Elsheikh 

2016 

over 40 years old with a history of chronic 

low back pain with or without lower 

extremity pain ≥ 6 on a visual analog scale 

(VAS) of 0 – 10; pain for at least 3 months; 

with a diagnosis of central spinal stenosis 

with or without radicular pain (confirmed 

by computed tomography [CT] revealed 

anterior-posterior diameter < 12 mm at the 

level of the lumbar vertebrae) 

 

failed to improve with conservative 

management, including physical therapy, 

exercises, and pharmacotherapy 

INR > 1.5; platelet count < 50,000; infection at the 

site of needle entry; congenital spinal canal stenosis; 

degenerative spondylolithesis, psychiatric disorders 

affecting co-operation of the patient, a history of 

spine surgery, previous chronic opioid use, 

peripheral vascular disease, uncontrolled medical 

illness (diabetes and/or hypertension), and patients 

with a history of adverse reaction to either local 

anesthetics, steroids, or calcitonin 

Forsth 2016 pseudoclaudication in one or both legs and 

back pain 

(score on visual-analogue scale >30) 

 

1 or 2 adjacent stenotic segments (cross-

section area of the dural sac ≤75 mm2) 

between L2 and the sacrum on magnetic 

resonance imaging 

 

duration of symptoms >6 mo 

 

between 50 and 80 years of age who had 

received a diagnosis of lumbar spinal 

stenosis 

 

 

spondylolysis 

 

degenerative lumbar scoliosis (Cobb angle >20 

degrees) 

 

history of lumbar spinal surgery for spinal stenosis 

or instability 

 

stenosis not caused by degenerative changes 

 

stenosis caused by a herniated disk 

 

other specific spinal conditions (e.g., ankylosing 

spondylitis, 

cancer, or neurologic disorders) 

 

history of vertebral compression fractures in affected 

segments 
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psychological disorders (e.g., dementia or drug 

abuse) that caused the surgeon to consider 

participation to be inappropriate 

Friedly 2016 pain in the low back, buttock, and/or lower 

extremity (rating of average pain in past 

week>4 on 0-10 scale) with standing, 

walking and/or spinal extension 

(buttock/leg>back pain). 

 

Roland-Morris Disability Questionnaire 

(modified to specify back or leg pain-

related problems) score of at least 7. 

 

mild-moderate-severe lumbar central canal 

spinal stenosis identified by MRI or CT 

according to the criteria of Boden et al. 

 

lower extremity symptoms consistent with 

neurogenic claudication. 

 

age 50 years or older 

fibromyalgia diagnosis, chronic widespread pain, 

lower extremity amputation, Parkinson’s, head 

injury, stroke, other neurologic conditions 

 

severe vascular, pulmonary or coronary artery 

disease that limits ambulation including recent 

myocardial infarction (within the last 6 months) 

 

spinal instability requiring surgery 

 

severe osteoporosis as defined by multiple 

compression fractures or a fracture at the same level 

as the stenosis 

 

metastatic cancer 

 

excessive alcohol consumption or evidence of non-

prescribed or illegal drug use as determined by the 

two-item conjoint screen (TICS) screening 

questionnaire (1 or more positive answer) 

 

possible pregnancy or other condition that precludes 

the use of fluoroscopy 

 

concordant pain with internal rotation of the hip (or 

known hip joint pathology) 

 

active local or systemic infection 

 

allergy to local anesthetic, steroid or contrast 

 

Ghogawala 

2016 

patients between age 50 and 75 with 

symptomatic lumbar spinal stenosis and 

single level grade I degenerative 

spondylolisthesis (3 –14 mm). 

 

symptomatic spinal stenosis will be 

defined as radicular and/or back pain either 

induced or aggravated by activity and 

relieved by rest in a patient with either 

moderately severe or severe spinal stenosis 

as determined by an independent 

radiologist. 

gross spinal instability defined as movement greater 

than 3 mm on flexion/ extension studies 

 

history of previous lumbar spinal surgery 

 

serious medical illness (ASA Class III or higher) 

 

spondylolysis, multilevel spondylolisthesis, or high 

grade spondylolisthesis (Grade II or greater than 14 

mm) 

Grob 1995 the spinal stenosis was diagnosed on the 

basis of the history and clinical 

examination as well as computerized 

tomographic scans that had been made 

after myelography or magnetic resonance 

imaging studies. Specimens of the 

cerebrospinal fluid were examined to 

exclude the possiblity of systemic disease. 

Anteropostenior and lateral 

roentgenograms were made of all patients 

patients who had obvious instability of the lumbar 

spine were not included in this study. Instability was 

diagnosed on the basis of (1) a concomitant slip of a 

vertebra of more than five millimeters or another 

gross deformity such as rotational instability 

characterized by more than five millimeters of lateral 

offset on the anteropostenion roentgenogram or 

degenerative scoliosis. (2) spondylolysis with an 

osseous defect of the pars interarticulanis, or (3) a 

previous operation on the lumbar spine. 
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to evaluate the degree of stenosis; a 

midsagittal diameter of the spinal canal of 

less than eleven millimeters was 

considered stenotic. 

 

 

 

 

Gurelik 2012 symptoms of neurogenic claudication or 

radiculopathy 

 

radiological evidence of degenerative 

lumbar stenosis 

associated pathological entities such as instability 

and significant disc herniation 

 

previous surgery for lumbar spine disorder 

Haddadi 

2016 

indications of neurogenic claudication or 

radiculopathy 

 

neuroimaging signs of degenerative 

stenosis 

 

lack of related pathological matters such as 

disc herniation or instability 

 

no presence of surgery for lumbar stenosis 

or fusion 

 

symptoms were measured as intractable to 

non-surgical organization if traditional 

trials, principally non-steroidal anti-

inflammatory drugs and somatic therapies, 

had been used for at least 12 weeks without 

enough improvement 

 

back and leg visual analog scale (VAS) 

above score seven 

exhibiting stable spondylolisthesis or having a past 

of surgery for herniated lumbar discs 

 

diabetic patients and osteoporotic or heavy smoker 

patients 

Kang 2019 clinically and radiologically diagnosed 

with central spinal stenosis in the lumbar 

spine 

 

neurogenic claudication, unresponsive to 

conservative treatment, and single-level 

central canal stenosis without evidence of 

instability 

 

all patients had undergone nonoperative 

treatment for at least 3 months before 

surgery. Patients were recommended for 

surgery if they had failed nonoperative 

treatment and continued to have significant 

pain and daily activity restrictions due to 

neurogenic claudication or radicular pain 

previous spine surgery, infection, trauma, and 

tumors 

Karm 2018 chronic LSS patients aged ≥ 40 years 

  

lower back pain and/or lumbar radicular 

pain intensity ≥ 6 (out of 10) on the 

Numerical Rating Scale (NRS-11), and 

neurogenic intermittent claudication 

 

confirmed diagnosis of moderate or severe 

central, but not foraminal or lateral recess, 

chronic LSS patients aged ≥ 40 years 

  

lower back pain and/or lumbar radicular pain 

intensity ≥ 6 (out of 10) on the Numerical Rating 

Scale (NRS-11), and neurogenic intermittent 

claudication 

 

confirmed diagnosis of moderate or severe central, 

but not foraminal or lateral recess, LSS by magnetic 

resonance imaging (MRI)  
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LSS by magnetic resonance imaging 

(MRI)  

 

previous failure of conservative 

management, such as exercise therapy, 

physical therapy, or analgesic medication 

 

previous failure of conservative management, such 

as exercise therapy, physical therapy, or analgesic 

medication 

Kim 2013 patients with unilateral radicular pain with 

positive provocation factors that were not 

relieved by routine conservative treatments 

consisting of physiotherapy, exercise, 

analgesic medications, and epidural steroid 

injection for at least 6 months 

 

positive provocation factors included leg 

symptoms elicited or aggravated by 

walking but relieved by sitting down 

 

a thorough history and physical 

examination was performed to rule out the 

confounding diagnosis of vascular disease 

or other origins. 

acute back or leg pain; patients who developed signs 

of progressive neurologic deficits, including muscle 

atrophy and abnormal tendon reflexes; and patients 

with a history of prior spine surgery, allergic 

response to steroid or contrast dye, and bleeding 

diathesis or overt coagulopathy 

 

bilateral radiculopathy or spinal stenosis at more 

than 3 levels 

Ko 2019 patients with degenerative lumbar spinal 

stenosis requiring surgery due to 

neurogenic claudication with 

radiculopathy 

 

patients with one-level central stenosis 

requiring decompression 

 

patients with MRI findings consistent with 

symptoms on preoperative radiological 

examination 

patients who underwent spinal surgery in the past 

 

in addition to decompression, patients who needed 

further segmental fusion surgery. 

 

patients who require multiple segments of 

decompression surgery (≥ 3 levels) 

 

patients with cervical lesions other than lumbar 

lesions 

 

patient with rapidly progressive neurological deficit 

 

patients who cannot cooperate in completing the 

questionnaire due to dementia or stroke 

 

neuromuscular disorder 

 

spinal malignancy, spinal infection, etc. 

Koc 2009 diagnosed as LSS by medical history, 

physical and neurologic examination, as 

well as MRI findings 

with the history of coronary artery disease, 

peripheral artery disease, spinal surgery, recent 

vertebral fracture, progressive neurologic deficit, or 

cauda equina syndrome 

Komp 2015 predominant leg symptoms, neurogenic 

claudication with or without paresis, back 

pain maximum 30/100 on the visual 

analogue scale (VAS), conservative 

therapy exhausted or no longer indicated 

due to the symptoms, monosegmental 

central stenosis caused by facet 

hypertrophy, hypertrophy of the 

ligamentum flavum, and disc protrusions 

or the combination of those 

predominant back pain, foraminal stenosis in the 

lower level, fresh soft disc herniations with bony 

stenosis, degenerative spondylolisthesis more than 

Meyerding Grade I, multidirectional rotation slide, 

scoliosis more than 20°, prior surgery in the same 

segment, and cauda equina syndrome 

Liu 2013 LSS without degenerative 

spondylolisthesis or interbody instability 
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Lonne 2015 aged 50 to 85 years, exhibited symptoms 

of neurogenic intermittent claudication 

within 250-m walking distance for at least 

6 months, and were treated conservatively 

without sufficient effect or such treatment 

was considered as inexpedient 

 

the relief of symptoms through spinal 

flexion was an inclusion criterion. If in 

doubt, patients were asked in detail about 

situations that provided relief, where 

flexion relief was considered if 2 of the 

following conditions were present: the 

patient was able to sit for more than 30 

minutes without pain, walk longer with a 

walking aid, bicycle a long distance 

without pain, and/or used to sleep in a 

flexed position to avoid pain. 

 

patients with 1 or 2 stenotic levels (from 

L2 to L5) and with minor spondylolisthesis 

(Meyerding, grade 1) 

all participants had preoperative magnetic resonance 

images and radiographs of the lower spine to rule out 

osteoporotic fractures, deformity, or signs of 

instability 

Slatis 2011 1) clinical symptoms: back pain radiation 

to lower limbs or buttocks; fatigue or loss 

of sensation in the lower limbs aggravated 

by walking. 

2) persistent pain without progressive 

neurologic dysfunction.  

3) imaging techniques: spinal canal 

narrowing, the sagittal diameter of the 

dural sac being less than 10 mm2, or the 

planimetrically assessed cross-sectional 

dural area being less than 75 mm2. 

4) duration of symptoms and signs for 

more than 6 months.  

5) clinical signs and symptoms 

corresponding to segmental radiographic 

level of stenosis. 

6) severity of the disease justifying either 

surgical or nonoperative treatment 

 

The following conditions did not prevent 

inclusion: 

radiographic instability of the lumbar 

spine; degenerative spondylolisthesis; sick 

leave or early retirement because of 

degenerative LSS; mild motor or sensory 

impairment in the lower limbs; well-

functioning hip or knee prosthesis 

1) severe LSS with intractable pain and progressive 

neurologic dysfunction, suggesting forthcoming 

surgical treatment 

2) mild LSS, characterized by radiographic 

narrowing of the lumbar spinal canal, but clinical 

signs and symptoms feeble enough to exclude 

surgical intervention 

3) spinal stenosis not caused by degeneration, e.g., 

congenital 

spinal stenosis 

4) spondylolysis and spondylolytic spondylolisthesis 

5) an earlier back operation because of spinal 

stenosis or instability 

6) lumbar herniated disc diagnosed during the last 12 

months 

7) another specific spinal disorder, e.g., ankylosing 

spondylitis, 

neoplasm, or metabolic diseases 

8) intermittent claudication due to atherosclerosis 

9) severe osteoarthrosis or arthritis causing 

dysfunction of the lower limbs  

10) neurologic disease causing impaired function of 

the lower limbs, including diabetic neuropathy 

11) psychiatric disorders 

12) alcoholism 

Manchikanti 

2009 

diagnosis of lumbar central spinal stenosis 

with radicular pain, patients over the age of 

50 years; patients with a history of chronic 

function-limiting low back pain and lower 

extremity pain of at least 6 months duration 

 

history of lumbar surgery, central spinal stenosis 

without radicular pain, foraminal stenosis, 

uncontrollable or unstable opioid use, uncontrolled 

psychiatric disorders, uncontrolled medical illness 

either acute or chronic, any conditions that could 

interfere with the interpretation of the outcome 

assessments, pregnant or lactating women, and 
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patients who have failed to improve 

substantially with conservative 

management including, but not limited to, 

physical therapy, chiropractic 

manipulation, exercises, drug therapy, and 

bed rest. All these patients had also failed 

fluoroscopically directed epidural 

injections. 

patients with a history or potential for adverse 

reaction(s) to local anesthetics or steroids 

Manchikanti 

2012 

patients with central spinal stenosis with 

radicular pain of at least 6 months duration 

 

pain must have been function-limiting, 30 

years or older 

 

failed conservative management 

patients with a history of uncontrollable or unstable 

opioid use, uncontrolled psychiatric disorders, 

uncontrolled medical illness, those suffering with 

conditions that could interfere with the interpretation 

of outcome assessments, pregnant or lactating 

women, and those with a history or potential for 

adverse reactions to lidocaine or betamethasone 

Manchikanti 

2015 

patients with central spinal stenosis with 

radicular pain of at least 6 months duration 

 

at least 30 years of age with a history of 

chronic function-limiting low back and 

lower extremity pain of at least 6 months 

duration 

 

all patients must have undergone 

conservative management with 

insufficient improvement 

foraminal stenosis without central spinal stenosis, 

previous history of surgery, and uncontrollable or 

unstable psychiatric disorders, medical disorders, or 

opioid use 

 

any conditions that could interfere with the 

interpretation of the outcome assessments, 

pregnancy or lactating women, and history of 

adverse reaction(s) to local anesthetic or steroids 

Marsh 2014 failed conservative treatment for 6 months 

 

male or female of skeletal maturity, age 

greater than 

18 years 

 

lumbar spinal levels from L2 to S1 

 

spinal stenosis at one or two consecutive 

levels 

 

no sign of segmental instability 

spinal stenosis at more than two levels 

 

significantly compromised vertebral bodies at 

affected levels, e.g., previous surgery 

 

back or leg pain of unknown aetiology 

 

systemic or local infections 

 

severe obesity (BMI greater than 40) 

 

significant metabolic, autoimmune, peripheral 

vascular disease 

Mobbs 2014 1) symptomatic LSS with radiculopathy 

(defined as well-localized lower-limb pain, 

weakness, or numbness), neurogenic 

claudication (defined as poorly localized 

back or lower-limb heaviness or 

numbness, with reduced tolerance for 

standing or ambulation), or urinary 

dysfunction 

2) radiologically confirmed LSS 

(confirmed by either MRI or CT 

myelogram), caused by degenerative 

changes (facet joint hypertrophy, 

ligamentum flavum hypertrophy, and/or 

broadbased disc bulge) 

3) canal stenosis at a maximum of 2 levels 

(that is, 1- or 2-level canal stenosis only) 

1) were to undergo a concomitant fusion or 

instrumentation placement 

2) had had previous lumbar surgeries at the same 

level 

3) were to undergo lumbar laminectomy involving 

discectomy  

4) had spondylolisthesis of any grade or degenerative 

scoliosis  

5) had evidence of instability on dynamic 

radiographs 
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Moojen 2013 patients aged between 40 and 85 years with 

at least three months of intermittent 

neurogenic claudication due to single or 

two level degenerative lumbar canal 

stenosis and an indication for surgery were 

eligible. 

 

all patients were diagnosed as having 

intermittent neurogenic claudication by a 

neurologist in one of the participating 

hospitals.  

 

if magnetic resonance imaging showed a 

lumbar spinal canal stenosis, the 

consulting neurosurgeon could include 

patients as surgical candidates for the 

study.  

patients with a cauda equina syndrome, a herniated 

disc needing discectomy, history of lumbar surgery, 

or significant scoliosis (Cobb angle >25°) or other 

spinal deformities 

Musacchio 

2016 

1. radiographical confirmation of at least 

moderate lumbar stenosis, which narrows 

the central spinal canal at 1 or 2 contiguous 

levels from L1–L5 that require surgical 

decompression. Moderate stenosis is 

defined as more than 25% reduction of the 

anteroposterior dimension compared with 

the next adjacent normal level, with nerve 

root crowding compared with the normal 

level, as determined by the investigator on 

CT Scan or MRI. The patient may have, 

but is not required to have for inclusion in 

the study: 

a. facet hypertrophy and subarticular 

recess stenosis at the affected level(s); 

b. foraminal stenosis at the affected 

level(s); 

c. up to grade I stable degenerative 

spondylolisthesis (Meyerding 

classification) or equivalent retrolisthesis 

as determined by flexion/extension 

radiograph: 

i. for single-level disease, there may be up 

to a grade I stable spondylolisthesis or 

equivalent retrolisthesis at the affected 

level as determined on flexion/extension 

films by the investigator. 

ii. for 2-level disease, there may be up to a 

grade I stable spondylolisthesis or 

equivalent retrolisthesis at only 1 of the 2 

contiguous affected levels, as determined 

on flexion/extension films by the 

investigator. Patients with up to grade I 

stable spondylolisthesis at 2 contiguous 

levels are excluded, but patients with up to 

grade I stable spondylolisthesis at 1 level 

and equivalent retrolisthesis at the adjacent 

level may be included. 

• more than 2 vertebral levels requiring surgical 

decompression. 

• prior surgical procedure that resulted in translatory 

instability of the lumbar spine [as defined by White 

& Panjabi]. 

• more than 1 surgical procedure at any combination 

of lumbar levels. 

• prior fusion, implantation of a total disc 

replacement, complete laminectomy, or implantation 

of an interspinous process device at 

any lumbar level. 

• radiographically compromised vertebral bodies at 

any lumbar level(s) caused by current or past trauma 

or tumor ( e.g. , compression fracture). 

• severe facet hypertrophy that requires extensive 

bone removal that would cause instability. 

• isthmic spondylolisthesis or spondylolysis (pars 

fracture). 

• degenerative lumbar scoliosis (Cobb angle > 25°). 

• disc herniation at any lumbar level requiring 

surgical intervention. 

• Osteopenia: A screening questionnaire for 

osteopenia, SCORE (simple calculated osteoporosis 

risk estimation), will be used to 

screen patients who require a DEXA bone mineral 

density measurement. If DEXA is required, 

exclusion will be defined as a DEXA bone density 

measured T score of ≤ − 1.0 (The World Health 

Organization definition of osteopenia). 

• back or leg pain of unknown etiology. 

• axial back pain only, with no leg, buttock, or groin 

pain. 

• morbid obesity defined as a body mass index > 40. 

• pregnant or interested in becoming pregnant in the 

next 3 years. 

• known allergy to titanium, titanium alloys, or MR 

contrast agents. 

• active or chronic infection—systemic or local. 
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d. mild lumbar scoliosis (Cobb angle up to 

25º). 

2. radiographical confirmation of the 

absence of angular or translatory 

instability of the spine at index or adjacent 

levels (instability as defined by White & 

Panjabi: Sagittal plane translation > 4.5 

mm or 15% or sagittal plane rotation >15° 

at L1–L2, L2–L3, and L3—L4; >20° at 

L4–L5 based on standing 

flexion/extension radiographs). 

3. VAS back pain score of at least 50 mm 

on a 100 mm scale. 

4. neurogenic claudication as defined by 

leg/buttocks or groin pain that can be 

relieved by flexion such as sitting in a 

chair. 

5. patient has undergone at least one 

epidural injection at any prior time point, 

and at least 6 mo of prior conservative care 

without adequate and sustained symptom 

relief. 

6. age between 40 and 80 yr. 

7. Oswestry Low Back Pain Disability 

Questionnaire score of at least 20/50 

(40%). 

8. appropriate candidate for treatment 

using posterior surgical approach. 

9. psychosocially, mentally, and physically 

able to comply fully with this protocol, 

including adhering to scheduled visits, 

treatment plan, completing forms, and 

other study procedures. 

10. personally signed and dated informed 

consent document prior to any study-

related procedures indicating that the 

patient has been informed of all pertinent 

aspects of the trial. 

• chronically taking medications or any drug known 

to potentially interfere with bone/soft tissue healing 

(e.g., steroids), not including 

a Medrol (Methylprednisolon) dose pack. 

• history of significant peripheral neuropathy. 

• significant peripheral vascular disease (e.g., with 

diminished dorsalis pedis or posterior tibial pulses). 

• unremitting back pain in any position. 

• uncontrolled diabetes. 

• known history of Paget disease, osteomalacia, or 

any other metabolic bone disease (excluding 

osteopenia, which is addressed earlier). 

• cauda equina syndrome, defined as neural 

compression causing neurogenic bowel (rectal 

incontinence) or bladder (bladder 

retention or incontinence) dysfunction. 

• fixed and complete motor, sensory, or reflex deficit. 

• rheumatoid arthritis or other autoimmune diseases. 

• known or documented history of communicable 

disease, including AIDS, HIV, active hepatitis. 

• active malignancy: a patient with a history of any 

invasive malignancy (except nonmelanoma skin 

cancer), unless he/she has been treated with curative 

intent and there has been no clinical signs or 

symptoms of the malignancy for at least 5 years. 

Patients with a primary bony tumor are excluded as 

well. 

• prisoner or ward of the state. 

• subject has a history of substance abuse (e.g., 

recreational drugs, narcotics, or alcohol). 

• subject is currently involved in a study of another 

investigational product for similar purpose. 

• currently seeking or receiving workman's 

compensation. 

• in active spinal litigation. 

Nam 2011 1) cases with pain that increased with 

lumbar extension and decreased with 

lumbar flexion  

2) patients with radiating pain present at 

least below the knee joint  

3) cases with a thoracolumbar scoliosis 

greater than 10 degrees, visible on the 

standard Rx in the standing anterior-

posterior (AP) and lateral views of the 

whole spine, including the hip joint and the 

cervical spine, or in the standing lateral 

bending views of the lumbar spine.  

 

the subjects were patients who were found 

to have spinal stenosis on both CT and 

MRI examinations of the lumbar spine 

performed for the nerve-root location in 

those cases. 

1) patients with any systemic inflammatory disease 

or diabetes 

2) patients taking anticoagulant medication 

3) patients who had previously experienced side 

effects from the use of lidocaine or contrast dye 

4) patients with any known or suspected infectious 

disease 

5) patients who found it difficult to regularly visit the 

hospital because of general bad health  

6) patients with a skin disorder rending them 

unsuitable for injection administration on the 

injection site 

7) cases with a mental health problem who were 

unable to complete a questionnaire  

8) patients who had received a steroid injection in the 

three months prior to the beginning of the study  

9) cases with degenerative spondylolisthesis, 

osteoporosis or compression fracture 
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degenerative lumbar scoliosis patients 

were included in the study only when their 

radicular pain resulted from lateral 

foraminal stenosis. 

10) patients who had received surgical treatment of 

the thoracolumbar region or cases with cancer 

metastasis to the thoracolumbar site or with spinal 

deformity caused by metabolic disease 

 

in contrast, patients with spinal stenosis or 

neurogenic claudicaiton were excluded from the 

study. 

 

we also excluded cases with neurological symptoms 

such as cauda equine syndrome, and patients that 

needed nonsteroidal anti-inflammatory drugs other 

than acetaminphen or low dose aspirin, as well as 

those who continued to receive other conservative 

treatments such as physiotherapy over the clinical 

trial period.  

Park 2019 participants’ age between 30 and 80 years 

 

degenerative lumbar stenosis with 

radiating pain to lower extremities (score 

of visual analog scale >4) 

 

definite lumbar central stenosis (Schizas 

grade ≥B) on magnetic resonance imaging 

spondylolisthesis (≥Meyer grade II) 

 

history of lumbar spinal surgery for spinal stenosis 

or instability at the same level 

 

stenosis caused by a herniated intervertebral disc 

 

degenerative lumbar scoliosis (Cobb angle >20°) 

 

other spinal diseases (e.g., ankylosing spondylitis, 

spine tumor, fracture, or neurologic disorders) 

 

psychologic disorders (e.g., dementia, intellectual 

disability, or drug abuse) 

 

other disorders that the surgeon considered to make 

participation inappropriate 

Rajasekaran 

2013 

degenerative LCS affecting 3 or less levels, 

typical neurogenic claudication symptoms, 

magnetic resonance image demonstrating 

good clinical correlation, and failure of 

conservative methods of treatment for a 

minimum period of 6 months. 

spondylolisthesis with slip grade 2 or greater 

(Meyerding grade), instability at the level of stenosis 

(as defined by > 3-mm translation or > 10 ° angular 

change on flexion extension lateral radiographs), 

concomitant symptomatic cervical or thoracic 

stenosis, and comorbidities such as cardiopulmonary 

insufficiency, peripheral neuropathy, peripheral 

vascular disease, prior lumbar spine surgery, and 

severe hip or knee disease. 

Ruetten 2009 the following clinical inclusion criteria 

applied: neurogenic claudication with 

unilateral leg pain with or without paresis; 

back pain with maximum score of 20 of 

100 points on the VAS; and conservative 

therapy exhausted or no longer indicated 

due to the symptoms 

 

the imaging inclusion criteria were as 

follows: monosegmental recess stenosis; 

no foraminal stenosis in the lower level; no 

disc herniation; degenerative 

spondylolisthesis with maximum 

Meyerding Grade I; no multidirectional 
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rotation slide; scoliosis, maximum 

curvature 20°; and no prior surgery in the 

same segment 

Schmidt 2018 age >40 yrs 

 

radiographic confirmation of clinical 

symptoms of at least moderate 

degenerative spinal stenosis, w/ 

constriction of the central spinal canal of 1 

or 2 adjacent segments in the L3–5 region 

w/ the need for decompression. Diagnosis 

must include: 

1. minimum of 3 mos of conservative 

therapy w/out improvement of symptoms 

2. radiographic confirmation of no 

translational instability in main segment as 

well as in adjacent segments (dynamic 

translational instability ≤3 mm) 

3. VAS back pain score ≥50 mm (out of 

100) 

4. ODI score of ≥18 (out of 45; 40%) 

 

if necessary, additional decompression in 

the adjacent segment(s) may be performed, 

avoiding any instability in the affected 

segment. 

 

in addition, the following may exist but are 

not required: 

i. hypertrophy of the facet joints & 

subarticular recessus stenosis in the 

relevant segment 

ii. stenosis of the foramen in the relevant 

segment 

iii. stable retrolisthesis up to grade I 

verified by flexion-extension radiographic 

films 

 

mental & physical ability of patient to 

follow the protocol (i.e., compliance w/ 

time schedule & treatment plan, able to fill 

in CRF pages & to undergo further study 

procedures) 

 

 

 

 

1. preceding fusion or decompression surgery of the 

lumbar spine or preceding nucleotomy of the 

segments of concern (also if nucleotomy becomes 

necessary during surgery) 

2. radiographically confirmed damage of the 

vertebral body in the segment of concern in the 

lumbar spine (e.g., osteoporotic compression 

fracture or because of tumors) 

3. isthmic & degenerative spondylolisthesis 

(anterolisthesis; retrolisthesis > grade I) or 

spondylolysis (pars fracture) 

4. degenerative lumbar scoliosis (>25°) 

5. adipositas (obesity); defined as a BMI >40 

6. pregnancy, or wish to get pregnant during the 

course of the study 

7. known allergy to titanium & titanium alloys 

8. florid infections—both systemic & local 

9. history of severe peripheral neuropathy 

10. significant peripheral vascular disease 

(claudicatio intermittens ≥ stage 2b) 

11. Paget disease or osteomalacia or other metabolic 

bone disorders 

12. cauda equina syndrome 

13. communicable diseases, including HIV, active 

hepatitis 

14. patients who are lawfully kept in an institution 

15. patients who, in the opinion of the investigator, 

will be inappropriate for inclusion in this clinical trial 

or who will not comply w/ requirements of the study 

16. patients who participated in a clinical observation 

or therapy w/ radiography during the last 10 yrs 

17. patients who participate(d) in another clinical 

trial (w/in the last 4 wks) that might influence the 

safety & effectiveness assessment of this trial 

Skoro 2016 degenerative lumbar disease of ≥2 levels 

causing neurogenic claudication with 

unilateral or bilateral radiculopathy, 

shortened walking distance of <100 m, and 

the inability to stand still for >5 minutes; 

MRI confirmation of absolute lumbar 

spinal stenosis measured as the surface of 

the dural sac at the most compressed level 

≤75 mm2 in at least 1 level; and symptom 

scoliosis >20°; anterolisthesis >16%; 

retrolisthesis >12%; sagittal kyphosis >12°; previous 

surgery of the lumbar spine; lumbar spine trauma; 

and the presence of lumbar spinal tumors, infections, 

and cauda equina syndrome 
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duration for a minimum of 6 months with 

no improvement with conservative therapy 

Song 2016 patients diagnosed with spinal stenosis 

underwent MRI and electrodiagnostic 

examinations. Included patients had an 

anterior-posterior (AP) diameter of the 

spinal canal of less than 12 mm confirmed 

through sagittal imaging, and an AP 

foraminal diameter of less than 3 mm 

confirmed through parasagittal imaging, 

both by MRI, and were found to have 

abnormal somatosensory evoked 

potentials (SEPs) 

 

 

 

we excluded patients who had a lower limb vascular 

disorder, a psychological problem, another 

musculoskeletal disorder or symptoms of a 

neurogenic bladder or bowel. 

