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Abstract

Objective

Identify patient subgroups defined by trajectories of pain and disability following surgery for
degenerative lumbar spinal stenosis, and investigate the construct validity of the subgroups
by evaluating for meaningful differences in clinical outcomes.

Methods

We recruited patients with degenerative lumbar spinal stenosis from 13 surgical spine cen-
ters who were deemed to be surgical candidates. Study outcomes (leg and back pain
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numeric rating scales, modified Oswestry disability index) were measured before surgery,
and after 3, 12, and 24 months. Group-based trajectory models were developed to identify
trajectory subgroups for leg pain, back pain, and pain-related disability. We examined for dif-
ferences in the proportion of patients achieving minimum clinically important change in pain
and disability (30%) and clinical success (50% reduction in disability or Oswestry score
<22) 12 months from surgery.

Results

Data from 548 patients (mean[SD] age = 66.7[9.1] years; 46% female) were included. The
models estimated 3 unique trajectories for leg pain (excellent outcome = 14.4%, good out-
come = 49.5%, poor outcome = 36.1%), back pain (excellent outcome = 13.1%, good out-
come = 45.0%, poor outcome = 41.9%), and disability (excellent outcome = 30.8%, fair
outcome = 40.1%, poor outcome = 29.1%). The construct validity of the trajectory sub-
groups was confirmed by between-trajectory group differences in the proportion of patients
meeting thresholds for minimum clinically important change and clinical success after 12
postoperative months (p <.001).

Conclusion

Subgroups of patients with degenerative lumbar spinal stenosis can be identified by their trajec-
tories of pain and disability following surgery. Although most patients experienced important
reductions in pain and disability, 29% to 42% of patients were classified as members of an out-
come trajectory subgroup that experienced little to no benefit from surgery. These findings may
inform appropriate expectation setting for patients and clinicians and highlight the need for bet-
ter methods of treatment selection for patients with degenerative lumbar spinal stenosis.

Introduction

Degenerative lumbar spinal stenosis (LSS) is a common musculoskeletal disorder, experienced
by 1in 5 adults 65 years or older [1, 2]. Although there are no standardized diagnostic criteria
[3], LSS is typically characterized by neurogenic claudication and functional limitations [4].

Surgery for LSS is the most frequent type of spinal surgery performed on older adults and
will become increasingly common as the population ages [5]. Consistent with the clinical expe-
riences of many spine surgeons, early clinical evidence for the efficacy [6, 7] and cost-effective-
ness [8] of surgery for LSS is promising. However, challenges in carrying out randomized trials
in surgery persist, as do issues around generalizability and patient selection [3, 9]. Clinicians
treating patients with LSS would benefit from expanded evidence to guide decisions around
operative and non-operative interventions.

A recent systematic review and meta-regression of data from 39 (pain outcome) and 31
(disability outcome) primary studies identified the average postoperative outcome trajectories
experienced by patients with LSS [10]. The average patient experienced substantial improve-
ments in pain and disability within 3 postoperative months, and these improvements were sta-
ble over the subsequent 5 years. However, some outcome studies reported that patients
experienced a near resolution of symptoms, while others reported little change. This heteroge-
neity in outcomes suggests that many patients may not fit the average trajectory profiles for
pain and disability [10].
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No prior studies have attempted to identify outcome trajectory subgroups following surgery
for LSS. This knowledge can further our understanding of the prognosis and outcomes experi-
enced by these patients. The aims of this study were to 1) identify patient subgroups defined
by trajectories of pain and disability following surgery for LSS, and 2) investigate the construct
validity of the trajectory subgroups by evaluating for meaningful differences in clinical
outcomes.

Methods
Study design and participants

This study was a retrospective analysis of prospectively collected data from patients enrolled in
the Canadian Spine Outcomes and Research Network (CSORN), a multicenter initiative of
orthopaedic and neurological spine surgeons. The CSORN includes a surgical registry com-
prising preoperative baseline and postoperative follow-up data to document the clinical out-
comes experienced by patients undergoing spine surgery. The accuracy and completeness of
registry information is monitored and audited by a dedicated Data Quality Coordinator. Clini-
cal outcome data were collected at the preoperative baseline and after 3, 12, and 24 months
postoperatively.

