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Background: Various factors, inherited and acquired, are associated with habitual spinal postures.
Objective: The purpose of this study was to identify the relationships between trunk muscle endurance,
anthropometry and physical activity/inactivity and the sagittal standing lumbopelvic posture in pain-free
young participants.
Methods: In this study, 112 healthy young adults (66 females), with median (IQR) age of 20 years (18.2–22
years), without low back pain, injury or trauma were included. Lumbar curve (LC) and sacral slope (SS)
angles were measured in standing with a mobile phone application (iHandy level). Anthropometric, physical
activity/inactivity levels (leisure-time sport involvement and sitting hours/day) and abdominal (plank prone
bridge test) and paraspinal (Sorensen test) isometric muscle endurance measures were collected.
Results: LC and SS angles correlated signi¯cantly (r ¼ 0:80, p < 0:001). Statistically signi¯cant di®erences
for both LC (p ¼ 0:023) and SS (p ¼ 0:013) angles were identi¯ed between the male and female participants.
A signi¯cant negative correlation was identi¯ed between the abdominal endurance time and LC (r ¼ �0:27,
p ¼ 0:004); however, the power of this result (56%) was not su±ciently high. The correlation between
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abdominal endurance and SS was non-signi¯cant (r ¼ �0:17, p ¼ 0:08). In addition, no signi¯cant associa-
tions were identi¯ed between either of the sagittal lumbopelvic angles (LC–SS) in standing and the parti-
cipants' body mass index (BMI), paraspinal endurance, leisure-time sport involvement or sitting hours/day.
Conclusion: The potential role of preventive exercise in controlling lumbar lordosis via enhancement of the
abdominal muscle endurance characteristics requires further con¯rmation. A subsequent study, performed in
a larger population of more diverse occupational involvement and leisure-time physical activity levels, is
proposed.
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Introduction

Neuromuscular control of spinal postures and
movements is key, contributing in parallel to load
minimization and injury or degeneration preven-
tion of passive spinal structures.1 Pelvic and spinal
alignment in the sagittal plane is crucial for
maintaining a balanced stance, forming the basis
for many functional activities.2 Postural deviations
are considered to be among the factors progres-
sively leading to or associated with the presence of
painful spinal musculoskeletal disorders.3–6 and
degeneration.7 However, this is still a matter of
debate, as not all relevant studies have clearly
demonstrated detrimental e®ects on spinal struc-
tures or symptoms development linked to postural
deviations.8

Previous studies have substantiated that sagit-
tal spinal posture is in°uenced by age progression,9

sex9,10 and increased body mass index (BMI).2,11

Additionally, spinal posture has been signi¯cantly
associated with the paraspinal muscle endurance
levels,12–14 although other researches have not
substantiated such a relationship for the lumbar
curve (LC), with a signi¯cant relationship only
demonstrated between abdominal performance
and pelvic inclination in women.15 Furthermore,
di®erent types of occupational demands,16 physical
activity levels for asymptomatic men only15 and
speci¯c long-term athletic training17 may in°uence
standing posture. However, no associations be-
tween lumbar lordosis and physical activity levels18

and lifestyle or occupational demands have also
been reported.19 Postural assessment has also been
studied in adolescent populations,20,21 as adoles-
cence may be an opportune time period to in°uence
improvements in spinal posture via certain pos-
tural exercise interventions17,22 and possibly pre-
vent musculoskeletal pain episodes in the future.
A predictive role of adolescent spinal non-neutral

posture at 14 years for back pain development at
17 years of age in the same population has been
established, however, among a multitude of other
factors collectively contributing to the pain expe-
rience.23 On the other hand, apart from environ-
mental and lifestyle factors, familial predisposition
seems to be also in°uential, at least for certain
hyperlordotic postures.24

The \core" muscles are considered to consist of
transversus abdominis (TrA) and multi¯dus
(MULT) muscles, providing mainly stability to the
low back and pelvis, in coordination with the more
super¯cial trunk musculature. A signi¯cant de-
crease in thickness measurements of TrA has been
identi¯ed in 20 healthy adults when assuming a
swayback compared to a neutral lumbopelvic pos-
ture, denoting better activation of TrA in the latter
standing posture.25 Similar results of decreased
activation in the internal oblique/TrA muscles
have been recently reported in 37 adults, when a
slouched sitting posture was assumed.26 The mus-
cle tone of the deep trunk muscles has been lately
described as predictive of both positive (TrA) and
negative (MULT) outcomes among the low back
pain (LBP) su®erers.27 A history of LBP in a
mostly young mixed-sex cohort has also been
shown to a®ect the thickness of TrA more than the
MULT one.28 Therefore, except LBP presence, also
extreme °exion (°atback) or extension (lordotic)
lumbar spine postures a®ect the activation of deep
trunk muscles, rendering the relevant spinal seg-
ments \unprotected" in the case of prolonged or
increased spinal loading.

