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Abstract

Purpose Objective functional tests like the five-repetition sit-to-stand test (SR-STS) can supplement an objective dimension
to conventional patient-reported outcome measures. The reliability of unsupervised obtainment of SR-STS performance is
currently unknown.

Methods We included patients with degenerative pathologies of the lumbar spine. Patients performed the SR-STS during
the initial clinical visit (supervised), as well as at home after instruction by a physiotherapist. At home, patients were first
timed by a relative (unsupervised) and subsequently produced a video recording of themselves performing the SR-STS for
digital measurement (telesupervised). Two raters independently assessed the recordings.

Results One hundred and twenty-one patients were recruited, of which 100 were eligible. Eighty-eight reported unsupervised
results. Sixty-four returned recordings, of which 61 were ratable. Both unsupervised (r: 0.94, 95% CI1 0.91-0.96, p <0.001)
and telesupervised (r: 0.90, 95% CI 0.83-0.94, p <0.001) measurements demonstrated excellent correlation with clinical
test times. Patients did not perform more slowly at home (p > 0.05). The interrater agreement for digital judgement of the
telesupervised recording was excellent (ICC: 0.996, 95% CI 0.993-0.998, p <0.001). We confirmed convergent validity with
self-reported disability, back pain, and quality of life (all p <0.05), but not with leg pain (p =0.1809).

Conclusions Unsupervised at-home assessment using the SR-STS is highly reliable. There does not appear to be a specific
need for patients to return for a supervised SR-STS follow-up. Rather, instructions can be provided, and the test performed
and rated by a partner or family member at home. This is logistically and economically advantageous for patients, clinicians,
and researchers.

Trial registry number ClinicalTrials.gov Identifier: NCT03321357.

Graphical abstract
These slides can be retrieved under Electronic Supplementary Material.

Key points ol

Take Home Messages

1. Unsupervised at-home assessment using the 5R-STS is highly accurate.
1. Objective Functional Impairment
2. There is no specific need for patients to return for a clinical, supervised

2. Functional Impairment measurement of objective functional impairment.

3. Thisis logistically and i for patients, clinicians, and
researchers.

3. Degenerative Disc Disease

4. Lumbar Disc Herniation
The 5R-STS is a simple, quick, and reliable indicator of objective functional
impairment.

+

5. Lumbar Stenosis

nt 4 Springer Staartjes VE, Beusckamp F, Schrider ML (2019) Can
= in ive discase be

nalimpairment &) Springer
e fve-ren

sit-to-stand test? A prospective study. Eur Spine J;

Electronic supplementary material The online version of this
article (https://doi.org/10.1007/s00586-019-05897-3) contains
supplementary material, which is available to authorized users.

Extended author information available on the last page of the article

@ Springer


http://orcid.org/0000-0003-1039-2098
http://crossmark.crossref.org/dialog/?doi=10.1007/s00586-019-05897-3&domain=pdf
https://doi.org/10.1007/s00586-019-05897-3

666

European Spine Journal (2019) 28:665-673

Keywords Degenerative disc disease - Lumbar stenosis - Lumbar disc herniation - Functional impairment - Objective

functional impairment

Introduction

Outcomes of interest have been shifting from radiographic
indicators of success, such as fusion rates, to patient-ori-
ented and value-based indicators of treatment success [1].
Meanwhile, the use of patient-reported outcome measures
(PROMSs) has become standard practice for the majority of
clinicians and forms the basis of clinical research in spinal
patient care [2-9]. These validated questionnaires provide
accurate evaluations of pain severity, functional impairment,
and health-related quality of life (HRQOL) [1, 2, 5, 10].

In the past decade, objective measures of functional
impairment have attracted attention [11-17]. Some objective
functional tests have been introduced and have found their
way into clinical practice, such as the Six-Minute Walk Test
(6MWT), Timed Up and Go (TUG) test, gait analysis and
other biomechanical measurements, as well as accelerom-
eter-based tools [12, 13, 15-20]. Their advantages include
quick execution, repeatability, straightforward interpreta-
tion, and supplementation of an objective dimension differ-
ent from traditional PROMs [18]. Patients also frequently
prefer an objective functional test over questionnaires [21].