Strömqvist 

2013 

the patients had to have MRI verified 

spinal stenosis 

on 1 or 2 levels in the lumbar spine 

 

symptoms of neurogenic claudication for 

minimum 6 months elicited by walking 

and relieved by flexion of the spine or 

sitting down 

 

patient age 40 years or more 

 

spinal stenosis was allowed to be present at 

maximum 

2 levels and minor spondylolisthesis 

(Meyerding, grade 1) 

the L5–S1-level excluded 

 

previous spine surgery (except for successful disc 

surgery), infection or malignant disorder, and 

osteoporosis diagnosed before referral for surgery 

and subjected to medical treatment 

Thom 2005 1) symptoms of neurogenic claudication or 

radiculopathy  

2) radiological/neuroimaging evidence of 

degenerative lumbar stenosis 

3) absence of associated pathological 

entities such as 

disc herniations or instability 

4) no history of surgery for lumbar stenosis 

or lumbar fusion 

 

symptoms were considered refractory to 

nonsurgical management if conservative 

measures, particularly nonsteroidal 

antiinflammatory drug and physical 

therapies, had been administered for at 

least 3 months without sufficient 

improvement 

 

patients presenting with stable 

spondylolisthesis or a history of surgery 

for herniated lumbar discs were not 

excluded 

we excluded from outcome analysis three patients 

who required discectomies due to significant 

intraoperatively noted discogenic nerve 

compression, which had not been identified on 

preoperative imaging studies 

Watanabe 

2011 

1) presence of neurogenic claudication;  

2) symptoms persistent for more than 6 

months despite conservative therapy;  

1) spinal canal stenosis due to congenital, 

spondylolytic, traumatic, and iatrogenic causes;  

2) any previous operation in the lumbar area;  
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3) clinical symptoms and neurological 

signs in the lower limbs corresponding to 

the level of stenosis on MR imaging or 

myelography; 

4) 1- or 2-level decompression necessary. 

 

radiographic instability of the lumbar spine 

and degenerative spondylolisthesis were 

not regarded as exclusion criteria 

3) presence of other specific spinal disorders (such 

as ankylosing spondylitis, neoplasm, or metabolic 

diseases);  

4) intermittent claudication resulting from peripheral 

arterial disease;  

5) severe osteoarthrosis or arthritis in the lower 

limbs;  

6) neurological disease causing impaired lower-limb 

function, including diabetic neuropathy;  

7) psychiatric disorders;  

8) multilevel spinal canal stenosis requiring 

decompression at 3 or more levels 

Weinstein 

2007 

all patients had neurogenic claudication or 

radicular leg pain with associated 

neurologic signs, spinal stenosis shown on 

cross-sectional imaging, and degenerative 

spondylolisthesis shown on lateral 

radiographs obtained with the patient in a 

standing position. The patients had had 

persistent symptoms for at least 12 weeks 

and had been confirmed as surgical 

candidates by their physicians. 

 

patients with adjacent levels of stenosis 

were eligible 

patients with spondylolysis and isthmic 

spondylolisthesis 

Weinstein 

2008 

a history of neurogenic claudication or 

radicular leg symptoms for at least 12 

weeks and confirmatory cross-sectional 

imaging showing lumbar spinal stenosis at 

one or more levels; all patients were judged 

to be surgical candidates 

patients with lumbar instability (which was defined 

as translation of more than 4 mm or 10 degrees of 

angular motion between flexion and extension on 

upright lateral radiographs) 

Yagi 2009 symptoms of neurogenic claudication 

referable to the lumbar spine 

 

failure of conservative treatments; 

minimum 3 mos 

 

absence of associated pathological 

condition; 1-level spondylosis 

 

the presence of Grade I spondylolisthesis 

without segmental instability was not 

considered a contraindication to this study 

 

Zucherman 

2005 

patients had to be at least 50 years old and 

have leg, buttock, or groin pain with or 

without back pain that was relieved during 

flexion.  

 

to identify a study population of patients 

with more moderate symptoms of NIC, 

patients had to be able to walk at least 50 

feet. 

patients could not have a fixed motor deficit, cauda-

equina syndrome, previous lumbar surgery of the 

stenotic level, or spondylolisthesis greater than grade 

I on a scale of I to IV at the affected level(s). 

 

Did not mention failure of conservative treatments 
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Amundson 2000, Delitto 2015, Forsth 2016, Friedly 2016, Ghogawala 2016, Grob 1995, Gurelik 2012, Ko 2019, Koc 

2019, Liu 2013, Slatis 2011, Mobbs 2014, Moojen 2013, Park 2019, Song 2016, Stromqvist 2013 

 

Without typical symptom. 

The typical symptom of LSS is the neurogenic claucatio, which a pain progressing from the back of the buttock down 

along the legs (one leg in case of unilateral stenosis) during walking that improves while sitting and during a forward 

bending of the trunk 

 

Amundsen 2000, Azzazi 2010, Cho 2007, Elsheikh 2016, Forsth 2016, Grob 1995, Koc 2009, Lin 2013, Slatis 2011, 

Manchikanti 2009, Manchikanti 2012, Manchikanti 2015, Marsh 2014, Nam 2011, Park 2019, Schmidt 2018, Song 

2016, Zucherman 2005 

 

Calendar year (After 2000) 

Amundsen 2000, Grob 1995 

 

Not mention instability or have instability 

Amundsen 2000, Anderson 2006, Azzazi 2010, Benyamin 2016, Brown 2012, Delitto 2015, Elsheikh 2016, Friedly 

2016, Hallett 2007, Karm 2018, Kim 2013, Koc 2009, Koh 2013, Komp 2015, Makoto 1998, Manchikanti 2009, 

Manchikanti 2012, Manchikanti 2015, Moojen 2015, Musacchio 2016, Nam 2011, Ruetten 2009, Skoro 2016, Slatis 

2011, Song 2016, Strömqvist 2013, Watanabe 2011, Weinstein 2007, Zucherman 2005 
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Appendix S5: Certainty of evidence and definitions  

• High certainty—We are very confident that the true effect lies close to that of the estimate of the 

effect 

• Moderate certainty—We are moderately confident in the effect estimate. The true effect is likely 

to be close to the estimate of the effect, but there is a possibility that it is substantially different 

• Low certainty—Our confidence in the effect estimate is limited. The true effect may be 

substantially different from the estimate of the effect 

• Very low certainty—We have very little confidence in the effect estimate. The true effect is likely 

to be substantially different from the estimate of effect 
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Appendix S6: Study, Patient and Intervention Characteristics 

First Author, 

Year 

Trial Registry 

Identifier 

Funding 

Source Type 

Single/Multice

ntre 

Study 

Location (s) 

#Study 

Centres 

Study Period Study Length 

(mos.) 

Outcomes 

reported 

Amundsen, 

20001 

NR NR Single Norway 1 Dec 1984 to 

Sep 1987 

120 OP, PF, TW, 

AE, DE 

Anderson, 

20062 

NR NR Multi USA 9 NR 24 PF, GIR, AE 

Azzazi, 20103 NR NR Single Egypt 1 Mar 2005 to 

May 2007 

24 LP, BP, PF, 

AE 

Benyamin, 

20164 

NCT02093520 Commercial Multi USA 26 Jun 2014 to 

Apr 2015 

12 OP, PF, GIR, 

TW, AE, DE 

Brown, 20125 NCT00995371 Commercial Single USA 1 Sep 2009 to 

Jan 2011 

6 OP, PF, GIR 

Cavuolu, 

20076 

NR NR NR Turkey NR Jan 2000 to 

Jan 2002 

Mean:65 OP, PF, AE, 

DE 

Celik, 20107 NR NR Single Turkey 1 Jul 2001 to 

May 2003 

60 LP, BP, PF, 

TW, MB, AE 

Cho, 20078 NR NR Single China 1 NR 10 - 18 BP, PF, GIR, 

AE 

Delitto, 20159 NCT00022776 Government Multi USA 2 Nov 2000 to 

Oct 2005 

24 PF, TW, AE, 

DE 

Elsheikh, 

201610 

NR NR Single Egypt 1 Jan 2013 to 

Dec 2014 

12 OP, PF, TW, 

MB, AE 

Forsth, 201611 NCT01994512 Government Multi Sweden NR Oct 2006 to 

Jun 2012 

24 LP, BP, PF, 

GIR, TW, MB, 

AE, DE 

Friedly, 

201412,13 

NCT01238536 Government Multi USA 16 Apr 2011 to 

Jun 2013 

12 LP, BP, PF, 

TW, AE 

Ghogawala, 

201614 

NCT00109213 Commercial Multi USA 5 Mar 2002 to 

Aug 2009 

48 PF, TW, AE, 

DE 

Grob, 199515 NR NR Single Switzerland 1 Nov 1989 to 

Nov 1990 

Mean: 28 OP, MB, AE 

Gurelik, 

201216 

NR NR Single Turkey 1 Jan 2006 to 

Feb 2009 

Mean: 9.1 PF, MB, AE 

Haddadi, 

201617 

NR NR NR Iran NR NR 12 LP, BP, PF, 

GIR, AE, DE 

Hallett, 200718 NR NR NR UK NR Jan 1998 to 

Aug 2011 

60 BP, PF, GIR, 

TW, AE, DE 
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Kang, 201919 NR Government Single Korea 1 Jan 2015 to 

Dec 2016 

6 BP, PF, GIR, 

AE 

Karm, 201820 KCT 0002093 NR Single Korea 1 Jan 2014 to 

Jun 2016 

6 LP, BP, PF, 

GIR, TW, AE 

Kim, 201321 NR NR Single Korea 1 Jul 2010 to 

Aug 2011 

3 LP, BP, PF, 

MB, TW, AE 

Ko, 201922 NR NR NR Korea NR Jan 2015 to 

Jun 2016 

24 LP, BP, PF, 

DE 

Koc, 200923 NR NR NR Turkey NR NR 6 OP, PF 

Koh, 201324 KCT0000500 NR Single Korea 1 Jan 2011 to 

Jan 2012 

6 LP, PF, GIR, 

TW, AE 

Komp, 201525 NR NR NR Germany NR NR 24 LP, BP, PF, 

AE, DE 

Liu, 201326 NR NR NR China NR NR 24 LP, BP, PF 

Lønne, 201527 NCT00546949 Government Multiple Norway 6 Jun 2007 to 

Sep 2011 

24 LP, BP, PF, 

GIR, TW, AE, 

DE 

Makoto, 

199828 

NR NR NR Japan NR NR 3 MB 

Manchikanti, 

200929 

NCT00370994 Commercial Single USA 1 Start from Jan 

2006 

12 OP, PF, AE, 

DE 

Manchikanti, 

201230-32 

NCT00370799 Hospital Single USA 1 Jan 2007 to 

Dec 2009 

24 OP, PF, TW 

Manchikanti, 

201533,34 

NCT00681447 Commercial Single USA 1 Jan 2008 to Jul 

2011 

24 OP, PF, TW, 

AE, DE 

Marsh, 201435 NR NR Single UK 1 NR 48 BP, PF, DE 

Mobbs, 201436 NR NR Single Australia 1 2007 to 2009 Mean: 40.6 LP, PF, GIR, 

TW, AE 

Moojen, 

201537,38  

NTR1307 Commercial Multiple Netherland 5 Oct 2008 to 

Sep 2011 

24 LP, BP, PF, 

MB, TW, AE 

Musacchio, 

201639-41 

NR Commercial Multiple USA 21 Oct 2006 to 

Mar 2010 

60 LP, BP, PF, 

TW, AE 

Nam, 201142 NR Government Single Korea 1 Jan 2009 to 

Jun 2010 

3 OP, PF, TW 

Park, 201943 NCT03302507 Hospital Single Korea 1 Nov 2017 to 

Aug 2018 

0.5 TW, AE 

Rajasekaran, 

201344 

NR Government Single India 1 NR Mean: 14.2 LP, BP, PF, 

AE 
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Ruetten, 

200945 

NR NR NR Germany NR 2003 to 2005 24 LP, BP, PF, 

GIR, TW, AE, 

DE 

Schmidt, 

201846 

NCT01316211 Commercial Multiple Germany 7 Mar 2008 to 

Jul 2014 

24 LP, BP, PF, 

AE, DE 

Skoro, 201647 NR NR NR Croatia NR Dec 2000 to 

Mar 2005 

96 PF, AE 

Slatis, 

201148,49 

NR Hospital Multiple Finland 4 Dec 1997 to 

Mar 2001 

72 LP, BP, PF, 

MB, TW, AE, 

DE 

Song, 201650 NR NR NR Korea NR Oct 2012 to 

Jan 2014 

3 OP, PF 

Strömqvist, 

201351 

NR NR Multiple Sweden 3 NR 24 LP, BP, PF, 

GIR, TW, AE, 

DE 

Thom, 200552 NR NR NR Germany NR NR Mean: 15.5 OP, LP, BP, 

PF, GIR, MB, 

TW, AE 

Watanabe, 

201153 

Weinstein, 

200754,55 

NR 

 

NCT00000409 

NR 

 

Government 

Single 

 

Multiple 

Japan 

 

USA 

1 

 

13 

Dec 2004 to 

Dec 2005 

Mar 2000 to 

Mar 2005 

0.25 

 

24 

PF, TW, AE 

 

QoL, PF, TW, 

GIR, AE, DE 

Weinstein, 

200856 

NCT00000411 Government Multiple USA 13 Mar 2000 to 

Mar 2005 

24 PF, GIR, TW, 

AE, DE 

Yagi, 200957 NR NR NR Japan NR NR 12 PF, LP, AE 

Zucherman, 

200558-60 

NR Commercial Multiple USA 9 May 2000 to 

Jul 2001 

24 PF, GIR, TW, 

AE, DE 
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First 

author, 

Year 

Level  DS % 

Instability 

Type  Study N % Male Patient age % Smoker BMI Trial arms 

Amundsen, 

2000 

1 or more NR NR C/L/F 31 NR NR NR NR CD vs 

Cons 

Anderson, 

2006 

1 or 2 LG NR NR 75 40 Mean: 70.1 NR Mean: 27.4 ID vs EpiS 

Azzazi, 

2010 

1 or 2 LG NR C/L 60 31.7 Mean: 56.7 43.3 Mean: 28 CD+Fu vs 

ID 

Benyamin, 

2016 

1 or 2 or 3 LG NR C/L/F 302 43.7 Mean: 75.3 NR NR Endo vs 

EpiS 

Brown, 

2012 

1 or more LG NR C 38 55.3 Mean: 76.2 NR NR Endo vs 

EpiS 

Cavuolu, 

2007 

2 or 3 or 4 LG 0a C 100 39 Mean: 69.2 NR NR Two 

similar 

MPD 

Celik, 2010 1 or more LG 0b NR 71 53.5 Mean: 60 NR NR MPD vs 

CD 

Cho, 2007 1 or more LG 0c NR 70 44.3 Mean: 60.2 NR NR MSD vs 

CD 

Delitto, 

2015 

NR LG NR C 169 52.1 Mean: 68.2 7.7 Mean: 31.3 CD vs 

Cons 

Elsheikh, 

2016 

1 or more LG NR C 132 65.2 Mean: 57 NR NR EpiAS vs 

EpiASC 

Forsth 2016 1 or 2 LG+HG 0c C 233 33.5 Mean: 66.9 15 NR CD+Fu vs 

CD 

Friedly 

2016 

NR LG NR C 400 44.8 Mean: 68 14.3 Mean: 30.4 EpiA vs 

EpiAS 

Ghogawala, 

2016 

NR LG 0d C 66 19.7 Mean: 66.6 NR NR CD vs 

CD+Fu 

Grob 1995 NR NR 0e NR 45 46.7 NR  NR NR CD vs 

CD+Fu 

Gurelik, 

2012 

NR NR 0f C 52 40.4 Mean: 59.1 NR NR MPD vs 

CD 

Haddadi, 

2016 

NR LG 0a C 120 54.2 Mean: 67.7 NR Mean: 25.3 MPD vs 

MSD vs 

CD 

Hallett, 

2007 

1 LG 

  

NR F 44 54.5 Mean: 57 27.3 NR CD vs 

CD+Fu vs 

CD+Fu 
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Kang, 2019 1 NR 0c C 62 51.6 Mean: 66.2 NR NR Endo vs 

MPD 

Karm, 2018 1 or 2 or 3 NR NR C 44 59.1 Mean: 65.8 NR Mean: 24.3 BT vs 

EpiAS 

Kim, 2013 NR NR NR C 62 54.8 Mean: 64.9 NR Mean: 24 BT vs 

EpiAS 

Ko, 2019 NR NR 0g C 50 36 Mean: 67.2 NR Mean: 24 CD vs 

MPD 

Koc 2009 NR NR NR NR 29 72.4 Mean: 58.9 NR NR Cons vs 

EpiAS vs 

Cons 

Koh 2013 1 LG NR L 53 28.3 Mean: 64.9 NR Mean: 25.1 EpiS vs 

EpiSH 

Komp 2015 NR LG NR C 160 43.1 Mean: 62 NR NR Endo vs 

MPD 

Liu 2013 1 or 2 LG 0c C 56 58.9 Mean: 60.3 NR NR MSD vs 

MPD 

Lønne 2015 1 or 2 LG 0c C 81 49.4 Mean: 67 25.9 Mean: 28 ID vs MPD 

Makoto 

1998 

NR NR NR C/L 53 71.7 Mean: 70.4 NR NR Epi vs 

EpiA vs 

EpiAS 

Manchikant

i, 2009 

NR NR NR NR 50 42 Mean: 61.5 NR Mean: 29.7 EpiAS vs 

EpiASH 

Manchikant

i, 2012 

1 or more NR NR C 100 41 Mean: 56.4 NR Mean: 30.4 EpiA vs 

EpiAS 

Manchikant

i, 2015 

1 or more NR NR C 120 43.3 Mean: 52.3 NR Mean: 30.4 EpiA vs 

EpiAS 

Marsh, 

2014 

NR LG 0c NR 60 50 Mean: 58 NR NR CD+ID vs 

CD 

Mobbs, 

2014 

1 or 2 LG 0c C/L 54 31.5 Mean: 69.3 22.2 NR MPD vs 

CD 

Moojen, 

2015  

1 or 2 NR NR C 159 54.1 Mean: 65 NR Mean: 27.5 ID vs CD 

Musacchio, 

2016 

1 or 2 LG NR C 322 49.1 Mean: 62.8 NR Mean: 29.7 CD+ID vs 

CD+Fu 

Nam, 2011 NR LG NR NR 36 25 Mean: 73.3 NR Mean: 23.1 EpiAS vs 

EpiA 

Park, 2019 NR LG 0c C 64 48.4 Mean: 66.7 28.1 Mean: 25.1 Endo vs 

MPD 
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Rajasekara

n, 2013 

1 or 2 or 3 LG 0h C 51 58.8 Mean: 56 NR NR CD vs 

MSD 

Ruetten, 

2009 

NR LG NR C 192 54.2 Mean: 64 NR NR Endo vs 

MPD 

Schmidt, 

2018 

1 or 2 LG 0i C 225 46.2 Mean: 68 NR Mean: 29.2 CD+ID vs 

CD 

Skoro, 

2016 

2 or more LG NR C 44 63.6 Mean: 64.8 NR NR MPD vs 

CD+Fu 

Slatis, 2011 1 or more NR NR NR 94 33 Mean: 62.5 NR Mean: 27.5 CD vs 

Cons 

Song, 2016 NR NR NR C/L 29 48.3 Mean: 60 NR NR EpiS vs 

EpiAS 

Strömqvist, 

2013 

1 or 2 LG NR C 100 56 Mean: 69 NR NR ID vs CD 

Thom, 

2005 

NR LG 0a C 120 44.2 Mean: 68 NR Mean: 28.7 MPD vs 

MPD vs 

CD 

Watanabe, 

2011 

Weinstein, 

2007 

1 or 2D 

 

1 or more 

NR 

 

HG 

NR 

 

9g 

C 

 

C/L/F 

34 

 

301 

52.9 

 

34 

Mean: 69.9 

 

Mean: 66.0 

NR 

 

8 

NR 

 

Mean: 29.1 

MSD vs 

CD 

 

CD+Fu vs 

Cons 

Weinstein, 

2008 

1 or more LG 0g C/L/F 278 62 Mean: 65.5 12 Mean: 29.8 CD vs 

Cons 

Yagi, 2009 1 LG 0c NR 41 34.1 Mean: 72 NR NR MPD vs 

CD 

Zucherman, 

2005 

1 or 2 LG NR NR 191 57.1 Mean:69.6 NR Mean: 28.1 ID vs EpiS 

a: spinal instability was defined as sagittal-plane translation of 5 mm or more documented on flexion–extension radiography. 

b: lumbar instability measured on flexion and extension lateral radiographs is defined by greater than 4mm of translation (8%) or greater than 10 to 12 degrees of 

angular displacement. 

c: no definition. 

d: motion of >3 mm at the level of listhesis, as measured on flexion-extension radiographs of the lumbar spine. 

e: (1) a concomitant slip of a vertebra of more than five millimeters or another gross deformity such as rotational instability characterized by more than five 

millimeters of lateral offset on the anteropostenion roentgenogram or degenerative scoliosis. (2) spondylolysis with an osseous defect of the pars interarticulanis, 

or (3) a previous operation on the lumbar spine. 
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f: 1) anterior translation greater than 8% (L1-2 to L4-5) or greater than 6% (L5-S1) of the vertebral body width; 2) posterior translation greater than 9% (L1-S1); 

3) angular displacement (sagittal rotation) in flexion greater than - 9° (L5-S1) or greater than 1° (L5-S1). 

g: Patients confirmed having instability when > 4-mm translation or > 10° angulation was viewed in lateral flexion and extension images. 

h: by > 3-mm translation or > 10 ° angular change on flexion extension lateral radiographs. 

i: radiographic confirmation of translational instability in the main segment as well as in adjacent segments (dynamic translational instability ≤ 3 mm).
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Appendix S7: Descriptive summary of studies not included in analysis 

First author, Year Trial Arms Summary of findings 

Cavuolu, 2007 Two similar MPD Analysis of clinical outcome showed 

no statistical differences between two 

groups 

Hallett, 2007 CD vs CD+Fu vs CD+Fu no significant additional benefit was 

found with the more complex surgery 

Makoto 1998 

 

 

 

Koh, 2013                                                                             

Epi vs EpiA vs EpiAS 

 

 

 

EpiS vs EpiSH 

Epidural steroid injection has no 

beneficial effect on claudication 

associated with spinal canal stenosis 

as compared with epidural block with 

a local anesthetic alone 

Superior short-term pain relieving 

efficacy, but limited long-term effects 

of hypertonic saline, when added to 

transforaminal epidural steroid 

injections 
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Appendix S8: Results of risk of bias assessment (n= 45 randomised controlled trials) 

First author, Year Domain 1 Domain 2 Domain 3 Domain 4 Domain 5 Overall risk of bias 

Amundsen 2000 Some 

concerns 

Some 

concerns 

Low High Some 

concerns 

High 

Anderson 2006 Low  Some 

concerns 

High  High  Some 

concerns 

High  

Azzazi 2010 Some 

concerns 

Some 

concerns 

Low Low Some 

concerns 

Some concerns 

Benyamin 2016 Some 

concerns 

Some 

concerns 

Low High Low High 

Brown 2012 Some 

concerns 

Low  Low  Low  Low  Some concerns 

Celik 2010 Some 

concerns 

Some 

concerns 

Low  Low  Some 

concerns 

Some concerns 

Cho 2007 Some 

concerns 

High  High  High  Some 

concerns 

High  

Delitto 2015 Low Low Low Low Low Low 

Elsheikh 2016 Low Low Low Low Some 

concerns 

Some concerns 

Forsth 2016 Some 

concerns 

Some 

concerns 

Low  Some 

concerns 

Low  Some concerns 

Friedly 2016 Low  Low  Low  Low  Low  Low  

Ghogawala 2016 Low  Low  High  Low  Low  High  

Grob 1995 Some 

concerns 

Some 

concerns 

Low High Some 

concerns 

High 

Gurelik 2012 Some 

concerns 

Some 

concerns 

Low  Low  Low  Some concerns 

Haddadi 2016 Some 

concerns 

Some 

concerns 

Low  High  Some 

concerns 

High  

Kang 2019 Some 

concerns 

Low Low Low Some 

concerns 

Some concerns 

Karm 2018 Some 

concerns 

Low Low Low Low Some concerns 

Kim 2013 Low  Low Low Low Low Low 

Ko 2019 Some 

concerns 

Some 

concerns 

Low Some 

concerns 

Some 

concerns 

Some concerns 

Koc 2009 Some 

concerns 

Some 

concerns 

Low Low Some 

concerns 

Some concerns 

Komp 2015 Low Some 

concerns 

Low Low Some 

concerns 

Some concerns 

Liu 2013 Some 

concerns 

Some 

concerns 

Low High Some 

concerns 

High 

Lonne 2015 Some 

concerns 

Some 

concerns 

Low High Low High 

Slatis 2011 Low Low Low High Low High 

Manchikanti 2009 Low Low Low Low Low Low 

Manchikanti 2012 Low Low Low Low Low Low 

Manchikanti 2015 Low Low Low Low Low Low 

Marsh 2014 Some 

concerns 

Some 

concerns 

Low High Some 

concerns 

High 

Mobbs 2014 Some 

concerns 

Some 

concerns 

High Low Low High 

Moojen 2013 Low Low Low Low Low Low 
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Musacchio 2016 Low Low Low Low Some 

concerns 

Some concerns 

Nam 2011 Some 

concerns 

Some 

concerns 

High High Some 

concerns 

High 

Park 2019 Low Some 

concerns 

Low Low Low Some concerns 

Rajasekaran 2013 Some 

concerns 

Some 

concerns 

Low Low Some 

concerns 

Some concerns 

Ruetten 2009 Some 

concerns 

Some 

concerns 

Low Low Some 

concerns 

Some concerns 

Schmidt 2018 Low Some 

concerns 

Low High Low High 

Skoro 2016 Some 

concerns 

High High High Some 

concerns 

High 

Song 2016 Some 

concerns 

Some 

concerns 

Low High Some 

concerns 

High 

Strömqvist 2013 Low Some 

concerns 

Low High Some 

concerns 

High 

Thom 2005 Low Some 

concerns 

Low High Some 

concerns 

High 

Watanabe 2011 

Weinstein 2007 

Low 

Low 

Some 

concerns 

Some 

concerns 

Low 

Low 

High 

Low 

Some 

concerns 

Low 

High 

Some concerns 

Weinstein 2008 Low Some 

concerns 

Low Low Low Some concerns 

Yagi 2009 Some 

concerns 

Some 

concerns 

Low High Some 

concerns 

High 

Zucherman 2005 Low High Low High Some 

concerns 

High 

Domain 1: Risk of bias arising from the randomization process; Domain 2: Risk of bias due to deviations from the 

intended interventions (effect of assignment to intervention); Domain 3: Missing outcome data; Domain 4: Risk of 

bias in measurement of the outcome; Domain 5: Risk of bias in selection of the reported result. 
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Appendix S9: Network plots 

 

For each outcome, the architecture of the treatment comparisons equals to the geometry of the 

network, which is assessed through the network plot. The network plot contains two elements: 

node and line. Each node represents an intervention, and each line represents a direct comparison. 

The size of one node represents the number of patients in that intervention and the thickness of 

one line represents the number of studies in that comparison. 

 

 

Short-term physical function 
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Long-term physical function 
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All-cause mortality 
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Short-term back pain 
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Long-term back pain 
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Short-term leg pain 
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Long-term leg pain 
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Short-term overall pain 
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Short-term global impression of recovery 
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Long-term global impression of recovery 
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Short-term mobility 
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Long-term mobility 
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Adverse effect due to any reason 
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Intervention related adverse effect 
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Reoperation rate 
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Treatment withdrawal due to any reason 
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Appendix S10: GRADE results of primary outcomes 

The judgement rule here is: with major concerns in one domain, the confidence rating was degraded one level; with some concerns in 

one domain, the confidence rating was degraded 0.5 level. If the confidence rating was degraded 1.5 levels, we judged it as 1 level. 

