
RESEARCH ARTICLE Open Access

Assessment of isokinetic trunk muscle
strength and its association with health-
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Abstract

Background: A considerable portion of the elderly population are increasingly afflicted by degenerative spinal
deformity (DSD), which seriously affects patient health-related quality of life (HRQoL). HRQoL index is used across
many studies to show correlations between radio-graphical alignment, disability, and pain in patients with DSD.
However, imaged structural deformity represents only one aspect for consideration, namely, the disability effect of
DSD. We assessed the isokinetic strength of trunk muscle in patients with degenerative spinal deformity (DSD), and
investigated its relationship with HRQoL.

Methods: In total, 38 patients with DSD (DSD group) and 32 healthy individuals (control group) were recruited.
Both groups were homogeneous for age, weight, height and body mass index (BMI). Assessments were performed
using the isokinetic dynamometer IsoMed-2000; trunk extensor, flexor strength and flexion/extension (F/E) ratios
were explored concentrically at speeds of 30°, 60° and 120° per second. The grip strength of both hands was
measured using a hand-held dynamometer. Visual analogue scale (VAS) scores, the Oswestry Disability Index (ODI),
a Roland-Morris disability questionnaire (RDQ), and a 36-item Short Form Health Survey (SF-36) evaluated patient
HRQoL. Correlations between trunk strength and HRQoL were analyzed.

Results: When compared with the control group, the DSD group showed lower trunk extensor strength at three
velocity movements, and higher F/E ratios at 60° and 120°/s (p < 0.05). Both groups exhibited similar trunk flexor
strength and grip strength (p > 0.05). In DSD group, trunk extensor strength at 60°/s was negatively associated with
ODI and RDQ (p < 0.05). A negative relationship between trunk flexor strength at 120°/s and ODI was also recorded
(p < 0.05). In addition, trunk extensor strength at 60°/s and trunk flexor strength at 120°/s were positively correlated
with physical functioning and role-physical scores according to the SF-36 (p < 0.05).
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Conclusions: We identified isolated trunk extensor myopathy in DSD, which causes an imbalance in trunk muscle
strength. Isokinetic trunk extensor strength at 60°/s and trunk flexor strength at 120°/s can predict disability, and
decrease physical HRQoL in DSD patients.

Keywords: Assessment, Trunk muscle, Isokinetic strength, Degenerative spinal deformity, Quality of life, Spinal
deformity

Background
A considerable portion of the elderly population are in-
creasingly afflicted by degenerative spinal deformity
(DSD), thanks to aging populations and demographic
shifts. Due to spinal stenosis, DSD often leads to radicu-
lopathy and low back pain, which seriously affects pa-
tient health-related quality of life (HRQoL) [1]. HRQoL
index is used across many studies to show correlations
between radio-graphical alignment, disability, and pain
in patients with DSD [2–4]. However, imaged structural
deformity represents only one aspect in consideration
regarding of the disability effect of DSD.
Recent evidence has revealed that increased fat infiltra-

tion and decreased muscle volumes in trunk muscles are
associated with sagittal malalignment in DSD patients
[5], suggesting that trunk muscle dysfunction is related
to DSD. Trunk muscles control balance and posture,
which are essential for normal functional activities, e.g.
walking [6]. Because muscle strength is an important as-
pect of physical performance and functional assessment,
previous studies have revealed associations between
trunk extensor muscles and HRQoL in low back pain
(LBP) patients [7–9]. However, as we know, it had been
performed to evaluate the impact of trunk muscle
strength of DSD patients on HRQoL in few studies.
Isokinetic dynamometry is an effective and reliable de-

vice that measures torque forces produced by specific
action muscle groups [10]. Studies have focused on the
isokinetic assessment of trunk muscle functions in
healthy subjects [11] and LBP subjects [9], while those
on trunk muscle strength assessments in DSD patients
are rare. Although trunk muscle mass deteriorates with
age, and is sensitive to pathological factors [12], specific
changes in trunk muscle strength and their effects on
DSD are unclear.
Therefore, we studied isokinetic trunk muscle strength

in DSD patients, and compared the data with healthy
controls. We also studied correlations between these
variables and HRQoL in DSD patients.

Methods
Participants
This prospective cross-sectional study consisted of 38
DSD patients (DSD group) recruited from March 2018
to November 2019, at a single hospital facility. The

inclusion criteria were: (1) aged > 45 years, (2) Cobb
angle > 10° or sagittal vertical axis (SVA) > 5 cm, (3) no
associated idiopathic, congenital, developmental or
neuromuscular spinal abnormalities and no history of
spinal surgery, (4) no serious back pain that could affect
maximum force assessments. Thirty two healthy sub-
jects, without degenerative lumbar diseases and > 45
years were recruited from the community during the
same period. Exclusion criteria for both DSD patients
and healthy subjects were: (1) a history of severe back
pain within the previous 3 months; (2) new onset of
radiologically verified fractures or extremity injury; (3)
received physical therapy, acupuncture or back strength
training in the last half year. Patient demographics were
recorded; sex, age, height, weight and body mass index
(BMI). The study was approved by the Ethical Commit-
tee of the First Affiliated Hospital, Third Military
Medical University, PLA (People’s Liberation Army)
(approval number; KY201853). Informed consent was
sought from all participants prior to assessments, and all
research activities were in accordance with the principles
of the Declaration of Helsinki.

