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Abstract Objective To determine gender-based variations in trunk range of motion (RoM) and
isometric strength (IS) in symptomatic and asymptomatic young adults.
Methods In this prospective case-control study, 73 subjects with low back pain (LBP) and 80
asymptomatic subjectswereanalyzed.Dynamometer-baseddevice trunkRoMand ISmeasure-
ments in extension, flexion, and rotation were compared in both groups and gender-based
subgroups. Multivariate analysis was used to determine factors influencing trunk RoM and IS.
Results Symptomatic males had significantly less extension RoM and extension, flexion,
and rotation isometric trunk strength (ITS) (p<0.0001) compared with asymptomatic
males, whereas no significant difference was found between asymptomatic and symptom-
atic females. However, the mean extension-flexion RoM and mean extension-flexion ITS
ratios were significantly lower (p¼0.04) in asymptomatic females compared with
symptomatic females. Female gender was significantly associated with less extension
and flexion ITS in both asymptomatic and symptomatic subjects.
Conclusion Males with LBP had significant global ITS weakness when compared with
asymptomaticmales. Despite no significant ITS difference in symptomatic versus asymptom-
atic females, LBP caused significant extension-flexion RoM and ITS imbalance in females.
Thesegender-based variations in trunkRoMand IS, especially the extensor-flexor IS imbalance
in females, must be considered while designing rehabilitation treatment protocols for LBP.
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Introduction

Trunkmuscle dysfunction andweakness is an important risk
factor for developing low back pain (LBP).1–3 Trunk muscle
strength compensates for dysfunction due to LBP, and re-
duced trunk range of motion (RoM) andmuscle strength can
lead to functional limitations and disability in subjects with
LBP.2,4 Hence, restoring trunk muscle strength and RoM
using exercises helps reduce pain and disability, improve
function, and prevent recurrence in patients with LBP.5

Furthermore, improvement in the trunk or lumbar RoM
and strength is a useful parameter to measure the effective-
ness of rehabilitation treatment in patients with LBP.6,7

Hence, measuring trunk RoM and isometric strength (IS) in
a patient with LBP will help quantify deficits in trunk RoM
and strength, individualize rehabilitation treatment based
on these deficits, and record improvement with treatment.

Baseline paraspinal muscle strength and trunk mobility
may vary based on the subject characteristics, such as gender,
age, duration of symptoms, pain intensity, and disability on
presentation.1,8–10 Previous studies on trunk RoM and IS
evaluated specifically lumbar or trunk extensor muscle
strength rather than global trunk RoM and IS and measured
these parameters in a group with a broad range of age.1,8–10

To the best of our knowledge, no studies in the literature have
specifically investigated the difference in trunk RoM and IS

between symptomatic and asymptomatic subjects in the vulner-
able 20 to 40 years age group and investigated gender-based
difference in trunk RoM and IS between symptomatic with LBP
and asymptomatic subjects in this age group. We believe that
determining gender-specific variations in trunk RoM and IS
parameters will help design patient-specific rehabilitation treat-
ment protocols based on these deficits in patients undergoing
conservative management of LBP. Hence, this study aimed to
compare trunk RoM and IS in subjects with LBP and similar
asymptomatic subjects, compare trunk RoM and IS in symptom-
atic and asymptomatic subjects in males and females, and deter-
mine factors that influence trunk RoMand IS in the symptomatic
andasymptomaticgroups.Wehypothesizedthat therewouldbea
significant difference between symptomatic and asymptomatic
subjects, both inmales and females, in termsof trunkRoMand IS.

Methods

Study Design
The present prospective comparative studywas conducted at
a chain of outpatient clinics specializing in spine rehabilita-
tion (QI Spine Clinic, India) from April 2019 to March 2020.
Participants were divided into symptomatic LBP (case) and
asymptomatic (control) groups and compared in this study.
The study protocol was approved by an institutional review