The purpose of this study was to identify certain
factors that correlate with standing lumbopelvic
posture in healthy participants, with the aim to
focus on those factors that are considered to be
modi¯able. For instance, advice on BMI reduction
or adopting more active physical activity lifestyles
(increasing exercise frequency in general or
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increasing trunk-speci¯c exercise) could then be
proposed as preventive measures against spinal
pain. Such factors can be targeted by physical
therapists, to promote the adoption of more opti-
mal spine standing postures, documented to be less
frequently related with non-speci¯c LBP episodes.

Methods

Study design

Cross-sectional correlational design is used to ex-
plore the associations between sagittal lumbopelvic
posture in standing and anthropometric, leisure-
time activity/inactivity habits and trunk muscle
endurance performance variables.

Participants

The study took place at Metropolitan College with
volunteers being students of one of the campuses of
this institution. The exclusion criteria for the par-
ticipation of this study were any injury-trauma
and/or active LBP and menstruation or pregnancy
(females) to avoid any in°uence of those factors on
habitual standing posture. Recruitment of partici-
pants took place from November 2016 to January
2017 and was achieved via e-mail noti¯cations of
the purposes of the study, sent to 450 students of
the School of Health. E-mail noti¯cations were sent
out twice, in the beginning of November and a
reminder at the beginning of December 2016. To-
tally 125 students responded to the research call.
However, 10 students ¯nally were not able to make
their assessment appointments and three had a
fairly recent incident of back pain, therefore were
excluded. Finally, 112 healthy adults (46 males and
66 females) participated voluntarily in this re-
search study. The descriptive statistics of

participants are presented in Table 1. A written
informed consent, presenting the purposes and
aims of this study and the inclusion–exclusion cri-
teria, was signed by all participants prior to their
inclusion to the study. The study protocol was
approved by the Ethics Committee of Metropoli-
tan College. All rights of participants were pro-
tected at all times, according to the Declaration of
Helsinki.

Lumbopelvic sagittal standing
postural assessment

Lumbar posture can be clinically assessed with the
Bubble inclinometer which is a device with a good
reliability and validity or with a wide variety of
other measurement instruments such as panto-
graph, kyphometer, °exible curve and lately, the
smartphones.29 Sagittal lumbopelvic posture in
standing was assessed in two previous studies with
the use of a smartphone (iHandy free applica-
tion).29,30 The ¯rst of those studies veri¯ed the
inter-rater within-day (ICC ¼ 0:96) and intra-
rater between-day (ICC ¼ 0:81, SEM ¼ 3� and
MDC90% ¼ 7�) reliabilities of the lumbar curve in
30 healthy participants, with the smartphone
measurement displaying comparable accuracy to
the one with a Bubble inclinometer (ICC ¼ 0:85,
SEM ¼ 3� and MDC90% ¼ 6�).29 The within-day
intra-rater reliability of this postural assessment
method was further con¯rmed, measuring two
angles in quiet standing posture, the sacral slope
(SS; ICC2;1 ¼ 0:97, SEM ¼ 1:61� and MDC95% ¼
4:46�) and the lumbar curve (ICC2;1 ¼ 0:96,
SEM ¼ 2:13� and MDC95% ¼ 5:9�), in a larger
group of asymptomatic participants (n ¼ 183).30

The validity of the method to di®erentiate between
male and female participants' SS and LC angles
has also been established in the latter study.30

Table 1. Descriptive statistics of ratio-type variables (anthropometric, two posture mea-
sures and two trunk muscle endurance test measures) from all participants (n ¼ 112).

Min Max Mean Standard deviation

Height (cm) 150 198 173 9.5
Body mass (kg) 45 115 69.7 14.3

BMI (kg/m2) 17.6 39.8 23.1 3.5

Lumbar curve (�) 9.9 52.9 24.2 8.1
Sacral slope (�) 5.2 34.5 17.6 6.1
Plank prone bridge endurance test (s) 16 245 88.6 47.4
Modi¯ed Sorensen endurance test (s) 34 370 126.3 54.6
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Therefore, the use of smartphones as measurement
tools of spinal angles has adequate evidence-base to
be used further.

