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Abstract

Background: To investigate the mechanisms of low back pain triggered by the five-repetition sit-to-stand test (5R-
STS test) in degenerative lumbar spondylolisthesis (DLS) from radiographic perspective, as well as to determine the
most useful diagnostic modalities in the evaluation of segmental instability.

Methods: We retrospectively performed a study of 78 patients (23 men and 55 women) with symptomatic DLS

at L4/5 in our institution between April 2020 and December 2021. Each patient was assessed by using the 5R-STS
test and received a series of radiographs including the upright standing, normal sitting, standing flexion—extension
radiographs, and supine sagittal MR images. Enrolled patients were divided into two groups based on the 5R-STS test
score: severe group and mild group. Translational and angular motion was determined by comparing normal sitting
radiograph (N) with upright standing radiograph (U) (Combined, NU), flexion/extension radiographs (FE) as well as
normal sitting radiograph (N) with a supine sagittal MR image (sMR) (Combined, N-sMR).

Results: Overall, 78 patients were enrolled, and there were 31(39.7%) patients in group S and 47(60.3%) patients in
group M, with an average age of 60.7 + 8.4 years. The normal sitting radiograph demonstrated the maximum slip
percentage (SP) and the highest kyphotic angle both in group S and group M. Compared with group M, group S
revealed significantly higher SP in the normal sitting position (24.1 vs 19.6; p=0.002). The lumbar slip angular in group
S with a sitting position was significantly higher than that in group M (-5.2 vs -1.3; p <0.001). All patients in group S
had objective functional impairment (OFI) and 28 patients of them were diagnosed with lumbar instability by using
the combination of normal sitting radiograph (N) and supine sagittal MR image (sMR) (Combined, N-sMR).

Conclusion: DLS patients with positive sign of the 5R-STS test is a distinct subgroup associated with lumbar instabil-
ity. The modality of the combination of normal sitting radiograph (N) and supine sagittal MR image (sMR) had a signifi-
cant advantage in terms of the ability to identify segmental instability.
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Introduction

Degenerative lumbar spondylolisthesis (DLS) is a com-
mon progressive and discogenic disease that occurs in
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who present with low back pain and disability related to
DLS will experience pain relief and functional recovery
after conservative treatment. However, another portion
of patients still fail to respond to conservative treat-
ments and may opt for surgical intervention [4, 5]. For
patients who suffer from severe symptoms or progres-
sive neurological deficits, although there remains some
debate in determining the optimal surgical method
in certain clinical situations, a surgical procedure of
decompression with or without additional instrumenta-
tion of the involved spinal segments has proven to be
highly effective [4, 6].

In clinical practice, the decisions for surgical treatment
of DLS are predominantly based on back and/or leg pain,
functional disability and impaired health-related qual-
ity of life in the simultaneous presence of corresponding
radiological imaging findings [7]. Other considerations,
such as age, concomitant diseases, symptom duration,
surgical efficacy and the individual expected outcomes,
may also play a role in the surgical decision-making
process [8]. Therefore, accurate assessment of objective
functional impairment (OFI), rather than the patients’
subjective perception of his or her pain and disability,
becomes paramount when considering patients for sur-
gery as well as when providing counseling regarding
surgical outcomes and expectations [2, 9]. For the con-
siderations mentioned above, several tests, such as the
timed up-and-go test (TUG), 6-min walk test (6MWT)
and the five-repetition sit-to-stand test (5R-STS test),
have been proposed and validated in the assessment of
OFI in patients with DLS and provide new adjunctive
dimensions in helping clinical decision-making [9, 10].