Isokinetic trunk muscle strength assessments
The trunk muscle strength of all subjects during flexion
and extension was measured by isokinetic dynamometer
IsoMed 2000 (D&R Technology GmbH Inc., Frankfurt
am Main, Germany). Test positions and procedures
followed Roth et al. recommendations [13]. The partici-
pants were fixed in a sitting position at the shanks,
thighs, pelvis and shoulder girdle, with the trunk upright,
the hips flexed at 90°, the thighs parallel to the floor to
avoid compensatory activation of the lower limbs. More-
over, the location of the dynamometer axis of rotation at
the anterior superior iliac spine level and the use of the
pad behind the sacrum and the strap on the pelvis mini-
mized hip motion during the protocol. This was consid-
ered the initial position. According to Grabiner and
Jeziorowski [14], ranges of trunk motion no larger than
50° would isolate lumbar motion, reducing hip flexion–
extension. The tested range of motion (ROM) was lim-
ited at 40° depending on the movement of the lever arm,
this ROM was also recommended in previous study,
with 20° (− 20°) of trunk flexion (Fig. 1a) and 20° (+ 20°)
of trunk extension (Fig. 1c), relative to the initial position
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(0°) (Fig. 1b). Concentric exploration of trunk flexors and
extensors in three trials’ of five consecutive flexion-
extension movements were performed at speeds of 30°/s,
60°/s and 120°/s, as previously used and recommended
[15]. Different angular velocities could reflect the various
types of muscle contraction and facilitate the understand-
ing of the muscular dynamics of the trunk. The low speed
tests examine muscle strength and explosive force, the
type of muscle fibers involved in contraction was mainly
type I slow contraction muscle fibers. The rapid muscle
strength tests assess muscle power and endurance, the
contraction type of muscle fibers was mainly type II fast
contraction muscle fibers. At medium speed, the major
muscle contractile fibers transition from type I to type II
[16]. The speed of movement and the execution sequence
were set by a computer system of the isokinetic instru-
ment in advance. Once positioned, the speed of move-
ment is constant and the resistance is variable, no matter
how much force the subject uses, the speed of body move-
ment will not exceed the pre-set speed. After familiarizing
themselves with one or two submaximal practices, each
participant completed three trials with five repetitions for
the isokinetic mode, starting with the trunk flexion and a
subsequent trunk extension sweeping from − 20° to 20°,
with regard to the initial position. Participants warmed up
20 to 30min on a cycle ergometer before testing. All trials
were performed with maximal voluntary effort and 1-min
break between trials. Verbal encouragements was pro-
vided throughout the program to encourage maximum ef-
fort. The PT (peak torque) of trunk extensor, flexor and
F/E ratios were recorded for each trials.

Grip strength evaluation
We used a digital dynamometer (CAMRY EH101;
Hengqi, Guangdong, China) to assess grip strength. In a
standard procedure recommended by the American As-
sociation of Hand Therapists, participants sat with their

elbows bent at 90° holding a dynamometer, with the
meter indicator facing outward, away from the body
[17]. Participants held the meter firmly for at least 2 s.
One practice test was performed with each hand, and
then alternated three times between hands, always start-
ing with the dominant hand. Participants were given ver-
bal encouragement to ensure maximum effort. Maximal
values were recorded on the display of the instrument.

Health-related quality of life assessment
We used visual analogue scale (VAS) scores to evaluate
the degree of LBP [18]. The VAS score scale ranged
from 0 to 10, the higher the score, the greater the pain
intensity. Dysfunction was assessed by the Oswestry
Disability Index (ODI) and Roland-Morris Disability
Questionnaires (RDQ). ODI scales ranged from 0 to
100%, with a higher ODI indicating more severe dys-
function [19]. RDQ scores ranged from 0 (no disability)
to 24 (severe disability) [20]. The 36-item Short Form
Health Survey (SF-36) evaluated general quality of life
[21], and included nine subscales, comprising; physical
functioning (PF), role physical (RP), bodily pain (BP),
general health (GH), vitality (VT), social functioning
(SF), role emotional (RE), mental health (MH) and
health transition (HT). Scores were directly converted to
a 0–100 point range. Total SF-36 scores ranged from 0
to 900, the higher the score, the better the physical
condition.