 

Short-term physical function 

Comparison Number of 

studies 

Within-study 

bias 

Reporting 

bias 

Indirectnes

s 

Imprecision Heterogeneity Incoherence Confidence 

rating 

BT:EpiAS 1 No concerns Undetected No 

concerns 

No concerns Some 

concerns 

Major 

concerns 

Moderate 

BT:EpiASH 1 Some concerns Undetected No 

concerns 

Major 

concerns 

No concerns Major 

concerns 

Low 

CD:CD+Fu 1 Major concerns Undetected No 

concerns 

Major 

concerns 

No concerns Major 

concerns 

Very low 

CD:Cons 3 Some concerns Undetected No 

concerns 

Some 

concerns 

Some 

concerns 

No concerns Moderate 

CD:ID 2 Major concerns Undetected No 

concerns 

Some 

concerns 

Some 

concerns 

Major 

concerns 

Very low 

CD:MPD 4 Major concerns Undetected No 

concerns 

Some 

concerns 

Some 

concerns 

Major 

concerns 

Very low 

CD:MSD 1 Major concerns Undetected No 

concerns 

Major 

concerns 

No concerns No concerns Low 

CD+Fu:CD+ID 1 Some concerns Undetected No 

concerns 

Major 

concerns 

No concerns Major 

concerns 

Low 

Cons:EpiAS 1 Some concerns Undetected No 

concerns 

Some 

concerns 

Some 

concerns 

No concerns Moderate 

Endo:EpiS 2 Major concerns Undetected No 

concerns 

No concerns Major 

concerns 

No concerns Low 

Endo:MPD 2 Some concerns Undetected No 

concerns 

Some 

concerns 

Some 

concerns 

No concerns Moderate 

EpiA:EpiAS 4 No concerns Undetected No 

concerns 

Some 

concerns 

Some 

concerns 

Major 

concerns 

Low 

EpiAS:EpiASH 1 No concerns Undetected No 

concerns 

No concerns Some 

concerns 

Major 

concerns 

Moderate 

EpiAS:EpiS 1 Major concerns Undetected No 

concerns 

Major 

concerns 

No concerns No concerns Low 
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EpiS:ID 1 Major concerns Undetected No 

concerns 

No concerns No concerns Some 

concerns 

Moderate 

ID:MPD 1 Major concerns Undetected No 

concerns 

Some 

concerns 

Some 

concerns 

Some 

concerns 

Low 

MPD:MSD 1 Major concerns Undetected No 

concerns 

Major 

concerns 

No concerns No concerns Low 

BT:CD 0 Some concerns Undetected No 

concerns 

Major 

concerns 

No concerns Major 

concerns 

Low 

BT:CD+Fu 0 Major concerns Undetected No 

concerns 

Major 

concerns 

No concerns Major 

concerns 

Very low 

BT:CD+ID 0 Some concerns Undetected No 

concerns 

Major 

concerns 

No concerns Major 

concerns 

Low 

BT:Cons 0 Some concerns Undetected No 

concerns 

Major 

concerns 

No concerns Major 

concerns 

Low 

BT:Endo 0 Major concerns Undetected No 

concerns 

Major 

concerns 

No concerns Major 

concerns 

Very low 

BT:EpiA 0 No concerns Undetected No 

concerns 

Some 

concerns 

Some 

concerns 

Major 

concerns 

Low 

BT:EpiS 0 Major concerns Undetected No 

concerns 

Some 

concerns 

Some 

concerns 

Major 

concerns 

Very low 

BT:ID 0 Major concerns Undetected No 

concerns 

Major 

concerns 

No concerns Major 

concerns 

Very low 

BT:MPD 0 Some concerns Undetected No 

concerns 

Major 

concerns 

No concerns Major 

concerns 

Low 

BT:MSD 0 Major concerns Undetected No 

concerns 

Major 

concerns 

No concerns Major 

concerns 

Very low 

CD:CD+ID 0 Some concerns Undetected No 

concerns 

Major 

concerns 

No concerns Major 

concerns 

Low 

CD:Endo 0 Some concerns Undetected No 

concerns 

Some 

concerns 

Some 

concerns 

Major 

concerns 

Low 

CD:EpiA 0 Major concerns Undetected No 

concerns 

Some 

concerns 

Some 

concerns 

Major 

concerns 

Very low 

CD:EpiAS 0 Some concerns Undetected No 

concerns 

No concerns Major 

concerns 

Major 

concerns 

Low 

CD:EpiASH 0 Some concerns Undetected No 

concerns 

Major 

concerns 

No concerns Major 

concerns 

Low 

CD:EpiS 0 Major concerns Undetected No 

concerns 

No concerns Some 

concerns 

Major 

concerns 

Low 

CD+Fu:Cons 0 Major concerns Undetected No 

concerns 

Major 

concerns 

No concerns Major 

concerns 

Very low 
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CD+Fu:Endo 0 Major concerns Undetected No 

concerns 

Major 

concerns 

No concerns Major 

concerns 

Very low 

CD+Fu:EpiA 0 Major concerns Undetected No 

concerns 

Some 

concerns 

Some 

concerns 

Major 

concerns 

Very low 

CD+Fu:EpiAS 0 Major concerns Undetected No 

concerns 

Some 

concerns 

Some 

concerns 

Major 

concerns 

Very low 

CD+Fu:EpiAS

H 

0 Major concerns Undetected No 

concerns 

Major 

concerns 

No concerns Major 

concerns 

Very low 

CD+Fu:EpiS 0 Major concerns Undetected No 

concerns 

Some 

concerns 

Some 

concerns 

Major 

concerns 

Very low 

CD+Fu:ID 0 Major concerns Undetected No 

concerns 

Major 

concerns 

No concerns Major 

concerns 

Very low 

CD+Fu:MPD 0 Major concerns Undetected No 

concerns 

Major 

concerns 

No concerns Major 

concerns 

Very low 

CD+Fu:MSD 0 Major concerns Undetected No 

concerns 

Major 

concerns 

No concerns Major 

concerns 

Very low 

CD+ID:Cons 0 Some concerns Undetected No 

concerns 

Major 

concerns 

No concerns Major 

concerns 

Low 

CD+ID:Endo 0 Some concerns Undetected No 

concerns 

Major 

concerns 

No concerns Major 

concerns 

Low 

CD+ID:EpiA 0 Major concerns Undetected No 

concerns 

Some 

concerns 

Some 

concerns 

Major 

concerns 

Very low 

CD+ID:EpiAS 0 Some concerns Undetected No 

concerns 

Some 

concerns 

Some 

concerns 

Major 

concerns 

Low 

CD+ID:EpiAS

H 

0 Some concerns Undetected No 

concerns 

Major 

concerns 

No concerns Major 

concerns 

Low 

CD+ID:EpiS 0 Major concerns Undetected No 

concerns 

Some 

concerns 

Some 

concerns 

Major 

concerns 

Very low 

CD+ID:ID 0 Major concerns Undetected No 

concerns 

Major 

concerns 

No concerns Major 

concerns 

Very low 

CD+ID:MPD 0 Major concerns Undetected No 

concerns 

Major 

concerns 

No concerns Major 

concerns 

Very low 

CD+ID:MSD 0 Major concerns Undetected No 

concerns 

Major 

concerns 

No concerns Major 

concerns 

Very low 

Cons:Endo 0 Some concerns Undetected No 

concerns 

Major 

concerns 

No concerns Major 

concerns 

Low 

Cons:EpiA 0 Some concerns Undetected No 

concerns 

Some 

concerns 

Some 

concerns 

Major 

concerns 

Low 

Cons:EpiASH 0 Some concerns Undetected No 

concerns 

Major 

concerns 

No concerns Major 

concerns 

Low 
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Cons:EpiS 0 Major concerns Undetected No 

concerns 

Some 

concerns 

Some 

concerns 

Major 

concerns 

Very low 

Cons:ID 0 Major concerns Undetected No 

concerns 

Some 

concerns 

Some 

concerns 

Major 

concerns 

Very low 

Cons:MPD 0 Major concerns Undetected No 

concerns 

Major 

concerns 

No concerns Major 

concerns 

Very low 

Cons:MSD 0 Major concerns Undetected No 

concerns 

Major 

concerns 

No concerns Major 

concerns 

Very low 

Endo:EpiA 0 Major concerns Undetected No 

concerns 

Major 

concerns 

No concerns Major 

concerns 

Very low 

Endo:EpiAS 0 Major concerns Undetected No 

concerns 

Some 

concerns 

Some 

concerns 

Major 

concerns 

Very low 

Endo:EpiASH 0 Major concerns Undetected No 

concerns 

Major 

concerns 

No concerns Major 

concerns 

Very low 

Endo:ID 0 Major concerns Undetected No 

concerns 

Some 

concerns 

Some 

concerns 

Major 

concerns 

Very low 

Endo:MSD 0 Major concerns Undetected No 

concerns 

Major 

concerns 

No concerns Major 

concerns 

Very low 

EpiA:EpiASH 0 No concerns Undetected No 

concerns 

Some 

concerns 

Some 

concerns 

Major 

concerns 

Low 

EpiA:EpiS 0 Major concerns Undetected No 

concerns 

Major 

concerns 

No concerns Major 

concerns 

Very low 

EpiA:ID 0 Major concerns Undetected No 

concerns 

No concerns Some 

concerns 

Major 

concerns 

Low 

EpiA:MPD 0 Major concerns Undetected No 

concerns 

Some 

concerns 

Some 

concerns 

Major 

concerns 

Very low 

EpiA:MSD 0 Major concerns Undetected No 

concerns 

Major 

concerns 

No concerns Major 

concerns 

Very low 

EpiAS:ID 0 Major concerns Undetected No 

concerns 

No concerns Some 

concerns 

Major 

concerns 

Low 

EpiAS:MPD 0 Major concerns Undetected No 

concerns 

Some 

concerns 

Some 

concerns 

Major 

concerns 

Very low 

EpiAS:MSD 0 Major concerns Undetected No 

concerns 

Some 

concerns 

Some 

concerns 

Major 

concerns 

Very low 

EpiASH:EpiS 0 Major concerns Undetected No 

concerns 

Some 

concerns 

Some 

concerns 

Major 

concerns 

Very low 

EpiASH:ID 0 Major concerns Undetected No 

concerns 

Major 

concerns 

No concerns Major 

concerns 

Very low 

EpiASH:MPD 0 Some concerns Undetected No 

concerns 

Major 

concerns 

No concerns Major 

concerns 

Low 
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EpiASH:MSD 0 Major concerns Undetected No 

concerns 

Major 

concerns 

No concerns Major 

concerns 

Very low 

EpiS:MPD 0 Major concerns Undetected No 

concerns 

No concerns Some 

concerns 

Major 

concerns 

Low 

EpiS:MSD 0 Major concerns Undetected No 

concerns 

Some 

concerns 

Some 

concerns 

Major 

concerns 

Very low 

ID:MSD 0 Major concerns Undetected No 

concerns 

Major 

concerns 

No concerns Major 

concerns 

Very low 
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Long-term physical function 

Comparison Number of 

studies 

Within-study 

bias 

Reporting 

bias 

Indirectnes

s 

Imprecision Heterogeneity Incoherence Confidence 

rating 

CD:CD+Fu 2 Major concerns Undetected No 

concerns 

Some 

concerns 

Some 

concerns 

No concerns Low 

CD:CD+ID 2 Major concerns Undetected No 

concerns 

Some 

concerns 

Some 

concerns 

No concerns Low 

CD:Cons 3 Some concerns Undetected No 

concerns 

Some 

concerns 

Some 

concerns 

Major 

concerns 

Low 

CD:ID 2 Major concerns Undetected No 

concerns 

Some 

concerns 

Some 

concerns 

Major 

concerns 

Very low 

CD:MPD 5 Major concerns Undetected No 

concerns 

Some 

concerns 

Some 

concerns 

Major 

concerns 

Very low 

CD:MSD 4 Major concerns Undetected No 

concerns 

Some 

concerns 

Some 

concerns 

No concerns Low 

CD+Fu:CD+I

D 

1 Some concerns Undetected No 

concerns 

Major 

concerns 

No concerns No concerns Moderate 

CD+Fu:ID 1 Some concerns Undetected No 

concerns 

Some 

concerns 

Some 

concerns 

No concerns Moderate 

CD+Fu:MPD 1 Major concerns Undetected No 

concerns 

Some 

concerns 

Some 

concerns 

No concerns Low 

Endo:EpiS 1 Major concerns Undetected No 

concerns 

No concerns Some 

concerns 

No concerns Moderate 

Endo:MPD 2 Some concerns Undetected No 

concerns 

Some 

concerns 

Some 

concerns 

No concerns Moderate 

EpiS:ID 2 Major concerns Undetected No 

concerns 

No concerns No concerns No concerns Moderate 

ID:MPD 1 Major concerns Undetected No 

concerns 

Some 

concerns 

Some 

concerns 

Major 

concerns 

Very low 

MPD:MSD 2 Major concerns Undetected No 

concerns 

Some 

concerns 

Some 

concerns 

No concerns Low 

CD:Endo 0 Major concerns Undetected No 

concerns 

Some 

concerns 

Some 

concerns 

Major 

concerns 

Very low 

CD:EpiS 0 Major concerns Undetected No 

concerns 

No concerns No concerns Major 

concerns 

Low 

CD+Fu:Cons 0 Major concerns Undetected No 

concerns 

Some 

concerns 

Some 

concerns 

Major 

concerns 

Very low 

CD+Fu:Endo 0 Major concerns Undetected No 

concerns 

Major 

concerns 

No concerns Major 

concerns 

Very low 
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CD+Fu:EpiS 0 Major concerns Undetected No 

concerns 

No concerns Some 

concerns 

Major 

concerns 

Low 

CD+Fu:MSD 0 Major concerns Undetected No 

concerns 

Some 

concerns 

Some 

concerns 

Major 

concerns 

Very low 

CD+ID:Cons 0 Major concerns Undetected No 

concerns 

Major 

concerns 

No concerns Major 

concerns 

Very low 

CD+ID:Endo 0 Major concerns Undetected No 

concerns 

Major 

concerns 

No concerns Major 

concerns 

Very low 

CD+ID:EpiS 0 Major concerns Undetected No 

concerns 

No concerns Some 

concerns 

Major 

concerns 

Low 

CD+ID:ID 0 Major concerns Undetected No 

concerns 

Some 

concerns 

Some 

concerns 

Major 

concerns 

Very low 

CD+ID:MPD 0 Major concerns Undetected No 

concerns 

Major 

concerns 

No concerns Major 

concerns 

Very low 

CD+ID:MSD 0 Major concerns Undetected No 

concerns 

Some 

concerns 

Some 

concerns 

Major 

concerns 

Very low 

Cons:Endo 0 Major concerns Undetected No 

concerns 

Major 

concerns 

No concerns Major 

concerns 

Very low 

Cons:EpiS 0 Major concerns Undetected No 

concerns 

No concerns Some 

concerns 

Major 

concerns 

Low 

Cons:ID 0 Major concerns Undetected No 

concerns 

Some 

concerns 

Some 

concerns 

Major 

concerns 

Very low 

Cons:MPD 0 Major concerns Undetected No 

concerns 

Major 

concerns 

No concerns Major 

concerns 

Very low 

Cons:MSD 0 Major concerns Undetected No 

concerns 

Some 

concerns 

Some 

concerns 

Major 

concerns 

Very low 

Endo:ID 0 Major concerns Undetected No 

concerns 

Some 

concerns 

Some 

concerns 

Major 

concerns 

Very low 

Endo:MSD 0 Major concerns Undetected No 

concerns 

Some 

concerns 

Some 

concerns 

Major 

concerns 

Very low 

EpiS:MPD 0 Major concerns Undetected No 

concerns 

No concerns Some 

concerns 

Major 

concerns 

Low 

EpiS:MSD 0 Major concerns Undetected No 

concerns 

No concerns No concerns Major 

concerns 

Low 

ID:MSD 0 Major concerns Undetected No 

concerns 

Major 

concerns 

No concerns Major 

concerns 

Very low 
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All-cause mortality 

Comparison Number of 

studies 

Within-study 

bias 

Reporting 

bias 

Indirectness Imprecision Heterogeneity Incoherence Confidence 

rating 

CD:CD+Fu 2 Some concerns Undetected No 

concerns 

No concerns Major 

concerns 

No 

concerns 

Moderate 

CD:CD+ID 1 Major concerns Undetected No 

concerns 

Major 

concerns 

No concerns No 

concerns 

Low 

CD:Cons 4 Some concerns Undetected No 

concerns 

Major 

concerns 

No concerns No 

concerns 

Moderate 

CD:MPD 1 Major concerns Undetected No 

concerns 

Major 

concerns 

No concerns No 

concerns 

Low 

CD:MSD 1 Major concerns Undetected No 

concerns 

Major 

concerns 

No concerns No 

concerns 

Low 

CD+Fu:Cons 1 Some concerns Undetected No 

concerns 

Major 

concerns 

No concerns No 

concerns 

Moderate 

CD+ID:MPD 1 Some concerns Undetected No 

concerns 

Major 

concerns 

No concerns No 

concerns 

Moderate 

MPD:MSD 1 Major concerns Undetected No 

concerns 

Major 

concerns 

No concerns No 

concerns 

Low 

CD+Fu:CD+I

D 

0 Major concerns Undetected No 

concerns 

Major 

concerns 

No concerns No 

concerns 

Low 

CD+Fu:MPD 0 Major concerns Undetected No 

concerns 

Major 

concerns 

No concerns No 

concerns 

Low 

CD+Fu:MSD 0 Major concerns Undetected No 

concerns 

Major 

concerns 

No concerns No 

concerns 

Low 

CD+ID:Cons 0 Major concerns Undetected No 

concerns 

Major 

concerns 

No concerns No 

concerns 

Low 

CD+ID:MSD 0 Major concerns Undetected No 

concerns 

Major 

concerns 

No concerns No 

concerns 

Low 

Cons:MPD 0 Major concerns Undetected No 

concerns 

Major 

concerns 

No concerns No 

concerns 

Low 

Cons:MSD 0 Major concerns Undetected No 

concerns 

Major 

concerns 

No concerns No 

concerns 

Low 
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Appendix S11: Results from pairwise and network meta-analyses 

Long-term physical function (the numbers are presented as standardised mean difference and 95% confidence interval) 

Cons 
  

0.29  

(-0.38,0.96) 

     

0.54  
(-0.34,1.41) 

MSD -0.1  
(-0.98,0.78) 

-0.22  
(-0.86,0.42) 

     

0.28  
(-0.53,1.09) 

-0.26  
(-0.88,0.36) 

MPD -0.34  
(-0.83,0.15) 

-0.03  
(-0.86,0.8) 

 
0.08  
(-1.21,1.38) 

 
1.79  

(0.75, 2.8) 

0.29  

(-0.38,0.96) 

-0.24  

(-0.80,0.31) 

0.01  

(-0.44,0.47) 

CD 
 

-0.26  

(-1.12,0.6) 

-0.02  

(-0.88,0.85) 

-0.72  

(-1.87,0.44) 

-0.27  

(-1,0.45) 

0.10  

(-0.96,1.16) 

-0.44  

(-1.37,0.50) 

-0.18  

(-0.91,0.55) 

-0.19  

(-1.01,0.63) 

Endo 
    

0.18  

(-0.80,1.15) 

-0.36  

(-1.25,0.53) 

-0.10  

(-0.92,0.72) 

-0.12  

(-0.82,0.59) 

0.08  

(-0.99,1.14) 

CD+ID -0.15  

(-1.32,1.01) 

  

0.28  

(-0.61,1.17) 

-0.25  

(-1.04,0.53) 

0.00  

(-0.66,0.66) 

-0.01  

(-0.60,0.57) 

0.18  

(-0.76,1.12) 

0.10  

(-0.67,0.88) 

CD+Fu 
 

0.17  

(-1.08,1.42) 

-0.90  
(-2.00,0.21) 

-1.43  

(-2.44,-0.43) 

-1.18  

(-2.04,-0.31) 

-1.19  

(-2.07,-0.31) 

-1.00  

(-1.87,-0.12) 

-1.07  
(-2.18,0.03) 

-1.18  

(-2.15,-0.21) 

EpiS 1.74  

(0.88, 2.6) 

0.69  

(-0.21,1.59) 

0.15  

(-0.64,0.94) 

0.41  

(-0.23,1.05) 

0.40  

(-0.21,1.00) 

0.59  

(-0.27,1.45) 

0.51  

(-0.38,1.41) 

0.41  

(-0.32,1.13) 

1.59  

(0.84,2.33) 

ID 

The results from bottom-left are network evidence. The results from top-right are pairwise evidence. For the network evidence, the 

minus sign means the up to the left intervention has the superior result. For the pairwise evidence, the minus sign means the leftward 

intervention has the superior result. The statistically significant results were presented in bold. 

 

All-cause mortality (the numbers are presented as odds ratio and 95% confidence interval) 

Cons 
   

2.64 

(0.67,10.40) 

0.82 

(0.34, 1.97) 

0.24  

(0.01,6.72) 

CD+ID 
   

3.16  

(0.13,78.51) 

0.25  
(0.01,4.40) 

1.02  
(0.01,70.13) 

MSD 1.00  
(0.11,9.30) 

 
3.09  
(0.20,48.23) 

0.25  

(0.02,2.84) 

1.02  

(0.02,52.78) 

1.00  

(0.11,9.30) 

MPD 
 

3.09  

(0.31,30.54) 

3.05  
(0.94,9.92) 

12.51  
(0.39,399.39) 

12.22  
(0.59,255.00) 

12.24  
(0.88,169.94) 

CD+Fu 0.18 
(0.02,1.51) 
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0.77  
(0.34,1.77) 

3.16  
(0.13,78.51) 

3.09  
(0.20,48.23) 

3.09  
(0.31,30.54) 

0.25  

(0.07,0.92) 
CD 

The results from bottom-left are network evidence. The results from top-right are pairwise evidence. For the network evidence, the 

value less than one means the up to the left intervention has the superior result. For the pairwise evidence, the minus sign means the 

leftward intervention has the superior result. 

 

Short-term back pain (the numbers are presented as mean difference and 95% confidence interval) 

Cons 
     

2.5  
(-0.91,5.91) 

1.10  

(-4.79,6.99) 

CD+Fu 0.60  

(-2.65,3.85) 

    

1.70  

(-3.21,6.61) 

0.60  

(-2.65,3.85) 

CD+ID 
   

0.8  

(-2.73,4.33) 

2.89  

(-1.31,7.09) 

1.79  

(-3.61,7.19) 

1.19  

(-3.11,5.50) 

ID 
 

-0.34  

(-3.93,3.25) 

0.1  

(-3.57,3.77) 

2.87  

(-1.31,7.06) 

1.77  

(-3.62,7.16) 

1.17  

(-3.12,5.47) 

-0.02  

(-3.15,3.11) 

MSD 0.45  

(-1.92, 2.82) 

-0.1  

(-3.77,3.56) 

3.02  
(-0.79,6.83) 

1.92  
(-3.19,7.02) 

1.32  
(-2.61,5.25) 

0.13  
(-2.32,2.57) 

0.15  
(-2.01,2.31) 

MPD -1  
(-2.78,0.78) 

2.50  
(-0.90,5.90) 

1.40  
(-3.41,6.21) 

0.80  
(-2.74,4.34) 

-0.39  
(-2.85,2.07) 

-0.37  
(-2.81,2.06) 

-0.52  
(-2.24,1.20) 

CD 

The results from bottom-left are network evidence. The results from top-right are pairwise evidence. For the network evidence, the 

minus sign means the up to the left intervention has the superior result. For the pairwise evidence, the minus sign means the leftward 

intervention has the superior result. 

 

Long-term back pain (the numbers are presented as mean difference and 95% confidence interval) 

Cons 
 

2.30  
(-0.42,5.01) 

    

1.98  
(-2.22,6.18) 

CD+ID 
  

-0.10  
(-2.60,2.40) 
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2.30  
(-0.42,5.01) 

0.32  
(-2.89,3.53) 

CD -0.11  
(-2.05,1.83) 

-0.4  
(-3.12,2.32) 

0.6  
(-0.87,2.07) 

0.44  
(-1.48,2.36) 

2.65  
(-0.42,5.73) 

0.68  
(-2.57,3.92) 

0.36  
(-1.09,1.80) 

ID -0.8  
(-3.8,2.2) 

-0.85  
(-3.38,1.68) 

 

1.88  
(-1.50,5.25) 

-0.10  
(-2.60,2.40) 

-0.42  
(-2.43,1.59) 

-0.78  
(-2.83,1.28) 

CD+Fu 
  

2.57  
(-0.41,5.55) 

0.59  
(-2.78,3.96) 

0.27  
(-0.95,1.49) 

-0.08  
(-1.70,1.53) 

0.69  
(-1.57,2.95) 

MPD -0.22  
(-1.94,1.5) 

2.83  

(-0.27,5.93) 

0.85  

(-2.66,4.36) 

0.53  

(-0.97,2.04) 

0.18  

(-1.79,2.14) 

0.95  

(-1.51,3.41) 

0.26  

(-1.23,1.75) 

MSD 

The results from bottom-left are network evidence. The results from top-right are pairwise evidence. For the network evidence, the 

minus sign means the up to the left intervention has the superior result. For the pairwise evidence, the minus sign means the leftward 

intervention has the superior result. 

 

Short-term leg pain (the numbers are presented as mean difference and 95% confidence interval) 

Cons 
    

1.80  

(0.11,3.49) 

2.03  
(-1.41,5.46) 

Endo 
  

-0.30  
(-3.22,2.62) 

 

2.47  

(0.50,4.45) 

0.45  

(-2.64,3.53) 

MSD 
 

-0.55  

(-1.75,0.65) 

-0.87  

(-2.05,0.31) 

2.05  

(0.12,3.98) 

0.02  

(-3.02,3.07) 

-0.42  

(-1.70,0.85) 

ID -0.96  

(-1.16,-0.76) 

0.43  

(-0.28,1.13) 

1.73  

(-0.09,3.54) 

-0.30  

(-3.21,2.61) 

-0.75  

(-1.76,0.27) 

-0.32  

(-1.22,0.57) 

MPD -0.29  

(-0.49,-0.1) 

1.80  

(0.11,3.49) 

-0.23  

(-3.21,2.76) 

-0.67  

(-1.69,0.34) 

-0.25  

(-1.18,0.68) 

0.07  

(-0.59,0.74) 

CD 

The results from bottom-left are network evidence. The results from top-right are pairwise evidence. For the network evidence, the 

minus sign means the up to the left intervention has the superior result. For the pairwise evidence, the minus sign means the leftward 

intervention has the superior result. The statistically significant results were presented in bold. 
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Long-term leg pain (the numbers are presented as mean difference and 95% confidence interval) 

Cons 
  

1.70  

(-0.12,3.52) 

    

1.65  

(-1.90,5.19) 

Endo 
    

0.05  

(-2.90,3.00) 

 

1.51  

(-1.37,4.39) 

-0.14  

(-3.89,3.61) 

CD+ID 
  

-0.03  

(-1.48,1.42) 

  

1.70  

(-0.13,3.53) 

0.05  

(-2.99,3.09) 

0.19  

(-2.03,2.42) 

CD -0.03  

(-1.48,1.42) 

-0.1  

(-1.98,1.78) 

0.05  

(-0.81,0.91) 

0.75  

(-0.52,2.02) 

1.90  
(-0.19,3.99) 

0.25  
(-2.86,3.37) 

0.40  
(-1.97,2.76) 

0.20  
(-0.81,1.22) 

ID -1  
(-5.02,3.02) 

-0.34  
(-1.81,1.13) 

 

1.48  
(-1.01,3.97) 

-0.17  
(-3.63,3.29) 

-0.03  
(-1.48,1.42) 

-0.22  
(-1.91,1.47) 

-0.43  
(-2.30,1.45) 

CD+Fu 
  

1.70  

(-0.27,3.67) 

0.05  

(-2.90,3.00) 

0.19  

(-2.12,2.51) 

0.00  

(-0.73,0.73) 

-0.20  

(-1.21,0.80) 

0.22  

(-1.58,2.03) 

MPD 0.02  

(-0.55,0.59) 

1.99  

(-0.09,4.07) 

0.34  

(-2.74,3.42) 

0.48  

(-1.94,2.90) 

0.29  

(-0.70,1.29) 

0.09  

(-1.19,1.37) 

0.51  

(-1.43,2.45) 

0.29  

(-0.59,1.18) 

MSD 

The results from bottom-left are network evidence. The results from top-right are pairwise evidence. For the network evidence, the 

minus sign means the up to the left intervention has the superior result. For the pairwise evidence, the minus sign means the leftward 

intervention has the superior result. 

 

Short-term overall pain (the numbers are presented as mean difference and 95% confidence interval) 

Cons 
   

-0.10  

(-2.00,1.80) 

  

-0.22  

(-2.21,1.76) 

EpiA 
  

0.12  

(-0.46,0.71) 

  

2.10  

(-0.02,4.22) 

2.32  

(1.21,3.44) 

EpiASH 
 

-2.20  

(-3.14,-1.26) 

  

3.10  

(0.64,5.56) 

3.32  

(1.66,4.99) 

1.00  

(-0.82,2.82) 

EpiASC -3.20  

(-4.76,-1.64) 

  

-0.10  
(-2.00,1.80) 

0.12  
(-0.46,0.71) 

-2.20  

(-3.14,-1.26) 

-3.20  

(-4.76,-1.64) 

EpiAS -0.80  
(-2.25,0.65) 

 

-0.90  
(-3.29,1.49) 

-0.68  
(-2.24,0.89) 

-3.00  

(-4.73,-1.27) 

-4.00  

(-6.13,-1.87) 

-0.80  
(-2.25,0.65) 

EpiS 2.10  

(1.20,3.00) 
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1.20  
(-1.35,3.75) 

1.42  
(-0.39,3.24) 

-0.90  
(-2.85,1.05) 

-1.90  
(-4.21,0.41) 

1.30  
(-0.41,3.00) 

2.10  

(1.20,3.00) 

Endo 

The results from bottom-left are network evidence. The results from top-right are pairwise evidence. For the network evidence, the 

minus sign means the up to the left intervention has the superior result. For the pairwise evidence, the minus sign means the leftward 

intervention has the superior result. The statistically significant results were presented in bold. 

 

Short-term global impression of recovery (the numbers are presented as odds ratio and 95% confidence interval) 

Cons 
  

0.49  

(0.22,1.08) 

  

0.50  
(0.13,1.95) 

MSD 0.28  
(0.06,1.23) 

1.15  
(0.36, 3.63) 

  

0.21  

(0.06,0.71) 

0.42  
(0.12,1.49) 

MPD 2.27  
(0.93,5.57) 

 
0.50  
(0.16,1.60) 

0.49  
(0.22,1.08) 

0.96  
(0.32,2.87) 

2.27  
(0.93,5.57) 

CD 
  

0.39  

(0.06,2.62) 

0.76  

(0.11,5.53) 

1.81  

(0.44,7.45) 

0.79  

(0.14,4.54) 

EpiS 0.28  

(0.12,0.63) 

0.11  

(0.02,0.57) 

0.21  

(0.04,1.18) 

0.50  

(0.16,1.60) 

0.22  

(0.05,0.95) 

0.28  

(0.12,0.63) 

Endo 

The results from bottom-left are network evidence. The results from top-right are pairwise evidence. For the network evidence, the value 

larger than one means the up to the left intervention has the superior result. For the pairwise evidence, the minus sign means the leftward 

intervention has the superior result. The statistically significant results were presented in bold. 