The iHandy level application was used to mea-
sure the SS and LC angles in standing (Table 1).
The angle readings from the smartphone, when
placed with its upper vertical side at T12–L1 and
S1–S2 spinous processes, were recorded (Fig. 1).
The sacral slope value corresponded to the reading
from S1–S2 and the lumbar curve value corre-
sponded to the sum of the absolute readings from
T12–L1 and S1–S2. Additional measurement
details of SS and LC parameters are presented
analytically elsewhere.29,30

Trunk muscle endurance
assessment

As core stability is linked to a continuous role of
the trunk muscles in the maintenance of mid-range

neutral-zone postures,1 the endurance capacity of
those is commonly assessed.13,31

For the purposes of this study, the timed en-
durance to complete exhaustion of the abdominal
muscles was measured via the performance of the
plank prone bridge test [Table 1 and Fig. 2(a)].
According to a recent study, the application of the
prone bridge test (plank test) is a valid and highly
reliable method (ICC ¼ 0:87� 0:89) for the mea-
surement of abdominal muscle endurance,32 al-
though muscles of the entire anterior aspect of the
body are activated in this test. The plank test can
be considered a functional endurance test, as it
requires simultaneous isometric muscle activation
of all the anterior chain muscles.32,33

Also, the timed endurance to complete exhaus-
tion of the paraspinal muscles was measured via
the performance of a modi¯cation of the Sorensen
test [Table 1 and Fig. 2(b)]. The Sorensen test is a
valid and reliable method to evaluate the

Fig. 1. Lumbar curve and sacral slope measurement technique with the smartphone placed at T12–L1 and S1–S2 interspaces.

Fig. 2. Procedures for (a) plank prone bridge endurance test and (b) modi¯ed Sorensen endurance test to complete
exhaustion.
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endurance capacity of the trunk extensors, with
the additional posterior chain muscles also active
(gluteals, hamstrings), during a timed isometric
activation of those muscles to complete exhaustion
while maintaining the unsupported upper body in
the horizontal position, with the buttocks and legs
¯rmly held by three canvas straps and arms folded
across the chest.34,35 The Modi¯ed Trunk Exten-
sion Testing method (modi¯cation of the Sorensen
test) follows the same principles as the original
test, with the only di®erence from the standard
procedure being the replacement of straps with the
participation of a clinician who should ¯rmly hold
the subjects' lower extremities onto the examina-
tion table. This procedure is also a very reliable
variation of Sorensen test method.31,36

Anthropometric and self-report
physical activity/inactivity
characteristics

A questionnaire compiled by the research team was
given to participants to ¯ll in, comprising factors
that could potentially be associated with their
lumbopelvic sagittal standing posture. The ques-
tionnaire included items on sex, anthropometric
characteristics (age, body mass index), exercise fre-
quency and intensity characteristics (the Baecke
Sport Activity subscale),37 as well as the time spent
sitting daily expressed in three categories (less than
3 h/day, 3–5.9 h/day and more than 6 h/day).38

Experimental procedures

A pilot study was conducted between the members
of the research team, to familiarize with and ¯-
nalize all measurement procedures. All participants
read and completed a form before the beginning of
measurements concerning the purposes and the
aims of the study, anthropometric and physical
activity pattern details. All participants then as-
sumed the standing position with their lower limbs
parallel to each other and arms by their side. Three
measurements were sequentially conducted by two
members of the team for the measurement of SS
and LC. One investigator placed the phone in the
back of participants, according to anatomical
landmark identi¯cation for the measurement of the
two angles of interest (Fig. 1) viewing the phone
from its posterior aspect, without looking at its
screen, and another noted the angles in a blinded

fashion to avoid biasing results between the three
measurements. Additionally, between the three
measurements of SS and LC, participants were
requested to relax and walk a short distance (10
steps) in order to alter their body posture between
measurements. Moreover, one investigator was in-
volved with palpation of anatomical landmarks
and skin-marking and another two investigators
coordinated the plank test and the Modi¯ed Trunk
Extension test (modi¯ed Sorensen test) procedures
(Fig. 2). Prior to the beginning of fatigue testing,
participants performed adequate warm-up, under
the supervision of the investigators, which included
stretches and mild spine mobilizing exercises in
order to avoid any muscle strain injury during fa-
tigue testing.

