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Abstract

Objective Itis unknown whether presence of pre-operative objective functional impairment (OFI) can predict post-operative
outcomes in patients with lumbar disc herniation (LDH). We aimed to determine whether pre-operative OFI measured by
the five-repetition sit-to-stand test (SR-STS) could predict outcomes at 12-months post-discectomy.

Methods Adult patients with LDH scheduled for surgery were prospectively recruited from a Dutch short-stay spinal clinic.
The 5R-STS time and patient reported outcome measures (PROMs) including Oswestry Disability Index, Roland-Morris
Disability Questionnaire, Visual Analogue Scale (VAS) for back and leg pain, EQ-5D-3L health-related quality of life,
EQ5D-VAS and ability to work were recorded pre-operatively and at 12-months. A 5R-STS time cut-off of > 10.5 s was used
to determine OFI. Mann—Whitney and Chi-square tests were employed to determine significant differences in post-operative
outcomes between groups stratified by presence of pre-operative OFI.

Results We recruited 134 patients in a prospective study. Twelve-month follow-up was completed by 103 (76.8%) patients.
Mean age was 53.2 + 14.35 years and 50 (48.5%) patients were female. Pre-operatively, 53 (51.5%) patients had OFI and
50 (48.5%) did not. Post-operatively, patients with OFI experienced a significantly greater mean change (p <0.001) across
all PROMs compared to patients without OFI, except leg pain (p =0.176). There were no significant differences in absolute
PROMs between groups at 12-months (all p > 0.05).

Conclusions The presence of OFI based on SR-STS time does not appear to decrease a patient’s likelihood of experienc-
ing satisfactory post-operative outcomes. The SR-STS cannot predict how a patient with LDH will respond to surgery at
12-month follow-up.

Keywords Sit to stand - Objective test - Lumbar disc herniation - Functional impairment

Introduction

Patient-reported outcome measures (PROMs) continue to
be a gold-standard during assessment of patients with lum-
bar disc herniation (LDH) [1-4]. However, in recent years
there has been a shift towards additional implementation
of tests of objective functional impairment (OFI), such as
Timed-Up-and-Go test or Motorized Treadmill Test (MTT)
[5]. Due to their straight-forwardness, short completion time,
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objectivity, patient preference and their ability to account for
symptoms such as foot drop (commonly missed by PROMs),
they are an important addition to the clinical setting of lum-
bar spine-surgery, creating a new dimension of pre-operative
assessment [5-8].

To overcome the restrictions of OFI tests involving the
need for space and time as seen in six-minute walk test
or specialized equipment during MTT, the five-repetition
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sit-to-stand test (SR-STS) has been introduced to the field of
spinal surgery [9-11]. Its practicality is linked to relatively
quick calculation of the time it takes for a patient to perform
five consecutive sitting-to-standing movements [12].

Given how advantageous tests of OFI such as SR-STS
appear to be during assessment in patients with LDH, one
can question whether they can also determine patients post-
operative outcomes as seen with PROMs [13]. If baseline
5R-STS measurement can predict post-operative outcomes
in patients with LDH, it can potentially aid in treatment
decision-making and management of patients’ expectations.

Therefore, we carried out a prospective study to deter-
mine whether the presence of pre-operative OFI measured
by 5R-STS influences post-operative outcomes of patients
with LDH at 12-month follow-up.

Materials and methods
Study design and oversight

In this prospective cohort study carried out between Novem-
ber 2020 and May 2022, patients were seen at a Dutch spe-
cialized short-stay spine surgery clinic pre-operatively and
at 12-month post-operatively. The study (ClinicalTrials.gov
Identifier: NCT04660656) was approved by the local insti-
tutional review board (Medical Research Ethics Committees
United, Registration Number: W17.107 and W17.134) and
was conducted according to the Declaration of Helsinki and
its later amendments. Informed consent was obtained from
all participants.

Study population

All enrolled patients underwent tubular microdiscectomy as
described previously [14] and were assessed during outpa-
tient consultations. Inclusion criteria were presence of LDH
requiring surgical treatment. Patients who were bedridden,
pregnant, had hip or knee prosthetics or required walking
aides were excluded.