In the current study, we included data from all patients 50 years and older with a chief
pathology of lumbar spinal stenosis, as identified by the consulting spine surgeon. All patients
underwent surgery for decompression at one or more spinal levels with or without fusion. The
CSORN project was originally approved by Research Ethics Boards local to each data collec-
tion site. Prior to study enrolment, all patients reviewed information about the study and pro-
vided written informed consent by signing forms approved by the relevant Research Ethics
Board. The current study protocol was approved by Research Ethics Boards of the Horizon
Health Network (2017-2568) and University of New Brunswick (2018-025).

Demographic and clinical information

After obtaining consent, preoperative data collection included demographic (age, sex) and
clinical information (body mass index, smoking history, comorbidities and history of spinal
surgery). The attending spine surgeon and surgical staff recorded the surgical details including
type of surgery, number of spinal levels and the use of minimally invasive techniques.

Clinical outcomes

Leg and back pain intensity. Leg pain intensity and back pain intensity were measured
separately with 11-point numeric pain rating scales [11]. Pain ratings represented the typical
pain experienced over the preceding 24 hours, with potential scores ranging from 0 (‘no pain’)
to 10 (‘worst pain imaginable’). Ratings can be categorized as ‘mild” (0-3), ‘moderate (4-6), or
‘severe’ (7-10) [12, 13]. The numeric pain rating scale has excellent test-retest reliability and
responsiveness [14, 15]. The minimum level of important change for patients with back pain is
estimated to be 30% [16].

Pain-related disability. The modified Oswestry disability questionnaire was used to
quantify disability related to leg and back pain [17]. Patients rated the difficulty of 10 func-
tional activities (e.g., walking, lifting) yielding total scores from 0 to 100, with higher values
indicating greater disability. Total scores are classified as: 0-20 ‘minimal disability’, 21-40
‘moderate disability’, 41-60 ‘severe disability’, 61-80 ‘crippled’, and 81-100 ‘bed-bound or
exaggerating’. This questionnaire has excellent test-retest reliability and responsiveness [17],
and an estimated minimum level of important change of 30% [16]. Previous research has
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reported relative and absolute measures of clinical success to be at least 50% improvement for
patients undergoing non-operative therapy [18], and achieving a score of <22 for patients
receiving surgery for degenerative lumbar spine disorders [19].

Data analysis

All analyses were conducted with Stata 15.1 software (StataCorp, College Station, TX, USA).
Pain and disability outcomes at preoperative baseline and 3, 12, and 24 months after surgery
were used to assign each patient to a trajectory group using group-based trajectory modeling.
Compared to variable-centered analyses that seek to describe associations between variables
(e.g., regression), person-centered approaches such as group-based trajectory modeling iden-
tify groups of individuals who share particular attributes (e.g., course of symptoms over time).
[20] This approach is a specialized application of finite mixture modeling that provides an
empirical method of identifying meaningful subgroups of patients, based on their patterns of
change (i.e., trajectories) in outcome over time [21, 22]. Unlike growth mixture modeling,
group-based trajectory models use maximum likelihood estimation to approximate an
unknown distribution of trajectories and do not assume that latent classes represent distinct
populations [21]. Group-based trajectory models do not require the inclusion of additional
covariates as unspecified models are not prone to misspecification like other trajectory model-
ing approaches [23]. Therefore, group-based trajectory models are well-suited to identify
meaningful but unknown homogeneous subgroups (i.e., classes) that follow distinct trajecto-
ries, such as occurs with different clinical outcomes experienced by patients undergoing the
same treatment.

Separate group-based trajectory models were created to identify trajectory subgroups for
each outcome variable (leg pain intensity, back pain intensity, back and leg pain-related dis-
ability) applying a censored normal distribution. We excluded patients with missing outcome
scores at baseline and those with less than two follow-up outcome measures. Group-based tra-
jectory models handle missing data with maximum likelihood estimation, resulting in asymp-
totically unbiased parameter estimates when data are missing at random [21].

Some patients with degenerative lumbar stenosis have predominant leg pain, some have
predominant back pain, and some have a surgical indication other than pain (e.g., deformity,
motor deficit). Given the nature of the outcome measures, we excluded patients with minimal
pain or disability at the preoperative baseline to help isolate clinically-relevant symptoms or
impairments and permit judgements of clinically-important change. When modeling leg or
back pain intensity, we excluded patients with baseline pain intensity scores less than 3 out of
10. When modeling disability, we excluded patients with baseline Oswestry scores <20 (i.e.,
minimal disability).