Data analysis

All statistical analyses were performed using the
Statistical Package for the Social Sciences (SPSS),
version 20. The variables collected corresponded to
di®erent levels of measurement: sex was nominal-
type measurement, number of hours spent in sit-
ting/day was ordinal-type measurement and age,
BMI, the Baecke Sport Index and the abdominal
and paraspinal muscles endurance tests data cor-
responded to ratio-type measurements. The corre-
sponding normality of distribution tests per
variable were initially performed; sex was assessed
with the Binomial test, hours spent sitting/day
were assessed with the chi-square test and all
variables related to ratio type were assessed with
the Kolmogorov–Smirnov test.

The main analysis of this study included unre-
lated t-tests, Kruskal–Wallis and bivariate corre-
lations. To explore possible di®erences in LC and
SS angles between the categories of nominal (sex)
and ordinal variables (sitting hours/day), unre-
lated t-tests were run for sex and Kruskal–Wallis
tests for sitting hours/day. To explore possible
associations between LC and SS angles and ratio-
type variables (age, BMI, Baecke Sport Index
subscale, modi¯ed Sorensen endurance and ab-
dominal plank endurance tests), Pearson's bivari-
ate correlations were run. Pearson's correlation
values that were signi¯cant were considered as
weak if r < 0:25, fair if 0:25 < r < 0:50, moderate-
to-good if 0:50 < r < 0:75 and good-to-excellent if
r > 0:75.39 The signi¯cance level for all compar-
isons was initially set at 0.05. However, due to
several correlation tests performed, the signi¯cance
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level was adjusted according to the Holm–Bonfer-
roni method.40 A priori sample size estimation
suggested that for the nine correlations of interest
(four explanatory variables� two lumbopelvic
upright standing variables — SS and LC, plus one
correlation between SS and LC), the adjusted
a-level would be 0.00625; therefore, to achieve 80%
power with a fair correlation of R ¼ 0:33 the re-
quired sample size would be n ¼ 112 participants.
Also, upon completion of recruitment, an achieved
power calculation was performed. Should su±cient
power been not achieved, the sample size in a new
study required to achieve an 80% power was ad-
ditionally calculated. An online program for com-
puting power and sample size for correlational
designs (https://sample-size.net/correlation-sam-
ple-size/).41 was utilized to perform all relevant
calculations.

Results

Nearly all variables conformed to a normal distri-
bution, apart from sitting hours and age. For sit-
ting hours, the distribution of participants into the
set categories were: 38 participants for less than
3 h/day, 60 for 3–5.9 h/day and 14 for more than
6 h/day. For age, the median [inter-quartile range
(IQR)] values were 20 years (18.25–22 years). Since
participants were of a rather narrow age range, no
correlations between age and lumbopelvic sagittal
posture variables were performed. The descriptive
statistics of the remaining ratio-type variables are
analytically presented in Fig. 1.

Statistically signi¯cant male–female di®erences
for both angles were identi¯ed with unrelated

t-tests; speci¯cally, for LC, the mean (SD) values
were 25:6� (8:1�) for females and 22:1� (7:7�) for
males, p ¼ 0:023, and for SS, the mean (SD) values
were 18:8� (6�) for females and 15:9� (5:8�) for
males, p ¼ 0:013. However, there were no statisti-
cally signi¯cant di®erences either for SS
(p ¼ 0:056) or for LC (p ¼ 0:345) between the
three levels of the \sitting hours/day" variable,
analyzed with the Kruskal–Wallis non-parametric
test. Similarly, no signi¯cant associations were
identi¯ed between BMI or physical activity levels
(Baecke Sport Index) or paraspinal endurance and
the lumbopelvic (LC or SS) standing posture
(Table 2). On the contrary, signi¯cant correlations
between lumbar curve and sacral slope angles
(r ¼ 0:80, p < 0:001) and between lumbar curve
and abdominal isometric endurance (r ¼ �0:27,
p ¼ 0:004) were identi¯ed (Table 2). To account
for the multiple correlations performed (nine
Pearson's correlations in total), adjustment of the
level of signi¯cance was performed according to the
Holm–Bonferroni method, with the a-level being
lowered for the correlation between LC and SS to
a ¼ 0:0056 and that between LC and abdominal
endurance to a ¼ 0:00625. Therefore, these two
latter correlations remained signi¯cant after this
adjustment.