Statistical analyses
All data were expressed as the mean plus standard devi-
ation (SD). Differences between DSD and healthy groups
were determined by an independent sample T-test.
Comparisons of gender distribution between groups was
performed by the Chi-square test. The difference degree
(Diff %) of trunk muscle strength between groups was
measured using the following formula: Diff % = (high

Fig. 1 Isokinetic trunk muscle strength test. Illustration: Participant performing a maximum effort of trunk flexion-extension in the isokinetic
dynamometer with a range of motion of 40° a -20° trunk flexion b 0°initial position c 20°trunk extension
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value - low value)/high value × 100%. To explain changes
in HRQoL in terms of changes in trunk muscle strength,
the determination coefficient, R2 was adopted as an
evaluation index. The closer R2 was to 1, the closer the
relationship between them. We used Pearson’s correl-
ation coefficients to assess correlations between all eval-
uated variables. Statistical significance was determined at
p < 0.05, using SPSS statistical software, version 20.0
(SPSS Inc., Chicago, USA).

Results
General information
The mean demographic characteristics of both groups
are shown (Table 1). There were no significant differ-
ences between groups (p > 0.05). In the DSD group,
there were 23 cases of degenerative scoliosis, five of de-
generative kyphosis and 10 of degenerative scoliosis-
kyphosis.

Differences between groups
In our study, all patients completed the trunk isokinetic
test and grip strength test successfully. Trunk extensor
PT values at three velocities were significantly lower in
the DSD group, when compared with the control group
(p < 0.05). Both groups exhibited similar trunk flexor PT
values and grip strength in both hands (p > 0.05). In
addition, F/E at 60°/s and 120°/s speeds in the DSD
group were significantly higher than the control group
(p < 0.05). Differences in trunk extensor PT and F/E de-
grees between groups were greatest when the velocity
was 60°/s (Table 2). The velocity-changing trend dia-
gram of isokinetic strength of trunk muscle showed that
both trunk flexor and extensor PT in the control group
were always higher than the DSD group. The trunk
flexor PT in both groups increased with the increase of
angular velocity and the extensor PT in control group
also maintained an increasing trend, while there is a
mild downturn for extensor PT from the speed of 30°/s
to 60°/s in DSD group (Fig. 2a). The F/E ratio of trunk
PT in the DSD group was always greater than 1 and kept
increasing, while the F/E ratio was approximately 1 and
remained relatively stable in the control group (Fig. 2b).

Analysis of HRQoL associated factors
To minimize the impact of individual differences on the
strength of the DSD patient’s trunk muscles, PT was
expressed relative to BW (body weight). Using Pearson
correlation analysis, the PT/BW of trunk extensor at
60°/s was negatively associated with ODI and RDQ (R =
− 0.342 and − 0.353, p < 0.05, respectively). A negative re-
lationship was determined between the PT/BW of trunk
flexor at 120°/s and ODI (R = − 0.346, p < 0.05), but no
significant correlations were observed between F/E ratios
and HRQoL (p > 0.05) (Table 3).
According to correlation analyses between trunk

muscle strength and subscale SF-36 scores in DSD
patients, the PT/BW of trunk extensor at 60°/s was posi-
tively correlated with physical functioning (PF) and role
physical (RP) scores (R = 0.392 and 0.347, p < 0.05,
respectively). In determining coefficients, the scatter dia-
gram suggested that in all SF-36 subscales, PF and RP
were the two indices most affected by trunk extensor
strength, especially at 60°/s (Fig. 3a). In addition, the PT/
BW of trunk flexor at 60°/s was positively correlated
with PF scores (R = 0.327, p < 0.05). We also observed
significant correlations between the PT/BW of trunk
flexor at 120°/s, and PF and RP scores (R = 0.362 and
0.323, p < 0.05, respectively). The determination coeffi-
cient scatter diagram also suggested that PF and RP were
key influential indicators of trunk flexor strength at
120°/s (Fig. 3b).

Discussion
DSD is a common cause of disability and pain in the eld-
erly [1]. Previous studies have highlighted the import-
ance of the sagittal spine for pain and patient quality of
life [2–4]. Trunk muscles have an important role in
maintaining normal vertebral alignment and the stability
of the spine [5]. Therefore, trunk muscles involved in
lumbar-stabilization are at the forefront of research
needs. Preliminary studies have investigated trunk mus-
cles using histological analyses [22], electromyography
[23], ultrasound [24], computed tomography scanning
[25] or magnetic resonance imaging [26]. However,
trunk muscle strength in DSD patients is an unknown
area. Several devices have been developed to assess trunk
strength, however the isokinetic dynamometer (IKD) is
the gold standard [27]. Trunk flexion and extension
force tests are typically performed in the sagittal plane.
Isokinetic trunk strength assessments in flexion and ex-
tension, using the IsoMed-2000 dynamometer, are highly
reliable according to Ralf et al. [13], therefore IKD is
ideal for assessing trunk strength in DSD patients.
Our study observed that the DSD group exhibited

lower trunk extensor PT, at all three velocities, when
compared with the control group, although both groups
were undifferentiated in terms of general condition,

Table 1 Demographic characteristics of both groups (mean ± SD)