Initially, single class quadratic models were constructed and the number of classes were
increased until optimal models were identified. Judgments regarding optimal model specifica-
tion cannot be reduced to a single metric [21]. Our modeling decisions were based on a combi-
nation of statistical and clinical judgments. We first used the Bayesian information criterion to
identify optimal model fit with minimum class sizes of 5%, and subsequently evaluated model
outcomes to ensure that the trajectory classes were clinically relevant. Pain and disability tra-
jectory classes were described using clinical judgement and categorical descriptors for the
numeric rating scale and the Oswestry index. For example, minimal postoperative pain or dis-
ability was considered to represent an excellent outcome, while minimal improvement (i.e.,
persistent moderate-to severe pain or disability) was considered a poor outcome.

The final models were subsequently evaluated with 4 a priori diagnostic criteria: 1) a mini-
mum average posterior probability of individual group membership of 0.7 for each group; 2)
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obtaining close correspondence between the estimated probability of group membership and
the proportion of participants assigned to each group based on the posterior probability; 3)
reasonably tight confidence intervals around estimated group membership probabilities (cal-
culated with the Stata command for nonlinear combinations of parameter estimates) and 4)
minimum odds of correct classification >5 [21, 22]. We tested the internal validity of the final
models by replicating the modeling procedures by random split-half sampling.

To explore the construct validity of the leg pain, back pain, and disability trajectory groups,
we generated descriptive statistics for each pain and disability outcome, stratified by trajectory
class. Additionally, we calculated the proportion of patients within each trajectory who met 5
clinical benchmarks at the 12-month follow-up: minimum clinically important change (30%)
in 1) leg pain, 2) back pain, and 3) disability, as well as 4) relative (50% improvement) and 5)
absolute (< 22) estimates of successful disability outcome. Differences between trajectory
groups in the proportion of patients meeting each clinical benchmark were examined with
Fischer’s exact test. Alpha was .05 for all analyses.

Results

Data from 606 patients were assessed for eligibility. After applying our selection and analysis
criteria, we excluded data from 58 participants (n = 52 age <50; n = 6 insufficient outcome
data). In total, data from 548 patients who underwent surgery performed by one of 34 sur-
geons from 13 sites were included in one or more analysis (Fig 1). Preoperative demographic,
clinical, and surgical information for patients who were included in the analysis and excluded
due to low preoperative pain or disability or insufficient outcome data are presented in

Table 1.

All final models identified clinically relevant 3-class solutions based on the Bayesian infor-
mation criterion (S1 Table), and achieved adequate performance according to our predefined
criteria (Table 2). Split-half sampling resulted in 3-class solutions with very similar trajectory
classes and prevalence estimates for all outcomes (S1 Fig). Average clinical outcomes, stratified
by trajectory group, are presented in Table 3, and average trajectories of leg pain, back pain,
and disability are presented in Fig 2A-2C. Statistically significant (p < .001) differences
between trajectory groups in the proportion of patients who met each of the 5 clinical bench-
marks were identified (Table 4).

Leg pain trajectories

The leg pain trajectory model identified 3 distinct trajectory groups (Fig 3A). Group 1 (excel-
lent outcome) comprised 14.4% of patients who experienced large improvements in leg pain
intensity, with nearly no pain by 3 months and a stable course thereafter. All patients in Group
1 experienced a clinically important change in their leg pain, and nearly all (86.7% to 87.7%)
achieved a successful disability outcome at 12 months (Table 4). Patients in Group 2 (49.5%,
good outcome) experienced improved but persistent mild leg pain that continued over the
course of follow-up. Finally, 36.1% of patients were categorized in Group 3 (poor outcome).
These patients experienced minimal improvement at 3 months, and mild regression toward
preoperative levels of leg pain 12 and 24 months from surgery. Only 1 in 3 patients (37.0%) in
Group 3 reported a clinically important change in their leg pain, with about 18.6% to 20.4% of
patients reporting a successful disability outcome after 12 postoperative months (Table 4).