For the correlation between LC and abdominal
endurance (r ¼ �0:27), with a sample size of n ¼
112 participants and a signi¯cance level of
a ¼ 0:00625, the statistical power achieved was
56%. Based on the observed correlation value and
the adjusted signi¯cance level, a sample size of 170
participants would have been required to achieve
an adequate power level of 80%.

Table 2. Correlations of lumbopelvic angles with ratio-type variables.

Sacral slope Lumbar curve

Lumbar curve R 0.80** 1
Sig. (two-tailed) 0.0001

BMI R �0:05 0.10
Sig. (two-tailed) ns ns

Leisure-time sport activity (Baecke Sport Index) R 0.03 0.02
Sig. (two-tailed) ns ns

Plank prone bridge endurance test R �0:17 �0.27**
Sig. (two-tailed) ns 0.004

Modi¯ed Sorensen endurance test R 0.04 �0:07
Sig. (two-tailed) ns ns
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Discussion

Previous studies have reported that extremes of
posture in either direction may potentially increase
the prevalence of spinal pain.2,21 and lead to rela-
tively earlier spinal degeneration in the long term.7

The purpose of this study was to examine whether
a list of modi¯able anthropometric, lifestyle and
muscle physical performance factors were associ-
ated with sagittal standing lumbopelvic posture
(LC–SS) and one non-modi¯able factor (sex). To
this end, the e®ect of sex and an inactivity level
index (sitting hours/day) on LC–SS, as well as the
associations between BMI, a leisure-time sport ac-
tivity index, abdominal and paraspinal muscles
isometric endurance levels and LC–SS were exam-
ined in a mixed sample of 112 male–female college
students.

Lumbopelvic posture variables (LC and SS)
have been determined via placement of a smart-
phone operating the iHandy goniometer applica-
tion, onto T12–L1 and S1–S2 spinous processes,
under previously validated methodology.29,30 The
surface palpation methods utilized to identify the
anatomical bony landmarks of interest present a
limitation of our study, as palpatory methods
usually have poor reliability and validity due to the
di±culty in landmark identi¯cation,42 as well as
the reported between-subject anatomical landmark
di®erences.43

Participants of this study were mostly between
18 years and 25 years old (n ¼ 103, 92%);

therefore, due to their limited age range the e®ect
of age on lumbopelvic sagittal alignment was not
examined. However, BMI did not demonstrate a
signi¯cant correlation with lumbopelvic posture
variables in our study and this is a matching
¯nding only to one previous study.9 This ¯nding
is most likely justi¯ed by the inclusion of only
18 (16%) overweight and ¯ve obese (4.5%) indivi-
duals in the sample of this study. In contrast,
several other studies have con¯rmed signi¯cant
associations between BMI and sagittal standing
postures in children11 and adults.2,44 In particular,
a cohort study with adult participants (n ¼ 489)
reported a strong relationship between overweight
and obese participants and the types of non-neu-
tral postural lumbopelvic variations in the sagittal
plane, according to the Roussouly four-type
classi¯cation.2

Conversely, signi¯cant relationships between
sex and LC/SS were present. Several previous
studies in adult2,9,30 and adolescent10 populations
con¯rm this ¯nding; therefore, the natural varia-
tion in standing posture between male and female
participants should be taken into account when
interpreting postural data in the standing position.

Concerning physical activity/inactivity levels,
neither inactivity (sitting hours/day) nor leisure-
time sport activity (Baecke Sport Index) was re-
lated to lumbopelvic posture in participants of this
study. These physical activity/inactivity variables
were based on self-report and therefore inadver-
tently relying on participants' recall.45 Results of
this study concur with two previous studies con-
ducted in adults that had reported no association
between lifestyle2,19 or occupational demands on
lumbar lordosis.19 In contradistinction, a study of
older-age industrial workers with °exion-related
LBP reported that physical inactivity was associ-
ated with more posterior pelvic tilt.6 However,
participants of this study were younger and pain-
free individuals, therefore these studies cannot be
directly compared. Therefore, the e®ect of activi-
ty/inactivity levels in sagittal lumbopelvic posture
may require further examination, as these variables
may be linked to BMI or muscle performance
state13 or prolonged static postures under a variety
of work-based environments.45,46

Finally, only the plank prone bridge test (ab-
dominal endurance) demonstrated a signi¯cant fair
negative association with LC (r ¼ �0:27,
p ¼ 0:004). However, the power achieved for this
¯nding was 56%, lower to a standard acceptable