 

Long-term global impression of recovery (the numbers are presented as odds ratio and 95% confidence interval) 

Cons 0.42  

(0.07,2.45) 

  
0.50  

(0.10,2.56) 

 

0.42  

(0.07,2.45) 

ID 
    

0.11  

(0.01,0.89) 

0.27  

(0.02,4.00) 

MPD 
 

3.32  

(1.61,6.86) 

9.78  

(1.58,60.51) 



189 
 

0.55  
(0.06,5.41) 

1.29  
(0.07,23.09) 

4.83  
(0.62,37.41) 

CD+Fu 0.92  
(0.18,4.59) 

 

0.50  
(0.10,2.56) 

1.18  
(0.11,12.96) 

4.43  

(1.25,15.67) 

0.92  
(0.18,4.59) 

CD 0.32  
(0.1, 1.06) 

0.19  

(0.02,1.60) 

0.46  

(0.03,7.12) 

1.72  

(0.31,9.69) 

0.36  

(0.04,2.88) 

0.39  

(0.10,1.48) 

MSD 

The results from bottom-left are network evidence. The results from top-right are pairwise evidence. For the network evidence, the 

value larger than one means the up to the left intervention has the superior result. For the pairwise evidence, the minus sign means the 

leftward intervention has the superior result. The statistically significant results were presented in bold. 

 

Short-term mobility (the numbers are presented as standardised mean difference and 95% confidence interval) 

Cons 0  
(-0.41, 0.41) 

 

0  
(-0.41, 0.41) 

CD 0.23  
(-0.12, 0.59) 

0.23  

(-0.31,0.77) 

0.23  

(-0.12, 0.59) 

MPD 

The results from bottom-left are network evidence. The results from top-right are pairwise evidence. For the network evidence, the 

minus sign means the up to the left intervention has the superior result. For the pairwise evidence, the minus sign means the leftward 

intervention has the superior result. 

 

Long-term mobility (the numbers are presented as standardised mean difference and 95% confidence interval) 

Cons 
 

-0.32  
(-0.92,0.29) 

 

-0.06  

(-0.84,0.72) 

CD+Fu -0.26  

(-0.75,0.24) 

 

-0.32  

(-0.92,0.29) 

-0.26  

(-0.75,0.24) 

CD -0.18  

(-0.61,0.26) 

-0.49  

(-1.24,0.25) 

-0.43  

(-1.08,0.21) 

-0.18  

(-0.61,0.26) 

MPD 
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The results from bottom-left are network evidence. The results from top-right are pairwise evidence. For the network evidence, the 

minus sign means the up to the left intervention has the superior result. For the pairwise evidence, the minus sign means the leftward 

intervention has the superior result. 

 

Adverse effect due to any reason (the numbers are presented as odds ratio and 95% confidence interval) 

Cons 
  

0.68  

(0.37,1.25) 

    
0.58  

(0.22,1.51) 

0.38  
(0.10,1.45) 

CD+ID 
 

1.07  
(0.41,2.77) 

     

0.44  

(0.12,1.64) 

1.16  

(0.29,4.62) 

MSD 0.84  

(0.29,2.4) 

5  

(0.89, 28.07) 

    

0.41  
(0.16,1.05) 

1.07  
(0.41,2.77) 

0.92  
(0.34,2.50) 

CD 3.78 (1.69,8.45) 
  

0.84  
(0.39, 1.85) 

1.6  
(0.44, 5.83) 

1.21  

(0.41,3.54) 

3.18  

(0.97,10.49) 

2.73  

(0.88,8.52) 

2.98  

(1.45,6.12) 

MPD 
 

1.91  

(0.75,4.88) 

1.48  

(0.08, 27.94) 

2.05  

(0.43,9.86) 

1.57  

(0.14,18.16) 

4.14  

(0.35,48.54) 

3.55 (0.31,41.06) 3.87 (0.40,37.50) 1.30 (0.15,11.37) EpiS 1.47 (0.21,10.38) 
  

2.31  
(0.53,10.06) 

6.08  

(1.36,27.18) 

5.22 (1.20,22.76) 5.68 (1.79,18.09) 1.91  
(0.75,4.88) 

1.47  
(0.21,10.38) 

Endo 
  

0.31  

(0.10,0.94) 

0.82  

(0.25,2.70) 

0.70  

(0.21,2.36) 

0.77  

(0.37,1.57) 

0.26  

(0.10,0.67) 

0.20  

(0.02,2.11) 

0.13  

(0.04,0.51) 

CD+Fu 7.85 (1.77,34.80) 

1.00  

(0.41,2.42) 

2.62  

(0.75,9.20) 

2.25  

(0.65,7.79) 

2.45  

(1.08,5.56) 

0.82  

(0.32,2.10) 

0.63  

(0.06,6.80) 

0.43  

(0.11,1.65) 

3.20  

(1.25,8.22) 

ID 

The results from bottom-left are network evidence. The results from top-right are pairwise evidence. For the network evidence, the value 

less than one means the up to the left intervention has the superior result. For the pairwise evidence, the minus sign means the leftward 

intervention has the superior result. The statistically significant results were presented in bold. 
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Intervention related adverse effect (the numbers are presented as odds ratio and 95% confidence interval) 

Cons 
      

0.04  

(0.002, 0.68) 

0.2  

(0.03, 1.29) 

0.06  

(0.01,0.33) 

CD+ID 
 

1  

(0.53,1.87) 

   
0.66  

(0.37,1.16) 

 

0.06  

(0.01,0.39) 

0.99  

(0.35,2.80) 

MSD 0.8  

(0.3,2.14) 

5.58 (1.19,26.27) 
    

0.05  

(0.01,0.27) 

0.88  

(0.55,1.41) 

0.89  

(0.35,2.25) 

CD 3.32 (1.71,6.46) 
  

0.94  

(0.6, 1.48) 

1.52  

(0.52,4.47) 

0.15  

(0.03,0.85) 

2.55  

(1.20,5.44) 

2.58  

(0.91,7.33) 

2.91  

(1.59,5.32) 

MPD 
 

1.78  

(0.66,4.80) 

1.48  

(0.09, 25.33) 

2.05  

(0.48, 8.76) 

0.19  

(0.01,2.70) 

3.09  

(0.35,27.71) 

3.13 (0.31,31.43) 3.52  

(0.41,30.10) 

1.21  

(0.15,9.48) 

EpiS 1.47  

(0.24,8.93) 

  

0.27  

(0.04,1.97) 

4.55  

(1.31,15.82) 

4.60 (1.09,19.39) 5.18  

(1.62,16.54) 

1.78  

(0.66,4.80) 

1.47  

(0.24,8.93) 

Endo 
  

0.04  

(0.01,0.24) 

0.74  

(0.47,1.17) 

0.75  

(0.27,2.05) 

0.84  

(0.57,1.25) 

0.29  

(0.14,0.58) 

0.24  

(0.03,2.11) 

0.16  

(0.05,0.55) 

CD+Fu 7.85  

(1.95, 31.55) 

0.18  

(0.04,0.84) 

2.93  

(1.25,6.87) 

2.96  

(0.91,9.58) 

3.33  

(1.58,7.02) 

1.15  

(0.49,2.69) 

0.95  

(0.10,8.79) 

0.64  

(0.17,2.38) 

3.95 (1.80,8.67) ID 

The results from bottom-left are network evidence. The results from top-right are pairwise evidence. For the network evidence, the 

value less than one means the up to the left intervention has the superior result. For the pairwise evidence, the minus sign means the 

leftward intervention has the superior result. The statistically significant results were presented in bold. 

 

Reoperation rate (the numbers are presented as odds ratio and 95% confidence interval) 

CD 
 

1.05  
(0.32,3.48) 

2.7  
(0.76,10) 

0.97  
(0.54,1.76) 

0.2  

(0.09, 0.43) 
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1.64  
(0.30,8.95) 

Endo 
 

1.31  
(0.34,5.01) 

  

0.92  
(0.29,2.95) 

0.56  
(0.07,4.21) 

MSD 5.64  
(0.46,69.3) 

  

2.16  

(0.76,6.12) 

1.31  

(0.34,5.01) 

2.34  

(0.52,10.55) 

MPD 
 

0.15  

(0.03,0.75) 

0.97  

(0.54,1.76) 

0.59  

(0.10,3.58) 

1.06  

(0.29,3.91) 

0.45  

(0.14,1.50) 

CD+Fu 
 

0.22  

(0.10,0.45) 

0.13  

(0.02,0.75) 

0.24  

(0.06,0.92) 

0.10  

(0.03,0.30) 

0.22  

(0.09,0.57) 

ID 

The results from bottom-left are network evidence. The results from top-right are pairwise evidence. For the network evidence, the value 

less than one means the up to the left intervention has the superior result. For the pairwise evidence, the minus sign means the leftward 

intervention has the superior result. The statistically significant results were presented in bold. 

 

Treatment withdrawal due to any reason (the numbers are presented as odds ratio and 95% confidence interval) 

Cons 
  

1.64  

(0.59,4.54) 

0.63 

(0.35, 1.14) 

   
1.05  

(0.68,1.62) 

0.92 
(0.17,4.98) 

MSD 
      

1.19  
(0.23,6.12) 

0.96  

(0.39,2.36) 

1.04  

(0.16,6.88) 

CD+ID 
 

0.70  

(0.33,1.48) 

    

1.09  
(0.53,2.25) 

1.18 
(0.20,7.09) 

1.14  
(0.37,3.54) 

ID 
 

0.82  
(0.2,3.29) 

  
2.72  
(0.82,8.99) 

0.67  

(0.40,1.12) 

0.73  

(0.13,4.13) 

0.70  

(0.33,1.48) 

0.62  

(0.26,1.45) 

CD+Fu 
   

1.42  

(0.57,3.51) 

1.52  
(0.73,3.18) 

1.65  
(0.28,9.64) 

1.59  
(0.51,4.91) 

1.40  
(0.60,3.26) 

2.26 
(0.97,5.29) 

MPD 
 

1.67  
(0.77,3.62) 

0.62  
(0.29, 1.31) 

0.85  

(0.12,5.87) 

0.92  

(0.07,11.34) 

0.88  

(0.11,7.34) 

0.78  

(0.11,5.64) 

1.26  

(0.17,9.14) 

0.56  

(0.09,3.34) 

EpiS 3.00 (0.60,15.11) 
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2.54  
(0.87,7.38) 

2.75  
(0.40,18.89) 

2.65 (0.67,10.41) 2.33  
(0.74,7.34) 

3.77 (1.20,11.90) 1.67  
(0.77,3.62) 

3.00 (0.60,15.11) Endo 
 

1.09  

(0.74,1.61) 

1.19  

(0.23,6.12) 

1.14  

(0.45,2.91) 

1.00  

(0.49,2.05) 

1.63  

(0.93,2.83) 

0.72  

(0.38,1.37) 

1.29  

(0.19,8.70) 

0.43  

(0.16,1.18) 

CD 

The results from bottom-left are network evidence. The results from top-right are pairwise evidence. For the network evidence, the value 

less than one means the up to the left intervention has the superior result. For the pairwise evidence, the minus sign means the leftward 

intervention has the superior result.



194 
 

Appendix S12: Inconsistency test 

Short-term physical function 

 

 

 

 

Long-term physical function 
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All-cause mortality 

 

 

 

Short-term back pain 
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Long-term back pain 

 

 

 

Short-term leg pain 
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Long-term leg pain 

 

 

 

 

Short-term overall pain 

Not available 

 

Short-term global impression of recovery 



198 
 

 

 

 

Long-term global impression of recovery 

 

 

 

Short-term mobility 

Not available 

 

Long-term mobility 

Not available 

 

Adverse effect due to any reason 
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Intervention related adverse effect 
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Reoperation rate 

 

 

 

 

Treatment withdrawal due to any reason 

 



201 
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Appendix S13. Results for sensitivity analyses 

Short-term physical function (the numbers are presented as standardised mean difference and 95% confidence interval) 

1.Exclude studies received commercial funding (Benyamin 2016, Manchikanti 2009, Manchikanti 2015, Moojen 2015 and Zucherman 

2005) 

Cons 
            

0.92  

(-0.05,1.90) 

ID 
           

-0.62  

(-2.51,1.27) 

-1.55  

(-3.60,0.51) 

EpiASH 
          

0.11  
(-1.42,1.64) 

-0.82  
(-2.55,0.92) 

0.73  
(-0.38,1.84) 

BT 
         

0.01  

(-1.10,1.13) 

-0.91  

(-2.11,0.29) 

0.63  

(-1.49,2.76) 

-0.10  

(-1.91,1.72) 

MSD 
        

-0.40  
(-1.46,0.65) 

-1.33  
(-2.67,0.01) 

0.22  
(-1.34,1.78) 

-0.51  
(-1.61,0.59) 

-0.42  
(-1.86,1.03) 

EpiAS 
       

-0.22  

(-1.45,1.00) 

-1.15 

(-2.62,0.33) 

0.40  

(-1.28,2.08) 

-0.33  

(-1.59,0.93) 

-0.23  

(-1.80,1.34) 

0.18  

(-0.44,0.80) 

EpiA 
      

0.38  

(-0.37,1.12) 

-0.55  

(-1.35,0.26) 

1.00  

(-0.94,2.94) 

0.27  

(-1.33,1.86) 

0.36  

(-0.60,1.33) 

0.78  

(-0.37,1.93) 

0.60 

(-0.71,1.90) 

MPD 
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0.18  
(-0.39,0.76) 

-0.74  
(-1.54,0.06) 

0.80  
(-1.12,2.72) 

0.07  
(-1.50,1.64) 

0.17  
(-0.79,1.13) 

0.59  
(-0.53,1.71) 

0.40  
(-0.87,1.68) 

-0.19  
(-0.71,0.32) 

CD 
    

0.08  

(-1.09,1.26) 

-0.84  

(-2.18,0.50) 

0.70  

(-1.18,2.58) 

-0.03  

(-1.54,1.49) 

0.07  

(-1.37,1.51) 

0.49  

(-0.56,1.53) 

0.31  

(-0.91,1.52) 

-0.29  

(-1.41,0.83) 

-0.10  

(-1.25,1.05) 

EpiS 
   

0.38  

(-0.58,1.33) 

-0.55  

(-1.60,0.50) 

1.00  

(-0.96,2.96) 

0.27  

(-1.35,1.88) 

0.37  

(-0.81,1.54) 

0.78  

(-0.40,1.96) 

0.60  

(-0.73,1.93) 

0.00  

(-0.69,0.69) 

0.20  

(-0.63,1.02) 

0.29  

(-0.72,1.31) 

Endo 
  

0.50  
(-0.74,1.74) 

-0.43  
(-1.79,0.93) 

1.12  
(-1.10,3.33) 

0.39  
(-1.53,2.31) 

0.49  
(-0.98,1.95) 

0.90  
(-0.67,2.47) 

0.72  
(-0.97,2.41) 

0.12  
(-1.09,1.34) 

0.32  
(-0.78,1.42) 

0.42  
(-1.18,2.01) 

0.12  
(-1.26,1.50) 

CD+Fu 
 

0.71  

(-0.88,2.31) 

-0.21  

(-1.90,1.48) 

1.33  

(-1.10,3.76) 

0.60  

(-1.56,2.77) 

0.70  

(-1.07,2.47) 

1.12  

(-0.75,2.98) 

0.94  

(-1.03,2.90) 

0.34  

(-1.24,1.91) 

0.53  

(-0.96,2.02) 

0.63  

(-1.25,2.51) 

0.34  

(-1.37,2.04) 

0.21  

(-0.79,1.22) 

CD+ID 

 

2.Exclude studies with level 1 only (Yagi 2009) 

Cons 
            

0.79  

(-0.15,1.73) 

ID 
           

0.40  
(-1.18,1.97) 

-0.39  
(-2.05,1.27) 

EpiASH 
          

0.37  

(-1.18,1.92) 

-0.42  

(-2.05,1.22) 

-0.03  

(-1.09,1.04) 

BT 
         

-0.07  
(-1.38,1.24) 

-0.86  
(-2.13,0.42) 

-0.47  
(-2.40,1.47) 

-0.44  
(-2.35,1.47) 

MSD 
        

-0.89  

(-2.02,0.24) 

-1.68  

(-2.92,-

0.43) 

-1.29  

(-2.39,-

0.19) 

-1.26  

(-2.32,-

0.20) 

-0.82  

(-2.41,0.77) 

EpiAS 
       

-0.74  

(-2.04,0.55) 

-1.53  

(-2.93,-

0.14) 

-1.14  

(-2.41,0.12) 

-1.12  

(-2.35,0.12) 

-0.68  

(-2.38,1.03) 

0.15  

(-0.48,0.77) 

EpiA 
      

0.09  
(-0.81,0.99) 

-0.70  
(-1.46,0.07) 

-0.31  
(-1.95,1.34) 

-0.28  
(-1.90,1.34) 

0.16  
(-0.98,1.29) 

0.98  
(-0.24,2.21) 

0.84  
(-0.54,2.21) 

MPD 
     

0.31  

(-0.37,0.98) 

-0.48  

(-1.19,0.22) 

-0.09  

(-1.70,1.51) 

-0.06  

(-1.64,1.52) 

0.37  

(-0.76,1.51) 

1.20 

(0.03,2.37) 

1.05  

(-0.27,2.38) 

0.22  

(-0.42,0.85) 

CD 
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-0.88  
(-1.94,0.19) 

-1.67  

(-2.57,-

0.76) 

-1.28  
(-2.84,0.29) 

-1.25  
(-2.79,0.30) 

-0.81  
(-2.20,0.58) 

0.01  
(-1.11,1.13) 

-0.13  
(-1.42,1.15) 

-0.97  

(-1.87,-

0.07) 

-1.18  

(-2.12,-

0.25) 

EpiS 
   

-0.11  

(-1.18,0.96) 

-0.90  

(-1.84,0.04) 

-0.51  

(-2.18,1.16) 

-0.48  

(-2.12,1.16) 

-0.04  

(-1.38,1.29) 

0.78  

(-0.48,2.03) 

0.63  

(-0.77,2.03) 

-0.20  

(-0.96,0.55) 

-0.42  

(-1.32,0.48) 

0.77  

(-0.01,1.54) 

Endo 
  

0.62  

(-0.83,2.07) 

-0.17  

(-1.63,1.30) 

0.23  

(-1.83,2.28) 

0.25  

(-1.78,2.29) 

0.69  

(-1.02,2.40) 

1.51  

(-0.22,3.25) 

1.37  

(-0.48,3.21) 

0.53 

(-0.90,1.96) 

0.32  

(-0.97,1.60) 

1.50  

(-0.09,3.09) 

0.74  

(-0.83,2.30) 

CD+Fu 
 

0.84  

(-1.05,2.72) 

0.05  

(-1.85,1.94) 

0.44  

(-1.94,2.82) 

0.47  

(-1.90,2.83) 

0.91  

(-1.19,3.00) 

1.73  

(-0.38,3.84) 

1.58  

(-0.62,3.78) 

0.75  

(-1.12,2.62) 

0.53  

(-1.23,2.29) 

1.72  

(-0.28,3.71) 

0.95  

(-1.03,2.93) 

0.21  

(-0.99,1.42) 

CD+ID 

 

3.Exclude studies with mixed type of disease (Benyamin 2016, Song 2016, Weinstein 2008) 

Cons 
            

0.78  
(-0.57,2.13) 

ID 
           

0.91  

(-1.16,2.98) 

0.13  

(-2.34,2.60) 

EpiASH 
          

0.87  
(-1.18,2.92) 

0.10  
(-2.36,2.55) 

-0.04  
(-1.29,1.22) 

BT 
         

0.01  

(-1.69,1.71) 

-0.77  

(-2.30,0.76) 

-0.90  

(-3.58,1.78) 

-0.86  

(-3.53,1.80) 

MSD 
        

-0.40  
(-2.03,1.23) 

-1.18  
(-3.29,0.94) 

-1.31  

(-2.59,-

0.02) 

-1.27  

(-2.52,-

0.02) 

-0.41  
(-2.76,1.95) 

EpiAS 
       

-0.25 

 (-
2.04,1.54) 

-1.03  

(-3.27,1.21) 

-1.16  

(-2.64,0.33) 

-1.12  

(-2.58,0.33) 

-0.26  

(-2.73,2.21) 

0.15  

(-0.60,0.89) 

EpiA 
      

0.29  

(-0.97,1.54) 

-0.49  

(-1.40,0.42) 

-0.62  

(-3.04,1.80) 

-0.58  

(-2.99,1.82) 

0.28  

(-1.06,1.62) 

0.69  

(-1.37,2.74) 

0.54  

(-1.65,2.72) 

MPD 
     

0.26  
(-0.78,1.30) 

-0.52  
(-1.37,0.34) 

-0.65  
(-2.97,1.67) 

-0.61  
(-2.91,1.69) 

0.25  
(-1.09,1.60) 

0.66  
(-1.27,2.59) 

0.51  
(-1.56,2.58) 

-0.03  
(-0.72,0.67) 

CD 
    

-1.05  

(-2.74,0.65) 

-1.82  

(-3.04,-

0.61) 

-1.95  

(-4.63,0.73) 

-1.92  

(-4.58,0.75) 

-1.05  

(-2.87,0.76) 

-0.65  

(-3.00,1.71) 

-0.79  

(-3.26,1.67) 

-1.33  

(-2.63,-

0.04) 

-1.31  

(-2.65,0.04) 

EpiS 
   

-0.03  

(-1.56,1.51) 

-0.80  

(-2.00,0.39) 

-0.93  

(-3.51,1.65) 

-0.90  

(-3.46,1.67) 

-0.03  

(-1.66,1.59) 

0.37  

(-1.87,2.61) 

0.22  

(-2.14,2.58) 

-0.31  

(-1.26,0.64) 

-0.29  

(-1.42,0.84) 

1.02  

(-0.23,2.27) 

Endo 
  

0.58  

(-1.27,2.42) 

-0.20  

(-1.94,1.54) 

-0.33  

(-3.10,2.44) 

-0.30  

(-3.05,2.46) 

0.57  

(-1.46,2.60) 

0.98  

(-1.48,3.43) 

0.83  

(-1.74,3.40) 

0.29  

(-1.38,1.96) 

0.32  

(-1.20,1.84) 

1.62  

(-0.40,3.65) 

0.60  

(-1.29,2.50) 

CD+Fu 
 

0.79  

(-1.55,3.14) 

0.01  

(-2.25,2.28) 

-0.12  

(-3.25,3.01) 

-0.08  

(-3.20,3.04) 

0.78  

(-1.71,3.28) 

1.19  

(-1.66,4.04) 

1.04  

(-1.91,3.99) 

0.50  

(-1.71,2.71) 

0.53  

(-1.57,2.63) 

1.84  

(-0.66,4.33) 

0.82  

(-1.57,3.20) 

0.21  

(-1.24,1.66) 

CD+ID 

 

4. Exclude studies which has medication therapy in the conservative care group (Slatis 2011 and Weinstein 2008) 
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Cons 
            

0.96  

(-0.47,2.40) 

ID 
           

0.53  
(-1.32,2.39) 

-0.43  
(-2.42,1.56) 

EpiASH 
          

0.50  

(-1.34,2.33) 

-0.47  

(-2.44,1.50) 

-0.03  

(-1.28,1.21) 

BT 
         

0.13  
(-1.68,1.94) 

-0.83  
(-2.33,0.67) 

-0.40  
(-2.71,1.92) 

-0.36  
(-2.66,1.93) 

MSD 
        

-0.77  

(-2.12,0.58) 

-1.74  

(-3.27,-

0.20) 

-1.31  

(-2.58,-

0.04) 

-1.27  

(-2.51,-

0.03) 

-0.91  

(-2.84,1.03) 

EpiAS 
       

-0.63  

(-2.17,0.91) 

-1.59  

(-3.29,0.11) 

-1.16  

(-2.63,0.31) 

-1.12  

(-2.56,0.32) 

-0.76  

(-2.83,1.31) 

0.15  

(-0.59,0.89) 

EpiA 
      

0.43  
(-0.94,1.81) 

-0.53  
(-1.41,0.35) 

-0.10  
(-2.07,1.87) 

-0.06  
(-2.01,1.88) 

0.30  
(-1.03,1.63) 

1.21  
(-0.30,2.71) 

1.06  
(-0.62,2.73) 

MPD 
     

0.37  

(-0.89,1.63) 

-0.60  

(-1.42,0.23) 

-0.16  

(-2.11,1.78) 

-0.13  

(-2.05,1.79) 

0.23  

(-1.09,1.56) 

1.14  

(-0.33,2.61) 

0.99  

(-0.65,2.64) 

-0.07  

(-0.74,0.61) 

CD 
    

-0.65  
(-2.10,0.80) 

-1.62  

(-2.69,-

0.54) 

-1.18  
(-3.03,0.66) 

-1.15  
(-2.97,0.68) 

-0.78  
(-2.43,0.86) 

0.12  
(-1.22,1.47) 

-0.03  
(-1.56,1.51) 

-1.08  

(-2.14,-

0.02) 

-1.02  
(-2.12,0.09) 

EpiS 
   

0.17  

(-1.33,1.67) 

-0.80  

(-1.90,0.31) 

-0.36  

(-2.34,1.61) 

-0.33  

(-2.29,1.63) 

0.04  

(-1.54,1.61) 

0.94  

(-0.57,2.46) 

0.79  

(-0.89,2.48) 

-0.26  

(-1.16,0.63) 

-0.20  

(-1.24,0.84) 

0.82  

(-0.10,1.74) 

Endo 
  

0.68  

(-1.28,2.64) 

-0.28  

(-1.99,1.43) 

0.15  

(-2.31,2.61) 

0.19  

(-2.25,2.63) 

0.55  

(-1.45,2.55) 

1.46  

(-0.64,3.56) 

1.31  

(-0.92,3.54) 

0.25  

(-1.40,1.90) 

0.32  

(-1.19,1.82) 

1.33  

(-0.53,3.20) 

0.51  

(-1.31,2.34) 

CD+Fu 
 

0.90  

(-1.53,3.33) 

-0.07  

(-2.30,2.17) 

0.37  

(-2.48,3.21) 

0.40  

(-2.43,3.23) 

0.76  

(-1.70,3.23) 

1.67  

(-0.87,4.22) 

1.52  

(-1.13,4.17) 

0.47  

(-1.72,2.65) 

0.53  

(-1.55,2.61) 

1.55  

(-0.80,3.90) 

0.73  

(-1.59,3.05) 

0.21  

(-1.22,1.65) 

CD+ID 

 

5. Include study with lateral LSS (Koh 2013) 

Cons 
            

0.89  
(-0.14,1.91) 

ID 
           

0.08  

(-1.44,1.59) 

-0.81  

(-2.43,0.81) 

EpiASH 
          

0.25  

(-1.38,1.88) 

-0.63  

(-2.37,1.10) 

0.17  

(-0.92,1.26) 

BT 
         

0.06  

(-1.37,1.48) 

-0.83  

(-2.23,0.56) 

-0.02  

(-1.97,1.92) 

-0.20  

(-2.24,1.84) 

MSD 
        

-0.81  
(-2.02,0.40) 

-1.70  

(-3.04,-

0.35) 

-0.89  
(-1.79,0.01) 

-1.06  
(-2.15,0.03) 

-0.87  
(-2.59,0.86) 

EpiAS 
       

-0.66  

(-2.06,0.73) 

-1.55  

(-3.06,-

0.04) 

-0.74  

(-1.87,0.39) 

-0.92  

(-2.20,0.37) 

-0.72  

(-2.57,1.14) 

0.15  

(-0.54,0.83) 

EpiA 
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0.36  
(-0.58,1.30) 

-0.53  
(-1.35,0.28) 

0.28  
(-1.32,1.87) 

0.10  
(-1.60,1.81) 

0.30  
(-0.93,1.53) 

1.16  
(-0.15,2.48) 

1.02  
(-0.46,2.50) 

MPD 
     

0.29  

(-0.45,1.03) 

-0.60  

(-1.36,0.17) 

0.21  

(-1.34,1.76) 

0.04  

(-1.63,1.70) 

0.24  

(-1.00,1.47) 

1.10  

(-0.16,2.36) 

0.95  

(-0.48,2.39) 

-0.06  

(-0.69,0.56) 

CD 
    

-0.72  
(-1.87,0.43) 

-1.61  

(-2.59,-

0.62) 

-0.80  
(-2.31,0.71) 

-0.97  
(-2.60,0.65) 

-0.78  
(-2.29,0.74) 

0.09  
(-1.12,1.30) 

-0.06  
(-1.45,1.33) 

-1.08  

(-2.05,-

0.10) 

-1.01  

(-2.02,-

0.00) 

EpiS 
   

0.10  

(-1.05,1.25) 

-0.79  

(-1.81,0.23) 

0.02  

(-1.60,1.64) 

-0.16  

(-1.89,1.58) 

0.04  

(-1.42,1.50) 

0.91  

(-0.44,2.26) 

0.76  

(-0.75,2.27) 

-0.26  

(-1.09,0.57) 

-0.19  

(-1.15,0.77) 

0.82  

(-0.03,1.66) 

Endo 
  

0.61  

(-0.97,2.19) 

-0.28  

(-1.87,1.31) 

0.53  

(-1.56,2.62) 

0.35  

(-1.82,2.53) 

0.55  

(-1.31,2.41) 

1.42  

(-0.46,3.30) 

1.27  

(-0.73,3.27) 

0.25  

(-1.28,1.79) 

0.32  

(-1.08,1.71) 

1.33  

(-0.40,3.05) 

0.51  

(-1.19,2.21) 

CD+Fu 
 

0.82  

(-1.24,2.88) 

-0.07  

(-2.14,2.01) 

0.74  

(-1.73,3.22) 

0.57  

(-1.98,3.11) 

0.77  

(-1.52,3.05) 

1.63  

(-0.67,3.93) 

1.48  

(-0.92,3.89) 

0.47  

(-1.56,2.49) 

0.53  

(-1.39,2.46) 

1.54  

(-0.63,3.72) 

0.72  

(-1.43,2.88) 

0.21  

(-1.11,1.54) 

CD+ID 

 

6. Exclude studies which did not mention the failure of conservative treatments in the inclusion criteria (Musacchio 2016, Kim 2013, 

Manchikanti 2009, Manchikanti 2012, Manchikanti 2015, Nam 2011, Karm 2018, Delitto 2015, Friedly 2016, Ghogawala 2016, Gurelik 

2012, Koc 2009, Slatis 2011, Moojen 2013, Song 2016, Stromqvist 2013) 

Cons 
      

1.93  

(0.55,3.32) 

ID 
     

0.13  

(-1.18,1.44) 