Testing protocol

The test was performed according to the protocol described
by Jones et al. [12] If the patient was unable to perform
the test in 30 s, or not at all, this was noted down and the
test score was recorded as 30 s. The previously described
cut-off of >10.5 s was used to describe patients as objec-
tively functionally impaired according to their pre operative
SR-STS time [9] Based on the baseline severity stratification
(BSS) of 5R-STS previously published by Staartjes et al.
patients were additionally categorized by their levels of OFI
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(none, <10.4 s; mild, 10.5-15.2 s; moderate, 15.3-22.0 s;
and severe, >22.0 s) [9].

Outcome measures

After performing the SR-STS at pre-operative assessment,
patients were asked to complete questionnaires containing
baseline sociodemographic data (age, gender, body mass
index (BMI), height, weight, smoking status, education
level, level of spinal pathology, site of surgery, analgesia use,
history of pain, work situation, ability to work), as well as
PROMs: VAS for back and leg pain severity, validated Dutch
versions of ODI, Roland—Morris Disability Questionnaire
(RMDQ), and EQ-5D-3L questionnaire—containing the EQ
visual analogue scale (EQ-VAS)—to capture pain, subjective
functional impairment, and health-related quality of life. At
12-month post-operative follow-up patients were asked to
perform SR-STS and complete the aforementioned PROMs
again including “ability to work™ section. Every assessment
was performed in the outpatient clinic by the same examiner.
We did not refer any patients to a physiotherapy or rehabili-
tation programme postoperatively.

Statistical analysis

Continuous variables are reported as mean + standard devia-
tion, and categorical variables as numbers and percentages.
Mann—Whitney tests were used to assess the intergroup dif-
ferences in continuous data. The Chi-square test with Yates
correction was chosen for categorical data at baseline. To
compare the change in categorical outcomes from baseline
to 12-months among patients with and without OFI, ordi-
nal logistic regression adjusted for the baseline measure-
ment was used with continuity correction where applicable.
As a sensitivity analysis, we also compared outcomes of
patients with different levels of OFI according to BSS using
Kruskal-Wallis test and Chi-square test. Complete-case
analysis was performed, and patients with missing outcome
data were excluded. All analyses were carried out using R
version 1.4.1003 (The R Foundation for Statistical Comput-
ing, Vienna Austria) [15]. A 2-tailed p <0.05 was considered
significant. The statistical code is provided (Supplementary
Content 2).

Results

Overview

The study recruited 134 patients. Thirty-one patients were
excluded from the final analysis (Fig. 1). Thirty (22.3%)

patients were lost to follow-up and one (0.7%) patient could
not perform the test 12-months post-operatively due to
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Recruited
(n=134)
Excluded
(n=31)
f - lost to follow up (n=30)
"| - could not perform 5R STS at
12 month follow up due to
advanced pregnancy (n=1)
Analysed
(n=103)

Fig. 1 Flow diagram of cohort study

advanced pregnancy. Overall, 103 patients were analyzed.
Baseline patient demographics are presented in Table 1. The
mean age of participants was 53.2 + 14.35 years.

Pre-operative

Based on the pre-operative SR-STS time, 53 (51.5%)
patients had OFI. Patients with OFI had significantly higher
SR-STS time compared to patients without OFI (18.6+6.9 s
vs. 8.17x 1.4 s, p<0.001). In the OFI group, 27 (51.0%)
patients reported presence of anxiety & depression symp-
toms measured by EQ5D-3L, which was significantly more
than in the no-OFI group, where there were 13 (26.0%) of
such patients (p =0.024).

Post-operative

At 12-month follow-up, patients with pre-operative OFI still
performed the SR-STS time slower compared to patients
with no pre-operative OFI (10.9+3.6 s vs. 7.8 +1.8 s,
p<0.001) (Table 2). Among absolute scores at 12-months,
only the SR-STS time was significantly different between
groups (OFI 10.9+3.6 s vs. no-OF1 7.8 + 1.8 s, p<0.001).
Post-operatively, 102 patients (99.0%) denied presence of
anxiety and depression and there were no significant differ-
ences in mood symptoms between groups (p=1.00) (Fig. 2).
Patients with pre-operative OFI experienced a significantly
greater change in PROMs at 12-months compared to patients
without pre-operative OFI, except VAS Leg (— 6.6 +2.5 vs.
—-6.0+24,p=0.176).