The five-repetition sit-to-stand test (SR-STS) has seen
use for chronic obstructive pulmonary disease and Parkin-
son’s disease, among others [22, 23]. Recently, Staartjes
et al. [14] performed a formal validation for degenerative
pathologies of the lumbar spine. Still, little is known on
the SR-STS in this population (Table 1) [24, 25]. While
objective functional tests are simple to perform with
instructions during a clinical visit, little is known about
their remote and unsupervised use. PROM questionnaires
are often mailed to patients for the initial assessment or
follow-up. Only few studies have evaluated the possibility
of remote sit-to-stand assessment, but employed motion
tracking or sensor-based supervision [19, 20]. While
highly accurate, these instruments are not routinely avail-
able to patients at home and to clinicians in daily practice.

Our aim was to assess the reliability of completely
unsupervised and telesupervised at-home objective per-
formance assessment in patients with degenerative spinal
disorders using the SR-STS in a prospective study.

Table 1 Published evidence on the 5R-STS test in patients with degenerative lumbar spinal pathologies

Parameter

Published evidence References

Content validity
Back pain [VAS]
Leg pain [VAS]
Pain affect [VAS]
Functional disability [RMDQ]
Functional disability [ODI]
Health-related quality of life [EQ-5D index]
Health-related quality of life [EQ-VAS]
Reliability
Interrater reliability [clinical]
Interrater reliability [telesupervised]
Test-retest reliability
Day-to-day reliability
Upper limit of normal

Severity stratification of OFI [prevalence]

Responsiveness

r=0.250 to 0.31
r=0.10t0 0.189

14, 24], current report

14], current report

[
[
[
[

r=0.332 24]
r=0.453t0 0.49 14, 24], current report
r=0.40to 0.44 [14], current report

r=—0.41t —0.24
r=—0.30t0 —-0.14

[14], current report

[14], current report

ICC=0.99 [24]
ICC=0.996 Current report
ICC=0.45 to 0.97 [14, 24]
ICC=0.89 [24]

10.4s [14]

Not significant: <10.4 s [S0%] [14]

Mild: 10.5 to 15.2 s [25%]
Moderate: 15.3 to 22.0 s [15%]
Severe>22.0s [10%]

Unknown -

r correlation coefficient, ICC intraclass correlation coefficient, OFI objective functional impairment, RMDQ Roland—Morris disability question-

naire, ODI Oswestry Disability Index, VAS visual analogue scale
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Materials and methods
Population

All enrolled patients were scheduled for surgery and were
assessed during outpatient consultations. Inclusion criteria
were the presence of lumbar disc herniation (LDH), lum-
bar stenosis, lumbar spondylolisthesis, degenerative disc
disease (DDD), or synovial facet cysts, requiring surgical
treatment. Patients with hip or knee prosthetics and those
requiring walking aides were excluded to eliminate these
confounders.

Study course

Between December 2017 and June 2018, patients were seen
at a specialized outpatient spine surgery clinic. The study
was compiled according to the Strengthening the Report-
ing of Observational Studies in Epidemiology (STROBE)
statement [26]. This prospective study (ClinicalTrials.gov
Identifier: NCT03321357) was approved by the local insti-
tutional review board (Medical Research Ethics Committees
United, Registration Number: W17.134) and was conducted
according to the Declaration of Helsinki. Informed consent
was obtained from all participants.

Outcome measures

The 5R-STS was performed according to the protocol
described by Jones et al. [14, 22]. The first measurement
was obtained during the initial clinical visit (supervised).
Subsequently, patients received instructions for at-home
assessment from a licensed physiotherapist. Patients were
asked to independently perform two measurements during
the 2 days following the initial clinical visit.

For the first (unsupervised) measurement, patients per-
formed the SR-STS as instructed and were timed by a partner
or relative. For the second (telesupervised) measurement,
patients were asked to again perform the test, but to produce
a video recording of this performance, in place of being
timed. Video recordings were obtained using the proprietary
video recording software on patient’s smartphones, and the
resulting video files were sent per email to a secure server
managed by the research nurse and digitally timed. Patients
gave written informed consent for these procedures.