Low back pain is the main cause of OFI in elderly
patients with DLS [7]. Low back pain has multifactorial
causes, including inflammatory diseases, facet arthropa-
thy, ligamentum flavum thickening and discogenic pain,
but the primary reason is lumbar instability [11-13].
Clinical manifestations of low back pain are also varied
in many aspects, including potential triggers, onset sites
and responses to treatments [9]. Spinal movement-trig-
gered pain is one of the characteristics of low back pain
[14]. Some patients with low back pain are obviously
aggravated when they change body posture [9, 15]. In our
previous study, we identified a subset of patients with low
back pain due to lateral displacement during spinal bend-
ing motion. In addition, other patients suffer from low
back pain during sit-to-stand movements [9, 15, 16]. Low
back pain triggered by the movement of sitting to stand-
ing has a substantial impact on patients’ daily lives and
results in OFI [7, 10, 16]. Several studies have employed
the 5R-STS test, which is a quick and convenient stand-
ardized test that can objectively assess functional impair-
ment in patients with degenerative pathologies of the
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lumbar spine [16, 17]. However, the 5R-STS test does not
fully explain the pathogenesis of low back pain accompa-
nied by postural change. Thus, the aim of our study was
to investigate the mechanisms of low back pain triggered
by the 5R-STS test in degenerative lumbar spinal condi-
tions from a radiographic perspective.

Materials and methods

Patients

From April 2020 through December 2021, we retrospec-
tively reviewed the records of patients in our institution.
The patients enrolled in this study had to meet the fol-
lowing criteria: (1) monosegment L4/5 instability; (2)
low-grade lumbar spondylolisthesis; and (3) a complete
set of radiological examinations, including normal sit-
ting, standing upright, flexion, extension radiographs,
and supine sagittal MR images. Patients were excluded
for any of the following criteria: (1) Cobb angle>10°; (2)
spondylolisthesis at L4/L5 of grade III and above; (3) seg-
ment instability at any other level in the lumbar spine; or
(4) history of prior spinal trauma, surgery, infection, or
fracture of the pelvis or lower limbs.

Evolution of baseline characteristics

Baseline characteristics included patient information
(age, sex and BMI), patient-reported outcomes and basic
radiographic parameters [18]. The patient-reported out-
comes were evaluated by the Oswestry Disability Index
(ODI) and the visual analog scale (VAS) of leg and back
pain [19, 20]. In addition, pain characteristics were evalu-
ated through questionnaires consisting of the following
items: pain on bending over to tie shoes, pain on climb-
ing stairs, pain on rising from a chair, pain on walking
some distance, pain on prolonged standing and pain on
daily physical activities.

5R-STS test

The 5R-STS test was conducted by asking enrolled
patients to sit down on an armless chair of standard height
(48 cm) and with a straight back firmly placed against a
wall. During the measurement, seated patients were asked
to fold their arms crossed across their chest and to keep
their feet flat on the floor. To become familiarized with
the maneuver, participants were then instructed to fully
stand and sit down only once without using their upper
limbs. The test was abandoned if the participant could
not complete the initial movement or required assistance.
Otherwise, participants were asked to stand up fully and
then sit down landing firmly five times as fast as pos-
sible while keeping their arms folded across their chests
(Fig. 1). Timing with a stopwatch was started from the
initial command to the completed fifth stand. This time
taken was recorded as the participant’s score. Participants
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Fig. 1 Scheme of the 5R-STS test

were given a score of 30 s if they were unable to complete
the test in 30 s or at all. According to the patients’ 5R-STS
test time in seconds, participants who completed the test
in less than 10.4 s were considered to have no relevant
objective functional impairment [16, 17].

Radiographic evaluation

Basic radiographic parameters on X-rays and MRI
images include slip percentage, slip angle, and anterior
and posterior disc height [14]. To reduce the measure-
ment errors, enrolled patients were measured twice by
a team of experienced technologists, and the mean val-
ues were used for statistical analysis. The slip percentage
(SP) of the translated vertebra was measured as the ratio
of the measured slip distance to the length of the upper
endplate of L5. The slip angle (SA) of the spondylolisthe-
sis level was calculated as the angle between the L4 lower
endplate and the L5 upper endplate [2]. For the measure-
ment of lumbar spine angulation, lordosis was defined as
a positive angle, while kyphosis was defined as a nega-
tive angle. Translational motion and angular motion
were calculated by taking the absolute values of the dif-
ference between the radiographs at the two positions.
Translational motion between different positions > 8% or
intervertebral angular rotation between positions>10°
was regarded as segmental instability [2, 12, 21].