Variable DSD group Control group Statistics P value

Male/female 8/30 4/28 χ2 = 0.394 0.530

Age (years) 63.8 ± 8.0 60.8 ± 6.8 t = 1.675 0.098

Height (cm) 153.4 ± 7.6 153.7 ± 6.9 t = − 0.208 0.836

Weight (kg) 57.3 ± 7.6 57.0 ± 6.2 t = 0.158 0.875

BMI (kg/m2) 24.3 ± 2.4 24.2 ± 2.9 t = 0.210 0.835

No significant differences between groups (p > 0.05)
Abbreviations: SD Standard deviation, DSD Degenerative spinal deformity, BMI
Body mass index
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suggesting the trunk extensor muscle was compromised.
Trunk extensor muscle mainly comprises multifidus and
erector spinae, which are sensitive to pathological
changes [28]. Several studies have shown extensor
muscle degeneration in DSD patients; Shafaq et al. dem-
onstrated significant smaller cross-sectional areas of
multifidus in patients with degenerative lumbar scoliosis
(DLS), when compared to those with degenerative lum-
bar stenosis (LSS) [22]. Hyun et al. [29] observed that fat
infiltration of the multifidus and erector spinae muscles
in degenerative lumbar kyphosis patients was signifi-
cantly higher than in healthy controls. Since back muscle

radiological parameters are one of the most valuable in-
dices for predicting back muscle strength [30], it is rea-
sonable to speculate that a decreased size and increased
fatty infiltration of trunk extensor muscle, may be asso-
ciated with decreased trunk extensor isokinetic strength.
Additionally, skeletal muscles tend to suffer with ‘disuse
atrophy’ with lower activity levels and reduced muscle
strength requirements [31]. DSD patients are often re-
luctant to perform trunk extension and strength training
due to back pain, resulting in ‘disuse atrophy’ of trunk
extensor muscles, culminating in a decline in muscle
fiber recruitment. Thus, the ability to generate muscle
strength is reduced, resulting in weakness of the trunk
extensor.
Our findings showed that both groups exhibited simi-

lar trunk flexor and grip strength, suggesting the trunk
extensor muscle is impaired exclusively in DSD patients.
Yaji et al. [32] observed that muscular degeneration of
the trunk extensor in DLS patients while the muscle
strength and volume of the other body parts were nor-
mal, indicating that local myopathy rather than total de-
generative loss of skeletal muscle which was called
sarcopenia. A similar observation was recorded in lum-
bar degenerative kyphosis (LDK) patients [26]. Our
study confirmed and extended the previous studies
through muscle strength level, although the cause and
effect relationship is still controversial.
Trunk extensor and flexor muscles interact with each

other to maintain biomechanical stability of the lumbar
spine [33], therefore evaluating the balance of trunk
flexor, extensor muscle strength is of great significance,
and the F/E ratio is an important evaluation index [34].
Spinal muscle balance is beneficial for F/E ratios < 1 in
terms of equilibrium [34]. In this study, the F/E ratio of
the control group was 0.9–1.1, which was within the ra-
tio range of a normal population, whereas the F/E ratio

Fig. 2 The velocity-changing trend diagram of isokinetic strength of trunk muscle. Illustration: a The trunk flexor and extensor PT in the control
group were always higher than that in the DSD group, the trends of flexor PT growth of two groups were basically the same and the extensor
PT in the control group maintained an increasing trend, while there is a mild downturn for extensor PT from the speed of 30°/s to 60°/s in the
DSD group. b The F/E ratio in the control group was stable between 0.9 and 1.1, while the F/E ratio maintained an increasing trend from 1.1 to
1.5 in DSD group. PT: peak torque; DSD: degenerative spinal deformity; F: flexion; E, extension

Table 3 Correlation analysis (adjusted body weight) between
trunk muscle strength at different velocities and HQOL in DSD
patients

R VAS ODI RDQ SF-36

30°/s Flexor PT/ BW
(N·m·Kg−1)

−0.109 − 0.129 − 0.205 0.091

30°/s Extensor PT/ BW
(N·m·Kg−1)

− 0.115 − 0.176 −0.240 0.121

30°/s F/E −0.131 0.009 0.126 −0.067

60°/s Flexor PT/ BW
(N·m·Kg−1)

−0.099 −0.281 − 0.279 0.135

60°/s Extensor PT/ BW
(N·m·Kg−1)

−0.111 − 0.342* −0.353* 0.161

60°/s F/E −0.012 −0.012 0.047 −0.058

120°/s Flexor PT/ BW
(N·m·Kg−1)

−0.164 − 0.346* −0.271 0.140

120°/s Extensor PT/ BW
(N·m·Kg−1)