The telesupervised measurements were timed indepen-
dently by two raters (V.E.S. and M.L.S.) for assessment of
interrater reliability. For all other analyses, we used the mean
of the two raters’ test times. Patients were asked to wait
approximately 1 h between the unsupervised and telesuper-
vised measurements to avoid fatigue or test-induced pain.

A range of PROMs were additionally used. Patients were
asked to complete questionnaires containing baseline soci-
odemographic data, as well as numeric rating scales (NRS)
for back and leg pain severity, and validated Dutch versions
of the Oswestry Disability Index (ODI), Roland—Morris Dis-
ability Questionnaire (RMDQ), and EuroQOL-5D-3L (EQ-
5D) to capture subjective functional impairment as well as
HRQOL. Participants filled in the questionnaires right after
initially performing the test during the clinical visit. We
assessed convergent validity of the SR-STS by correlation
with these secondary outcome measures.

Statistical analysis

Data were reported as mean + standard deviation for continu-
ous and numbers (percentages) for categorical data. Linear
regression was used to evaluate the effect of decade of life
on clinical 5SR-STS performance. For correlation analysis,
SR-STS test times were log,, transformed to achieve a nor-
mal distribution. Pearson’s product-moment correlation was
used to assess the correlation between log,,-transformed
SR-STS test times obtained during clinical visits and those
obtained at home. A post hoc power calculation was per-
formed to detect a Pearson correlation coefficient (PCC) of
0.30 or greater. A PCC of 0.80 or greater was considered
as “excellent” correlation according to the Landis—Koch
criteria [27]. To determine interrater agreement of the tele-
supervised method, we calculated intraclass correlation
coefficients (ICC) for the two raters in a two-way random-
effects model set for absolute agreement, along with their
95% confidence intervals (CI). We additionally performed
Bland-Altman analysis of interrater agreement. Wilcoxon’s
signed-rank test was used to compare intraindividual per-
formances to identify any learning effect between measure-
ments. We also quantified convergent validity by correlating
PROMs with log,-transformed 5R-STS test times obtained
during clinical visits. Analyses were carried out using R
version 3.5.1 (the R Foundation for Statistical Computing,
Vienna, Austria) [28]. A p<0.05 on two-sided tests was
considered significant.

Results
Population

One hundred and twenty-one patients were initially enrolled
(Fig. 1). Of these, 119 (98%) performed the initial SR-STS
measurement, and 100 (83%) completed at least one of the
at-home measurements and were eligible for the quantitative
analysis. Table 2 provides an overview of the patient cohort.
The majority of patients suffered from LDH (65%), followed
by stenosis (23%), DDD (9%), and spondylolisthesis (3%).
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recruited
n=121
4 N\
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- Did not perform the
A initial test (2)
Patients who performed - /
the initial 5R-STS
n=119
e N
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v - No at-home
measurement (19)
Patients eligible for - J
quantitative analysis
n=100 Excluded
- No unsupervised
» measurement (12)
A - No telesupervised
measurement (36)

Completed unsupervised \_
at-home measurement
n =288

Completed telesupervised
at-home measurement
n=64

Fig. 1 Flow chart demonstrating the flow of patients at each stage of
the study

No adverse events were reported during testing. Our post hoc
power analysis indicated a power of 1 —#=0.81 for the anal-
ysis of our primary endpoint. Among the included patients,
none were known to have other concomitant comorbidities
that may have significant influence on SR-STS performance,
such as cervical or thoracic myelopathy, Parkinson’s disease,
or other diffuse neuropathies. An analysis per decade of life
(Fig. 2) indicated that age did not significantly influence
clinical 5R-STS performance (#: 0.49, 95% CI —0.74 to
1.72, p=0.433).

Correlation of clinical and at-home test times
Unsupervised measurement

Eighty-eight patients (88%) reported an unsupervised test
time (Fig. 3). Unsupervised measurements showed excellent
correlation with the clinical measurement (r: 0.94, 95% CI
0.91-0.96, p <0.001).