Resumo Objetivo Determinar as variações na amplitude de movimento (ADM) do tronco e na
força isométrica do tronco (FIT) em jovens adultos sintomáticos e assintomáticos
baseadas no gênero dos indivíduos.
Métodos Neste estudo caso-controle prospectivo, 73 indivíduos com dor lombar (DL)
e 80 indivíduos assintomáticos foram analisados. Asmedidas de ADMdo tronco e FIT de
extensão, flexão e rotação foram comparadas em ambos os grupos e em subgrupos
organizados por gênero. A análise multivariada foi usada para determinar os fatores
que influenciam a ADM do tronco e a FIT.
Resultados Indivíduos do sexo masculino sintomáticos tiveram ADM de extensão e FIT de
extensão, flexão e rotação significativamente menor (p<0,0001) em comparação com
indivíduos do sexo masculino assintomáticos, enquanto nenhuma diferença significativa foi
encontrada entre indivíduos do sexo feminino assintomáticos e sintomáticos. No entanto, as
relaçõesmédias da ADMde extensão-flexão e de FIT de extensão-flexão em indivíduos do sexo
feminino foram significativamente menores (p¼ 0,04) em indivíduos do sexo feminino
assintomáticos em comparação com indivíduos do sexo feminino sintomáticos. O sexo
feminino foi significativamente associado commenor FIT de extensão e flexão em indivíduos
de ambos os grupos assintomáticos e sintomáticos.
Conclusão Indivíduos do sexomasculino com DL apresentaram significativa fraqueza global
relacionada à FIT quando comparados com indivíduos do sexo masculino assintomáticos.
Apesar de nãohaver diferença significativa de FIT em indivíduos do sexo feminino sintomáticos
versus assintomáticos, a DL impactou a ADM e a FIT de extensão-flexão em indivíduos do sexo
feminino. Essas variações de ADM do tronco e FIT baseadas no sexo, especialmente o
desequilíbrio extensor-flexor de força isométrica em indivíduos do sexo feminino, devem ser
consideradas ao projetar-se protocolos de tratamento de reabilitação para lombalgia.

Palavras-chave

► dor lombar
► força muscular
► amplitude de

movimento articular
► contração isométrica
► coluna vertebral
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board and ethics committee, and all participants signed and
informed consent form for participation in this study.

Participants
Subjects in the symptomatic (LBP) group were recruited from
patients who came for evaluation of their LBP and underwent
trunk RoM and IS testing at one of our three spine rehabilitation
outpatient clinics in one city. A total of 149 consecutive subjects
with LBP who underwent trunk RoM and IS testing during the
study period were eligible for participation in the symptomatic
group. Asymptomatic subjects were recruited among the rela-
tives of patients in the symptomatic group and among the
physical therapists working at any of our 8 spine rehabilitation
clinics in 3 cities. A total of 84 asymptomatic volunteers who
consented to trunkRoMand IS testingwere eligible for participa-
tion in the study as part of the asymptomatic group.

The inclusion criterion for the symptomatic group was
patients who presented at the clinic for evaluation of me-
chanical LBP. The exclusion criteria were patients<20 years
or>40 years of age, peripheral joints involvement, structural
kyphotic or scoliotic deformities, previous spine surgery, and
incomplete clinical records. The inclusion criterion for the
asymptomatic group was participants without LBP or any
musculoskeletal symptoms within the last year. The exclu-
sion criteria for the asymptomatic group were patients<20
years or>40 years of age, history of spine trauma, spine
tuberculosis, or kyphotic/scoliotic deformities.

Clinical Evaluation
After recording the clinical history, all subjects were exam-
ined for posture, lumbar RoM, straight leg raising (SLR) test,
and myotomal and dermatomal function. Based on history
and examination, subjects with LBP were diagnosed with
mechanical LBP if the pain arose from the spine, interverte-
bral discs or surrounding soft tissues, worsenedwith specific
spine movement, and improved with rest.11 Pain in the
symptomatic group was measured using the numerical
pain rating scale (NPRS) score.12

Trunk RoM and ITS Testing Protocol
Trunk RoM and IS were tested in all subjects using a dyna-
mometer-based equipment using a protocol previously de-
scribed.13 Good-to-excellent reliability and reproducibility of
ITS testingusing this devicehas been reportedpreviously.13All
participants were tested on 3 separate devices (for extension,
flexion, and rotation) in the seated position and fastened in
placeusing a knee-lock systemanda thigh restrainingbelt that
immobilized the hip and thigh and allowedmovement only at
the lower back and trunk. To begin testing, the trunk was
locked at 30° flexion from the upright sitting position for
extension, placed in a neutral position for flexion, and the
lower body laterally rotated 30° in the transverse plane for
rotation and confirmed visually on the screen of the device.
After initial warm-up, all participants generated their maxi-
mum isometric contraction by gradually increasing their
torque moment up to their maximum within the first 2 to
3 seconds of each contraction. The best value obtained out of 3

attempts was stored. Intervals between maximum test repe-
titions or attempts were a minimum of 15seconds. The 3
different maximum isometric tests (extension, flexion, and
rotation) were separated by 5minutes. The entire strength
evaluation was performed under the supervision of a spine
physiotherapist trained and experienced in the use of the
equipment. Trunk RoM was measured on all three devices
sequentially after finishing the specific ITS testing. Both
strength (torque) and motion values (degrees) were captured
by the device software and stored in its server.