−0.023 −0.145 − 0.189 0.058

120°/s F/E −0.094 − 0.137 0.010 − 0.013

Abbreviations: SD Standard deviation, DSD Degenerative spinal deformity, PT
Peak torque, BW Body weight, F/E Flexion/Extension ratio, VAS Visual analogue
scale, ODI Oswestry Disability Index, RDQ Roland-Morris Disability
Questionnaires, SF-36 36-item Short Form Health Survey
* P<0.05, matched analysis
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in the DSD group, at 30°/s, 60°/s and 120°/s, were 1.1,
1.4 and 1.5, respectively. In addition, we observed higher
F/E ratios at 60°/s and 120°/s, when compared with the
control group, suggesting an imbalance in trunk flexor
and extensor muscle strength in DSD patients. Although
the PT of trunk flexor and extensor muscles in the DSD
group was always lower than the control group, only ex-
tensor PT exhibited significant differences between
groups. Therefore, we propose that impairments in
trunk extensor muscles causes an imbalance of trunk
muscle strength in DSD patients, and this imbalance is
identified at speeds of 60°/s and 120°/s (fast) in isokinetic
assessments.
Regular training of trunk muscle, and good core

strength are important for daily life and physical activ-
ities [35]. Therefore, it is important to clarify the impact
of trunk muscle strength changes on the quality of life
of DSD patients. A previous study revealed that maximal
muscle strength was observed in patients with higher
body weight [36]. Granito et al. [37] also pointed out
that the peak torque should be normalized according to
body weight before analyze the correlations between age
and peak concentric and eccentric torque of the trunk
flexors and extensors. Therefore, we adopted relative PT
(N·m·Kg− 1) as the index, while accounting for body
weight, to minimize the influence of individual differ-
ences on correlation analyses between trunk muscle
strength and quality of life of DSD patients.
Our study revealed significant correlations between

trunk extensor PT at 60°/s and disability scores, includ-
ing ODI and RMQ scores. This suggested that decreased
strength in the trunk extensor muscle reflected increased
disability in DSD patients, consistent with previous re-
ports. Keller et al. [38] observed that the correlation co-
efficient between trunk extensor PT at 60°/s and ODI

was − 0.57 in LBP patients. Kudo et al. [39] suggested
that when compared with the sagittal position of spinal
and lower limbs, trunk extensor strength was the most
reliable index of RDQ scores in the elderly. Seo et al.
[36] showed that trunk extensor strength is negatively
correlated with ODI score. A significant relationship was
observed between trunk flexor PT at 120°/s and ODI
scores in our study. Vieira et al. [35] showed that the
strength of abdominal muscles in elderly patients with
lumbar osteoarthritis, was directly proportional to their
quality of life. Based on current data, we propose that
both extensor and flexor muscles of the trunk are im-
portant for quality of life, while extensor muscle strength
may be more important.
We also found that both trunk extensor and flexor

strength predicted physical functioning and role-physical
scores. Previous studies have shown that weakness in
trunk muscle strength in the elderly, leads to increased
fall tendencies, impaired mobility, impaired daily living
activities and increased disability [40]. While strong
trunk muscles can not only decrease the kyphotic, but
also accelerate the recovery of normal physical activities
[41]. Thus, trunk muscle strengthening should be con-
sidered a specific intervention in preventing spinal
deformity.
Our data showed that isokinetic trunk extensor

strength at 60°/s and trunk flexor strength at 120°/s pre-
dicted patient HRQoL. This discrepancy in velocity may
be related to variant muscle fiber recruitment, and
pathological deterioration in strength at different speeds
[15]. We propose that muscle contraction intensity of
trunk extensor and flexor muscles coincide with the set
compliant resistance of IKD at 60°/s and 120°/s, respect-
ively. Therefore, it better reflects the true level of muscle
and its impact on patient quality of life.

Fig. 3 The scatter plot of determination coefficient from PT/BW of trunk muscle on subscales of SF-36. Illustration: a The PF and RP were the
index most affected by the PT/BW of trunk extensor, especially at the speed of 60°/s. The horizontal line means the average R2 value from
extensor PT/BW on subscale scores of SF-36. b The PF and RP were the indicators of the greatest influence of the PT/BW of trunk flexor,
especially at the speed of 120°/s. The horizontal line means the average R2 value from flexor PT/BW on subscale scores of SF-36. PT: peak torque;
BW: body weight; SF-36: 36-item Short Form Health Survey; PF: physical functioning; RP: role physical; BP, bodily pain; GH, general health; VT,
vitality; SF, social functioning; RE, role emotional; MH, mental health; HT, health transition
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Both muscular strength and endurance are important
evaluation indexes reflecting the function of the trunk
muscle. We did not test trunk muscle endurance in this
study for the following three reasons. First, the subjects
were generally older, some of whom had osteoporosis
and varying degrees of lower back pain. These subjects
were prone to fatigue during the test, and continuous
exercise may increase the risk of injury. Second, the use
of isokinetic measures seems to be common in assessing
maximum trunk strength capacity but extremely rare for
the quantification of local muscular endurance [42].
Third, the static endurance of isometric model is a bet-
ter evaluation of trunk muscle endurance in patients
with low back pain than dynamic endurance of isokin-
etic model. Gruther et al. [43] pointed that the isokinetic
trunk endurance test appears to be problematic because
of learning effects and recommend the Biering-Sørensen
test for management of chronic low back pain rehabilita-
tion. As we did not evaluate the association between
trunk muscle isometric endurance and HRQoL in
present study, so further research is required in this
area.
Our study had some limitations. Firstly, participants

were recruited from a single center, and the sample size
was relatively small. However, this was the first study to
report isokinetic trunk muscle strength in patients with
degenerative spinal deformity, and its association with
HRQoL. Secondly, DSD is often combined with degen-
erative discs, endplate degeneration and other degener-
ation, however these factors were not considered here,
and thus may affect some quality of life, potentially
introducing some bias to our data. Thirdly, there were
fewer males, and primarily scoliosis deformities in our
sample. Therefore, in future studies, we will expand
sample size and make comparisons between patients of
different genders and deformities.