Back pain trajectories

Three trajectory groups were identified by the back pain trajectory model (Fig 3B). Group 1
(excellent outcome) included 13.1% of patients who experienced large improvements in back
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Assessed for eligibility (n=606)

Age < 50 years (n=52)

\ 4

Low baseline outcome score
¢ All outcomes (n=2)

» ¢ Leg painonly (n=17)

¢ Back pain only (n=35)

¢ Disability only (n=18)

Insufficient outcome data
¢ All outcomes (n=4)

» ¢ Leg pain model (n=8)

¢ Back pain model (n=9)

¢ Disability model (n=17)

A 4

Included in analyses (n=548)
Leg pain model (n=529)
¢ n=61 (11.5%) missing data at 1 follow-up
Back pain model (n=510)
¢ n=59 (11.6%) missing data at 1 follow-up
Disability model (n=519)
¢ n=138 (26.7%) missing data at 1 follow-up

Fig 1. Study flow diagram.
https://doi.org/10.1371/journal.pone.0224200.9001

pain intensity, and nearly no pain after 3 months. All patients in Group 1 experienced clini-
cally important reductions in back pain and nearly all patients experienced successful
12-month disability outcomes (80.0%) (Table 4). Group 2 (good outcome) included 45.0% of
patients with moderately improved but persistent mild back pain that continued over the
course of follow-up. Patients in Group 3 (poor outcome) comprised 41.9% of patients who
experienced short-term improvements in back pain intensity and mild worsening of pain at 12
and 24 months. Only 44.2% of patients from Group 3 achieved clinically important change in
back pain by 12 months with less than 1 in 5 patients (16.6% to 18.7%) experiencing a success-
tul disability outcome (Table 4).

Pain-related disability

The disability trajectory model identified 3 unique trajectory groups (Fig 3C). Group 1 (excel-
lent outcome) included 30.8% of patients who reported rapid improvements in disability, with
nearly all patients experiencing clinically important changes in disability (91.8%) and success-
ful outcomes (93.2% to 97.5%) after 12 months (Table 4). Group 2 (fair outcome) included
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Table 1. Baseline characteristics and surgical details of patients included in the analysis or excluded due to low
preoperative pain or disability or insufficient outcome data '.

Variable
Age [mean + SD]
Female sex
Body mass index [mean + SD]
Smoking status
Non-smoker
Current smoker
Previous smoker
Missing/elected not to answer
Previous spine surgery
Yes
No
Missing
Number of comorbidities
0
1
2
3
>3
Surgery type
Decompression
Decompression with fusion
Missing
Surgery number of spinal
levels
1
2
3
>3
Missing

Minimally invasive surgery

Patients included in analysis (n = 548) | Patients excluded from analysis (n = 6)*

66.7 + 9.1
250 (45.6%)
28.2+8.4

433 (79.0%)
83 (15.2%)

22 (4.0%)
10 (1.8%)

137 (25.0%)
398 (72.6%)
13 (2.4%)

139 (25.4%)
134 (24.5%)
94 (17.2%)
75 (13.7%)
106 (19.3%)

244 (44.5%)
301 (54.9%)
3 (0.6%)

256 (46.7%)
149 (27.2%)
70 (12.8%)
69 (14.4%)
4(0.7%)
178 (32.5%)

! Values are number (percentage) unless otherwise indicated.

2 Reasons for exclusion: low preoperative pain or disability, insufficient outcome data.

https://doi.org/10.1371/journal.pone.0224200.t001

72+ 11.2
0 (0.0%)
29.4+6.0

3 (50.0%)
0 (0.0%)
0 (0.0%)

3 (50.0%)

0 (0.0%)
3 (50.0%)
3 (50.0%)

5 (83.3%)
1(16.7%)
0 (0.0%)
0 (0.0%)
0 (0.0%)

3 (50.0%)
3 (50.0%)
0 (0.0%)

4(66.7%)
0 (0.0%)
1(16.7%)
1(16.7%)
0 (0.0%)
4(66.7%)

40.1% of patients with modest improvement in disability, less than half of whom (40.7% to
41.7%) experienced a successful clinical outcome at 12 months (Table 4). Patients in Group 3
(poor outcome) included 29.1% of patients with minimal improvement following surgery and
who continued to experience severe, persistent disability. Approximately than 1 in 5 patients
in Group 3 (22.0%) achieved clinically important changes in disability, with very few patients

(0.7% to 5.3%) experiencing a successful clinical outcome at 12 months (Table 4).