Study groups

The enrolled patients were divided into two groups
according to their 5R-STS test score: the severe
group (Group S,>22.0 s) and the mild group (Group
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Table 1 Patient’s baseline characteristics evolution
Characteristic Group S(n=31) Group M(n=47) PValue
Sex (M/F) 7/24 16/31 0.28
Age (years) 606+74 588498 0.35
Heightcm 171.1+£49 169.8+6.6 032
Weight kg 685143 674+42 0.26
BMIkg/m 253426 245429 0.21
5STS (s) 249447 119432 <0.001"
OFl(yes) 31 18 <0.001"

" Statistically significant between the group S and group M

M, <22.0 s). Group S included patients with test times
greater than 22.0 s as having severe functional impair-
ment. Group M included patients with test times less
than 22.0 s as having mild functional impairment [16].

Statistical analysis

All data were analyzed using SPSS software (version
17.0, SPSS, Chicago, IL, USA) and are presented as the
mean + standard deviation. A p value<0.05 was consid-
ered significant. Baseline characteristics between Group
S and Group M subjects were compared using Welch’s t
test for unequal variances for continuous variables and
the chi-squared test for categorical variables.

Result

Baseline characteristics analysis

The baseline characteristics of the study cohort are shown
in Table 1. In total, 78 patients were enrolled in the study,
including 23 males (29.5%) and 55 females (70.5%). The
average age was 60.7+£8.4 years (range: 36-87 years).
Thirty-one (39.7%) patients were assigned to Group S.
There was no significant difference in age, sex or BMI
between Group S and Group M. The patients in Group S
had significantly higher 5R-STS test times than those in
Group M (24.9+4.7 vs. 11.94+3.2, p<0.001). The patients
in Group S all had OFIs, while in Group M as many as
38.3% (18 out of 47) of patients had OFIs (Table 1).

Patient-reported outcomes and pain characteristics
evaluations

In terms of patient-reported outcomes, Group S had
worse low back pain (7.6+1.0 vs. 5.24+0.9, P<0.001)
and ODI scores (47.3+6.2 vs. 34.1+£3.1, P<0.001), but
there was no significant difference in the VAS scores of
leg pain between the two groups. Further analysis of the
pain characteristics showed that Group S was character-
ized by pain when performing physical activities, bending
over to tie shoes, climbing stairs, and rising from a chair
(all p values < 0.05) (Table 2).
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Table 2 Evaluation of patient-reported outcomes and pain
characteristics

Variable/Groups group S group M PValue
VAS (Back) 76+£10 52409 <0001"
VAS (Leg) 57£12 59+£1.1 0.25
oDl 473+£62 341431 <0001
Pain on bending over to tie shoes
Yes 27(87.1%) 11 (23.4%) <0001
No 4(12.9%) 36 (76.6%)
Pain on climbing stairs
Yes 24(77.4%) 20(42.6%) 002
No 7(22.6%) 27(57.4%)
Pain on rising from a chair
Yes 23 (74.2%) 19(40.4%) 003"
No 8 (25.8%) 28(59.6%)
Pain on walking some distance
Yes 18(58.1%) 21(44.7%) 0.25
No 13(41.9%) 26(55.3%)
Pain on prolong standing
Yes 21 (67.7%) 23(48.9%) 0.10
No 10(32.3%) 24(51.1%)
Pain on daily physical activities
Yes 21(67.7%) 16(34.0%) 0.004"
No 10(32.3%) 31(66.0%)

VAS indicates visual analogue scale, OD/ indicates oswestry disability index
" Statistically significant between the group S and group M
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Comparison of translational motion and angular motion
between Group S and Group M