Conclusions
We showed that isolated trunk extensor myopathy in
DSD causes an imbalance in trunk muscle strength. In
addition, isokinetic trunk extensor strength at 60°/s and
trunk flexor strength at 120°/s predicts disability and
physical HRQoL in these patients. These preliminary
data may provide a clinical intervention strategy to im-
prove trunk function, thus improving DSD patient
HRQoL.

Abbreviations
DSD: Degenerative spinal deformity; HRQoL: Health-related quality of life;
BMI: Body mass index; F/E: Flexion/extension; VAS: Visual analogue scale;
ODI: Oswestry Disability Index; RDQ: Roland-Morris disability questionnaire;
SF-36: 36-item Short Form Health Survey

Acknowledgements
Not applicable.

Authors’ contributions
YS, CC and DSY carried out the studies, participated in collecting data, and
drafted the manuscript. TY, LK and YXK performed the statistical analysis and
participated in its design. TJL, ZCM RZG and XJZ helped to draft the
manuscript. LF and WWJ designed the present study and revised the
manuscript. All authors read and approved the final manuscript.

Funding
This study was supported by the Major Military Logistics Research Projects
(grant no. AWS17J004), The Clinical Medical Research Program of Army
Medical University (grant no. 2018XLC3010) and Chongqing graduate
research and innovation project (grant no. CYS19369).
The funder, Wenjie Wu and Fei Luo, contributed to revised the manuscript
and Sen Yang contributed to collecting the data and writing the manuscript.

Availability of data and materials
The datasets used and/or analysed during the current study are available
from the corresponding author on reasonable request.

Ethics approval and consent to participate
Ethical approval for this study was obtained from Ethical Committee of the
First Affiliated Hospital, Third Military Medical University, PLA (Protocol
number KY201853). Written informed consent was obtained from all
participants before the study.

Consent for publication
Written informed consent was obtained from the patient for publication of
this article and any accompanying images.

Competing interests
All authors declare that they have no competing interests.

Author details
1Department of Orthopaedics, Southwest Hospital, Third Military Medical
University (Army Medical University), 30 Gaotanyan Street, Shapingba,
Chongqing 400038, China. 2Department of Orthopaedics, The 83nd Group
Army Hospital of the People’s Liberation Army (PLA 371 Central Hospital),
Xinxiang Medical College, 210 Wenhua Street, Hongqi district, Xinxiang
453000, Henan, China. 3War Wounded Medical Service Research Office
(Department of War Injury and Rescue Service), Army Specialty Medical
Center of the People’s Liberation Army (Daping Hospital, Third Military
Medical University), Chongqing 400042, China. 4Department of Orthopaedics,
The 72nd Group Army Hospital of the People’s Liberation Army, Huzhou
University, Huzhou 313000, Zhejiang, China.

Received: 30 June 2020 Accepted: 26 November 2020

References
1. Ailon T, Smith JS, Shaffrey CI, Lenke LG, Brodke D, Harrop JS, et al.

Degenerative spinal deformity. Neurosurgery. 2015;77(Suppl4):S75–91.
2. Schwab FJ, Blondel B, Bess S, Hostin R, Shaffrey CI, Smith JS, et al.

Radiographical spinopelvic parameters and disability in the setting of adult
spinal deformity: a prospective multicenter analysis. Spine (Phila Pa 1976).
2013;38(13):E803–12.

3. Takemoto M, Boissière L, Vital JM, Pellisé F, Perez-Grueso FJS, Kleinstück F,
et al. Are sagittal spinopelvic radiographic parameters significantly
associated with quality of life of adult spinal deformity patients? Multivariate
linear regression analyses for pre-operative and short-term post-operative
health-related quality of life. Eur Spine J. 2017;26(8):2176–86.

4. Faraj SSA, Boselie TFM, Vila-Casademunt A, et al. Radiographic axial
malalignment is associated with pretreatment patient-reported health-
related quality of life measures in adult degenerative scoliosis:
implementation of a novel radiographic software tool. Spine Deform. 2018;
6(6):745–52.

5. Ferrero E, Skalli W, Lafage V, Maillot C, Carlier R, Feydy A, et al. Relationships
between radiographic parameters and spinopelvic muscles in adult spinal
deformity patients. Eur Spine J. 2019;29(6):1328–39.