Telesupervised measurement

Overall, we received video recordings from 64 patients
(64%). Three videos (5%) were not ratable due to recording
errors. In the 61 remaining recordings (Fig. 4), the correla-
tion among clinical and telesupervised at-home measure-
ments was excellent (r: 0.90, 95% CI1 0.83-0.94, p <0.001).

@ Springer

Table 2 Baseline characteristics of the patient cohort

Parameter Value n=100
Male gender 44 (44)
Age (yrs) 45.25+11.90
Height (cm) 176.65+9.23
Weight (kg) 79.52+12.17
Body mass index (kg/m?) 25.49+3.39
Smoking status
Active smoker 27 (27)
Ceased smoking 22 (22)
Never smoked 51(51)
Ability to work
Full 21 (21)
Limited 26 (26)
Unable 53 (53)
Prior spine surgery 25 (25)
History of pain
None-6 weeks 2(2)
6 weeks—6 months 14 (14)
6 months—1 year 25 (25)
> 1 year 59 (59)
Analgesic drug use
Daily 79 (79)
Weekly 8(8)
Not regularly 13 (13)
Indication
Disc herniation 65 (65)
Stenosis 23 (23)
DDD 99
Spondylolisthesis 3(3)
Index level
L2-L3 4 (4)
L3-L4 7(7)
L4-L5 33 (33)
L5-S1 56 (56)
PROM
RMDQ 12.75+5.48
ODI 47.85+16.00
VAS back pain 5.87+2.62
VAS leg pain 7.54+1.88
EQ-5D index 0.33+0.27
EQ-5D VAS 48.52+16.07

Continuous variables are presented as mean + standard deviation and
categorical variables as frequency (percentage)

DDD degenerative disc disease, PROM patient-reported outcome
measure, RMDQ Roland-Morris Disability Questionnaire, ODI
Oswestry Disability Index, VAS visual analogue scale

Interrater reliability of telesupervised measurement

Measurement of test times using the telesupervised method
appeared to be highly reliable, based on absolute interrater
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Fig.3 Scatterplot illustrating the correlation of logarithmically
converted clinical and unsupervised at-home S5R-STS test times.
The Pearson correlation coefficient was 0.94 (95% CI 0.91-0.96,
p<0.001), indicating excellent correlation

agreement (ICC: 0.996, 95% CI 0.993-0.998, p <0.001). A
Bland—Altman plot (Fig. 5) illustrates the mean interrater bias
of —0.15 s, with a 95% limit of agreement of —0.81 to 0.51 s.

Intraindividual performance differences
Unsupervised measurement

Patients did not perform more slowly at home (Table 3),
and no learning effects were observed (A: —0.17 s, 95%
CI —0.68 to 0.34 s, p=0.565).

Telesupervised measurement

There were no significant intraindividual differences
between clinical and telesupervised measurements (A:
—0.175,95% CI —0.82 t0 0.48 s, p=0.897).

Convergent validity

We observed direct correlation of test times and functional
impairment as measured by RMDQ (=100, r: 0.48, 95% CI
0.31-0.63, p<0.001) and ODI (r: 0.40, 95% CI 0.21-0.55,
p<0.001), as well as with VAS back pain severity (r: 0.25,
95% CI 0.05-0.43, p=0.017). There was no correlation with
VAS leg pain severity (p=0.189). The 5SR-STS also dem-
onstrated indirect correlation with HRQOL as measured by
EQ-5D index (r: —0.24,95% CI —0.42 to — 0.04, p=0.021)
and EQ-VAS (r: —0.30,95% CI —0.47 to —0.10, p=0.004).
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times were digitally measured on video recordings provided by the
patients. The Pearson correlation coefficient was 0.90 (95% CI 0.83—
0.94, p <0.001), indicating excellent correlation