Sensitivity analysis according to OFI BSS

Results are reported in Supplementary Content 1. There
were no statistically significant differences between absolute
PROMs scores of different OFI groups at 12-months. Strati-
fication of patients based on their level of pre-operative OFI
identified that there were statistically significant changes in
PROMs between no, mild, moderate, and severe OFI groups

at 12-months, except VAS Leg (no OFI 6.0 +2.39, mild
OFI 6.5+ 2.4, moderate OF1 6.4+2.9, severe OF1 7.1 +2.1,
p=0.494).

Subgroup analysis

Subgroup analyses were performed to identify predictive
value of SR-STS in patients with LDH according to predom-
inant site of pain at presentation (predominant or equal leg
or back pain), history of previous spine surgery and patients
with chronic pain (>3 months) (Supplementary Table 3, 4,
5, 6, 7 and 8).

Discussion

In our prospective cohort study of patients with LDH, indi-
viduals with pre-operative OFI as per their SR-STS time
experienced significantly greater improvement in SR-STS
performance, ODI, RMDQ, VAS Back, and EQ5D-VAS
at 12-month post-surgery compared to individuals with
no pre-operative OFL. However, the overall post-operative
absolute PROMs score did not differ significantly across
groups, demonstrating that SR-STS at baseline cannot pre-
dict 12-month outcomes.

Although it was hypothesized that patients with pre-oper-
ative OFI would have significantly different post-operative
outcomes as measured by PROMs compared to their not
objectively functionally impaired counterparts, findings in
our study contradict that. It is known that surgery can suc-
cessfully reverse the disability associated with LDH, and
it appears that patients with motor deficits may achieve as
good post-operative outcomes as if they were not present,
even when stratified by different level of OFI as seen in our
sensitivity analysis [16]. This information is reassuring for
both the surgical team and the patient during consultation
[17]. As seen in our study, patients who report worse func-
tionality and pain scores pre-operatively, are sometimes the-
orized to “have more room for improvement” and hence are
more likely to experience an overall higher satisfaction with
post-operative outcomes [18, 19]. This can aid in manage-
ment of patients’ expectations—crucial in the spinal surgery
setting as positive expectations appear to be linked to better
post-operative PROMs [20, 21].

Interestingly, at 12-month follow-up, patients with pre-
operative OFI still performed the 5R-STS slower than
patients with no pre-operative OFI, yet in both groups the
absolute PROMs at 12-months were not significantly differ-
ent. Ongoing presence of degree of OFI does not appear to
necessarily constitute poor post-operative outcomes. It can
be concluded that in the absence of pain, the ongoing OFI
is no longer burdensome, and patients can cope with it suf-
ficiently to achieve a satisfactory quality of life.

@ Springer
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Table 1 Basic demographic
data for patients with lumbar
disc herniation based on
preoperative presence of OFI
versus no OFI

@ Springer

Characteristics All participants No OFI OFI p-value
(n=103) (n=50) (n=53)

Age 532+14.35 52.7+13.7 5343+15.1 0.726

Gender

Female 50 (48.5) 21 (42.0) 29 (54.7) 0.274

Male 53 (51.5) 29 (58.0) 24 (45.3)

BMI (kg/m?) 27.1+4.0 27.0+4.3 27.1£3.7 0.958

Height (cm) 176.5+10.4 176.6 +£10.8 176.5+10.2 0.812

Weight (kg) 84.7+16.3 84.7+16.7 84.7+16.1 0.981

Smoking status

Active smoker 20 (19.4) 8 (16.0) 12 (22.6)

Ceased smoking 36 (35.0) 15 (30.0) 21 (39.6) 0.252

Never smoked 47 (45.6) 27 (54.0) 20 (37.8)

Hernia site

Left 34 (33.0) 16 (32.0) 18 (34.0)

Right 27 (26.2) 9 (18.0) 18 (34.0) 0.102

Bilateral 42 (40.8) 25 (50.0) 17 (32.0)

Index level

L2-3 4(3.9) 1(2.0) 3(5.5)

L2-3 & L34 3(2.9) 1(2.0) 2(3.8)

L3-4 10 (9.7) 5(10.0) 5(9.4) 0.734

L3-4 & 1.4-5 7 (6.8) 5(10.0) 2(3.8)

L4-5 41 (39.8) 19 (38.0) 22 (41.5)