Outcome Measures
Demographic data, including gender, age, body mass index
(BMI), lifestyle, and duration of symptoms (acute/
subacute<12 weeks, chronic � 12 weeks), were collected
from all participants. For trunk RoM, maximum extension,
flexion, right rotation, and left rotation were recorded
in degrees. For ITS, maximum torque for trunk extension,
flexion, right rotation, and left rotation were recorded in
Nm. The extension-flexion RoM ratio was calculated by divid-
ing the maximum extension RoM value (degrees) by the
maximum flexion RoM value (degrees), and the extension-
flexionstrength ratiowascalculatedbydividing themaximum
extension strength value (Nm) by the maximum flexion
strength value (Nm) to determine extension-flexion RoM
and ITS imbalance.

Statistical Analysis
Based on mean isometric flexion muscle strength findings in
an initial pilot test of 10 subjects, for a 20% difference in
isometric flexion muscle strength between the 2 groups, an
α value of 0.05 with power at 80%, a minimum sample size of
63 subjects was calculated in each group using the ClinCalc
sample size calculator (ClinCalc LLC, Indiana, USA). Categorical
data were compared using the Chi-squared test, and continu-
ous data were compared using one-way analysis of variance
(ANOVA) between the symptomatic and asymptomatic groups
and gender-based subgroups. A multivariate analysis was
performed todetermine theeffectofage, gender, BMI, lifestyle,
and symptom duration on extension and flexion trunk RoM
and IS in both asymptomatic and symptomatic subjects. A p-
value<0.05 was considered significant. Statistical analysis
was performed using the GraphPad QuickCalcs online statisti-
cal analysis tool (GraphPad Software, San Diego, CA, USA).

Results

Based on the exclusion criteria, 76 subjects were excluded from
the symptomatic LBP group (12 subjectswith incomplete clinical
records and 64 subjects who were outside the 20–40 years age
group) and 4 subjects were excluded from the asymptomatic or
controlgroup(1subjectwithahistoryofspinal tuberculosisand3
subjects who were outside the 20–40 years age group). Hence,
data from 73 subjects in the symptomatic LBP group (40 males
and 33 females) and 80 subjects in the asymptomatic group (24
males and 56 females) were analyzed. Characteristics of all
subjects are summarized in ►Table 1.
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Comparison of Trunk RoM and IS in Symptomatic and
Asymptomatic Males
In males, the mean trunk extension RoMwas significantly lower
(p<0.0001) in symptomatic subjects when compared with
asymptomatic subjects (►Table 2 and ►Fig. 1), and the mean
trunk extension (p<0.0001), flexion (p<0.0001), and rotation
(p<0.0001) strengths were significantly lower in symptomatic
subjectswhen comparedwith asymptomatic subjects (►Table 2

and►Fig. 2). However, themeanflexion and rotationROMs, and
themean extension-flexionRoM (p¼0.09) andmean extension-
flexion strength (p¼0.55) ratios were not significantly different
between the 2 subgroups (►Table 2 and ►Fig. 1).

Comparison of Trunk RoM and IS in Symptomatic and
Asymptomatic Females
In females, the mean trunk flexion RoM was significantly
lower in symptomatic subjects when comparedwith asymp-
tomatic subjects (►Table 2 and ►Fig. 1). The mean exten-
sion-flexion RoM (p¼0.04) and mean extension-flexion
strength (p¼0.04) ratios were significantly greater in symp-
tomatic subjects when compared with asymptomatic sub-
jects. However, there was no significant difference for mean
trunk extension RoM and rotation RoM and mean trunk
extension, flexion, and rotation strengths between the two
subgroups (►Table 2 and ►Figs. 1, 2).

Factors Affecting Trunk RoM and IS in Asymptomatic
and Symptomatic Subjects
In asymptomatic subjects, multivariate analysis showed that
female gender and higher BMI were significantly associated
with less trunk extension RoM,whereas no factorswere found
to significantly affect flexion RoM (►Table 3). For ITS, female
gender and lower BMI were significantly associated with less
trunk extension strength, whereas female gender was signifi-
cantly associated with less trunk flexion strength (►Table 3).
In subjects with LBP, themultivariate analysis showed that no
factors significantly affected extension and flexion RoM,
whereas female gender and higher age were significantly
associated with less extension ITS, and female gender alone
was significantly associated with less flexion ITS (►Table 4).

Discussion

The results of this study indicate that although symptomatic
males had significantly less mean trunk extension RoM and
mean trunk IS compared with asymptomatic males, there
was no significant difference in trunk extension RoM and IS
when asymptomatic and symptomatic females were com-
pared. However, the mean extension-flexion RoM and mean
extension-flexion ITS ratios in females were significantly
lower in asymptomatic subjects when comparedwith symp-
tomatic females. Female gender was significantly associated
with less extension and flexion ITS in both symptomatic and
asymptomatic subjects.