Discussion

We present the first evidence of pain and disability trajectory subgroups among surgically
treated patients with LSS. Unique trajectories of leg pain, back pain, and pain-related disability
were identified and the construct validity of these subgroups was confirmed through differ-
ences in the proportion of patients meeting thresholds for minimum clinically-important
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Table 2. Group-based trajectory diagnostics for leg pain, low back pain, and disability models.

‘ Average posterior probability”

Estimated membership % (95% CI) ‘ Assigned membership %

0dds of correct classification®

Leg pain trajecto!

ry groups (N = 529)

1, ‘excellent’ .87 14.4 (9.3t0 19.4) 14.2 39.50
2, ‘good’ .88 49.5 (43.3 to 55.8) 50.3 7.02
3, ‘poor’ .90 36.1 (29.7 to 42.4) 355 16.17
Back pain trajectory groups (N = 510)

1, ‘excellent’ .85 13.1 (8.0 to 18.1) 12.8 37.62
2, ‘good’ .88 45.0 (39.1 to 50.9) 45.7 8.92
3, ‘poor’ 93 41.9 (36.4 to 47.5) 41.6 19.85
Disability trajectory groups (N = 519)

1, ‘excellent’ .88 30.8 (24.1 to 37.6) 31.2 16.51
2, ‘fair’ .85 40.1 (33.9 to 46.3) 39.5 8.66
3, ‘poor’ .90 29.1(23.4to 34.8) 29.3 22.03

!: minimum threshold = .70

2. minimum threshold = 5.0

https://doi.org/10.1

371/journal.pone.0224200.t002

change and clinical success. The trajectory subgroups represent potentially useful pain and dis-
ability phenotypes as their identification advances knowledge regarding prognosis and the
clinical outcomes experienced by patients with LSS. Although most patients in this study expe-
rienced substantial reductions in pain and disability following surgery, 29% to 42% of patients
(depending on outcome) were classified as members of a pain or disability trajectory group
that experienced little or no benefit from surgery, underscoring the need for better methods of

patient selection.

The average pain and disability trajectories identified in our study were very similar to a
recent systematic review and meta-analysis reporting the average pain and pain-related dis-
ability experienced by patients undergoing surgery for LSS [10]. However, we also identified
clinically-important subgroups demonstrating that most patients followed a pain or disability
trajectory that differed from the average course. Compared to pain trajectories, disability

Table 3. Descriptive clinical outcomes stratified by trajectory group.

‘ Preoperative | 3 months 12 months 24 months
Leg pain trajectory groups (leg NRS score)
1, ‘excellent’ 7.7+1.6 3 1+. .7
2, ‘good-gradual’ 74+1.7 6+2 2. 2.
3, ‘poor’ 7.8+1.6 +2.5 6.1 +2.1 +1.9
Back pain trajectory groups (back NRS score)
1, ‘excellent’ 7.5+ 1.7 +.7 .7
2, ‘good’ 6.9+1.8 2. 2 .7
3, ‘poor’ 7.9+1.3 +2.0 5.6 + +1.6
Disability trajectory groups (ODI score)
1, ‘excellent’ 40.8+11.3 14.0 £ 10.9 8.0 6.6 10.8£9.4
2, ‘fair’ 455+ 11.4 33.9+13.1 264+ 119 30.3+11.8
3, ‘poor’ 57.2+11.5 51.7 +12.1 493 £11.1 51.0 £ 10.5
Values are mean + SD
NRS = numeric rating scale; ODI = modified Oswestry disability index
https://doi.org/10.1371/journal. pone.0224200.t003
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Fig 2. Average trajectories for a. leg pain, b. back pain, and c. disability. Point estimates are average outcome scores.
Dotted lines represent 95% confidence intervals.

https://doi.org/10.1371/journal.pone.0224200.9002

trajectories appear more dependent on baseline score, suggesting that pain may be a more
modifiable than pain-related disability following LSS surgery.