L5-S1 38 (36.9) 19 (38.0) 19 (36.0)

Prior spine surgery 17 (16.5) 10 (20.0) 7(13.2) 0.508

History of pain

6weeks—3months 8(7.8) 2 (4.0) 6(11.3)

3months—6months 23 (22.3) 12 (24.0) 18 (34.0) 0.054

6months—1 year 30 (29.1) 9 (18.0) 14 (26.4)

> 1 year 42 (40.8) 27 (54.0) 15 (28.3)

Analgesic drug use

Daily 77 (74.8) 34 (68.0) 43 (81.0)

Weekly 11 (10.7) 6 (12.0) 5(4.5) 0.256

Not regularly 15 (14.5) 10 (20.0) 5@4.5)

Education

High-school 48 (46.6) 24 (48.0) 29 (54.7)

Higher 53 (51.5) 24 (48.0) 24 (45.2) 0.303

Post-doctoral 2(1.9) 24 -

Work situation

Employed 58 (56.3) 27 (54.0) 31 (58.5)

Self-employed 3.9 2 (4.0) 1(2.0)

Retired 25 (24.3) 12 (24.0) 13 (24.5) 0.954

House-worker 5(4.8) 3(6.0) 2(3.8)

Unfit 5(4.8) 2 (4.0) 3(5.6)

Unemployed 7(6.9) 4 (8.0) 3(5.6)

Ability to work

Full 22 (21.4) 15 (30.0) 7(13.2)

Limited 33 (32.0) 14 (28.0) 19 (35.8) 0.115

Unable 48 (46.6) 21 (42.0) 27 (50.9)

EQ5D Anxiety & Depression

1 63 (61.2) 37 (74.0) 26 (49.0)

2 34 (33.0) 12 (24.0) 22 (41.5) 0.024
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Table 1 (continued)

Characteristics All participants No OFI OFI p-value
(n=103) (n=50) (n=53)

3 6(5.8) 1(2.0) 5(9.5)

5R-STS Time (seconds) 13.5+7.3 8.17+1.4 18.6+6.9 <0.001
RMDQ 13.9+5.2 11.6 +4.9 16.1+4.4 <0.001
ODI 442+17.2 37.5+13.8 50.4+17.8 <0.001
VAS back pain 6.5+2.6 55+2.8 73+20 <0.001
VAS leg pain 77+1.7 75+1.7 7.8+1.8 0.253
EQ5D VAS 51.5+18.8 58.6+19.5 44.8+15.5 <0.001

Continuous variables are presented as mean =+ standard deviation and categorical variables as percentages

(%)

BMI Body mass index, OFI Objective functional impairment, RMDQ Roland Morris disability question-
naire, ODI Oswestry disability index, VAS Visual analogue scale

Statistically significant findings are marked in bold font

Table 2 Comparison of disease burden and change in scores of patients with lumbar disc herniation at 12 months post-operatively based on

presence of pre-operative OFI vs no OFI

Characteristics At 12 months post-operatively Change in score
All par- No OFI (n=50) OFI (n=53) p-value All participants No OFI (n=50) OFI (n=53) p-value
ticipants (n=103)
(n=103)
Ability to work
Full 76 (73.7) 37 (74.0) 39 (73.6) 0.772 54 (245.0) 22 (146.7) 32 (457.0) 0.832
Limited 19 (18.4) 10 (20.0) 9 (17.0) —14(-424) —4(-28.6) —10(-52.6)
Unable 8(7.9) 3(6.0) 504 —40(—83.3) — 18 (—85.7) —-22(-81.4)
EQ5D anxiety & depression
1 102 (99.0) 50 (100.0) 52 (99.0) 1.00 39 (61.9) 13 (35.1) 26 (100.0) 0.532
2 - - - —34 (- 100.0) - -
3 1(1.0) - 1(1.0) -5(-83.3) - -5(-80.0)
SR-STS Time (sec- 9.4+3.2 78+£1.8 10.9+3.6 <0.001 -4.1+64 -04+14 -77x7.1 <0.001
onds)
RMDQ 37149 4.0+5.0 34+438 0.528 —-10.2+6.7 -7.6+69 —-127+£5.6 <0.001
ODI 6.2+9.3 6.3+10.0 6.1+8.7 0.834  -38.0+18.7 —-31.2+14.8 -444+19.8 <0.001
VAS back pain 1.0£19 1.0+1.9 0.6+14 0272 -57+3.1 -4.6+3.3 -6.7£2.6 <0.001
VAS leg pain 1.3£19 14+£1.8 1.2+£2.0 0.211 -63+24 -6.0+24 -6.6x£2.5 0.176
EQSD VAS 82.7+9.6 82.3+9.1 83.2+10.1 0497 31.3+209 2377+£21.8 38.4+17.3 <0.001