A previous gender-based comparison between symp-
tomatic and asymptomatic subjects showed no difference

in extensor ITS in males, whereas it was significantly higher
in asymptomatic females when compared with females
with chronic LBP.8 These findings are contrary to the results
of the current study. This could be explained by a higher
number of subjects in the symptomatic group, a broader
age range of the study population (18–90 years), inclusion
of only chronic LBP, and recruitment of asymptomatic
subjects mainly from the general community in their
study.8

In contrast to male subjects, no significant difference was
found in trunk extension RoM and ITS between asymptom-
atic and symptomatic female subjects in the current study.
Similarly, in contrast to male subjects, the mean extension-
flexion RoM and mean extension-flexion strength ratios in
females were significantly lower in asymptomatic subjects
when compared with symptomatic subjects. The extension-
flexion strength ratio indicates an increased
antagonist/agonist imbalance, and a higher ratio signifies
less flexors’ ITS relative to extensors’ ITS. Hence, this finding
indicates that in female subjects with LBP, weakness of
individual trunk extension or flexor muscle groups may be
less of an issue than an imbalance between the trunk
extensors and flexors. Trunk strength imbalance is seen in
LBP and has been reported to increase the risk of injury and
pain during functional activities in subjects with LBP.14,15 A
significant increase in flexion-extension peak torque ratio
in symptomatic subjects compared with asymptomatic
subjects in both males and females has been reported.15

This highlights the need for correcting extension-flexion
strength imbalance by trunk flexor/abdominal muscle (e.g.,
transversus abdominis) strengthening vis-à-vis extensor
muscles (e.g., multifidus, erector spinae) in women with
LBP. Furthermore, lack of difference in ITS between asymp-
tomatic and symptomatic females, in contrast to males,
indicates that weak individual muscle groups may not be a
cause or underlying pathology of LBP in women, and other
factors such as BMI and genetic factors may play a role in
them.16,17

The multivariate analysis showed that female gender and
higher BMI were significantly associated with less trunk
extension RoM in asymptomatic subjects. Although the
female gender has been reported to have greater joint
RoMs than males,18 our findings indicate that this may
not be true for extension RoM. For ITS in asymptomatic
subjects, the female gender was significantly associated
with less extension and flexion ITS. A previous study
confirmed these findings, which reported a significant
correlation between female gender and lesser extensor
and flexor ITS in young adults.19 Pajoutana et al.16 reported
no significant correlation between extensor ITS and in-
creased BMI or trunk fat mass in asymptomatic young
adults, which were contrary to the findings of our study.
However, obese individuals may have significantly higher
trunk extensor and flexor torque, which could be due to the
additional body mass acting as a loading and training
stimulus on the anti-gravity trunk extensors.20,21 Female
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Fig. 1 Comparison of mean trunk range of motion (ROM) between asymptomatic and symptomatic males and females. P< 0.05 is considered
statistically significant (bold).

Fig. 2 Comparison of mean isometric trunk strength (ITS) between asymptomatic and symptomatic males and females. P< 0.05 is considered
statistically significant (bold).
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gender and increasing age as risk factors for weak extensor
and flexor ITS in LBP have not been previously reported in
young adults. However, a significant association between
female gender and increasing age and trunk muscle weak-
ness has been reported in older adults.22

The current study has a few limitations. First, asymp-
tomatic subjects were recruited using a convenience sam-
pling method, which may have caused selection bias, and,
hence, our findings should be replicated using controls
from the general population. Secondly, the maximum effort
applied by symptomatic subjects during trunk RoM and ITS
testing might be affected by patient’s fear-avoidance be-
havior and pain tolerance rather than their muscle func-
tion. However, to avoid this, we ensured that all
symptomatic patients were tested after their pain has
reduced to NPRS<3, and the best of 3 RoM and ITS readings
were recorded. Finally, despite determining correlation of
factors such as gender and BMI with RoM and ITS varia-
tions, the underlying structural or pathological reason for
reduced RoM and ITS in patients with LBP could not be
determined from the data collected in the current study.
However, previous studies have reported various factors
such as differences in trunk muscle size and recruitment
patterns,23 muscle strength, endurance and force control,10

and lumbopelvic kinematics,14 as probable causes of the
difference in RoM and ITS between subjects with or with-
out LBP.

Conclusion

Maleswith LBPhad significantlyweaker extensor,flexor, and
rotator ITS when compared with asymptomatic males. Al-
though there was no significant difference in ITS in symp-
tomatic versus asymptomatic females, LBP caused significant
extension-flexion RoM and ITS imbalance indicating that
flexors were weaker than the extensor muscle groups in
females. In both symptomatic and asymptomatic subjects,
the female gender was significantly associated with weak
extensor and flexor ITS. These gender-based variations in
trunk RoMand IS, especially the extensor-flexor IS imbalance
in females, must be considered while designing rehabilita-
tion treatment protocols for LBP.
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