-1.80  

(-3.04,-0.57) 

MSD 
    

0.26  

(-0.85,1.37) 

-1.67  

(-2.50,-0.85) 

0.13  

(-0.79,1.05) 

MPD 
   

0.04  
(-0.89,0.97) 

-1.89  

(-2.92,-0.86) 

-0.09  
(-1.01,0.83) 

-0.22  
(-0.83,0.39) 

CD 
  

-0.42  

(-1.79,0.96) 

-2.35  

(-3.15,-1.54) 

-0.55  

(-1.77,0.68) 

-0.68  

(-1.48,0.13) 

-0.46  

(-1.47,0.55) 

EpiS 
 

0.20  
(-1.07,1.47) 

-1.73  

(-2.59,-0.87) 

0.07  
(-1.03,1.18) 

-0.05  
(-0.67,0.57) 

0.16  
(-0.71,1.03) 

0.62  
(-0.03,1.27) 

Endo 

 

7. Exclude studies which did not mention typical symptoms in the inclusion criteria (Friedly 2016, Kim 2013, Karm 2018, Koc 2009, 

Slatis 2011, Manchikanti 2009, Manchikanti 2012, Manchikanti 2015, Nam 2011, Song 2016, Zucherman 2005) 

Cons 
        

0.34  
(-0.93,1.61) 

ID 
       

0.03  

(-1.55,1.61) 

-0.31  

(-1.77,1.15) 

MSD 
      

0.05  -0.29  0.02  MPD 
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(-1.12,1.21) (-1.21,0.63) (-1.24,1.27) 

0.05  
(-0.91,1.01) 

-0.29  
(-1.12,0.55) 

0.02  
(-1.23,1.28) 

0.01  
(-0.66,0.67) 

CD 
    

-0.49  

(-2.31,1.32) 

-0.83  

(-2.50,0.83) 

-0.52  

(-2.40,1.35) 

-0.54  

(-1.93,0.85) 

-0.55  

(-2.09,0.99) 

EpiS 
   

0.05  
(-1.47,1.56) 

-0.29  
(-1.63,1.04) 

0.02  
(-1.57,1.60) 

0.00  
(-0.97,0.97) 

-0.01  
(-1.18,1.17) 

0.54  
(-0.46,1.54) 

Endo 
  

0.37  

(-1.35,2.09) 

0.03  

(-1.62,1.68) 

0.34  

(-1.56,2.24) 

0.32  

(-1.25,1.89) 

0.32  

(-1.11,1.74) 

0.86  

(-1.23,2.96) 

0.32  

(-1.52,2.17) 

CD+Fu 
 

0.58  
(-1.60,2.77) 

0.24  
(-1.89,2.38) 

0.55  
(-1.78,2.88) 

0.54  
(-1.53,2.61) 

0.53  
(-1.43,2.49) 

1.08  
(-1.42,3.57) 

0.54  
(-1.75,2.82) 

0.21  
(-1.14,1.56) 

CD+ID 

 

8. Exclude studies with conservative care group (Koc 2009, Slatis 2011, Weinstein 2008, Delitto 2015) 

CD 
           

0.48  

(-0.36,1.33) 

ID 
          

-0.50  

(-2.90,1.90) 

-0.98  

(-3.34,1.37) 

EpiASH 
         

-0.53  

(-2.91,1.85) 

-1.02  

(-3.35,1.32) 

-0.04  

(-1.29,1.22) 

BT 
        

-0.07  

(-1.41,1.27) 

-0.55  

(-2.08,0.97) 

0.43  

(-2.26,3.11) 

0.46  

(-2.21,3.13) 

MSD 
       

-1.81  
(-3.83,0.22) 

-2.29  

(-4.26,-0.31) 

-1.31  

(-2.59,-0.02) 

-1.27  

(-2.52,-0.02) 

-1.73  
(-4.09,0.62) 

EpiAS 
      

-1.66  

(-3.81,0.50) 

-2.14  

(-4.25,-0.03) 

-1.16  

(-2.64,0.33) 

-1.12  

(-2.58,0.33) 

-1.58  

(-4.06,0.89) 

0.15  

(-0.60,0.89) 

EpiA 
     

-0.10  
(-0.79,0.59) 

-0.59  
(-1.48,0.31) 

0.40  
(-1.96,2.75) 

0.43  
(-1.91,2.77) 

-0.03  
(-1.37,1.31) 

1.70  
(-0.27,3.68) 

1.55  
(-0.56,3.66) 

MPD 
    

-1.32  

(-2.54,-0.09) 

-1.80  

(-2.94,-0.66) 

-0.82  

(-2.88,1.24) 

-0.78 

(-2.82,1.26) 

-1.24  

(-2.96,0.48) 

0.49  

(-1.12,2.10) 

0.34  

(-1.43,2.12) 

-1.21  

(-2.35,-0.07) 

EpiS 
   

-0.43  
(-1.53,0.67) 

-0.91  
(-2.04,0.21) 

0.07  
(-2.20,2.34) 

0.10  
(-2.15,2.35) 

-0.36  
(-1.97,1.25) 

1.38  
(-0.49,3.24) 

1.23  
(-0.79,3.24) 

-0.33  
(-1.25,0.60) 

0.89  
(-0.06,1.83) 

Endo 
  

0.32  

(-1.20,1.83) 

-0.17  

(-1.90,1.57) 

0.81  

(-2.02,3.65) 

0.85  

(-1.97,3.67) 

0.39  

(-1.64,2.41) 

2.12  

(-0.41,4.65) 

1.97  

(-0.66,4.61) 

0.42  

(-1.25,2.09) 

1.63  

(-0.32,3.58) 

0.75  

(-1.13,2.62) 

CD+Fu 
 

0.53  
(-1.57,2.63) 

0.05  
(-2.22,2.31) 

1.03  
(-2.16,4.22) 

1.06  
(-2.11,4.24) 

0.60  
(-1.89,3.09) 

2.34  
(-0.58,5.25) 

2.19  
(-0.82,5.20) 

0.63  
(-1.58,2.84) 

1.85  
(-0.58,4.28) 

0.96  
(-1.41,3.33) 

0.21  
(-1.24,1.66) 

CD+ID 

 

9. Include studies without spinal instability (Celik 2010, Ghogawala 2016, Gurelik 2012, Haddadi 2016, Lonne 2015, Weinstein 2008, 

Yagi 2009)  

Cons 
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1.90  
(-0.14,3.94) 

ID 
    

0.18  

(-1.63,1.98) 

-1.72  

(-3.58,0.14) 

MSD 
   

0.35  
(-1.14,1.85) 

-1.55  

(-2.94,-0.16) 

0.18  
(-1.06,1.41) 

MPD 
  

0.04  

(-1.28,1.36) 

-1.86  

(-3.42,-0.30) 

-0.14  

(-1.37,1.10) 

-0.31  

(-1.02,0.39) 

CD 
 

0.36  
(-1.56,2.27) 

-1.54  
(-3.63,0.55) 

0.18  
(-1.68,2.04) 

0.00  
(-1.56,1.56) 

0.32  
(-1.08,1.71) 

CD+Fu 

 

Long-term physical function (the numbers are presented as standardised mean difference and 95% confidence interval) 

1.Exclude studies received commercial funding (Musacchio 2016, Benyamin 2016, Moojen 2015, Schmidt 2018 and Zucherman 2005) 

Cons 
        

0.56  

(-0.36,1.48) 

MSD 
       

0.35  
(-0.51,1.21) 

-0.21  
(-0.86,0.45) 

MPD 
      

0.29  
(-0.42,1.00) 

-0.27  
(-0.85,0.32) 

-0.06  
(-0.55,0.43) 

CD 
     

0.32  

(-0.90,1.54) 

-0.24  

(-1.33,0.85) 

-0.03  

(-0.90,0.83) 

0.03  

(-0.97,1.02) 

Endo 
    

-0.52  

(-2.00,0.96) 

-1.08  

(-2.50,0.34) 

-0.87  

(-2.26,0.51) 

-0.81  

(-2.11,0.48) 

-0.84  

(-2.48,0.80) 

CD+ID 
   

0.40  

(-0.59,1.39) 

-0.16  

(-1.03,0.72) 

0.05  

(-0.69,0.79) 

0.11  

(-0.58,0.80) 

0.08  

(-1.06,1.22) 

0.92  

(-0.55,2.39) 

CD+Fu 
  

-0.53  

(-2.20,1.15) 

-1.09  

(-2.69,0.52) 

-0.88  

(-2.41,0.65) 

-0.82  

(-2.34,0.69) 

-0.85  

(-2.60,0.91) 

-0.01  

(-2.00,1.99) 

-0.93  

(-2.48,0.62) 

EpiS 
 

0.81  
(-0.26,1.88) 

0.25  
(-0.71,1.20) 

0.45  
(-0.36,1.27) 

0.51  
(-0.29,1.31) 

0.49  
(-0.70,1.68) 

1.33  
(-0.20,2.85) 

0.40  
(-0.46,1.27) 

1.33  

(0.05,2.62) 

ID 

 

2.Exclude studies with level 1 only (Yagi 2009) 

Cons 
        

0.48  

(-0.31,1.26) 

MSD 
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0.09  
(-0.65,0.83) 

-0.38  
(-0.96,0.19) 

MPD 
      

0.29  

(-0.31,0.89) 

-0.18  

(-0.69,0.32) 

0.20  

(-0.23,0.63) 

CD 
     

-0.06  

(-1.02,0.90) 

-0.54  

(-1.38,0.31) 

-0.15  

(-0.81,0.50) 

-0.35  

(-1.10,0.40) 

Endo 
    

0.16  

(-0.71,1.04) 

-0.31  

(-1.12,0.50) 

0.07  

(-0.67,0.82) 

-0.13  

(-0.76,0.51) 

0.23  

(-0.74,1.19) 

CD+ID 
   

0.23  

(-0.57,1.03) 

-0.25  

(-0.96,0.46) 

0.14  

(-0.47,0.74) 

-0.06  

(-0.59,0.47) 

0.29  

(-0.56,1.14) 

0.06  

(-0.63,0.76) 

CD+Fu 
  

-1.00  

(-2.00,-0.01) 

-1.48  

(-2.39,-0.57) 

-1.10  

(-1.88,-0.31) 

-1.30  

(-2.09,-0.50) 

-0.94  

(-1.73,-0.15) 

-1.17  

(-2.16,-0.17) 

-1.23  

(-2.11,-0.35) 

EpiS 
 

0.61  
(-0.20,1.43) 

0.14  
(-0.58,0.85) 

0.52  
(-0.06,1.11) 

0.32  
(-0.23,0.87) 

0.67  
(-0.10,1.45) 

0.45  
(-0.36,1.26) 

0.38  
(-0.27,1.04) 

1.62  

(0.94,2.29) 

ID 

 

3.Exclude studies with mixed type of disease (Azzazi 2010, Benyamin 2016, Mobbs 2014, Weinstein 2008) 

Cons 
        

0.63  
(-0.46,1.72) 

MSD 
       

0.35  

(-0.70,1.40) 

-0.28  

(-0.97,0.40) 

MPD 
      

0.40  
(-0.51,1.30) 

-0.23  
(-0.84,0.37) 

0.05  
(-0.48,0.58) 

CD 
     

0.32  

(-1.07,1.70) 

-0.31  

(-1.44,0.81) 

-0.03  

(-0.93,0.86) 

-0.08  

(-1.13,0.96) 

Endo 
    

0.25  

(-0.94,1.45) 

-0.38  

(-1.35,0.60) 

-0.10  

(-1.01,0.82) 

-0.14  

(-0.92,0.63) 

-0.06  

(-1.34,1.22) 

CD+ID 
   

0.32  
(-0.82,1.46) 

-0.31  
(-1.21,0.58) 

-0.03  
(-0.82,0.76) 

-0.08  
(-0.77,0.61) 

0.00  
(-1.19,1.20) 

0.06  
(-0.80,0.93) 

CD+Fu 
  

-0.98  

(-2.48,0.53) 

-1.61  

(-2.93,-0.29) 

-1.32  

(-2.57,-0.08) 

-1.37  

(-2.57,-0.18) 

-1.29  

(-2.82,0.24) 

-1.23  

(-2.65,0.19) 

-1.29  

(-2.66,0.08) 

EpiS 
 

0.76  
(-0.42,1.95) 

0.13  
(-0.82,1.08) 

0.41  
(-0.42,1.25) 

0.36  
(-0.40,1.13) 

0.45  
(-0.78,1.67) 

0.51  
(-0.58,1.59) 

0.44  
(-0.57,1.46) 

1.74  

(0.82,2.66) 

ID 

 

4.Studies with more than 20% lost to follow up (Mobbs 2014) 

Cons 
        

0.51  

(-0.37,1.39) 

MSD 
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0.21  
(-0.63,1.04) 

-0.31  
(-0.94,0.33) 

MPD 
      

0.29  
(-0.38,0.97) 

-0.22  
(-0.78,0.34) 

0.09  
(-0.40,0.57) 

CD 
     

0.04  
(-1.04,1.12) 

-0.47  
(-1.42,0.47) 

-0.17  
(-0.90,0.57) 

-0.25  
(-1.09,0.58) 

Endo 
    

0.17  
(-0.81,1.15) 

-0.34  
(-1.24,0.56) 

-0.03  
(-0.87,0.80) 

-0.12  
(-0.84,0.59) 

0.13  
(-0.95,1.21) 

CD+ID 
   

0.26  

(-0.64,1.16) 

-0.25  

(-1.04,0.54) 

0.06  

(-0.62,0.73) 

-0.03  

(-0.62,0.56) 

0.22  

(-0.73,1.18) 

0.09  

(-0.69,0.87) 

CD+Fu 
  

-0.94  

(-2.05,0.18) 

-1.45  

(-2.46,-0.44) 

-1.14  

(-2.02,-0.27) 

-1.23  

(-2.12,-0.34) 

-0.97  

(-1.86,-0.09) 

-1.11  

(-2.22,0.00) 

-1.20  

(-2.18,-0.22) 

EpiS 
 

0.66  

(-0.25,1.57) 

0.15  

(-0.65,0.94) 

0.46  

(-0.20,1.11) 

0.37  

(-0.24,0.98) 

0.62  

(-0.24,1.49) 

0.49  

(-0.41,1.39) 

0.40  

(-0.33,1.13) 

1.60  

(0.85,2.35) 

ID 

 

5. Exclude studies which has drug therapy in the conservative care group (Slatis 2011 and Weinstein 2008) 

Cons 
        

0.39  

(-0.96,1.74) 

MSD 
       

0.14  

(-1.17,1.44) 

-0.26  

(-0.90,0.39) 

MPD 
      

0.15  

(-1.07,1.36) 

-0.24  

(-0.83,0.34) 

0.01  

(-0.46,0.48) 

CD 
     

-0.04  

(-1.53,1.45) 

-0.43  

(-1.41,0.55) 

-0.18  

(-0.94,0.59) 

-0.19  

(-1.05,0.67) 

Endo 
    

0.03  
(-1.39,1.46) 

-0.36  
(-1.30,0.57) 

-0.11  
(-0.96,0.75) 

-0.12  
(-0.86,0.63) 

0.07  
(-1.04,1.19) 

CD+ID 
   

0.14  
(-1.22,1.50) 

-0.25  
(-1.07,0.57) 

0.00  
(-0.69,0.69) 

-0.01  
(-0.62,0.60) 

0.18  
(-0.81,1.17) 

0.11  
(-0.71,0.92) 

CD+Fu 
  

-1.04  

(-2.56,0.49) 

-1.43  

(-2.48,-0.38) 

-1.17  

(-2.08,-0.27) 

-1.19  

(-2.11,-0.27) 

-1.00  

(-1.92,-0.07) 

-1.07  

(-2.22,0.09) 

-1.18  

(-2.20,-0.16) 

EpiS 
 

0.55  

(-0.82,1.92) 

0.16  

(-0.67,0.98) 

0.41  

(-0.26,1.08) 

0.40  

(-0.23,1.03) 

0.59  

(-0.31,1.49) 

0.52  

(-0.42,1.46) 

0.41  

(-0.35,1.17) 

1.59  

(0.80,2.37) 

ID 

 

6. Exclude studies which did not mention the failure of conservative treatments in the inclusion criteria (Forsth 2016, Ghogawala 2016, 

Liu 2013, Slatis 2011, Mobbs 2014, Moojen 2013, Stromqvist 2013, Zucherman 2005) 

Cons 
        

0.27  MSD 
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(-1.04,1.59) 

0.34  

(-0.96,1.63) 

0.06  

(-0.71,0.84) 

MPD 
      

0.10  

(-1.07,1.26) 

-0.18  

(-0.79,0.44) 

-0.24  

(-0.81,0.34) 

CD 
     

0.32  

(-1.18,1.81) 

0.04  

(-1.03,1.12) 

-0.02  

(-0.77,0.74) 

0.22  

(-0.72,1.16) 

Endo 
    

0.13  

(-1.26,1.52) 

-0.14  

(-1.11,0.82) 

-0.20  

(-1.07,0.66) 

0.03  

(-0.73,0.79) 

-0.19  

(-1.31,0.94) 

CD+ID 
   

0.51  

(-0.97,1.99) 

0.24  

(-0.83,1.30) 

0.18  

(-0.67,1.02) 

0.41  

(-0.50,1.33) 

0.20  

(-0.88,1.27) 

0.38  

(-0.53,1.29) 

CD+Fu 
  

-0.37  

(-1.97,1.23) 

-0.64  

(-1.86,0.58) 

-0.70  

(-1.67,0.26) 

-0.47  

(-1.57,0.63) 

-0.69  

(-1.62,0.25) 

-0.50  

(-1.73,0.73) 

-0.88  

(-2.00,0.23) 

EpiS 
 

1.39  

(-0.14,2.91) 

1.11  

(-0.01,2.23) 

1.05  

(0.20,1.90) 

1.29  

(0.30,2.27) 

1.07  

(0.10,2.04) 

1.26  

(0.15,2.36) 

0.87  

(-0.06,1.81) 

1.76  

(0.98,2.53) 

ID 

 

7. Exclude studies which did not mention typical symptoms in the inclusion criteria (Azzazi 2010, Cho 2007, Forsth 2016, Liu 2013, 

Slatis 2011, Marsh 2014, Schmidt 2018, Zucherman 2005) 

Cons 
        

-0.01  

(-1.12,1.09) 

MSD 
       

0.19  

(-0.79,1.17) 

0.21  

(-0.60,1.01) 

MPD 
      

0.12  

(-0.72,0.97) 

0.14  

(-0.57,0.85) 

-0.07  

(-0.56,0.43) 

CD 
     

0.11  
(-1.11,1.34) 

0.13  
(-0.97,1.23) 

-0.08  
(-0.85,0.70) 

-0.01  
(-0.90,0.88) 

Endo 
    

0.41  

(-1.32,2.14) 

0.42  

(-1.23,2.08) 

0.22  

(-1.30,1.73) 

0.29  

(-1.23,1.80) 

0.29  

(-1.40,1.99) 

CD+ID 
   

0.25  
(-1.01,1.52) 

0.27  
(-0.89,1.43) 

0.06  
(-0.88,1.01) 

0.13  
(-0.81,1.07) 

0.14  
(-1.07,1.35) 

-0.15  
(-1.34,1.03) 

CD+Fu 
  

-0.69  

(-2.06,0.68) 

-0.67  

(-1.94,0.59) 

-0.88  

(-1.92,0.17) 

-0.81  

(-1.89,0.27) 

-0.80  

(-1.78,0.18) 

-1.10  

(-2.91,0.72) 

-0.94  

(-2.32,0.44) 

EpiS 
 

0.55  
(-0.54,1.64) 

0.57  
(-0.41,1.54) 

0.36  
(-0.37,1.09) 

0.43  
(-0.27,1.13) 

0.44  
(-0.53,1.40) 

0.14  
(-1.49,1.78) 

0.30  
(-0.83,1.43) 

1.24  

(0.23,2.24) 

ID 

 

8. Exclude studies with conservative care group (Slatis 2011, Westein 2008, Delitto 2015) 

CD 
       

0.24  

(-0.34,0.83) 

MSD 
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-0.01  
(-0.48,0.46) 

-0.26  
(-0.90,0.39) 

MPD 
     

-0.19  

(-1.05,0.67) 

-0.43  

(-1.41,0.55) 

-0.18  

(-0.94,0.59) 

Endo 
    

-0.12  
(-0.86,0.63) 

-0.36  
(-1.30,0.57) 

-0.11  
(-0.96,0.75) 

0.07  
(-1.04,1.19) 

CD+ID 
   

-0.01  

(-0.62,0.60) 

-0.25  

(-1.07,0.57) 

0.00  

(-0.69,0.69) 

0.18  

(-0.81,1.17) 

0.11  

(-0.71,0.92) 

CD+Fu 
  

-1.19  

(-2.11,-0.27) 

-1.43  

(-2.48,-0.38) 

-1.17  

(-2.08,-0.27) 

-1.00  

(-1.92,-0.07) 

-1.07  
(-2.22,0.09) 

-1.18  

(-2.20,-0.16) 

EpiS 
 

0.40  

(-0.23,1.03) 

0.16  

(-0.67,0.98) 

0.41  

(-0.26,1.08) 

0.59  

(-0.31,1.49) 

0.52  

(-0.42,1.46) 

0.41 

 (-0.35,1.17) 

1.59  

(0.80,2.37) 

ID 

 

9. Include studies without spinal instability (Celik 2010, Cho 2007, Forsth 2016, Ghogawala 2016, Haddadi 2016, Liu 2013, Lonne 

2015, Marsh 2014, Mobbs 2014, Rajasekaran 2013, Schmidt 2018, Thom 2005, Weinstein 2008, Yagi 2009)  

Cons 
      

0.58  

(-0.66,1.82) 

MSD 
     

0.42  

(-0.77,1.62) 

-0.15  

(-0.80,0.49) 

MPD 
    

0.10  

(-0.99,1.19) 

-0.48  

(-1.08,0.12) 

-0.33  

(-0.82,0.17) 

CD 
   

-0.15  

(-1.51,1.20) 

-0.73  

(-1.74,0.27) 

-0.58  

(-1.53,0.37) 

-0.25  

(-1.06,0.55) 

CD+ID 
  

0.08  

(-1.27,1.43) 

-0.50  

(-1.50,0.50) 

-0.34  

(-1.29,0.60) 

-0.02  

(-0.82,0.79) 

0.23  

(-0.90,1.37) 

CD+Fu 
 

2.22  

(0.54,3.90) 

1.64  

(0.29,2.99) 

1.79  

(0.61,2.98) 

2.12  

(0.84,3.40) 

2.37  

(0.85,3.89) 

2.14  

(0.62,3.65) 

ID 

 

All-cause mortality (the numbers are presented as odds ratio and 95% confidence interval) 

1.Exclude studies received commercial funding (Ghogawala 2016) 

Cons 
     

0.25  

(0.01,6.98) 

CD+ID 
    

0.26  

(0.01,4.58) 

1.02  

(0.01,70.13) 

MSD 
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0.26  
(0.02,2.96) 

1.02  
(0.02,52.78) 

1.00  
(0.11,9.30) 

MPD 
  

2.81  
(0.80,9.90) 

11.16  
(0.33,376.39) 

10.90  
(0.49,242.13) 

10.92  
(0.73,162.89) 

CD+Fu 
 

0.80  

(0.34,1.86) 

3.16  

(0.13,78.51) 

3.09  

(0.20,48.23) 

3.09  

(0.31,30.54) 

0.28  

(0.07,1.19) 

CD 

 

2. Exclude studies with mixed type of disease (Amundsen 2000, Weinstein 2007, Weinstein 2008) 

Cons 
     

0.25  

(0.01,7.62) 

CD+ID 
    

0.25  

(0.01,5.08) 

1.02  

(0.01,70.13) 

MSD 
   

0.25  

(0.02,3.35) 

1.02  

(0.02,52.78) 

1.00  

(0.11,9.30) 

MPD 
  

4.41  

(0.38,51.16) 

17.79  

(0.38,844.18) 

17.37  

(0.53,565.88) 

17.40  

(0.76,399.79) 

CD+Fu 
 

0.78  

(0.24,2.59) 

3.16  

(0.13,78.51) 

3.09  

(0.20,48.23) 

3.09  

(0.31,30.54) 

0.18  

(0.02,1.51) 

CD 

 

3. Exclude studies which has drug therapy in the conservative care group (Slatis 2011, Weinstein 2007, Weinstein 2008) 

Cons 
     

0.14  
(0.00,4.73) 

CD+ID 
    

0.14  
(0.01,3.19) 

1.02  
(0.01,70.13) 

MSD 
   

0.14  

(0.01,2.14) 

1.02  

(0.02,52.78) 

1.00  

(0.11,9.30) 

MPD 
  

2.51  

(0.19,32.80) 

17.79  

(0.38,844.18) 

17.37  

(0.53,565.88) 

17.40  

(0.76,399.79) 

CD+Fu 
 

0.45  

(0.11,1.85) 

3.16  

(0.13,78.51) 

3.09  

(0.20,48.23) 

3.09  

(0.31,30.54) 

0.18  

(0.02,1.51) 

CD 
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4. Exclude studies which did not mention the failure of conservative treatments in the inclusion criteria (Amundsen 2000, Delitto 

2015, Forsth 2016, Ghogawala 2016, Ko 2019, Slatis 2011) 

Cons 
     

0.39  

(0.00,3.88e+08) 

CD+ID 
    

0.40  

(0.00,6.28e+16) 

1.03  

(0.00,3.20e+08) 

MSD 
   

0.40  

(0.00,6.28e+16) 

1.03  

(0.00,3.20e+08) 

1.00  

(0.10,10.03) 

MPD 
  

2.64  

(0.02,446.36) 

6.82  

(0.00,5.69e+07) 

6.63  

(0.00,7.83e+15) 

6.63  

(0.00,7.83e+15) 

CD+Fu 
 

1.22  
(0.00,5.43e+06) 

3.16  
(0.01,1415.72) 

3.08  
(0.00,1.25e+11) 

3.08  
(0.00,1.25e+11) 

0.46  
(0.00,16626.80) 

CD 

 

5. Exclude studies which did not mention typical symptoms in the inclusion criteria (Amundsen 2000, Forsth 2016, Schmidt 2018, 

Slatis 2011) 

Cons 
    

0.25  

(0.01,4.82) 

MSD 
   

0.25  
(0.02,3.16) 

1.00  
(0.11,9.30) 

MPD 
  

2.95  
(0.84,10.43) 

11.71  
(0.50,272.35) 

11.73  
(0.75,184.44) 

CD+Fu 
 

0.78  
(0.27,2.29) 

3.09  
(0.20,48.23) 

3.09  
(0.31,30.54) 

0.26  
(0.06,1.22) 

CD 

 

6. Exclude studies with conservative care group (Amundsen 2000, Delitto 2015, Slatis 2011, Weinstein 2008, Weinstein 2007) 

CD 
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0.32  
(0.01,7.84) 

CD+ID 
   

0.32  

(0.02,5.05) 

1.02  

(0.01,70.13) 

MSD 
  

0.32  

(0.03,3.19) 

1.02  

(0.02,52.78) 

1.00  

(0.11,9.30) 

MPD 
 

5.62  

(0.66,47.84) 

17.79  

(0.38,844.18) 

17.37  

(0.53,565.88) 

17.40  

(0.76,399.79) 

CD+Fu 

 

7. Include studies without spinal instability (Forsth 2016, Ghogawala 2016, Haddadi 2016, Ko 2019, Schmidt 2018, Weinstein 2008) 

Cons 
     

0.39  

(0.01,13.48) 

CD+ID 
    

0.40  

(0.02,9.14) 

1.02  

(0.01,70.13) 

MSD 
   

0.40  

(0.03,6.16) 

1.02  

(0.02,52.78) 

1.00  

(0.11,9.30) 

MPD 
  

6.89  

(0.50,94.84) 

17.79  

(0.38,844.18) 

17.37  

(0.53,565.88) 

17.40  

(0.76,399.79) 

CD+Fu 
 

1.22  
(0.27,5.57) 

3.16  
(0.13,78.51) 

3.09  
(0.20,48.23) 

3.09  
(0.31,30.54) 

0.18  
(0.02,1.51) 

CD 

 

8. Exclude the old study (Amundsen 2000) 

Cons 
     

0.27  

(0.01,7.56) 

CD+ID 
    

0.28  

(0.02,4.97) 

1.02  

(0.01,70.13) 

MSD 
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0.28  
(0.02,3.22) 

1.02  
(0.02,52.78) 

1.00  
(0.11,9.30) 

MPD 
  

3.14  

(0.96,10.26) 

11.61  

(0.36,372.74) 

11.33  

(0.54,238.19) 

11.35  

(0.81,158.90) 

CD+Fu 
 

0.86  

(0.36,2.07) 

3.16  

(0.13,78.51) 

3.09  

(0.20,48.23) 

3.09  

(0.31,30.54) 

0.27  

(0.07,1.01) 

CD 
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Appendix S14: Additional information about secondary outcomes 

Back pain (0-10-point Visual Analog Scale) 

For short-term back pain, nine randomised controlled trials including 1003 patients and seven 

interventions (six surgical interventions and conservative care) were included. For long-term back 

pain, twelve randomised controlled trials including 1403 patients and seven interventions (six 

surgical interventions and conservative care) were included.  

 

Leg Pain (0-10-point Visual Analog Scale) 

Nine randomised controlled trials, with 976 patients and six interventions (five surgical 

interventions and conservative care) provided data on short term follow up assessments. For long-

term leg pain, 15 randomised controlled trials including 1614 patients and eight interventions 

(seven surgical interventions and conservative care) were included.  

 

Overall pain (0-10-point Visual Analog Scale) 

For short-term overall pain, nine randomised controlled trials including 806 patients and seven 

interventions (five epidural injection interventions, one surgical intervention and conservative 

care) were included.  

 

Global impression of recovery 

For short-term global impression of recovery, six randomised controlled trials including 965 

patients and six interventions (four surgical interventions, one epidural injection intervention and 

conservative care) were included. For long-term global impression of recovery, seven randomised 

controlled trials including 958 patients and six interventions (five surgical interventions and 

conservative care) were included.  
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Mobility 

Three randomised controlled trials including 217 patients and three interventions (two surgical 

interventions and conservative care) were included in the short-term mobility analyses and five 

trials with 558 patients and four interventions (three surgical interventions and conservative care) 

in the long-term mobility analyses.  