Continuous variables are presented as mean + standard deviation and categorical variables as percentages (%) and percentage change (%) for

change in score calculations

BMI Body mass index, OFI Objective functional impairment, RMDQ Roland Morris disability questionnaire, ODI Oswestry disability index,

VAS Visual analogue scale

Statistically significant findings are marked in bold font

Nearly all PROMs except VAS Leg differed among
patients with OFI vs. no OFI, a pattern seen also in our
sensitivity analysis. This agrees with a previous study vali-
dating the proposed OFI baseline severity stratification of
5R-STS in patients with lumbar degenerative disease, where
again, severity of VAS Leg was not associated with advance-
ment of OFI [10]. This further implies that there may exist

a subgroup of patients with LDH with a motor component
independent of leg pain that is not captured by commonly
used PROMs but is potentially identifiable by the SR-STS
[22].

Although the 5R-STS in itself does not appear to predict
post-microdiscectomy outcomes, it complements the pre-
operative consultation through an objective assessment of

@ Springer
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Fig.2 Boxplots of change in scores at 12-months post-operatively in patients with lumbar disc herniation with objective functional impairment

vs no objective functional impairment compared to pre-operative values

functionality and provides a reference point for analyzing
post-surgical recovery and outcomes in both clinical and
research setting. The SR-STS was also shown to be reliable
when performed at home by patients [11]. This has cre-
ated an opportunity for patients to not only monitor their
self-improvement but better surgeons’ assessment during
telephone consultations that have increased in popularity
especially since the SARS-CoV-2 pandemic [23].

The 5SR-STS as shown above adds a new objective dimen-
sion in the assessment of patients with LDH, but on its own,
it cannot predict patients’ post-microdiscectomy outcomes.
Findings in our study can, however, reassure the patient that
despite presence of OFI, they can still achieve satisfactory
results after surgery, and they are not disadvantaged. The
SR-STS appears to have the potential to detect a motor com-
ponent of LDH independent of leg pain and is a validated
tool for assessment and monitoring of patients with LDH in
both clinical and research setting.

Limitations
As all our patients were diagnosed with LDH, findings in

our study are disease-specific and should not be applied to
all diagnoses of lumbar degenerative disease.

@ Springer

In this prospective cohort study, 103 (76.9%) patients out
of 134 recruited were followed up at 12-months. This may
have introduced attrition bias due to unassessed outcomes in
a subgroup of patients which may have impacted the results.

As our data was collected at one specialized Dutch short-
stay spinal clinic, findings have limited generalizability in
other countries. Populations from different areas may require
adjusted outcome measures as seen with EQ-5D or 6 MWT
[24, 25]. Future studies are encouraged to differentiate
between nationalities and ethnicities.

Finally, presence of chronic conditions in patients was not
clearly reported. This may have led to overestimation of the
impact of LDH on the SR-STS performance and underesti-
mation of the perceived improvement from the surgery due
to ongoing burden of other illnesses. However, our inclusion
criteria did not allow to analyze patients whose mobility was
markedly affected by chronic comorbidities.

Conclusions

Although at 12-months there were no significant differences
in absolute post-operative scores between patients with pre-
operative OFI and no OFI, patients with pre-operative OFI
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experienced a greater improvement in PROM scores. It can
be concluded that presence of OFI based on SR-STS time
does not decrease a patient’s likelihood of experiencing
satisfactory post-operative outcomes. The SR-STS cannot
predict how a patient with LDH will respond to surgery
at 12-month follow-up. The SR-STS continues to remain
an effective tool to assess disease severity of patients with
LDH with excellent concurrent validity with PROMs. It can
be used in both research setting as an outcome measure to
determine treatment effectiveness as well as in clinical set-
ting to complement pre-operative assessment and monitor
post-operative recovery.

Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s00586-023-08046-z.
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