6. Ekstrom RA, Donatelli RA, Carp KC. Electromyographic analysis of core trunk,
hip, and thigh muscles during 9 rehabilitation exercises. J Orthop Sports
Phys Ther. 2007;37(12):754–62.

Yang et al. BMC Musculoskeletal Disorders          (2020) 21:827 Page 8 of 9



7. Elsayed W, Farrag A, Muaidi Q, Almulhim N. Relationship between sagittal
spinal curves geometry and isokinetic trunk muscle strength in adults. Eur
Spine J. 2018;27(8):2014–22.

8. Iwai K, Nakazato K, Irie K, Fujimoto H, Nakajima H. Trunk muscle strength
and disability level of low back pain in collegiate wrestlers. Med Sci Sports
Exerc. 2004;36(8):1296–300.

9. Bayramoglu M, Akman MN, Kilinc S, Cetin N, Yavuz N, Ozker R. Isokinetic
measurement of trunk muscle strength in women with chronic low-back
pain. Am J Phys Med Rehabil. 2001;80(9):650–5.

10. Granacher U, Gollhofer A, Hortobagyi T, Kressig RW, Muehlbauer T. The
importance of trunk muscle strength for balance, functional performance,
and fall prevention in seniors: a systematic review. Sports Med. 2013;43(7):
627–41.

11. Harding AT, Weeks BK, Horan SA, Little A, Watson SL, Beck BR. Validity and
test-retest reliability of a novel simple back extensor muscle strength test.
SAGE Open Med. 2017;5:2050312116688842.

12. Burian E, Syväri J, Holzapfel C, Drabsch T, Kirschke JS, Rummeny EJ, et al.
Gender- and age-related changes in trunk muscle composition using
chemical shift encoding-based water(−)fat MRI. Nutrients. 2018;10(12).
https://doi.org/10.3390/nu10121972.

13. Roth R, Donath L, Kurz E, Zahner L, Faude O. Absolute and relative reliability
of isokinetic and isometric trunk strength testing using the IsoMed-2000
dynamometer. Phys Ther Sport. 2017;24:26–31.

14. Grabiner MD, Jeziorowski JJ. Isokinetic trunk extension and flexion strength-
endurance relationships. Clin Biomech. 1991;6(2):118–22.

15. Zhou Z, Zheng L, Wei D, Ye M, Li X. Muscular strength measurements
indicate bone mineral density loss in postmenopausal women. Clin Interv
Aging. 2013;8:1451–9.

16. Mannion AF, Dumas GA, Stevenson JM, et al. The influence of muscle fiber
size and type distribution on electromyographic measures of back muscle
fatigability. Spine (Phila Pa 1976). 1998;23(5):576–84.

17. Yu R, Ong S, Cheung O, Leung J, Woo J. Reference values of grip strength,
prevalence of low grip strength, and factors affecting grip strength values
in Chinese adults. J Am Med Dir Assoc. 2017;18(6):551.e9–551.e16.

18. Woodfield JC, Pettigrew RA, Plank LD, Landmann M, van Rij AM. Accuracy of
the surgeons’ clinical prediction of perioperative complications using a
visual analog scale. World J Surg. 2007;31(10):1912–20.

19. Middendorp M, Vogl TJ, Kollias K, Kafchitsas K, Khan MF, Maataoui A.
Association between intervertebral disc degeneration and the
Oswestry Disability Index. J Back Musculoskelet Rehabil. 2017;30(4):
819–23.

20. Roland M, Morris R. A study of the natural history of low-back pain. Part II:
development of guidelines for trials of treatment in primary care. Spine
(Phila Pa 1976). 1983;8(2):145–50.

21. Mmopelwa T, Ayhan S, Yuksel S, Nabiyev V, Niyazi A, Pellise F, et al. Analysis
of factors affecting baseline SF-36 mental component summary in adult
spinal deformity and its impact on surgical outcomes. Acta Orthop
Traumatol Turc. 2018;52(3):179–84.

22. Shafaq N, Suzuki A, Matsumura A, Terai H, Toyoda H, Yasuda H, et al.
Asymmetric degeneration of paravertebral muscles in patients with
degenerative lumbar scoliosis. Spine (Phila Pa 1976). 2012;37(16):1398–406.

23. Humphrey AR, Nargol AV, Jones AP, Ratcliffe AA, Greenough CG. The value
of electromyography of the lumbar paraspinal muscles in discriminating
between chronic-low-back-pain sufferers and normal subjects. Eur Spine J.
2005;14(2):175–84.

24. ShahAli S, Shanbehzadeh S, ShahAli S, Ebrahimi Takamjani I. Application of
ultrasonography in the assessment of abdominal and lumbar trunk muscle
activity in participants with and without low back pain: a systematic review.
J Manip Physiol Ther. 2019;42(7):541–50.

25. Sebro R, O'Brien L, Torriani M, Bredella MA. Assessment of trunk muscle
density using CT and its association with degenerative disc and facet joint
disease of the lumbar spine. Skelet Radiol. 2016;45(9):1221–6.