 

Treatment withdrawal (due to any reason) 

Eighteen randomised controlled trials including 2831 patients and nine interventions (seven 

surgical interventions, one epidural injection intervention and conservative care) were included.  

 

Adverse effect 

For adverse effect due to any reason, 26 randomised controlled trials including 2811 patients and 

nine interventions (seven surgical interventions, one epidural injection intervention and 

conservative care) were included. For intervention related adverse effect, 26 randomised controlled 

trials including 3092 patients and nine interventions (seven surgical interventions, one epidural 

injection intervention and conservative care) were included.  

 

Reoperation rate 

Twelve randomised controlled trials including 1391 patients and six interventions (six surgical 

interventions) were included.  
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Appendix S15: Ranking 

For two primary outcomes for effectiveness (short-term physical function and long-term physical 

function), the SUCRA results showed that interspinous device, midline preserving decompression, 

conventional open decompression and conventional open decompression with fusion were likely 

to be the most effective, with the average probabilities of more than 50%. For the primary outcome 

of safety (all-cause mortality), only six interventions were included: conservative care, 

conventional open decompression with fusion and conventional open decompression were likely 

to be the safest. Overall, however, treatment effects were too small to be considered significant. 

 

Short-term physical function 

Intervention SUCRA Mean rank 

ID 84.1 2.9 

CD+ID 72 4.4 

CD+Fu 67.1 4.9 

EpiASH 64.7 5.2 

BT 63.4 5.4 

MPD 61.1 5.7 

CD 57.3 6.1 

Endo 47.5 7.3 

MSD 46.1 7.5 

Cons 41.9 8.0 

EpiA 19.0 10.7 

EpiS 14 11.3 

EpiAS 11.7 11.6 

 

Long-term physical function 

Intervention SUCRA Mean rank 

ID 87.9 2.0 

MSD 77.5 2.8 

CD 55.5 4.6 

CD+Fu 54.3 4.7 

MPD 53.8 4.7 

CD+ID 45.9 5.3 

Endo 40.6 5.7 

Cons 33.0 6.4 
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EpiS 1.4 8.9 

 

Short-term back pain 

Intervention SUCRA Mean rank 

MPD 71.1 2.7 

ID 65.8 3.1 

MSD 65.1 3.1 

CD 56.2 3.6 

CD+ID 42.7 4.4 

CD+Fu 33.7 5.0 

Cons 15.4 6.1 

 

Long-term back pain 

Intervention SUCRA Mean rank 

MSD 72.5 2.6 

ID 67.1 3.0 

MPD 63.6 3.2 

CD 51.6 3.9 

CD+ID 46.7 4.2 

CD+Fu 40.1 4.6 

Cons 8.4 6.5 

 

Short-term leg pain 

Intervention SUCRA Mean rank 

MSD 83.5 1.8 

ID 64 2.8 

Endo 58.2 3.1 

CD 48.2 3.6 

MPD 42.2 3.9 

Cons 3.8 5.8 

 

Long-term leg pain 

Intervention SUCRA Mean rank 

MSD 70.6 3.1 

ID 65.7 3.4 

CD 53.9 4.2 
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MPD 53.1 4.3 

Endo 53.0 4.3 

CD+ID 48.5 4.6 

CD+Fu 46.6 4.7 

Cons 8.6 7.4 

 

Short-term overall pain 

Intervention SUCRA Mean rank 

EpiASC 96.7 1.2 

EpiASH 82.3 2.1 

Endo 65.3 3.1 

Cons 35.3 4.9 

EpiAS 34.1 5.0 

EpiA 27.2 5.4 

EpiS 9.3 6.4 

 

Short-term global impression of recovery 

Intervention SUCRA Mean rank 

Endo 96.2 1.2 

MPD 75.7 2.2 

EpiS 44.6 3.8 

CD 39.0 4.0 

MSD 36.7 4.2 

Cons 7.8 5.6 

 

Long-term global impression of recovery 

Intervention SUCRA Mean rank 

MPD 89.2 1.5 

MSD 73.5 2.3 

ID 48.3 3.6 

CD 37.8 4.1 

CD+Fu 36.3 4.2 

Cons 14.9 5.3 

 

Short-term mobility 

Intervention SUCRA Mean rank 
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MPD 85.3 1.3 

Cons 35.3 2.3 

CD 29.4 2.4 

 

Long-term mobility 

Intervention SUCRA Mean rank 

MPD 86.3 1.4 

CD 63.6 2.1 

CD+Fu 26.9 3.2 

Cons 23.2 3.3 

 

All-cause mortality 

Intervention SUCRA Mean rank 

CD+Fu 95.8 1.2 

Cons 64.9 2.8 

CD 53.2 3.3 

CD+ID 30.3 4.5 

MSD 28.8 4.6 

MPD 27.0 4.6 

 

Adverse effect due to any reason 

Intervention SUCRA Mean rank 

Endo 91.0 1.7 

EpiS 71.8 3.3 

MPD 71.3 3.3 

Cons 64.3 3.9 

ID 63.8 3.9 

MSD 28.6 6.7 

CD 24.2 7.1 

CD+ID 22.5 7.2 

CD+Fu 12.5 8.0 

 

Intervention related adverse effect 

Intervention SUCRA Mean rank 

Cons 97.1 1.2 

Endo 79.3 2.7 
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ID 66.5 3.7 

EpiS 62.9 4.0 

MPD 61.3 4.1 

CD+ID 28.5 6.7 

MSD 25.8 6.9 

CD 20.2 7.4 

CD+Fu 8.4 8.3 

 

Reoperation rate 

Intervention SUCRA Mean rank 

MPD 86.7 1.7 

Endo 69.9 2.5 

CD 49.4 3.5 

CD+Fu 47.2 3.6 

MSD 46.2 3.7 

ID 0.6 6.0 

 

Treatment withdrawal due to any reason 

Intervention SUCRA Mean rank 

Endo 92.3 1.6 

MPD 72.4 3.2 

CD 51.7 4.9 

ID 50.6 5.0 

Cons 43.5 5.5 

CD+ID 42.6 5.6 

MSD 42.1 5.6 

EpiS 39.8 5.8 

CD+Fu 15.0 7.8 
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ABSTRACT 

IMPORTANCE Analgesics are widely used and at a steadily increasing rate over the past years. 

Given the many associated adverse events of analgesics and potential impact their long-term use 

may have on the patient’s general health, it is relevant to better understand whether different 

patterns of analgesic use may influence adverse outcomes. 

OBJECTIVE To identify distinct trajectories of analgesic use and identify the association of these 

trajectories with mortality and quality of life. 

DESIGN A population-based prospective cohort. 

SETTING The Chingford 1000 Women Study, UK. 

PARTICIPANTS Middle-aged, community-dwelling women. Data were collected from Year 1 

(1989 to 1991) to 15th August 2014. 

EXPOSURES Reported use of analgesics (anatomical therapeutic chemical codes: M01 and N02) 

as presented in the participant’s medical history questionnaire. 

MAIN OUTCOMES AND MESSURES All-cause mortality, cause-specific mortality, and 

quality of life. 

RESULTS Among 804 women (mean [SD] age, 62.7 [5.9] years; Year 10 [1998 to 2000]), we 

identified three distinct trajectories of analgesic use: (i) ‘no use’ group (691, 85.9%); (ii) 

‘increasing probability to use’ group (73, 9.1%); and (iii) ‘constant analgesic use’ group (40, 5.0%). 

Compared with the ‘no use’ group, the ‘constant analgesic use’ group was associated with 2.15 

times higher risk of all-cause mortality (95% confidence interval [CI]: 1.18 to 3.91) using a 

multivariable Cox proportional hazard model controlling for selected covariates. No association 

between cause-specific mortality and pattern of analgesic use was found. Worse quality of life in 

terms of physical function, role limitations due to physical health and pain was associated with 

constant and high probability and increased probability of using analgesics. 

CONCLUSIONS AND RELEVANCE In this cohort of middle-aged women, a small group of 

women had a high and constant probability of using analgesic over the study period and a markedly 

higher risk of all-cause mortality compared to those with no or low probability of using analgesics. 
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Introduction 

Chronic pain is common. A meta-analysis which identified 122 publications in 28 low-income and 

middle-income countries indicated that the prevalence of chronic pain was 33% in the general 

adult population and 56% in the general elderly population1. Based on the estimate from the 

Centers for Disease Control and Prevention, about one fifth (50.0 million) of the US adult 

population reported chronic pain and 8% (19.6 million) reported chronic pain that frequently limits 

life or work activities in 20162. Pharmacologic treatments including opioid, nonsteroidal anti-

inflammatory drugs (NSAIDs) and acetaminophen are mainstream options to alleviate pain, 

although the effects of these treatments on pain and function are small to moderate3-5.  

 

Despite the many risks associated with the use of analgesics, the duration of use and type of 

analgesic used may vary substantially in people with chronic pain3,6. A study conducted in 

Denmark found that only a minor percentage (5.3%) of patients who used opioid preoperatively 

still used it with same dose after receiving total knee arthroplasty7. Another Norwegian study 

showed that about two thirds (65%) of patients who started to use non-opioid analgesics escalated 

to weak or strong opioids within the five-year follow-up8. These differences might provide distinct 

prognostic information considering the mortality and quality of life9. Previous studies attempting 

to elucidate the trajectory of analgesic use have two main limitations: firstly, few studies have 

reported on long-term outcomes, especially on mortality and quality of life10,11; and, secondly, past 

studies have failed to account for the potential induction period12. This is because the exposure 

status at a given time will correlate with a possible increase or decrease in disease only at some 

later time, which might introduce bias if we modelled the exposure-outcome association without 

considering the later time issue; lag period analysis could assess the potential influence by the 

induction period12.  

 

The aim of our study was: 1) to identify distinct trajectories of analgesic use in middle-aged, 

community-dwelling women; and 2) to identify whether these trajectories are associated with 

increased risk of mortality and worse quality of life.  

 

Methods 

Study Sample 
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From an age/sex register of a large practice of over 11000 patients in Chingford, outer London 

(UK), all 1353 women in the age range 45-64 years were invited to participate in a study assessing 

musculoskeletal disease in the population. A total of 1003 women were examined between 1989 

and 1991 (Year 1, baseline visit); six died, 66 had moved away and 278 refused or did not respond. 

All the women lived within five miles of the general practice, and 98% of the women were white. 

Women from this general practice are similar to the UK general population in terms of weigh, 

height and BMI13. Only participants who reported at least three out of seven waves of data about 

analgesic use were included (Appendix S1). Based on analysis framework from previous 

studies14,15, we excluded women who died before Year 10 and those who did not attend Year 10 

visit. The Waltham Forest and Redbridge local research ethics committee has approved the study, 

and all participants provided written informed consent to participate in the study. 

 

Analgesic Assessment 

Women reported current medication use in an open field question within the medical history 

questionnaire. Data on use of non-opioid and opioid analgesics, defined based on Anatomical 

Therapeutic Chemical codes M01 and N02, were extracted from this question from follow-up 

years 1, 2, 3, 4, 8, 9 and 10 (Appendix S2). Penicillamine were excluded as these are not primarily 

prescribed as pain medication. Likewise, Aspirin was excluded as the dose data were insufficient 

to determine the purpose of their use (i.e., for pain relief or control of existing cardiovascular 

disease).  

 

Mortality and Quality of Life 

For all-cause mortality, which was the primary outcome, study participants were followed from 

the clinical date at Year 10 (1998 to 2000) visit and continued until death, loss to follow-up, or the 

end of the follow-up on 15th August 2014. The Health and Social Care Information Centre 

provided detailed mortality information based on the information collected by the Office for 

National Statistics from civil registration records. Cause-specific mortality, based on information 

from death certificates, was divided into cancer-related, cardiovascular disease-related, and others. 
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Quality of life was measured at Year 15 using the 36-Item Short-Form Health Survey (SF-36 short) 

which is widely used for routine monitoring and assessment of care outcomes in adult 16. The SF-

36 comprises of eight subscales: physical function, bodily pain, role limitations due to physical 

health problems, role limitations due to personal or emotional problems, general mental health, 

social function, energy/fatigue, and general health perceptions17. The eight subscales were scored 

following the instructions for RAND 36-Item Health Survey 1.0: scores range from 0 to 100, with 

higher scores indicating better quality of life. The minimal clinically important difference (MCID) 

was defined at 10 points for the lower confidence limit of a positive value and the upper confidence 

limit of a negative value18,19. 

 

Covariates 

Based on Global Burden of Diseases, Injuries, and Risk Factors Study 2019 (systematically 

assessed 87 risk factors for mortality in 204 countries and territories) and a previous Chingford 

study which also used mortality as the outcome, the following covariates were selected20,21. 

 

1) measurement at Year 10 visit: age (continuous), systolic blood pressure (continuous), body mass 

index (continuous), smoking status (never, current, and ex-smoker), fasting blood glucose 

(continuous), cholesterol level (total cholesterol, continuous) and major illness or operations (e.g., 

cancer, cardiovascular disease, gastrectomy, and cholecystectomy; summarized as a binary 

variable, yes or no; the definition details in Appendix S3). 

 

2) measurement before Year 10 visit: frequency of alcohol consumption (never, weekly, and social 

occasions), physical activity participation (from the question “were you a physically active person 

at age 30?”; yes or no), and occupation (manual or non-manual). 

 

Statistical Analysis 

We used a group-based trajectory model to determine trajectory groups of analgesic use22. The 

TRAJ package in Stata (version 15.1) was used to fit logistic model with up to cubic function and 

test trajectory groups23. Bayesian information criterion and posterior probability (>0.70) criteria 

were also used to determine the optimal number and shapes of trajectory groups, as previously 
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described24. The model with three trajectories and a quadratic function of follow-up year showed 

the best fit to the data. The average of the posterior probabilities of group membership for 

individuals assigned to each group was 0.84, 0.93, and 0.90, which indicated a good adequacy of 

the selected model25. Descriptive statistics were performed for each covariate in each trajectory 

group. 

 

To identify whether these trajectories are associated with increased risk of mortality and quality of 

life, trajectory groups were treated as categorical exposure variables with ‘no use’ group as a 

reference. For all-cause mortality, hazard ratios (HR) and 95% confidence intervals (CI) were 

estimated through Cox proportional hazards model. Proportional hazard assumption was met. 

Cause-specific mortality was calculated using multistate survival analysis considering competing 

risks (e.g., women who died due to cancer could not die due to cardiovascular disease)26. Quality 

of life was calculated for each subscale through linear regression and reported as mean differences 

(MD) and 95% CI. Multiple imputation was used to deal with missing data in covariates with 

missing at random assumption27. Different measurement times for the covariates was adjusted 

using the following three models for each analysis: model 1: adjusted for age; model 2: adjusted 

for age, systolic blood pressure, body mass index, smoking status, glucose, cholesterol level and 

major illness or operations; model 3: further adjusted for alcohol consumption, physical activity 

participation, and occupation. Effect estimates from model 2 were presented in the results section. 

 

For the primary outcome (all-cause mortality), e-value was also calculated to assess the influence 

from unmeasured confoundings28. To assess the influence of potential induction period, we used 

different lag time periods (3, 5, 7, and 10-year lag)12. To explore the effect estimate of non-opioid 

vs opioid analgesics, we performed four sensitivity analyses (Appendix S4). Considering severe 

cancers could cause extreme pain which might bias the results, we excluded women with cancer 

as a sensitivity analysis (Appendix S4). All statistical analyses, except identifying trajectory 

groups, were performed in R (R Core Team, version 4.0.2).   

 

Results 
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A total of 1003 women were included in the Chingford 1000 Women study. We excluded 48 

women who reported one or two waves data for analgesic use and 151 women who did not attend 

the Year 10 visit or died before the Year 10 visit. These exclusions resulted in a final sample of 

804 women. Based on group-based trajectory modelling, we identified three distinct trajectories 

of analgesic use (Figure 1). The trajectory group of ‘no use’ comprised 691 (85.9%) women and 

was characterized by no or low probability of using analgesics during the study period (i.e., Year 

1 to 10). The trajectory group of ‘increasing probability to use’, comprised 73 (9.1%) women. This 

group was characterized by a very low probability of analgesic use during the initial years (i.e., 

Year 1 to 3), followed by a steady increase in the probability of using analgesics. The trajectory 

group of ‘constant analgesic use’ comprised 40 (5.0%) women. This group was characterized by 

a high and constant probability of using analgesics during the study period. Table 1 lists the basic 

characteristics of study participants at Year 10. 

 

There were 136 deaths recorded with a mean follow-up time of 9.6 years (standard deviation: 4.2), 

ranging from 1 to 15 years. Compared with the ‘no use’ group, the ‘constant analgesic use’ group 

was associated with 2.15 times higher risk of all-cause mortality (95% CI: 1.18 to 3.91) as shown 

in the multivariable Cox proportional hazard model. E-value results (Appendix S5) indicated that 

the observed HR estimate of 2.15 could be explained by an unmeasured confounder with the HR 

estimate of 2.78, but weaker confounding could not do so; the confidence interval could be moved 

to include the null by an unmeasured confounder with the HR estimate of 1.49, but weaker 

confounding could not do so. We did not find an association between ‘increasing probability to 

use’ versus ‘no use’ group (HR 0.84, 95% CI 0.46 to 1.54). When further adjustment was made 

for alcohol, physical activity, and occupation, the results were similar. Details can be found in 

Table 2. Of the 136 deaths observed, the most common cause was cancer (62, 45.6%), followed 

by other causes (42, 30.9%) and cardiovascular disease (32, 23.5%). No association between 

cause-specific mortality and pattern of analgesic use was found (Table 2). 

 

A total of 626 women reported data on quality of life. Both the ‘increasing probability to use’ and 

the ‘constant analgesic use’ group were associated with worse quality of life across subscales of 

physical function, role limitations due to physical health and pain qual, compared with the ‘no use’ 

group (e.g., ‘increasing probability to use’ vs ‘no use’; subscale of physical function; MD -23.5, 
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95% CI -30.1 to -16.9). These effect estimates were larger than the minimum clinical important 

difference (MCID) of 10 points (0-100 scale, SF-36) for the upper confidence limit of a negative 

value19. The ‘constant analgesic use’ group, rather than the ‘increasing probability to use’ group, 

was associated with worse quality of life in subscale of general health (MD -5.9, 95% CI -10.1 to 

-1.7). But the effect estimate was too small to have MCID. Both the ‘increasing probability to use’ 

and the ‘constant analgesic use’ group were not associated with worse quality of life across other 

remaining four subscales, compared with the ‘no use’ group (e.g., ‘increasing probability to use’ 

vs ‘no use’; subscale of emotional well-being; MD -0.27, 95% CI -2.9 to 2.3). Details can be found 

in Figure 2, Figure 3 and Appendix S6. 

 

Sensitivity results indicated that a slight increase in the risk estimate when comparing the redefined 

‘constant analgesic use’ group which had one or more waves of opioids versus ‘no use’ group (HR 

2.93, 95% CI 1.44 to 5.94 vs original HR 2.15, 95% CI 1.18 to 3.91). The results were similar 

when redefining ‘constant analgesic use’ group as the group with two or more waves of opioids 

(HR 2.83, 95% CI 1.13 to 7.10). However, the risk estimate decreased (HR 1.38, 95% CI 0.50 to 

3.84) when women who used opioid were excluded from the ‘constant analgesic use’ group. The 

risk estimates were similar when redefining ‘increasing probability to use’ group as the group with 

one or more waves of opioids. The results were similar after excluding women with cancer. For 

the lag period analyses, and compared with the ‘no use’ group, the results for the ‘constant 

analgesic use’ and the ‘increasing probability to use’ groups were similar. Details of the sensitivity 

and lag period analyses can be found in Appendix S6 and S7. 

 

Discussion 

In a representative cohort of middle-aged, community-dwelling women in UK, we identified three 

distinct trajectories of analgesic use: ‘increasing probability to use’, ‘no use’, and ‘constant 

analgesic use’. While most women in our study (86%) had no or low probability of using 

analgesics during the study period, for the small group of women with constant and high 

probability of analgesic use, a 2-fold increase in the risk of all-cause mortality was observed. No 

association between cause-specific mortality and pattern of analgesic use was found. Worse quality 

of life in terms of physical function, role limitations due to physical health and pain was associated 

with constant and high probability and increased probability of using analgesics.  
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Compared with traditional approaches (e.g., mixed effects models and generalized estimating 

equations), group-based trajectory analysis can classify people into distinct, mutually exclusive 

groups, which allows us to explore beyond the population average15,25. One previous study 

including participants in inpatient multidisciplinary musculoskeletal rehabilitation used group-

based trajectory analysis and identified six groups29. Our results were similar to those presented in 

this study. ‘Increasing probability to use’ group (9%) of the current study corresponded to group 

2 (10.6%) in the previous study, which demonstrated increasing use during the follow-up period 

of 9 years. Our ‘No use’ (86%) group corresponded to group 1 (14%) which showed a constant 

and low use of analgesics. Likewise, our ‘Constant analgesic use’ group (5%) was similar with the 

study’s groups 5 and 6 (49%) which showed stable use during the follow-up period of 9 years. 

Group 4 (10.9%) included a trajectory that was specific to an intervention and therefore, was not 

comparable to our results. And finally, group 3 (15.4%) resembled the shape of the population 

average. We did not find the similar group in this study, which might be due to the sample size 

issue. Moreover, these component percentage differences might be due to the population 

differences (inpatient vs community-dwelling women). 

 

The markedly higher all-cause mortality in the ‘constant analgesic use’ group compared with the 

‘no use’ group could be mainly attributed to the use of opioid, as suggested in our sensitivity 

analyses. The effect of opioid use on all-cause mortality was not observed in other trajectory 

groups, possibly due to the limited sample size, which should be confirmed by future studies with 

a larger sample size. We used lag period analyses to assess whether these results were affected by 

induction period, which confirmed that the results were robust. Limited sample size might be the 

main reason for non-statistically significant associations for cause-specific mortality. For the 

comparison between ‘constant analgesic use’ or ‘increasing probability to use’ group and ‘no use’ 

group, the worse outcomes in the SF-36 subscales of physical function and pain were similar to a 

previous study among medical cannabis patients30. This cross-sectional study indicated that 

patients who used pain medication tended to report higher levels of pain and lower levels of 

physical component score from the Short Form-12 Health Survey (SF-12), but no significant 

difference was observed for mental component score from SF-12. Our cohort study confirmed this 

finding in a general population of women and further proposed that not only the ‘constant analgesic 
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use’ group but also the ‘increasing probability to use’ group would lead to poorer physical health. 

The impact of analgesic use on long-term mental health remains debatable, however. A previous 

meta-analysis has indicated that anti-inflammatory treatment might decrease depressive symptoms 

in adults who have either a diagnosis of depression or experience depressive symptoms31. It is 

possible, however, the relationship between analgesic use and mental disorders (e.g., depression) 

is bi-directional, future studies should consider using repeatedly measured data (exposures, 

covariates and outcomes) to correct for this potential bias12. 

 

Our study had several strengths. To our knowledge, this is the first study to identify the trajectories 

of analgesic use in the general women population, and then relate these trajectories to mortality 

and quality of life. The data we used, contain a long-term follow-up with good recruitment and 

retention rates. We performed additional analyses to confirm the robustness of our results: E-value 

for unmeasured confounding, lag period analysis for induction period and sensitivity analyses for 

the effect estimate from non-opioid and opioid analgesics. 

 

Some limitations should also be mentioned. Firstly, our data did not have detailed information 

about the dosage and frequency of analgesic use, which prevented us from exploring the potential 

dose-response relationship. Overdose or inappropriate choice of analgesic should be explored in 

future studies. Moreover, Chingford 1000 Women Study included middle-aged UK women, and 

almost all women were white. We must exercise caution when generalising the results to men, 

other age groups, other ethnic groups, or to other countries. Thirdly, unmeasured confounding still 

might affect the results, although we adjusted extensively to several covariates. Our reported E-

values, at least partially, supported the robustness of the results. Finally, confounding by indication 

might affect the results. Although we adjusted major illness or operations and performed a 

sensitivity analysis by excluding women with cancer, unrecorded disease and/or disease severity 

might have affected the analgesic prescription.  

 

Conclusions 

In this cohort of middle-aged women, a small group of women had a high probability of using 

analgesic and a markedly higher all-cause mortality compared with those with no or low 

probability of using analgesics. 



285 
 

References 

1. Jackson T, Thomas S, Stabile V, Han X, Shotwell M, McQueen K. Prevalence of chronic 

pain in low-income and middle-income countries: a systematic review and meta-analysis. Lancet 

(London, England). 2015;385 Suppl 2:S10. 

2. Dahlhamer J, Lucas J, Zelaya C, et al. Prevalence of Chronic Pain and High-Impact 

Chronic Pain Among Adults - United States, 2016. MMWR Morbidity and mortality weekly report. 

2018;67(36):1001-1006. 

3. McDonagh MS, Selph SS, Buckley DI, et al. AHRQ Comparative Effectiveness Reviews. 

Nonopioid Pharmacologic Treatments for Chronic Pain. Rockville (MD): Agency for Healthcare 

Research and Quality (US); 2020. 

4. Megale RZ, Deveza LA, Blyth FM, et al. Efficacy and Safety of Oral and Transdermal 

Opioid Analgesics for Musculoskeletal Pain in Older Adults: A Systematic Review of Randomized, 

Placebo-Controlled Trials. The journal of pain. 2018;19(5):475.e471-475.e424. 

5. Saragiotto BT, Machado GC, Ferreira ML, Pinheiro MB, Abdel Shaheed C, Maher CG. 

Paracetamol for low back pain. The Cochrane database of systematic reviews. 

2016;2016(6):Cd012230. 

6. Wilson N, Kariisa M, Seth P, Smith Ht, Davis NL. Drug and Opioid-Involved Overdose 

Deaths - United States, 2017-2018. MMWR Morbidity and mortality weekly report. 

2020;69(11):290-297. 

7. Jørgensen CC, Petersen M, Kehlet H, Aasvang EK. Analgesic consumption trajectories in 

8975 patients 1 year after fast-track total hip or knee arthroplasty. European journal of pain 

(London, England). 2018. 

8. Fredheim OM, Brelin S, Hjermstad MJ, et al. Prescriptions of analgesics during complete 

disease trajectories in patients who are diagnosed with and die from cancer within the five-year 

period 2005-2009. European journal of pain (London, England). 2017;21(3):530-540. 

9. Riley RD, van der Windt D, Croft P, Moons KG. Prognosis research in healthcare: 

concepts, methods, and impact. Oxford University Press; 2019. 

10. Chen T, Du J, Zhong N, et al. Trajectories of heroin use predict relapse risk among heroin-

dependent patients: A 5-year follow-up study. Journal of Clinical Neuroscience. 2020;76:134-139. 



286 
 

11. Dublin S, Walker RL, Gray SL, et al. Prescription opioids and risk of dementia or cognitive 

decline: a prospective cohort study. Journal of the American Geriatrics Society. 2015;63(8):1519-

1526. 

12. Lash TL, VanderWeele TJ, Haneause S, Rothman K. Modern epidemiology. Lippincott 

Williams & Wilkins; 2020. 

13. Arden NK, Griffiths GO, Hart DJ, Doyle DV, Spector TD. The association between 

osteoarthritis and osteoporotic fracture: the Chingford Study. British journal of rheumatology. 

1996;35(12):1299-1304. 

14. Rod NH, Bengtsson J, Budtz-Jørgensen E, et al. Trajectories of childhood adversity and 

mortality in early adulthood: a population-based cohort study. Lancet (London, England). 

2020;396(10249):489-497. 

15. Song M, Hu FB, Wu K, et al. Trajectory of body shape in early and middle life and all 

cause and cause specific mortality: results from two prospective US cohort studies. BMJ (Clinical 

research ed). 2016;353:i2195. 

16. McHorney CA, Ware JE, Jr., Raczek AE. The MOS 36-Item Short-Form Health Survey 

(SF-36): II. Psychometric and clinical tests of validity in measuring physical and mental health 

constructs. Medical care. 1993;31(3):247-263. 

17. Laucis NC, Hays RD, Bhattacharyya T. Scoring the SF-36 in Orthopaedics: A Brief Guide. 

The Journal of bone and joint surgery American volume. 2015;97(19):1628-1634. 

18. Ferreira ML, Herbert RD, Crowther MJ, Verhagen A, Sutton AJ. When is a further clinical 

trial justified? BMJ (Clinical research ed). 2012;345:e5913. 

19. 36-Item Short Form Survey (SF-36) Scoring Instructions.  https://www.rand.org/health-

care/surveys_tools/mos/36-item-short-form/scoring.html. Accessed 20 Dec, 2020. 

20. Global burden of 87 risk factors in 204 countries and territories, 1990-2019: a systematic 

analysis for the Global Burden of Disease Study 2019. Lancet (London, England). 

2020;396(10258):1223-1249. 

21. Kluzek S, Sanchez-Santos MT, Leyland KM, et al. Painful knee but not hand osteoarthritis 

is an independent predictor of mortality over 23 years follow-up of a population-based cohort of 

middle-aged women. Annals of the rheumatic diseases. 2016;75(10):1749-1756. 

22. Nagin DS, Odgers CL. Group-based trajectory modeling in clinical research. Annual 

review of clinical psychology. 2010;6:109-138. 



287 
 

23. Jones BL, Nagin DS. A Note on a Stata Plugin for Estimating Group-based Trajectory 

Models. Sociological Methods & Research. 2013;42(4):608-613. 

24. Radojčić MR, Arden NK, Yang X, et al. Pain trajectory defines knee osteoarthritis 

subgroups: a prospective observational study. Pain. 2020;161(12):2841-2851. 

25. Herle M, Micali N, Abdulkadir M, et al. Identifying typical trajectories in longitudinal data: 

modelling strategies and interpretations. European journal of epidemiology. 2020;35(3):205-222. 