Shared decision making is an essential component of patient-centered care that promotes
interaction between informed, engaged patients and clinicians to make optimal healthcare
decisions [24]. High-quality clinical evidence is central to this process as shared decision-mak-
ing is most useful in the context of ‘preference-sensitive’ therapeutic options (i.e., when best
evidence demonstrates more than one acceptable treatment for a particular condition). Evi-
dence demonstrating superiority for a specific surgical technique [9], or between surgical and
conservative treatment options [3] is lacking, highlighting the appropriateness of shared deci-
sion-making between patients with LSS when selecting therapies. The current study results
can inform shared-decision making by illustrating the different postoperative outcome trajec-
tories typically experienced by patients, as well as the prevalence of each trajectory type. This
knowledge can help patients and clinicians set appropriate expectations prior to LSS surgery.

There are strengths and limitations of this study. The primary study strengths include the
large sample of patients from 13 spine centers and the long-term follow-up with patient-cen-
tered clinical outcomes of pain and disability. Additionally, we implemented a novel statistical
technique to understand complex longitudinal data resulting in the identification of previously
unknown pain and disability phenotypes. Although our study was conducted in Canadian
spine centers, and the surgical outcomes experienced by patients in other countries may differ,
the average back and leg pain outcomes experienced by patients in the current study were sim-
ilar to those reported in a systematic review comprising outcome reports from 22 countries

Table 4. Proportion of patients meeting 12-month clinical outcome benchmarks, stratified by trajectory group.

Excellent outcome Leg pain MCIC' Back pain MCIC> ODI Relative Absolute
MCIC? ODI success* ODI success’

Leg pain trajectory groups

1, ‘excellent’

2, ‘good’

3, ‘poor’

Back pain trajectory groups

1, ‘excellent’

2, ‘good’

3, ‘poor’

Disability trajectory groups

1, ‘excellent’
2, ‘fair’

3, ‘poor’

': >30% reduction in NRS for leg pain

% >30% reduction in NRS for back pain

%: >30% reduction in ODI

% >50% reduction in ODI

5. ODI score <22

Note: between-group differences in the proportion of patients meeting each of the clinical benchmarks were statistically significant (p < .001).
Green >75%; yellow 50-74%; red <50%

MCIC = minimum clinically important change; ODI = modified Oswestry disability index; NRS = numeric rating scale

https:/doi.org/10.1371/journal.pone.0224200.t004
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Fig 3. Clinical outcome trajectory groups with prevalence estimates. a. leg pain trajectories (N = 529); b. low back
pain trajectories (N = 510); c. disability trajectories (N = 519). Point estimates are average outcome scores (0-10
numeric pain rating scale or 0-100 modified Oswestry index). Dotted lines represent 95% confidence intervals.

https://doi.org/10.1371/journal.pone.0224200.9003

[10]. This speaks to the external validity of our results and supports their generalizability to
patients in other jurisdictions. Although group-based trajectory models assume data to be
missing at random, non-randomly missing data is a potential source of bias. All patients in
this study had preoperative baseline data and follow-up data at 2 of 3 time points, and most
patients (73% to 89%) had complete data available. We believe it unlikely that missing data
had an important effect on the study results.

The use of trajectory modeling in spine surgery can advance our understanding of the out-
comes experienced by patients, and help to identify clinically-relevant subgroups of patients
who are more or less likely to respond to surgery. Significant clinical utility would be gained if
the trajectory subgroups identified in this study could be accurately predicted prior to surgery,
as this knowledge would enhance patient selection. It will also be important to determine
whether membership in a particular trajectory group could be modifiable. For example, little is
known about the effectiveness of postoperative care following spine surgery [25, 26] and opti-
mal rehabilitation might shift the patient to a more beneficial trajectory. Therefore, identifying
the preoperative predictors of trajectory group membership and the effect of postoperative
care on pain and disability trajectories for patients with LSS will be important priorities for
future research. While the former can be accomplished using high-quality longitudinal data
and observational designs, the latter will require robust randomized clinical trials to identify
the treatment effects resulting from postoperative care.

In conclusion, the current study identified subgroups of patients with LSS who can be iden-
tified by their trajectories of pain and disability following surgery. The construct validity of
these subgroups was confirmed, and they may represent useful patient phenotypes. Although
most patients experienced important reductions in pain and disability, many patients (29% to
42% depending on outcome) were classified as members of an outcome trajectory subgroup
that experienced little to no benefit from surgery. These findings highlight the need for better
methods of treatment selection for patients with LSS.
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