Discussion

In this prospective study, we demonstrated that the SR-STS
can, without supervision, objectively assess functional
impairment in patients with degenerative pathologies of the
lumbar spine. Using either the unsupervised or telesuper-
vised method, excellent reliability can be achieved. Remote
patient assessment using the SR-STS appears to be an accu-
rate and safe option for the initial or follow-up evaluation of
objective functional impairment (OFT).
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Fig.5 Bland-Altman analysis of interrater agreement of telesuper-
vised measurements. Two raters independently measured test times
on the video recordings. The mean rating among the two raters is
plotted against the difference between raters. The plot demonstrates
a mean interrater bias of —0.15 s, with a 95% limit of agreement of
—-0.81t00.51s

Objective functional tests have the capability of adding a
new dimension to patient assessment, namely, OFIL. Next to
simplicity of interpretation for the patient, test—retest reli-
ability, patient preference, and language independence, OFI
has the advantage of capturing deficits that are not assessed
by questionnaires, such as extensor paresis and propriocep-
tive deficits [14, 18, 21, 22]. The presence and degree of OFI
can be graded using validated severity stratifications [14,
29]. Although it is still unclear if the preoperative presence
of OFI influences outcomes after surgery, they effectively
communicate severity of disease and provide a complete
overview of a patient’s clinical status if complemented by
conventional PROMs [7-9].

Not much is known about unsupervised or remote objec-
tive functional assessment. Regterschot et al. [19] evaluated

Table 3 5R-STS performance measured during the initial clinical visit and at home using the unsupervised and telesupervised methods

Group Clinical n=100 Unsupervised n=_88 Telesupervised n=61
Mean SD Mean SD p Mean SD p

Overall 13.75 6.84 13.54 7.11 0.565 13.25 5.66 0.897
Age group

<50 13.64 7.04 13.37 7.71 - 13.21 6.21 -

>50 13.99 6.54 1391 5.76 - 13.36 4.49 -
Gender

Male 15.04 8.42 14.62 9.32 - 14.32 6.93 -

Female 12.91 5.31 12.78 4.67 - 12.72 4.09 -

Values are given in seconds as mean +standard deviation. p values for intraindividual differences from the initial clinical measurement were

obtained using Wilcoxon’s signed-rank test

5R-STS five-repetition sit-to-stand test, SD standard deviation
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sensor-based assessment of sit-to-stand manoeuvres and
found that reliability was high. Ejupi et al. [20] used motion
tracking for clinical and at-home 5R-STS assessment in a
geriatric population. With both unsupervised and supervised
at-home motion tracking-based testings, they were able to
accurately measure SR-STS performance and to develop an
algorithm that discriminates fallers from nonfallers. They
observed a high correlation of clinical and at-home tracking-
based performance. These studies achieved very high accu-
racy by the use of biomechanical analysis of sit-to-stand
movements. However, this is impractical in daily practice,
and most patients do neither have access to the required
equipment, nor are they able to correctly apply the equip-
ment by themselves. For these reasons, we aimed to assess if
simple SR-STS test time measurement is feasible. Nonethe-
less, the findings of the aforementioned studies support the
notion that home-based 5R-STS testing without supervision
could be viable [19, 20].

An integral part of the SR-STS testing procedure is that
the patient aims to perform the manoeuver as swiftly as
possible. This allows testing for peak muscle strength, bal-
ance, and to some extent, endurance [14, 18, 19, 22, 30,
31]. Therefore, motivation and clear instructions on how
to perform the SR-STS are the key. It was conceivable that
patients would perform somewhat more slowly at home,
without direct supervision, than during the doctor’s pres-
ence. However, our findings indicate that there is no dif-
ference in performance, rather with a slight trend for faster
performance at home. The latter is possibly explained by
selection bias, since patients who returned at-home measure-
ments are perhaps more motivated.

In contrast to our initial hypothesis, telesupervision using
mailed videos did not lead to increased reliability compared
to unsupervised assessment. Although we were able to dem-
onstrate that interrater agreement was high for this method,
the lack of superiority is probably explained by methodo-
logical artefacts. Three patients were unable to record the
video correctly. It is also conceivable that older patients,
who may be somewhat less technically experienced, would
achieve worse results, although this was not evident from
our results.