26. Therneau TM, Lumley T. Package ‘survival’. R Top Doc. 2015;128(10):28-33. 

27. Van Buuren S. Flexible imputation of missing data. CRC press; 2018. 

28. VanderWeele TJ, Ding P. Sensitivity Analysis in Observational Research: Introducing the 

E-Value. Annals of internal medicine. 2017;167(4):268-274. 

29. Saltychev M, Laimi K, Pentti J, Kivimäki M, Vahtera J. Use of pain medication before and 

after inpatient musculoskeletal rehabilitation: longitudinal analysis of a nationwide cohort. 

International journal of rehabilitation research Internationale Zeitschrift fur 

Rehabilitationsforschung Revue internationale de recherches de readaptation. 2018;41(2):159-

165. 

30. Perron BE, Bohnert K, Perone AK, Bonn-Miller MO, Ilgen M. Use of prescription pain 

medications among medical cannabis patients: comparisons of pain levels, functioning, and 

patterns of alcohol and other drug use. Journal of studies on alcohol and drugs. 2015;76(3):406-

413. 

31. Köhler O, Benros ME, Nordentoft M, et al. Effect of anti-inflammatory treatment on 

depression,      depressive symptoms, and adverse effects: a systematic review and meta-analysis 

of randomized clinical trials. JAMA psychiatry. 2014;71(12):1381-1391. 

 

 

 

 

 



288 
 

Figure 1. Trajectories of analgesic use. 
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Figure 2. Quality of life results including four subscales related to physical component. 

 

The reference group is ‘no use’ group. Error bars indicate 95% confidence interval. 
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Figure 3. Quality of life results including four subscales related to mental component. 

 

The reference group is ‘no use’ group. Error bars indicate 95% confidence interval. 
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Table 1. Basic characteristics of study participants at Year 10 according to trajectories of analgesic 

use from Year 1 to 10. 

 Analgesic use trajectory Whole cohort 

Variable No use Increasing 

probability to 

use 

Constant 

analgesic use 

No (%) participants 691 (85.9) 73 (9.1) 40 (5.0) 804 (100.0) 

Age 62.5 (5.9) 63.7 (6.1) 63.7 (5.7)  62.7 (5.9) 

Body mass index 26.6 (4.6) 27.8 (5.0) 28.3 (5.4) 26.8 (4.7) 

  Missing (%) 1 (0.1) N/A N/A 1 (0.0.1) 

Systolic blood pressure 

(mmHg) 

136.1 (20.9) 136 (19.6) 133.2 (24.8) 135.9 (21.0) 

  Missing (%) 4 (0.6) N/A N/A 4 (0.5) 

Smoking status (%)     

  Never 390 (56.4) 34 (46.6) 19 (47.5) 443 (55.1) 

  Current 88 (12.7) 14 (19.2) 9 (22.5) 111 (13.8) 

  Ex-smoker 208 (30.1) 25 (34.2) 12 (30.0) 245 (30.5) 

  Missing  5 (0.7) N/A N/A 5 (0.6) 

Fasting blood glucose (mmol/l) 5.2 (0.77) 5.3 (0.53) 5.3 (0.63) 5.3 (0.95) 

  Missing (%) 339 (49.1) 37 (50.7) 12 (30.0) 388 (48.3) 

Cholesterol (mmol/l) 6.3 (1.2) 6.2 (1.1) 6.5 (1.2) 6.3 (1.2) 

  Missing (%) 334 (48.3) 36 (49.3) 11 (27.5) 381 (47.4) 

Frequency of alcohol (%)     

  Never 119 (17.2) 18 (24.7) 7 (17.5) 144 (17.9) 

  Weekly 265 (38.4) 30 (41.1) 16 (40.0) 311 (38.7) 

  Social occasions 307 (44.4) 25 (34.2) 17 (42.5) 349 (43.4) 

Physical activity (%)     

  Yes 543 (78.6) 65 (89.0) 31 (77.5) 639 (79.5) 

  No 138 (20.0) 8 (11.0) 8 (20.0) 154 (19.2) 

  Missing 10 (1.4) N/A 1 (2.5) 11 (1.3) 
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Occupation (%)     

  Manual 117 (16.9) 15 (20.5) 6 (15.0) 138 (17.2) 

  Non-manual 537 (77.7) 53 (72.6) 33 (82.5) 623 (77.5) 

  Missing 37 (5.4) 5 (6.8) 1 (2.5) 43 (5.3) 

Major illness or operations (%)     

  Yes 203 (29.4) 19 (26.0) 13 (32.5) 235 (29.2) 

  No 488 (70.6) 54 (74.0) 27 (67.5) 569 (70.8) 

Values are means (SDs) unless stated otherwise. 
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Table 2. Association between trajectories of analgesic use and mortality (HR and 95% CI). 

 Analgesic use trajectory 

Cause of death No use Increasing probability 

to use 

Constant analgesic use 

All-cause 

No of deaths (n=136) 111 12 13 

Adjusted for age  1 (reference) 0.88 (0.49, 1.60) 2.30 (1.29, 4.09) 

Multivariable adjusteda 1 (reference) 0.84 (0.46, 1.54) 2.15 (1.18, 3.91) 

Further adjustedb 1 (reference) 0.78 (0.42, 1.44) 2.12 (1.16, 3.87) 

Cancer 

No of deaths (n=62) 51 6 5 

Adjusted for age 1 (reference) 1.01 (0.43, 2.36) 1.83 (0.73, 4.60) 

Multivariable adjusteda 1 (reference) 0.99 (0.42, 2.34) 1.80 (0.71, 4.56) 

Further adjustedb 1 (reference) 0.98 (0.41, 2.33) 1.87 (0.74, 4.77) 

Cardiovascular disease 

No of deaths (n=32) 27 1 4 

Adjusted for age 1 (reference) 0.29 (0.04, 2.11) 3.24 (1.13, 9.33) 

Multivariable adjusteda 1 (reference) 0.27 (0.04, 2.00) 2.80 (0.82, 9.55) 

Further adjustedb 1 (reference) 0.27 (0.04, 2.09) 2.39 (0.67, 8.50) 

Other causes 

No of deaths (n=42) 33 5 4 

Adjusted for age 1 (reference) 1.19 (0.46, 3.06) 2.49 (0.88, 7.07) 

Multivariable adjusteda 1 (reference) 1.29 (0.46, 3.60) 2.54 (0.80, 8.01) 

Further adjustedb 1 (reference) 1.32 (0.46, 3.80) 2.25 (0.69, 7.27) 

HR: hazard ratio, CI: confidence interval 

a age, systolic blood pressure, BMI, smoking status, glucose, cholesterol, major illness or 

operations,  

b alcohol, physical activity, occupation 
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Appendix S1. Details of data wave 
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Appendix S7. Sensitivity and lag period analyses for all-cause mortality (HR and 95% CI) 
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Appendix S1. Details of data wave 

No. reported waves No. women Accumulation no. women 

Seven waves 300 300 

Six waves 91 391 

Five waves 154 545 

Four waves 342 887 

Three waves 68 955 

Two waves 46 1001 

One wave 2 1003 

 

Appendix S2. Details of analgesic 

With specific name 

2.1.1 With opioid involved 

Dihydrocodeine; Dextromoramide; Tramadol; Codeine; Morphine; Paracetamol and 

dextropropoxyphene; Paracetamol and Codeine; Paracetamol and dihydrocodeine 

2.1.2 Without opioid involved 

Indomethacin; Ibuprofen; Diclofenac; Etodolac; Fenbufen; Flurbiprofen; Fenoprofen; Mefenamic 

acid; Naproxen; Piroxicam; Ketoprofen; Movelat; Glucosamine; Feverfew; Paracetamol  

2.2 Without specific name 

NSAID; Anti-inflammatory; Analgesics; For migraine; Painkillers 

 

Appendix S3. Details of major illness or operations 

This covariate was defined by two categories of questionaries and the information from Year 1 to 

10. If the participant has the serious operations/illnesses in at least one year, we defined the value 

of this covariate as yes. Otherwise, the value is no.  

 

The first category is defined by Yes/No response. From Year 1 to Year 4, women were asked the 

following questions: 
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1) Serious operations/illnesses: cancer? 

2) Serious operations/illnesses: Cardiac Vascular Diseases? 

3) Serious operations/illnesses: Gastrectomy? 

4) Serious operations/illnesses: Cholecystectomy? 

 

The second category is defined by text response. From Year 1 to Year 4, women were asked the 

question: Serious operations/illnesses: Other? From Year 8 to Year 10, women were asked the 

question: Any major illnesses or operations?
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The following texts in each year were included: 

Year 1 

heart valve ops 

pyelitis 

Rheumatic fever 

Tuberculosis (and epilepsy since 14) 

Non-A, non-B hepatitis and mild haemophiliac 

Tuberculosis 

Open heart surgery, rheumatic fever age 6-10 

Rheumatic fever, heart murmur 

appendectomy, also nervous breakdowns since the age of 19 

Rheumatic fever x 2 

Caesarians '70 Angina and cardiac spasms 

Kidney stones, Asthma since '76, Appendicectomy '82, Dermatomyositis since '84 

Psoriasis? Glandular fever and Hepatitis '85 

Appendicectomy with Peritonitis 

Heart valve replaced and appendicect. '56 and bladder rep. '87 

Asthma 

Diptheria 

appendect,hepatitis. 

appendix, tonsilectomy, Hiroshimo's thyroid. 

Typhoid (as child) 

sarcoidosis 

SLE (Systemic Lupus Erythematosus) 

Multiple sclerosis 

RA (Rheumatoid Arthritis) 

Polio 

Typhoid 

Epilepsy 

Ulcerative colitis 

Kidney removed 

Granes Disease 

angina, gout 

Parkinsons & Maiges syndrome 

oopherectomy 

infectious hepatitis 

TB 

Psoriatic arthritis 

ectopic(peritonitis) 

gastric ulcer 

Psitticosis 

Rheumatic Fever, heart failure, kidney failure 

RA 
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jaundice 

Viral meningitis, ectopic (74), 

Hepatitis 

R eye blind; 5 ops 

Viral meningitis 

TB, pleuresy 

rheumatic fever 

SLE 

Urethral repair 

duodenal ulcer; 

D.V.T. L leg, 1966 ect.pregnancy 

osteomyelitis 

viral hepatitis 

Crohns 

Rheumatic Fever, Polyarthritis 

encephalitis 

temp colostomy 

glaucoma 

polio head 

L nephrectomy 

Bovine TB,breast lump 

ectopic; fall. Tubes removed age? 

over active thyroid 

preg toxaemia; breast lump '72; chemical imbalance +depression, '80 

TB op 

septicaemia myelitis 

cerebral palsy; left 

breast lump, asthma 

breast lumps rem, stomach ulcer 

cataracts, DM ops 

thyroid tumour 

epilepsy; partially blind 

cholycystitis, congenital spine curvature 

malignant melanoma 1991 1990 l breast lump aspirated 1990 thyroidectomy benign 

tumours1981 Whiplash RTA 

breech birth, R.hemiplegia with muscle wastage. 

depression 2yrs 

L knee septic arthritis, stopped age 8yrs after flares in both knees 

 

Year 2 

glaucoma 

ME 

High blood calcium, under Barts for thyroid. 
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gynae op 

Hashimotos thyroiditis 

Pelvic infectn 

D & C 06/91 haemorrhage 

TB glands as child, Radium 

T.B 

Ortho ops 

Endocarditis Po 

Gynae ops 

TB as child 

colostomy 

Deep vein thrombosis 

gynae(repair) 

suspected MI 

Gynae ops 

gynae & molt op 

Polip C 

Gynae,ov. cyst ops,ov.cyst 

Gynae ops,D&C 

Gynae ops,D&C 

gynae ops. 

 

Year 3 

depression 

Lupus flare 

burst abcess in uterus- TAH + BSO 

Asthma 

Asthma 

 

Year 4 

heart bypass 

pacemaker 

skin cancer 

heart bypass 

 

Year 8 

Lump removed R  breast. Hepatitis. 

Asthma attacks 

Viral infection for 6/12. 

Jaundice. 
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Immune system broke down. 

Cateract. 

Glaucoma. 

Sub arachnoid haemorrhage. 

Blocked arteries. 

Angina 

Corpal suspension. 

Hepatitis 

Urostomy 

Suspected heart attack Aug 97. 

Gout. 

Bowel operation. 

Bowel operation. 

CA on leg. 

Transfusions at Whipps Cross 

Aortic valve disease. 

Lung biopsy (Bronchiolitis obliterans organising pneumonia) 

Cone biopsy, ok. Septicaemia 04/98. 

 

Year 9 

Gall bladder removed. Pancreatic cyst drained. 

Mastectomy R side. Cateract operation. 

Ulcerative colitis. 

Angina, attends chest clinic. 

Thyroidism, Nov 97. 

Bronchiectasis, Feb 98. 

Sinus wash out, Sep 97. 

Glaucoma & cateract operations. 

Heart attack, Mar 97. 

Asthma. 

Bells palsy, 03/97. 

Acute asthmatic episode, Dec 97. 

Revision THR, June 97. Pulmonary embolism, Jul 97. Haemorrhage, Aug 97. Revision 

THR, Feb 98. Internal haemorrhage, May 98. 

L DVT, Aug 97. 

Treated for Bells Palsy 

05/98 bad pneumonia 

Rectoseal operation, 1/98; asthma now diagnosed. 

Depression 9/98. 

High BP, enlarged heart to be referred to a specialist at WX 

Angina 08/98 

hip pain 9/98, stroke 11/98 



301 
 

Hospital admission for exacerbation of constructive pulmonary airway disease/emphasema 

12/97 

Repair of pelvic floor 03/98; seeing private psychiatrist for depression at Holly House 

Admitted to WX, diagnosed hypothyroidism and anemia 8/98 

Emphysema, 6/98 

MS 20yrs thus effecting balance  breast cyst remove 4/98 

Stomach ulcer diagnosed 02/98 

Attending pain clinic for cerebral palsy, since 12/98 

Lung surgery 01/98 

Lumpectomy & radiotherapy 11/98 

L cataract 06/98, also attends psychiatric clinic 

Psorosisrosia 12/98 , brain haemorrhage 01/99 

2 heart attacks 1st one silent, 2nd in 02/99 

Septicaemia 04/98 

 

Year 10 

Shunt placed between pancreas and stomach for pseudo cyst. 

Chemotherapy for recurring NH lymphoma. 

Ovarian cyst removed, chemo. 

Angina 

Chronic asthma 

Stroke 09/98 hand and voice speech quite good 

Angina 

Heart attack 06/98, diagnosed angina 

Breast Ca 12/98, 2 lumps removed 

Septic Arthritis 

Hysterectomy 02/98 cancerous polyp removed 

Fibrillation 05/99 

Revision of L THR, Jun 98; pulmonary embolism, Jul 97; haemorrhage, Aug 97; revision 

L THR, Feb 98; internal haemorrhage, May 98. 

Stroke September 1998 no lasting affects 

Another breast ca in same breast 04/99 masectomy 

Numbness L side, OA hands, colitis 

Womb being investigated due to periods on non-bleed HRT, seeing Dr 09/99 

Brain operation April 1999 

Diagnosed enlarged left ventricle July 1999 

Smear abnormal cone biopsy arranged 01/00.  Cataracts diagnosed 12/99. 

Hysterectomy August 1999  Ca of ovaries July 1999 

Resection of small intestine due to adhesions in September 1999 in Hospital for a month 

12/99 knocked down by car badly bruised and shaken 

Polycytraemia (too many red blood cells 12/98) 

January 2000 diagnosed with breast cancer resulting in lumpectomy and lymph nodes 

removed 
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Appendix S4. Methods for sensitivity analyses 

redefined ‘constant analgesic use’ group as the group with one or more waves of opioids; 

redefined ‘constant analgesic use’ group as the group with two or more waves of opioids; 

redefined ‘constant analgesic use’ group as the group without opioids; 

redefined ‘increasing probability to use’ group as the group with one or more waves of opioids; 

exclude women with cancer (for the outcome – all-cause mortality and quality of life). 

 

Appendix S5. E-values for all-cause mortality 

 Analgesic use trajectory 

 No use Increasing probability 

to use 

Constant analgesic use 

No of deaths (n=136) 111 12 13 

Adjusted for age  1 (reference) 1.53 (1) 2.94 (1.67) 

Multivariable adjusteda 1 (reference) 1.67 (1) 2.78 (1.49) 

Further adjustedb 1 (reference) 1.88 (1) 2.74 (1.45) 

a age, systolic blood pressure, BMI, smoking status, glucose, cholesterol, major illness or 

operations,  

b alcohol, physical activity, occupation 

 

Appendix S6. Association between trajectories of analgesic use and quality of life (MD and 

95% CI) 

S6.1. Whole cohort 

 Analgesic use trajectory 

Sub-scales No use Increasing probability 

to use 

Constant analgesic use 

Physical functioning 

Adjusted for age  0 (reference) -25.13 (-32.13, -18.13) -34.34 (-44.38, -24.30) 

Multivariable adjusteda 0 (reference) -23.47 (-30.07, -16.87) -32.25 (-41.75, -22.76) 

Further adjustedb 0 (reference) -23.46 (-30.10, -16.81) -32.23 (-41.76, -22.70) 

Role limitations due to physical health 
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Adjusted for age  0 (reference) -30.74 (-41.98, -19.50) -31.81 (-47.93, -15.69) 

Multivariable adjusteda 0 (reference) -28.65 (-39.72, -17.57) -28.82 (-44.76, -12.88) 

Further adjustedb 0 (reference) -28.60 (-39.75, -17.45) -28.43 (-44.42, -12.44) 

Role limitations due to emotional problems 

Adjusted for age  0 (reference) -1.31 (-11.01, 8.38) -11.61 (-25.52, 2.30) 

Multivariable adjusteda 0 (reference) -0.42 (-10.12, 9.29) -10.39 (-24.35, 3.57) 

Further adjustedb 0 (reference) 0.09 (-9.67, 9.86) -10.30 (-24.29, 3.70) 

Energy/fatigue 

Adjusted for age  0 (reference) -0.63 (-3.42, 2.16) -3.26 (-7.27, 0.75) 

Multivariable adjusteda 0 (reference) -0.67 (-3.47, 2.13) -3.30 (-7.33, 0.73) 

Further adjustedb 0 (reference) -0.68 (-3.50, 2.13) -3.18 (-7.23, 0.86) 

Emotional well-being 

Adjusted for age  0 (reference) -0.63 (-3.42, 2.16) -3.26 (-7.27, 0.75) 

Multivariable adjusteda 0 (reference) -0.27 (-2.86, 2.32) -2.01 (-5.74, 1.71) 

Further adjustedb 0 (reference) -0.63 (-3.21, 1.96) -1.82 (-5.52, 1.89) 

Social functioning 

Adjusted for age  0 (reference) -0.92 (-3.39, 1.55) -1.38 (-4.92, 2.17) 

Multivariable adjusteda 0 (reference) -0.79 (-3.27, 1.69) -1.27 (-4.84, 2.30) 

Further adjustedb 0 (reference) -0.71 (-3.21, 1.78) -1.35 (-4.93, 2.23) 

Pain 

Adjusted for age  0 (reference) -20.74 (-27.65, -13.81) -24.91 (-34.84, -14.98) 

Multivariable adjusteda 0 (reference) -19.48 (-26.33, -12.63) -23.14 (-33.00, -13.29) 

Further adjustedb 0 (reference) -19.31 (-26.21, -12.42) -23.26 (-33.15, -13.38) 

General health 

Adjusted for age  0 (reference) -2.52 (-5.44, 0.40) -5.92 (-10.11, -1.73) 

Multivariable adjusteda 0 (reference) -2.41 (-5.32, 0.49) -5.92 (-10.11, -1.74) 

Further adjustedb 0 (reference) -2.53 (-5.45, 0.38) -6.14 (-10.32, -1.96) 

MD: mean difference, CI: confidence interval 

a age, systolic blood pressure, BMI, smoking status, glucose, cholesterol, major illness or 

operations,  
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b alcohol, physical activity, occupation 

 

S6.2. Exclude women with cancer 

 Analgesic use trajectory 

Sub-scales No use Increasing probability 

to use 

Constant analgesic use 

Physical functioning 

Adjusted for age  0 (reference) -24.61 (-31.84, -17.38) -33.56 (-43.85, -23.27) 

Multivariable adjusteda 0 (reference) -23.13 (-29.93, -16.32) -31.51 (-41.24, -21.78) 

Further adjustedb 0 (reference) -23.10 (-29.95, -16.25) -31.58 (-41.35, -21.81) 

Role limitations due to physical health 

Adjusted for age  0 (reference) -29.15 (-40.73, -17.57) -30.53 (-47.01, -14.04) 

Multivariable adjusteda 0 (reference) -27.19 (-38.60, -15.78) -27.56 (-43.85, -11.27) 

Further adjustedb 0 (reference) -27.19 (-38.66, -15.72) -27.23 (-43.57, -10.88) 

Role limitations due to emotional problems 

Adjusted for age  0 (reference) 1.15 (-8.83, 11.14) -12.78 (-26.99, 1.44) 

Multivariable adjusteda 0 (reference) 2.01 (-7.97, 11.99) -11.46 (-25.73, 2.81) 

Further adjustedb 0 (reference) 2.48 (-7.55, 12.51) -11.43 (-25.75, 2.88) 

Energy/fatigue 

Adjusted for age  0 (reference) -0.50 (-3.39, 2.38) -3.10 (-7.21, 1.00) 

Multivariable adjusteda 0 (reference) -0.56 (-3.46, 2.33) -3.19 (-7.32, 0.94) 

Further adjustedb 0 (reference) -0.55 (-3.46, 2.36) -3.07 (-7.21, 1.07) 

Emotional well-being 

Adjusted for age  0 (reference) -0.50 (-3.39, 2.38) -3.10 (-7.21, 1.00) 

Multivariable adjusteda 0 (reference) -0.70 (-3.40, 1.99) -2.70 (-6.56, 1.16) 

Further adjustedb 0 (reference) -1.03 (-3.71, 1.66) -2.47 (-6.31, 1.36) 

Social functioning 

Adjusted for age  0 (reference) -0.31 (-2.82, 2.21) -0.19 (-3.77, 3.39) 

Multivariable adjusteda 0 (reference) -0.13 (-2.65, 2.39) -0.09 (-3.70, 3.51) 

Further adjustedb 0 (reference) -0.13 (-2.67, 2.41) -0.13 (-3.75, 3.49) 
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Pain 

Adjusted for age  0 (reference) -20.00 (-27.06, -12.95) -25.23 (-35.28, -15.18) 

Multivariable adjusteda 0 (reference) -18.82 (-25.82, -11.81) -23.72 (-33.72, -13.72) 

Further adjustedb 0 (reference) -18.67 (-25.71, -11.64) -23.93 (-33.96, -13.90) 

General health 

Adjusted for age  0 (reference) -2.54 (-5.53, 0.45) -6.17 (-10.43, -1.91) 

Multivariable adjusteda 0 (reference) -2.38 (-5.36, 0.61) -5.98 (-10.24, -1.72) 

Further adjustedb 0 (reference) -2.48 (-5.46, 0.51) -6.22 (-10.48, -1.97) 

MD: mean difference, CI: confidence interval 

a age, systolic blood pressure, BMI, smoking status, glucose, cholesterol, major illness or 

operations,  

b alcohol, physical activity, occupation 

 

Appendix S7. Sensitivity and lag period analyses for all-cause mortality (HR and 95% CI) 

 Analgesic use trajectory 

 No use Increasing 

probability to use 

Constant analgesic 

use 

Sensitivity analyses 

Constant analgesic use group with 

one or more waves of opioid 

   

No of death (n=132) 111 12 9 

Adjusted for age 1 (reference) 0.89 (0.49, 1.61) 3.10 (1.57, 6.12) 

Multivariable adjusteda 1 (reference) 0.87 (0.47, 1.60) 2.93 (1.44, 5.94) 

Further adjustedb 1 (reference) 0.81 (0.44, 1.50) 2.80 (1.38, 5.72) 

Constant analgesic use group with 

two or more waves of opioid 

   

No of death (n=128) 111 12 5 

Adjusted for age 1 (reference) 0.89 (0.49, 1.61) 3.08 (1.25, 7.58) 

Multivariable adjusteda 1 (reference) 0.87 (0.47, 1.59) 2.83 (1.13, 7.10) 

Further adjustedb 1 (reference) 0.81 (0.44, 1.49) 2.87 (1.14, 7.24) 

Constant analgesic use group 

without opioid 

   

No of death (n=127) 111 12 4 
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Adjusted for age 1 (reference) 0.89 (0.49, 1.61) 1.45 (0.53, 3.93) 

Multivariable adjusteda 1 (reference) 0.87 (0.47, 1.60) 1.38 (0.50, 3.84) 

Further adjustedb 1 (reference) 0.81 (0.44, 1.50) 1.39 (0.49, 3.91) 

Increasing probability to use group 

with one or more waves of opioid 

   

No of death (n=127) 111 3 13 

Adjusted for age 1 (reference) 1.00 (0.32, 3.14) 2.30 (1.29, 4.08) 

Multivariable adjusteda 1 (reference) 1.05 (0.32, 3.42) 2.11 (1.16, 3.82) 

Further adjustedb 1 (reference) 0.96 (0.30, 3.13) 2.07 (1.14, 3.78) 

Exclude women with cancer    

No of death (n=124) 103 10 11 

Adjusted for age 

 

Multivariable adjusteda 

 

Further adjustedb 

 

1 (reference) 

 

1 (reference) 

 

1 (reference) 

0.78 (0.41, 1.50) 

 

0.74 (0.38, 1.43) 

 

0.70 (0.36, 1.37) 

2.08 (1.11, 3.88) 

 

1.99 (1.04, 3.79) 

 

1.93 (1.01, 3.71) 

Lag period analyses 

Lag period: 3 years    

No of death (n=120) 99 10 11 

Adjusted for age 1 (reference) 0.82 (0.43, 1.58) 2.28 (1.22, 4.26) 

Multivariable adjusteda 1 (reference) 0.78 (0.40, 1.52) 2.16 (1.14, 4.08) 

Further adjustedb 1 (reference) 0.73 (0.37, 1.41) 2.08 (1.09, 3.96) 

Lag period: 5 years    

No of death (n=112) 91 10 11 

Adjusted for age 1 (reference) 0.90 (0.47, 1.73) 2.54 (1.36, 4.75) 

Multivariable adjusteda 1 (reference) 0.87 (0.45, 1.70) 2.44 (1.28, 4.66) 

Further adjustedb 1 (reference) 0.80 (0.41, 1.58) 2.41 (1.26, 4.63) 

Lag period: 7 years    

No of death (n=97) 78 10 9 

Adjusted for age 1 (reference) 1.06 (0.55, 2.04) 2.48 (1.24, 4.96) 

Multivariable adjusteda 1 (reference) 1.01 (0.52, 1.98) 2.36 (1.15, 4.82) 

Further adjustedb 1 (reference) 0.93 (0.48, 1.83) 2.33 (1.13, 4.80) 

Lag period: 10 years    
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No of death (n=73) 58 8 7 

Adjusted for age 1 (reference) 1.14 (0.54, 2.39) 2.81 (1.28, 6.19) 

Multivariable adjusteda 1 (reference) 1.17 (0.55, 2.47) 3.09 (1.37, 6.97) 

Further adjustedb 1 (reference) 1.06 (0.50, 2.25) 3.12 (1.38, 7.06) 

HR: hazard ratio, CI: confidence interval 

a age, systolic blood pressure, BMI, smoking status, glucose, cholesterol, major illness or 

operations,  

b alcohol, physical activity, occupation 
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Appendix S1. Details for opioids. 

Name Code 

Tramadol 1140864992 

Paracetamol + Tramadol 1141190956 

Codeine 1140884444 

Dihydrocodeine 1140884464 

Medocodeine Tablet 1140856406 

Ibuprofen + Codeine Phosphate 1140878030 

Aspirin + Codeine 300mg/8mg tablet 1140882268 

Aspirin + Codeine 1140882392 

Pracetamol + Codeine 1140882394 

Paracetamol + Dihydrocodeine tartrate 1140882396 

Codeine phosphate + Kaolin 10mg/3g/10ml mixture 1140865654 

Dihydrocodeine 1140884464 

Morphine 1140871692 

kaolin+morphine 1140882114 

morphine sulphate+atropine sulphate 1140882116 

morphine tartrate+cyclizine 1140882406 

diamorphine 1140884460 

methylmorphine 1140910376 

diacetylmorphine 1140910402 

oxycodone hydrochloride 1141171038 

fentanyl+droperidol 1140879212 

fentanyl 1140880956 

fentanyl product 1141157470 

pethidine 1140884388 

methadone 1140884482 

martindale methadone dtf 1mg/ml mixture 1140922628 

heroin 1140888836 

buprenorphine 1140871732 

co-codamol 1140923346 

co-proxamol 1140923348 

co-dydramol 1140923350 

co-codaprin 1140923344 
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Appendix S2. Methodology for exploratory and sensitivity analyses. 

Exploratory analyses 

Based on previous literature and clinical knowledge, we examined whether the association 

between chronic musculoskeletal pain and all-cause mortality differed by sex, age, BMI, 

ethnicity, or smoking status through testing of multiplicative interactions using WALD 

statistics (Harrell Jr, Frank E. Regression modeling strategies: with applications to linear 

models, logistic and ordinal regression, and survival analysis. Springer, 2015.). To avoid 

potential multiple testing issue, we chose the number of pain sites as the exposure and treated 

it as an unordered categorical variable. 

 

Sensitivity analyses 

1. To assess the influence of potential induction period, we used different lag time periods (1, 

3, 5, and 7-year lag). Exposure status at a given time will correlate with a possible increase or 

decrease in disease only at some later time, which might introduce bias if we modelled the 

exposure-outcome association without considering this issue; lag period analysis could assess 

the potential influence by the induction period (Lash TL, VanderWeele TJ, Haneause S, 

Rothman K. Modern epidemiology. Lippincott Williams & Wilkins; 2020). 