26. Yagi M, Kaneko S, Yato Y, Asazuma T. Drop body syndrome: a distinct form
of adult spinal deformity. Spine (Phila Pa 1976). 2017;42(16):E969–77.

27. Stark T, Walker B, Phillips JK, Fejer R, Beck R. Hand-held dynamometry
correlation with the gold standard isokinetic dynamometry: a systematic
review. PM R. 2011;3(5):472–9.

28. Barker KL, Shamley DR, Jackson D. Changes in the cross-sectional area of
multifidus and psoas in patients with unilateral back pain: the relationship
to pain and disability. Spine (Phila Pa 1976). 2004;29(22):E515–9.

29. Hyun SJ, Bae CW, Lee SH, Rhim SC. Fatty degeneration of the paraspinal
muscle in patients with degenerative lumbar kyphosis: a new evaluation
method of quantitative digital analysis using MRI and CT scan. Clin Spine
Surg. 2016;29(10):441–7.

30. Lee HJ, Lim WH, Park JW, et al. The relationship between cross sectional
area and strength of back muscles in patients with chronic low back pain.
Ann Rehabil Med. 2012;36(2):173–81.

31. Wall BT, Dirks ML, van Loon LJ. Skeletal muscle atrophy during short-
term disuse: implications for age-related sarcopenia. Ageing Res Rev.
2013;12(4):898–906.

32. Yagi M, Hosogane N, Watanabe K, Asazuma T, Matsumoto M. The
paravertebral muscle and psoas for the maintenance of global spinal
alignment in patient with degenerative lumbar scoliosis. Spine J. 2016;628
16(4):451–8.

33. Hides J, Stanton W, Mendis MD, Sexton M. The relationship of transversus
abdominis and lumbar multifidus clinical muscle tests in patients with
chronic low back pain. Man Ther. 2011;16(6):573–7.

34. Bernard JC, Boudokhane S, Pujol A, Chaleat-Valayer E, Le Blay G, Deceuninck
J. Isokinetic trunk muscle performance in pre-teens and teens with and
without back pain. Ann Phys Rehabil Med. 2014;57(1):38–54.

35. Vieira S, Dibai-Filho AV, Brandino HE, Ferreira VT, Scheicher ME. Abdominal
muscle strength is related to the quality of life among older adults with
lumbar osteoarthritis. J Bodyw Mov Ther. 2015;19(2):273–7.

36. Seo YG, Park WH, Lee CS, Kang KC. Lumbar extensor muscle size and
isometric muscle strength in women with symptomatic lumbar
degenerative diseases. Asian Spine J. 2018;12(5):943–50.

37. Granito RN, Aveiro MC, Rennó ACM, et al. Degree of thoracic kyphosis and
peak torque of trunk flexors and extensors among healthy women. Rev Bras
Ortop. 2014;49(3):286–91.

38. Keller A, Brox JI, Reikeras O. Predictors of change in trunk muscle strength
for patients with chronic low back pain randomized to lumbar fusion or
cognitive intervention and exercises. Pain Med. 2008;9(6):680–7.

39. Kudo D, Miyakoshi N, Hongo M, Kasukawa Y, Ishikawa Y, Shimada Y. Impact
of sagittal spine-pelvis-leg alignment and muscle strength on quality of life
and low back pain in rural Japanese community- dwelling middle-aged and
elderly persons. J Back Musculoskelet Rehabil. 2020;33(2):263–8.

40. Schultz AB. Muscle function and mobility biomechanics in the elderly: an
overview of some recent research. J Gerontol A Biol Sci Med Sci. 1995;50
Spec No:60–3.

41. Roghani T, Zavieh MK, Manshadi FD, King N, Katzman W. Age-related
hyperkyphosis: update of its potential causes and clinical impacts-narrative
review. Aging Clin Exp Res. 2017;29(4):567–77.

42. Mueller S, Stoll J, Mueller J, et al. Validity of isokinetic trunk measurements
with respect to healthy adults, athletes and low back pain patients. Isokinet
Exerc Sci. 2012;20(4):255–66.

43. Gruther W, Wick F, Paul B, Leitner C, Posch M, Matzner M, et al. Diagnostic
accuracy and reliability of muscle strength and endurance measurements in
patients with chronic low back pain. J Rehabil Med. 2009;41(8):613–9.
https://doi.org/10.2340/16501977-0391.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Yang et al. BMC Musculoskeletal Disorders          (2020) 21:827 Page 9 of 9

https://doi.org/10.3390/nu10121972
https://doi.org/10.2340/16501977-0391

	Abstract
	Background
	Methods
	Results
	Conclusions

	Background
	Methods
	Participants
	Isokinetic trunk muscle strength assessments
	Grip strength evaluation
	Health-related quality of life assessment
	Statistical analyses

	Results
	General information
	Differences between groups
	Analysis of HRQoL associated factors

	Discussion
	Conclusions
	Abbreviations
	Acknowledgements
	Authors’ contributions
	Funding
	Availability of data and materials
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Author details
	References
	Publisher’s Note