In a recent study, Staartjes et al. [14] demonstrated the
convergent validity of the SR-STS in 157 patients. Because
the SR-STS is still a relatively novel test in spinal patient
care, we aimed to assess its convergent validity in an inde-
pendent cohort. We found good correlation of SR-STS scores
and validated PROMs for pain and disability, except for leg
pain severity. Our findings corroborate the results previously
published [14]. Here, it is important to stress again that the
goal of objective functional tests is not primarily to converge
with conventional PROMs like leg pain severity or to replace
them, but to supplement them by adding an objective dimen-
sion, namely, OFIL. Capturing OFI has been demonstrated

to provide valuable additional information about patients—
such as motor deficits or dependency—while being inde-
pendent of linguistic restrictions and generally preferred
over questionnaires by patients [7-9, 11, 18, 21]. As of yet,
the responsiveness of the SR-STS has not been evaluated [6,
25, 32, 33]. Thus, the postoperative validity and sensitivity
in this patient population, and concomitantly its usefulness
as a tool for follow-up, instead of baseline assessment only,
remain unknown [14, 32]. Consequently, there has also not
been any calculation of the minimum clinically important
difference (MCID) [10, 33]. A systematic review on objec-
tive functional tests in the spine may be warranted to sum-
marize the available evidence [6]. In addition, we cannot
judge the accuracy of the SR-STS for any of the specific
subgroups of included degenerative pathologies, since we
included a somewhat heterogenous population. However,
this approach has clinical relevance, since the population
closely resembles that seen by spine surgeons in clinical
practice.

It is conceivable that the SR-STS will be clinically used in
a similar fashion to other tests such as the TUG and 6MWT,
including but not limited to severity stratification, track-
ing the postoperative course, and setting treatment goals
[11]. While its responsiveness has not been demonstrated
as of yet, the SR-STS may be used by clinicians to gauge
the degree of improvement in OFI compared to preopera-
tive baseline testing. In addition, an Upper Limit of Normal
(ULN) of 10.4 s has been suggested, with which the presence
of OFI can be evaluated [14]. The proportion of patients
with baseline OFI returning to “normal” values postopera-
tively could be used as a measure of surgical success.

Overall, the results of our study indicate that the SR-STS
can be reliably and safely performed at home, even without
video-based supervision. Although this conclusion warrants
validation in other prospective cohorts, it is reasonable to
apply the SR-STS as an outcome measure for OFI in clini-
cal trials. As PROMs are often captured using mailed or
web-based questionnaires at follow-up, remote assessment
without supervision is logistically and economically superior
for patient, clinician, and the health system in general, com-
pared to each patient having to return for a clinical 5R-STS
measurement. Unsupervised SR-STS performance allows
clinicians to objectively evaluate patients for impairment
at follow-up in daily practice, apart from its application in
research.

Limitations

While the present sample size reached sufficient power, our
study may be limited by its sample size. Since the estima-
tion of correlations relies on rather large samples, further,
larger studies may be warranted. Since we included patients
with various degenerative spinal diseases, we are unable to
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demonstrate the validity of at-home testing for any particu-
lar diagnosis. However, particularly for LDH and stenosis,
which comprised the majority of patients, the results of
this study indicate that reliability is high. We cannot make
any claims towards the reliability of at-home 5R-STS test-
ing without prior instructions. Confounders which may not
have been captured and accounted for in this study may have
influenced performance. However, all included patients had
American Society of Anesthesiologists (ASA) Scores of
I or II, and none were known to have comorbidities with
potential confounding effect on SR-STS performance, such
as myelopathies or neuropathies. Lastly, it is currently
unknown if unsupervised performance of other objective
functional tests, such as the 6MWT and TUG, is a reliable
indicator of OFI.

Conclusions

Unsupervised at-home assessment using the SR-STS is
highly accurate and reliable. There does not appear to be a
specific need for patients to return for a clinical, supervised
follow-up measurement of objective functional impairment.
Rather, instructions can be provided, and the test performed
and rated by a partner or family member at home. This is
logistically and economically advantageous for patients, cli-
nicians, and researchers. The SR-STS is a simple, quick, and
reliable indicator of objective functional impairment.
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