2. Except the covariates adjusted, there are other covariates which might be considered as 

confounders. However, the relationship between these covariates and the exposure might be 

bi-directional. Thus, we performed a sensitivity analysis including these covariates: body mass 

index (continuous), diabetes (yes or no), cancer (yes or no), depression (yes or no), anxiety 

(yes or no), cardiovascular disease (included heart attack, angina, stroke and high blood 

pressure; codes as the number of cardiovascular disease; the value ranged from 0-4). Two 

models were used: outcome regression and inverse probability treatment weighting through 

twang package. With twang package, gradient boosted models (number of tress was 5000 and 

2000 for the analysis of pain type and number of pain sites, respectively) were used to calculate 

propensity score. 

3. Severe cancer patients could have severe pain, which might bias the results. We could not 

identify severe cancer patients. Thus, we excluded participants with cancer. 
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4. To explore the potential influence from unmeasured confounding, E-value was calculated 

(VanderWeele TJ, Ding P. Sensitivity Analysis in Observational Research: Introducing the E-

Value. Annals of internal medicine. 2017;167(4):268-274.). 

 

In the main analyses, results from model 2 (analyses adjusted for age, sex, ethnicity, and the 

Townsend deprivation index) are reported in the results section. To increase readability for the 

above exploratory and sensitivity analyses, results from model 2 are presented in Appendix S4-

S8. 
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Appendix S3. Results for exploratory analyses. 

We found the association between chronic musculoskeletal pain and all-cause mortality differed by age. Considering the data 

distribution and clinical meaning, we chose 60 as the cut-off point. We also set 55 as another cut-off point to verify the results. 

 Pain type 

 No pain Neck or shoulder pain Back pain Hip Pain Knee Pain 

>= 60      

No of deaths (n=14159) 8670 1399 1625 593 1872 

Multivariable adjusteda 1 (reference) 1.07 (1.01, 1.14) 1.16 (1.10, 1.23) 1.14 (1.05, 1.24) 1.01 (0.96, 1.06) 

< 60       

No of deaths (n=5273) 3207 558 680 167 661 

Multivariable adjusteda 1 (reference) 1.07 (0.98, 1.17) 1.16 (1.07, 1.26) 1.17 (1.00, 1.36) 1.10 (1.01, 1.19) 

>= 55      

No of deaths (n=16801) 10281 1687 1941 687 2205 
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Multivariable adjusteda 1 (reference) 1.09 (1.03, 1.14) 1.17 (1.11, 1.22) 1.16 (1.07, 1.25) 1.02 (0.97, 1.07) 

< 55      

No of deaths (n=2631) 1596 270 364 73 328 

Multivariable adjusteda 1 (reference) 0.99 (0.87, 1.13) 1.15 (1.03, 1.29) 1.07 (0.85, 1.36) 1.14 (1.01, 1.28) 

 Number of pain sites 

 No Pain One Two Three Four 

>= 60 years       

No of deaths (n=18832) 8670 5489 2890 1310 473 

Multivariable adjusteda 1 (reference) 1.08 (1.04, 1.12) 1.22 (1.17, 1.28) 1.36 (1.28, 1.44) 1.34 (1.22, 1.47) 

< 60 years      

No of deaths (n=7085) 3207 2066 1059 537 216 

Multivariable adjusteda 1 (reference) 1.11 (1.05, 1.18) 1.32 (1.23, 1.42) 1.65 (1.51, 1.81) 1.82 (1.59, 2.09) 
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>= 55 years      

No of deaths (n=22436) 10281 6520 3429 1599 607 

Multivariable adjusteda 1 (reference) 1.09 (1.06, 1.12) 1.24 (1.19, 1.29) 1.40 (1.33, 1.48) 1.44 (1.33, 1.57) 

< 55 years      

No of deaths (n=3481) 1596 1035 520 248 82 

Multivariable adjusteda 1 (reference) 1.09 (1.01, 1.18) 1.33 (1.20, 1.47) 1.71 (1.49, 1.95) 1.60 (1.28, 2.00) 

Data are presented as hazard ratio (95% confidence interval) unless otherwise indicated. 

a Adjusted for age, sex, townsend deprivation index and ethnicity. 
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Appendix S4. Results for sensitivity analyses: induction period. 

 Pain type 

 No pain Neck or shoulder 

pain 

Back pain Hip Pain Knee Pain 

3 months      

No of deaths 

(n=19359) 

11834 1949 2293 757 2526 

Multivariable 

adjusteda 

1 (reference) 1.07 (1.02, 1.13) 1.16 (1.11, 1.22) 1.15 (1.07, 1.24) 1.03 (0.99, 1.08) 

6 months      

No of deaths 

(n=19221) 

11746 1935 2275 752 2513 

Multivariable 

adjusteda 

1 (reference) 1.07 (1.02, 1.13) 1.16 (1.11, 1.22) 1.15 (1.07, 1.24) 1.04 (0.99, 1.08) 

1 year      

No of deaths 

(n=18909) 

11557 1894 2234 744 2480 

Multivariable 

adjusteda 

1 (reference) 1.07 (1.02, 1.12) 1.16 (1.11, 1.22) 1.16 (1.07, 1.25) 1.04 (0.99, 1.08) 

3 years      

No of deaths 

(n=16966) 

10395 1685 1989 665 2232 
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Multivariable 

adjusteda 

1 (reference) 1.06 (1.00, 1.11) 1.15 (1.10, 1.21) 1.15 (1.06, 1.24) 1.04 (0.99, 1.09) 

5 years      

No of deaths 

(n=14444) 

8810 1447 1677 568 1942 

Multivariable 

adjusteda 

1 (reference) 1.07 (1.01, 1.13) 1.15 (1.09, 1.21) 1.16 (1.06, 1.26) 1.07 (1.02, 1.12) 

7 years      

No of deaths 

(n=11204) 

6805 1139 1299 447 1514 

Multivariable 

adjusteda 

1 (reference) 1.08 (1.02, 1.15) 1.15 (1.08, 1.22) 1.18 (1.07, 1.30) 1.08 (1.02, 1.14) 

 Number of pain sites 

 No Pain One Two Three Four 

3 months      

No of deaths 

(n=25817) 

11834 7525 3929 1842 687 

Multivariable 

adjusteda 

1 (reference) 1.09 (1.06, 1.12) 1.25 (1.20, 1.30) 1.43 (1.37, 1.51) 1.46 (1.35, 1.58) 

6 months      
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No of deaths 

(n=25632) 

11746 7475 3895 1832 684 

Multivariable 

adjusteda 

1 (reference) 1.09 (1.06, 1.12) 1.25 (1.20, 1.29) 1.44 (1.37, 1.51) 1.46 (1.35, 1.58) 

1 year      

No of deaths 

(n=25216) 

11557 7352 3825 1805 677 

Multivariable 

adjusteda 

1 (reference) 1.09 (1.06, 1.12) 1.24 (1.20, 1.29) 1.44 (1.37, 1.51) 1.47 (1.36, 1.59) 

3 years      

No of deaths 

(n=22619) 

10395 6571 3420 1619 614 

Multivariable 

adjusteda 

1 (reference) 1.08 (1.05, 1.12) 1.24 (1.19, 1.29) 1.43 (1.36, 1.51) 1.48 (1.37, 1.61) 

5 years      

No of deaths 

(n=19280) 

8810 5634 2900 1404 532 

Multivariable 

adjusteda 

1 (reference) 1.09 (1.06, 1.13) 1.24 (1.18, 1.29) 1.47 (1.39, 1.55) 1.52 (1.39, 1.66) 

7 years      

No of deaths 

(n=14996) 

6805 4399 2258 1119 415 
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Multivariable 

adjusteda 

1 (reference) 1.10 (1.06, 1.15) 1.24 (1.18, 1.30) 1.51 (1.42, 1.61) 1.52 (1.38, 1.68) 

 

Data are presented as hazard ratio (95% confidence interval) unless otherwise indicated. 

a Adjusted for age, sex, townsend deprivation index and ethnicity. 
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Appendix S5. Results for sensitivity analyses: other covariates. 

 Pain type 

 No pain Neck or shoulder pain Back pain Hip Pain Knee Pain 

No of deaths (n=19441) 11877 1957 2305 769 2533 

      

Outcome regression 1 (reference) 1.05 (1.00, 1.10) 1.12 (1.07, 1.17) 1.09 (1.01, 1.18) 0.97 (0.93, 1.02) 

      

IPTW 1 (reference) 1.06 (1.01, 1.11) 1.10 (1.05, 1.15) 1.09 (1.00, 1.18) 0.99 (0.94, 1.04) 

 Number of pain sites 

 No Pain One Two Three Four 

No of deaths (n=25917) 11877 7555 3949 1847 689 

      

Outcome regression 1 (reference) 1.05 (1.02, 1.08) 1.15 (1.11, 1.19) 1.25 (1.19, 1.32) 1.21 (1.11, 1.30) 

      

IPTW 1 (reference) 1.05 (1.02, 1.08) 1.15 (1.11, 1.20) 1.29 (1.22, 1.36) 1.28 (1.16, 1.41) 

IPTW: inverse probability treatment weighting. Data are presented as hazard ratio (95% confidence interval) unless otherwise indicated. 

Included covariates in both models: age, sex, townsend deprivation index, ethnicity, body mass index, diabetes, cancer, depression, anxiety, and cardiovascular 

disease. 
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Appendix S6. Results for sensitivity analyses: exclude cancer patients. 

 Pain type 

 No pain Neck or shoulder pain Back pain Hip Pain Knee Pain 

No of deaths (n=16084) 9865 1598 1875 608 2138 

Multivariable adjusteda 1 (reference) 1.06 (1.00, 1.11) 1.14 (1.09, 1.20) 1.13 (1.04, 1.23) 1.05 (1.00, 1.10) 

 Number of pain sites 

 No Pain One Two Three Four 

No of deaths (n=21395) 9865 6219 3221 1521 569 

Multivariable adjusteda 1 (reference) 1.08 (1.05, 1.12) 1.24 (1.20, 1.30) 1.44 (1.37, 1.52) 1.49 (1.37, 1.63) 

Data are presented as hazard ratio (95% confidence interval) unless otherwise indicated. 

a Adjusted for age, sex, townsend deprivation index and ethnicity. 
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Appendix S7. Results for sensitivity analyses: E-value. 

Pain type 

No pain Neck or shoulder pain Back pain Hip Pain Knee Pain 

1 (reference) 1.34 (1.16) 1.62 (1.46) 1.57 (1.34) 1.21 (1) 

Number of pain sites 

No Pain One Two Three Four 

1 (reference) 1.4 (1.31) 1.81 (1.71) 2.21 (2.06) 2.28 (2.04) 

Data are presented as hazard ratio (95% confidence interval) unless otherwise indicated. 
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Appendix S8. Transition probabilities. 

 Neck or shoulder pain 

only 

Back pain only Hip pain only Knee pain only Number of pain sites 

(whole cohort) 

 

Survival 0.9394385 0.9385606 0.9390286 0.9384451 0.9325723 

Death due to cancer 0.03284171 0.03324539 0.03324311 0.03333191 0.03509146 

Death due to cardiovascular 

disease 

0.0114784 0.01161466 0.0116182 0.01175566 0.01306304 

Death due to mental and 

behavioural disorder 

0.001221386 0.001303996 0.001215858 0.001260145 0.001412712 

Death due to respiratory system 

disease 

0.003813001 0.003911987 0.003797145 0.003797522 0.004826117 

Suicide 0.0005121942 0.0005285298 0.0005162573 0.0005040581 0.0005099293 

Death due to nervous system 

disease 

0.003322695 0.00333147 0.003333961 0.003314823 0.003611132 

Death due to endocrine, 

nutritional and metabolic disease 

0.0006260151 0.0005848485 0.0005645056 0.0005467749 0.0007674956 

Death due to digestive system 

disease 

0.001996244 0.00201881 0.001944408 0.002114481 0.002515825 
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Death due to musculoskeletal 

system and connective tissue 

disease 

0.0001794868 0.0001949495 0.0001688692 0.0001922255 0.0002445579 

Death due to genitourinary system 

disease 

0.0003327073 0.0003292481 0.0003184391 0.0003289193 0.0004136671 

Death due to fallls 0.0004290173 0.000472211 0.0004390599 0.0004442546 0.0004630991 

Death due to other causes 0.003808623 0.003903322 0.003811619 0.003964118 0.004508712 
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Overview of findings 

The first aim of this thesis was to evaluate the effectiveness and safety of conservative care 

approaches for pregnancy-related back pain. Chapter Two presented the results of a network 

meta-analysis that included 18 randomised controlled trials and 23 studies (randomised controlled 

trials and observational studies) in the qualitative synthesis. For women with back pain during 

pregnancy, progressive muscle relaxation therapy (mean difference [MD]: −3.96, Confidence 

interval [95% CI]: −7.19 to −0.74; moderate-quality evidence) and Kinesio Taping (MD: −3.71, 

95% CI: −6.55 to −0.87; low-quality evidence) provided small reductions in pain intensity (Visual 

Analog Scale, range = 0 to 10) compared with placebo. Moderate-quality evidence suggested that 

transcutaneous electrical nerve stimulation improved physical function (MD: −6.33, 95% CI: 

−10.61 to −2.05; Roland Morris Disability Questionnaire, range = 0–24) compared with placebo.   

 

The second aim of this thesis was to perform a network meta-analysis and systematic review to 

assess the efficacy and safety of surgical and invasive procedures for adults with degenerative 

lumbar spinal stenosis. While Chapter Three described the detailed protocol of the network meta-

analysis, highlighting some of the methodological issues and clinical concerns in performing this 

study, Chapter Four presents the full results. The network meta-analysis included 49 randomised 

controlled trials with 5323 patients and 16 interventions. For the primary outcomes physical 

function and all-cause mortality, there were no statistically significant differences between any 

surgical or invasive intervention and conservative care. For several secondary outcomes (back 

pain, mobility, or treatment withdrawal due to any reason), no significant difference between 

groups was observed either. However, the review found that interspinous device (MD: -2.05, 95% 

CI: -3.98 to -0.12), midline splitting decompression (MD: -2.47, 95%CI: -4.45 to -0.5) and 

conventional open decompression (MD: -1.80, 95% CI: -3.49 to -0.11) were statistically superior 

to conservative care on short-term leg pain (0-10-point Visual Analog Scale) relief, although the 

differences were too small to be clinically important.  

 

The third aim of this thesis was to examine both cross-sectional and longitudinal associations 

between lumbar radiographic changes and the severity of back pain-related disability. The results 
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in Chapter Five showed no evidence to support any association between higher number of lumbar 

segments with radiographic changes (K-L grade, osteophytes, and disc space narrowing) and more 

severe of back pain–related disability (e.g., cross-sectional analyses using the K-L grade; 1 

segment vs 0 segment: adjusted odds ratio, 1.22, 95% CI, 0.76-1.96).  

 

The fourth aim of this thesis was to identify distinct trajectories of analgesic use and the association 

of these trajectories with mortality and quality of life. The study presented in Chapter Six 

identified three distinct trajectories of analgesic use: (i) ‘no use’ group (691, 85.9%); (ii) 

‘increasing probability to use’ group (73, 9.1%); and (iii) ‘constant analgesic use’ group (40, 

5.0%). Compared with the ‘no use’ group, the ‘constant analgesic use’ group was associated with 

2.15 times higher risk of all-cause mortality (95% CI, 1.18 to 3.91). There was no association 

between cause-specific mortality and pattern of analgesic use. Compared with ‘no use’ group, 

‘increasing probability to use’ group and ‘constant analgesic use’ group were associated with 

worse quality of life in terms of physical function, role limitations due to physical health, and pain. 

 

The fifth and final aim of this thesis was to quantify the association between chronic 

musculoskeletal pain and all-cause mortality and to investigate the extent to which this association 

was mediated by physical activity, smoking status, alcohol consumption, and opioid use. Chapter 

Seven showed that single pain sites in the neck or shoulder, lower back and hip were associated 

with higher risk of all-cause mortality. Higher number of pain sites was also associated with 

increased risk of all-cause mortality compared to having no pain (e.g., four sites vs no site of pain, 

Hazzard Ratio [HR] 1.46, 95% CI, 1.35 to 1.57). The single mediator analyses showed the 

following mediating proportions of the association between chronic musculoskeletal pain and all-

cause mortality: 8.0% to 15.7% for physical activity; 32.5% to 79.0% for opioid use; 14.6% to 

29.8% for smoking status and 2.4% to 17.5% for alcohol consumption. The multiple mediator 

analyses showed that the mediating proportion of all four mediators ranged from 53.4% to 122.6%: 

for participants with one pain site, chronic musculoskeletal pain was not associated with all-cause 

mortality; for participants with two or more pain sites, there was a reduction in the effect estimate, 
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for example, for two pain sites, HR reduced from 1.25 (95% CI 1.21 to 1.30) to 1.07 (95% CI 1.01 

to 1.11).  

 

Implications and directions of future research 

Conservative care for pregnancy-related back pain 

The review presented in Chapter Two helps to fill the gap in evidence regarding optimal treatment 

for pregnancy-related back pain. Clinicians have the evidence to support the use of progressive 

muscle relaxation therapy and Kinesio Taping to help decrease pain and the use of transcutaneous 

electrical nerve stimulation to help improve physical function. However, there are still several 

main issues which will require data from further high-quality trials before they can be addressed: 

➢ Some interventions have only been investigated in one or two studies (e.g., progressive 

muscle relaxation therapy, Kinesio Taping, and transcutaneous electrical nerve 

stimulation)1-3. Further trials are needed to establish their efficacy. 

➢ Some interventions (e.g., Kinesio Taping in combination with exercise and education) 

could not be integrated into the network meta-analyses given the lack of the essential 

studies connecting these interventions4,5. Therefore, the comparative effectiveness and 

safety of these interventions is still unknown.  

➢ Future studies are needed considering the difference between pregnancy related back pain 

and pelvic girdle pain. A previous cohort study with 412 women in the Netherlands has 

established that these two types of pain have different prognosis6. For example, the study 

showed that women with pelvic girdle pain are more likely to develop limited mobility and 

need assistance eg wheelchair or crutches; than women with back pain only. However, this 

study did not assess the impact of symptom duration or intensity on the prognosis of these 

two types of pain, and future studies are still needed to better understand the differences 

between them. In addition, it is unclear whether these results could be extrapolated to other 

countries. Future studies are still needed to assess the effectiveness of Kinesio Taping and 

transcutaneous electrical nerve stimulation compared to usual care as quality of current 

evidence is low to moderate. Moreover, previous studies have shown the role of 

psychological factors (e.g., depression and fear avoidance) in low back pain. For example, 
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fear avoidance beliefs could mediate the relationship between pain and disability, result in 

poor physical health-related quality of life and increase health care utilisation in patients 

with low back pain7. But it is still unclear how to handle these psychological factors in 

pregnancy-related low back pain. Thus, an individualized way to assess and manage 

pregnancy-related low back pain might be needed. Future studies should also collect more 

accurate information about pain location, pain duration, pain intensity and different 

psychological factors and develop a clinical prediction model to recommend interventions 

based on these characteristics8. 

 

Surgical, invasive treatments and conservative care for degenerative lumbar spinal stenosis 

The study presented in Chapter Four provides the most comprehensive and up to date evidence 

on the effectiveness and safety of treatments for degenerative lumbar spinal stenosis. These results 

may guide clinicians and consumers in their recommendations and choices for treatment. Previous 

clinical practice guideline development committees have had to rely on a small number of studies 

and two-intervention comparisons, resulting in conflicting recommendations. For example, the 

North American Spine Society clinical guidelines recommend epidural steroid injections to 

provide short-term (two weeks to six months) symptom relief in patients with lumbar spinal 

stenosis and associated neurogenic claudication9. This study however, showed that by assessing 

all available evidence, the recommendation of epidural steroid injection over conservative care 

cannot be endorsed. The new evidence available from this network meta-analysis, therefore, 

suggests that recommendations in current clinical practice guidelines for the management of 

degenerative lumbar spinal stenosis may need to be reconsidered. High quality cost-effectiveness 

analyses of surgical and invasive procedures for the management of degenerative lumbar spinal 

stenosis are also warranted to guide policy makers in their future recommendations. Of the 49 trials 

included in the network meta-analysis, only three included a cost-effectiveness analysis. Reduced 

walking capacity due to neurogenic claudication is an important outcome for degenerative lumbar 

spinal stenosis. However, the number of studies reported relevant outcomes is limited. Further 

studies should include this outcome. Future trials also need to report the details of their 

conservative treatment protocols more clearly in order to guide clinical practice. For instance, 
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while three trials included an exercise program, none provided enough detailed information on the 

type, dose, and duration of the programs to warrant replication in clinical practice.  

 

Another important issue is the heterogeneity of patient presentation in degenerative lumbar spinal 

stenosis. Patients with different age, comorbidities, and disease severity might have different 

treatment responses. Several sensitivity analyses for the heterogeneities (e.g. level of stenosis, type 

of stenosis, difference in conservative care groups, typical symptoms and spinal instability) were 

performed to test the robustness of the results. In general, the results from sensitivity analyses were 

similar with the main analyses. But I acknowledge these might have been underpowered (e.g., 1-

16 studies were excluded as different sensitivity analyses for short-term physical function which 

included 26 studies in the main analysis). Future studies should use individual patient data from 

multiple high-quality randomized controlled trials with extensive covariates to explore this issue 

through advanced statistical methods (e.g., The Predictive Approaches to Treatment effect 

Heterogeneity)10. Treatment responses might differ with different follow-up duration; thus, 

repeated measurements of covariates are preferred. 

 

A final limitation concerns the definition of the term “degenerative spinal stenosis” as it is still 

unclear to set a clear age threshold. It is challenging to explore the role of participant age on the 

developmental of lumbar spinal stenosis in a meta-analysis based on aggregated data. Future 

studies should use individual-level data with sufficient sample size to explore the participant age 

issue in degenerative spinal stenosis11. 

 

Diagnostic imaging for lumbar spine 

The results of Chapter Five may be used by clinicians and policy makers in educational 

campaigns for patients and the general public regarding the usefulness of lumbar radiographic 

findings. The lack of association between imaging findings and prognosis in terms of back pain–

related disability, further adds to the evidence supporting the reduction of unnecessary imaging 

referrals. Future studies should include participants of both sexes and larger sample sizes and 
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should include multiple centres to increase external validity. Future studies may include data from 

L5/S1 segment and comprehensive positions of plain radiographs (anterior/posterior and lateral). 

With the data from L5/S1 segment, the assumption that lower levels of degenerative changes (i.e., 

L4/L5 and L5/S1) is associated with different symptoms could be tested. The results presented in 

Chapter Five however, do not support that view, as eight additional analyses (one exploratory 

analysis for potential interaction terms and seven sensitivity analyses for issues about the exposure 

definition, the potential population heterogeneity, the potential model misspecification, and the 

selection of confounder) have been performed with similar results to the main analysis. The 

association between the findings of complex imaging (e.g., computed tomography scans, magnetic 

resonance imaging, or nuclear bone scans) and symptom severity in people with back pain needs 

to be further explored, considering the increasing use of such imaging modalities. Studies 

including men in their sample, other age groups (not only middle-aged), other ethnic groups (e.g., 

Asian) or other countries (not only from the UK) should be performed. 

 

Additionally, the potential high-risk subgroup should be explored. Although findings of diagnostic 

imaging might cause increased anxiety and use of care in some patients, some still believe it may 

be useful once the biology of back pain is better elucidated12. For example, people with similar 

lumbar spine radiographic changes might have different prognoses in terms of disability, based on 

their comorbidities (e.g., mental disorders, frailty index) they present with. The sub-population 

who response differently to the commonly used pharmacological or non-pharmacological 

treatments might have different prognoses. Thus, larger cohorts are needed considering the specific 

sub-population might have different prognoses. 

 

Trends in analgesic use 

From a policy perspective, it is important to know the clear association of analgesic use trajectories 

with mortality and quality of life. Presumably, a high and constant probability of using analgesics 

has even stronger mortality effects in recent years considering increasing opioid use with potential 

overdose. The findings (Chapter Six) indicate the public health initiatives aimed at addressing the 

potential drivers of a high and constant probability of using analgesics, including better 
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communication between physicians and patients and effective education for patients. The study 

did not present detailed information about the dosage and frequency of analgesic use, as this 

information was not available, which prevented us from exploring the potential dose-response 

relationship between analgesic consumption and mortality or quality of life. Overdose, or 

inappropriate choice of analgesic, should be explored in future studies. Similar to diagnostic 

imaging for lumbar spine, future studies looking at the impact of analgesic use should include both 

sexes, all age groups and a more ethnically and culturally diverse sample.  

 

Due to the sample size limitation, detailed analyses considering specific type or kind of analgesic 

are not performed. Further studies should have sufficient sample size to explore this issue. For 

example, recent released clinical guideline recommended antidepressant medication for managing 

chronic pain13. However, the prognosis of the potential different pattern of antidepressants is 

unclear. Another recommendation for future studies is the study design. New-user design and 

target trial framework should be used, if possible, to reduce the potential biases14. Final issue is to 

identify potential drivers (e.g., central sensitization) for the analgesic use pattern. With better 

understanding of these drivers, we could locate high-risk sub-population (e.g., excessive use) 

easier and take relevant actions (e.g., education) to minimize potential harms. 

 

Chronic musculoskeletal pain and mortality 

The study in Chapter Seven comprehensively assesses the association between chronic 

musculoskeletal pain (type of pain and number of pain sites) and mortality (all-cause and cause-

specific mortality). The results suggest that supporting healthy lifestyle behaviour (keeping 

adequate levels of physical activity, smoking cessation and alcohol consumption controlled) as 

well as opioids deprescription is an important strategy to decrease the mortality risk associated 

with chronic musculoskeletal pain. Several important issues should be explored in future studies: 

➢ The role of detailed pain type is still unclear. For example, the widespread pain (e.g., 

fibromyalgia) versus regional pain and nociplastic versus neuropathic pain15. When further 
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data with detailed pain type as well as sufficient sample size and reasonable follow-up 

duration are available, new analyses on specific type of pain should be performed. 

➢ Other pain characteristics should be explored. Patients with different pain intensity, pain 

duration, pain treatment responses and scale that pain interferes with daily life might be 

associated with various prognoses (e.g., all-cause mortality). In addition, patients with 

chronic musculoskeletal pain often report co-existing mental disorders (e.g., depression 

and anxiety). These psychological factors might also affect the prognosis. Future studies 

could separate the patients into different subgroups (e.g., high pain intensity vs moderate 

pain intensity vs minimal or no pain intensity) and then assess the prognosis of these 

subgroups.  

➢ Repeated measurement of above variables might provide new perspectives. Patients’ pain 

status (e.g., pain type, pain intensity, and pain duration) and relevant treatments could 

change with time. Thus, trajectory analysis capturing these changes could be used to 

separate patients into different subgroups and then assess the prognosis of these 

subgroups16. 

➢ Finally, cluster analysis by including these variables and relevant change patterns might be 

worthwhile to identify higher risk sub-population (e.g., more likely to die)17. 

 

Heterogeneity of musculoskeletal pain 

This thesis includes two network meta-analyses (Chapter Two and Four with a research protocol 

at Chapter Three) and three cohort studies (Chapter Five and Six), which explores several 

aspects of the heterogeneity in musculoskeletal pain. Chapter Two focuses on pregnancy-related 

low back pain which is a distinct underlying health condition. People in this special life stage might 

respond differently to usual treatment strategies for non-specific low back pain. Chapter Three 

and Four focuses on degenerative lumbar spinal stenosis which is a different pain phenotype. 

Neurogenic claudication is a typical symptom for patients with degenerative lumbar spinal stenosis. 

Patients with this typical symptom might respond differently to treatments options compared with 

patients without. Chapter Five focuses on the radiological phenotype of lumbar spine. The lumbar 

spine radiographic change varies among patients with or without low back pain. These differences 

might indicate different prognoses (e.g., disability). Chapter Six focuses on the pattern of 
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analgesic use. Analgesics are commonly used in patients with musculoskeletal pain. Different 

analgesic use patterns might be associated with different prognoses (e.g., mortality and quality of 

life). Chapter Seven focuses on the mortality risk from chronic musculoskeletal pain. Different 

types of pain and number of pain sites might be associated with different mortality risk. In 

summary, considering the heterogeneity of musculoskeletal pain, the following issues were 

explored in this thesis: treatment strategies for pregnancy-related low back pain (a distinct 

underlying health condition), treatment strategies for degenerative lumbar spinal stenosis (a 

different pain phenotype), prognoses for lumbar spine radiographic changes (radiological 

phenotype of lumbar spine), prognoses for different analgesic use patterns, and mortality risk from 

chronic musculoskeletal pain with different pain types and number of pain sites. Definitively, there 

are many more issues to be explored considering their roles in the treatment strategies and 

prognoses for musculoskeletal pain, including but not limited to: psychological factors (e.g., 

depression), other chronic diseases (e.g., Alzheimer's disease), and other commonly used 

medications (e.g., antidiabetic drugs).  

 

Concluding remarks  

• For patients with back pain during pregnancy, progressive muscle relaxation therapy and 

Kinesio Taping may help to decrease pain, and transcutaneous electrical nerve stimulation 

may improve physical function, although the benefits might be perceived as being too small 

to be relevant to patients and clinicians. 

• There was no evidence to support that surgery or invasive procedures are more effective or 

safer than conservative care in treating degenerative lumbar spinal stenosis. 

• In a cohort of middle-aged, community-dwelling women, there was no evidence to support 

an association between a higher number of lumbar segments with radiographic changes 

(K-L grade, osteophytes, and disc space narrowing) and more severe back pain–related 

disability cross-sectionally or over time. These findings provide further evidence against 

routinely using diagnostic imaging of the lumbar spine.  

• In a cohort of middle-aged women, a small group of participants had a high and constant 

probability of using analgesic over the study period and a markedly higher risk of all-cause 

mortality compared to those with no or low probability of using analgesics. 
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• At least half of the association of chronic musculoskeletal pain with increased all-cause 

mortality among middle-aged UK participants may be accounted for by a combination of 

four mediators (physical activity, smoking status, alcohol consumption, and opioid use). 

Our results suggest that supporting healthy lifestyle behaviour as well as reduced opioid 

use is an important strategy to decrease the mortality risk associated with chronic 

musculoskeletal pain. 
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