Fig. 3. Scatterplot of lumbar curve angle in upright
standing against the plank prone bridge endurance test
performed to complete exhaustion (n ¼ 112).
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level of power (80%). Furthermore, the cause-and-
e®ect relationship between abdominal endurance
and LC is not clear. Immediate variations in the
recruitment of the deep abdominal muscles related
to postural alterations have been demonstrated in
studies with healthy participants,25,26 with more
mid-range postures favoring better activation of
the abdominal muscles. Three previous cross-sec-
tional research studies examining abdominal mus-
cle performance utilizing other performance tests
(leg-lowering test or four abdominal endurance
tests of progressive di±culty from crook lying) to
the one used in this study (plank test), have
reported no14,47 to very weak relationships15 with
lumbopelvic posture in standing. Di®erences in
testing methods between this and previous studies
as well as population di®erences may have
accounted for this variation in results. Further-
more, in order to monitor whether increased or
decreased abdominal muscle endurance through
training/de-training may progressively contain or
increase LC, studies of prospective rather than
cross-sectional design may be required.

The lack of association between lumbopelvic
posture and trunk extensor endurance (Sorensen
test) in the sample of this study, consistingmostly of
young participants, may be due to the fact that the
majority of subjects did not present with °atback
and/or posterior pelvic tilt, as veri¯ed by the lumbar
curve mean (SD) data (Fig. 1). Trunk kyphotic13 or
lumbar lordotic12 angles have been related to lower
trunk extensor muscle endurance in past studies.
Also, trunk extensor muscle endurance of adoles-
cents and young adults has been predicted to a
rather high percent (14.4%) by their mothers' trunk
muscle endurance capacity.48 In addition, a recent
study examining the cross-sectional area of multi-
¯dus and erector spinae in relation to lumbopelvic
posture also reported no correlation between the
cross-sectional area of those muscles and the angles
of SS or LC in a group of healthy asymptomatic
participants.49 Finally, according to the phasic and
tonic muscles' categorization, the lumbar extensor
muscles tend to develop muscle spasm with fatigue,
therefore maintaining the position of the lumbo-
pelvic passive structures, whereas fatigue-prone
abdominal muscles tend to elongate, therefore not
able to adequately control the lumbopelvic sagittal
position.

There is moderate-quality evidence supporting
the e®ectiveness of exercise alone or in combination
with appropriate education in LBP prevention in

previously asymptomatic populations.50 Whether
the positive e®ect of exercise for LBP prevention is
more general or if it is mediated by maintaining
more mid-range postures still remains unresolved,
with some studies demonstrating associations be-
tween speci¯c postures and LBP development,
while most prospective studies demonstrating no
e®ect.8 As far as secondary prevention of back pain
is concerned, a relevant pilot randomized–con-
trolled trial has demonstrated that using motion
sensors technology as biofeedback to improve
movement and postural patterns in the treatment
of subacute and chronic LBP was signi¯cantly
more e®ective than clinical guidelines-based man-
agement.51 Also, speci¯c exercise may be required
in contradistinction to more general, to instigate
the targeted postural improvements.17

Among the limitations to this study, our results
are restricted to only healthy young college stu-
dents (undergraduate mostly and postgraduate)
that were measured in a comfortable standing po-
sition. Additionally, cross-sectional studies, like the
present one, could be vulnerable to reverse cau-
sality, with the cause-and-e®ect direction of e®ect
between posture and all other variables di±cult to
establish with certainty.52 Also, signi¯cant di®er-
ences have been identi¯ed between the average 24-
h lumbar lordosis measurement and static mea-
surement in standing,53 perhaps denoting the non-
functional nature of static measurements followed
in this study.

Future research work in this ¯eld can be per-
formed in a larger sample of participants with and
without LBP of working age range (18–65 years
old), occupational and leisure-time physical activ-
ity involvement, to examine further the association
between trunk muscle performance characteristics
(endurance, strength and °exibility) and spinal
posture.

This study identi¯ed a signi¯cant correlation
between the lumbar curve in standing and ab-
dominal endurance, as well as the in°uence of sex
in standing lumbopelvic posture. The association
of abdominal endurance with lumbar curve was fair
and the power achieved was not su±cient, there-
fore, no clear recommendations can be provided for
the factors that could act preventively against end-
range lumbosacral postures. However, better iso-
metric abdominal endurance was associated with
less lumbar lordosis curve in young pain-free
adults. The e®ect of sex in interpreting lumbo-
pelvic posture should also be taken into account.
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