In both Group S and Group M, the sitting radiograph
revealed the maximum SP, whereas supine sagittal
MR images revealed the minimum SP (Fig. 2). Com-
pared with Group M, Group S demonstrated sig-
nificantly higher SP in the sitting position (24.1+6.3
vs. 19.6+5.7; p=0.002*) and extension position
(15.74+3.9 vs. 11.9+4.1; p<0.001), whereas there was
no significant difference in the upright, flexion, exten-
sion and supine MRI positions (all p values>0.05). In
terms of segmental instability, the translation motion
was significantly higher in Group S than in Group M in
the N-sMR analysis (13.7 4.3 vs. 8.1+3.7; p<0.001).
However, there was no significant difference in the
FE analysis of translational motion between the two
groups (7.5+1.7 vs. 6.9£2.1 p=0.17). As shown in
Table 3, the sitting radiograph revealed the highest
kyphotic angle both in Group S and Group M. The
lumbar SA in Group S with a sitting position was sig-
nificantly higher than that in Group M (-5.24+3.7 vs.
-1.34+4.9; p<0.001). Compared with Group M, Group
S demonstrated significantly lower angular motion in
the N-sMR analysis (7.5+2.3 vs. 9.3+ 3.5; p=0.007),
but there was no significant difference in the FE anal-
ysis between the two groups (6.7£2.6 vs. 7.7+3.4;
p=0.14) (Table 3).

Comparison of the ability to identify instability via NU, FE
and N-sMR methods

Translational > motion 8% was considered the criterion
of lumbar instability. In Group S, instability was recog-
nized in 83.9% (26 of 31) of patients by N-sMR but only
in 22.6% (7 of 31) of patients by FE and in 25.8% (8 of 31)
of patients by NU (P<0.001"); therefore, the instability

Fig.2 A 61-year-old female with L4/5 degenerative lumbar spondylolisthesis. The normal sitting radiograph showing a kyphotic slip angle at the
involved segment B. The N-sMR analysis (B, E) demonstrated higher segmental mobility than FE (C, D) (10% vs. 2%)

Supine
SP=3%
SA=4°
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Table 3 Measurements of slip percentage and Slip angle via
N-U, F-E and N-sMR methods

Group S GroupM  PValue
Slip percentage (%)
sitting 241463 196457 0002
upright 18134 174£37 039
flexion 193+43 189+£48 0.70
extension 11.7£39 119+£41 083
Supine MRI 1034+£32  1144£38 017
Sagittal translation in N-U (%) 59423 2.1+£09 <0.001"
Sagittal translation in F-E (%) 75417 69+2.1 0.16
Sagittal translation in N-sMR (%)  13.7+43 81437 <0.001"
Slip angle (°)
sitting 52437 -1.3+49 <0.001"
upright 37428  84+43 <0.001"
flexion -194+£54 16£24 <0.001"
extension 48431 93445 <0001
Supine MRI 23+£19 79437 <0.001"
Sagittal angulation in N-U (°) 894238 97431 0.24
Sagittal angulation in F-E (°) 6.7+26 77+34 0.14
Sagittal angulation in N-sMR (°) 75423 93435 0.007"

" Statistically significant between the group S and group M

Table 4 Ability to identify “instability” using N-U, F-E and N-sMR

methods
N-U, n (%) F-E, n (%) N-sMR, n (%) PValue

Translational motion > 8% (translational instability)

Group S 8(25.8%) 7(22.6%) 26(83.9%) <0.001"

Group M 13(27.6%) 15(31.9%) 11(23.4%) 0.73
Angular motion > 10° (angular instability)

Group S 10(32.3%) 7(22.6%) 28(90.3%) <0.001"

Group M 16(34.0%) 18(38.3%) 14(29.8%) 0.75

" Statistically significant between the group S and group M

of as many as 61.3% (19/31) of patients identified by
N-sMR was missed by FE, and the instability of as many
as 58.1% (18/31) of patients identified by N-sMR was
missed by NU. In Group M, the ability to identify insta-
bility was not significantly different between NU, FE
and N-sMR (27.6% vs. 31.9% vs. 23.4%, P=0.73). When
using the criterion of an angular motion> 10°, insta-
bility was recognized in more patients by N-sMR than
by FE and NU in Group S (90.3% vs. 22.6% vs. 32.3%,
respectively, P<0.001); however, in Group M, no signifi-
cant difference was observed between N-sMR, FE and
NU (29.8% vs. 38.3% vs. 34.0%, respectively, P=0.75).
Taken together, a significantly higher incidence of insta-
bility was identified in Group S than in Group M (90.3%
vs. 38.3%, P<0.001) (Table 4).
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Discussion

Objective functional impairment (OFI) is now a widely
accepted dimension for evaluating the basic health con-
ditions of patients with various diseases and further pro-
viding useful reference data for clinical practice and/or
surgical strategy making [7, 16]. Specifically, in spinal
pathology, the five-repetition motorized treadmill test
(MTT), TUG, 6MWT, and 5R-STS test were employed
to evaluate the OFI [16, 17]. Among the aforementioned
tests, 5R-STS was validated as the most appropriate
test for OFI in patients with degenerative pathologies
of the lumbar spine. The 5R-STS test has successfully
identified a distinct subset of patients with functional
impairment by using the time threshold of 5R-STS time
period>10.4 s [16]. Additionally, there is a strong asso-
ciation between VAS-back pain and OFI as determined
by 5R-STS testing. In our study cohort, specifically for
patients with DLS, as many as 49 (62.8%) patients were
identified with OFI as tested by 5R-STS. However, the
association of the positive sign of 5R-STS with clinical
symptoms as well as imaging manifestations is unclear.
In addition, the potential value of the 5R-STS for OFI in
patients with DLS has not been studied. Understanding
the potential factors influencing the performance of the
5R-STS test is crucial to determining the reasons why
the patients suffer from OFI.

In the current study, patients with positive signs of
5R-STS complained of a higher degree of back pain
when bending over to tie shoes, climbing stairs and ris-
ing from a chair. Notably, the symptoms of most patients
were triggered by movement, including lumbar spinal
motions. DLS is a heterogeneous disease that exhibits a
large diversity of pain features and precipitating factors.
Based on an extensive systematic review of the literature,
segmental instability in DLS may play an important role
in triggering pain [1, 11, 12, 14, 21]. In our previous study,
DLS with a kyphotic configuration was significantly
associated with segmental instability and is involved in
motions related to low back pain [2]. Additionally, the
existence of lumbar lateral instability was considered
a main reason for coronal movement-aggravated pain.
Staartjes et al. [16]. revealed that performance on the
5R-STS test is affected by demographic factors, including
age, height, weight, and BMI. However, the findings of
our study are not consistent with the results mentioned
above. There was no significant difference in age, sex or
BMI between Group S and Group M. However, there is
no relevant evidence to clarify the mechanisms of low
back pain triggered by the 5R-STS test.

The maximum forward olisthesis of patients with posi-
tive signs of 5R-STS was observed in the sitting position,
and the minimum olisthesis was observed in the supine
position. However, the upright flexion position failed
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to reveal the maximum forward olisthesis. The role of
extension radiography and supine sagittal MR images in
reducing forward slippage has been studied, and it is in
accordance with a previous study [14]. The reasons why
the highest forward slippage occurs in the sitting posi-
tion are as follows. First, sitting is a normal position
with physical weightbearing, and the decreased paraspi-
nal muscle tension in the sitting position may reduce
abnormal stress and alleviate low back pain. Second, the
increase in the diameter of the spinal canal and nerve
foramen in the sitting position may alleviate the clinical
symptoms related to neurogenic claudication in patients
with DLS. Thus, compared with the traditional stand-
ing flexion position, the normal sitting position has the
potential to reveal the maximum forward olisthesis. In
our study, we found that the sitting radiograph demon-
strated a higher slip percentage than the upright stand-
ing radiograph (24.1+6.3 vs. 18.1+3.4; p<0.001*) or
standing flexion radiograph (24.14+6.3 vs. 19.31+4.3;
p=0.001%*), which is consistent with the previous study of
Zhou [14]. Theoretically, radiographs obtained from sit-
ting positions provide a more effective evaluation of lum-
bar segmental motion in patients with DLS. However, the
article did not identify the relationship between the posi-
tive sign of the 5R-STS and pain from sitting to standing
or standing to sitting.

Our results also revealed that patients with positive
signs of 5R-STS demonstrated the highest translational
motion in the N-sMR analysis. Although there are mul-
tiple diagnostic modalities in the evaluation of lumbar
instability, including FE radiographs and the combination
of sagittal CT and MRI, controversy persists for deter-
mining the most useful diagnostic modalities for patients
with DLS in certain clinical scenarios. In our previous
study, the combination of standing upright radiographs
and supine MRI was shown to be superior to traditional
standing flexion—extension radiographs in measuring
translational motion and identifying instability for DLS
patients with low back pain and a kyphotic configura-
tion at the slip level [2]. Another study also suggested
that upright left and right bending radiographs are more
suitable for evaluating lumbar mobility in DLS patients
with local coronal instability [15]. As in the current study,
N-sMR is an effective radiographic method for evaluat-
ing lumbar instability in a distinct subgroup of patients
with positive signs of 5R-STS. Furthermore, our results
explained the mechanism of low back pain triggered by
the sit-to-stand and stand-to-sit motions from a radio-
graphic perspective.

In our study, DLS patients with positive signs of
5R-STS had a greatly kyphotic slip angle in the sit-
ting position. Our results are consistent with previous
studies and further indicate that the kyphotic angle at

Page 6 of 8

slippage is a sign of segmental instability in the sitting
position. When patients were sitting, the sagittal verti-
cal axis moved forward, and the compressive stresses
were significantly concentrated on the anterior column.
From a biomechanical perspective of the spine, the
capacity of the functional spinal unit to withstand shear
forces greatly depends on the turgor pressure originat-
ing from the healthy intervertebral disc. For patients
with insufficient anterior column support, the turgor
pressure of the disc decreases, consequently affecting
the disc with regard to anterior shear forces and sub-
sequently resulting in vertical instability. In a biome-
chanical study by Luk et al. [21], there was a significant
relationship between the intervertebral kyphotic slip
angle and “vertical instability” However, it is worth
mentioning that “vertical instability” cannot be meas-
ured with traditional flexion—extension radiographs.
As demonstrated in our study, for patients with posi-
tive signs of 5R-STS, FE failed to detect real angular
motion, but N-sMR effectively revealed a higher degree
of sagittal angulation.

A positive performance of the 5R-STS test is an indi-
cator of OFI, and our results provide direct radiographic
evidence to clarify their relationship. With a translational
motion>8% or angular motion>10° as the instability
criterion, in Group S, as many as 83.9% (26 out of 31) of
patients with positive signs of 5R-STS were detected to
have lumbar instability by N-sMR. Our study reveals the
possible reasons why low back pain is triggered by the
daily sit-to-stand movements. Additionally, our findings
may be clinically relevant when offering counseling to
patients with DLS regarding the preoperative assessment.
The 5R-STS test is a simple and effective tool for detect-
ing OFI in patients with DLS [16]. Patients who present
with a greater degree of OFI generally achieve a relatively
higher surgical benefit. The evaluation of OFI by the
5R-STS test can provide surgeons with a more detailed
and comprehensive assessment of a patient’s impaired
function status and provide more useful information for
surgical intervention. Thus, in our clinical practice, for
patients with positive signs of 5R-STS, we commonly pre-
scribe N-sMR in detecting lumbar instability of DLS.

There are several limitations in this study that could
be addressed in future research. First, this study enrolled
a small sample size of patients with DLS at our single
center. However, the enrolled patients represented clas-
sical lumbar spondylolisthesis, and patients received a
detailed and comprehensive assessment of a patient’s
impaired function status to eliminate misclassification
and selection bias. Second, the effective outcomes of the
5R-STS test depend on the examiner’s exact instructions
and on the patient’s cooperation and can lead to different
results from test to test.
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Conclusion

The main cause of low back pain triggered by sit-to-
stand movements is related to lumbar spine instability,
and the positive performance of the 5R-STS presented
in patients with DLS can be considered a sign of lum-
bar instability. The combination of normal sitting and
supine positions has clinical value for evaluating trans-
lational motion and angular motion, and N-sMR is the
most clinically relevant modality for measuring sagittal
translation and identifying instability in DLS patients
with positive performance of 5R-STS.
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