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Trunk muscle function and pelvic alignment
associated with the presence of pain in higher
education students: a cross-sectional study

Funcdo muscular do tronco e do alinhamento pélvico
associados a presenca de dor em estudantes do
ensino superior: um estudo transversal
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Abstract

Introduction: The protective role of muscles in the passive structures of the spine means that their stability
and consequent maintenance are associated with pain, especially in the region of the lumbo-pelvic-hip
complex. Objective: To determine the prevalence of pain and its association with muscle deficits in higher
education students. Method: Descriptive, observational, cross-sectional study that evaluated 120 university
students through questionnaires (sample characterization, Nordic musculoskeletal symptoms, pain visual
analogue scale and international physical activity). Trunk muscle strength and bridge tests with unilateral
knee extension (pelvic alignment) were performed. Results: A high prevalence of pain was found in the
lower back (58.41%). There was no association between the presence of pain, muscle strength and pelvic
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alignment (p> 0.05). There was an association between the trunk extension and pelvic tilt tests (p = 0.009).
Conclusion: A high prevalence of low back pain, poor performance in the trunk muscle endurance tests
and mild and moderate pelvic misalignment were identified. There was no association between pain, trunk
muscle weakness and pelvic misalignment. There was an association between pelvic misalignment and
trunk extensor muscle weakness.

Keywords: Pain. Stabilization. Pelvis. Abdomen.

Introdugdo: A atribuicdo de um papel protetor da musculatura sobre as estruturas passivas da coluna vertebral
faz com que sua estabilizagdo e consequente manutengdo tornem-se aspectos associados a dor, principalmente
na regido do complexo lombo-pélvico-quadril. Objetivo: Verificar a prevaléncia de dor e a associagdo da sua
presenca a déficits musculares em estudantes do ensino superior. Método: Estudo descritivo, observacional e
transversal que avaliou 120 universitdrios através de questiondrios (caracterizagdo da amostra, nérdico de
sintomas osteomusculares, escala visual analdgica de dor e internacional de atividade fisica). Foram executadas
provasderesisténcia muscular do tronco (forca muscular) e ponte com extensdo unilateral do joelho (alinhamento
pélvico). Resultados: Foi encontrada alta prevaléncia de dor na regido lombar (58,41%). Ndo houve associagdo
entre a presenca de dor, forca muscular e alinhamento pélvico (p > 0,05). Houve associagdo entre o teste de
extensdo de tronco e inclinagdo pélvica (p = 0,009). Conclusdo: Foi identificada uma alta prevaléncia de dor
lombar, baixo desempenho nas provas de resisténcia dos musculos do tronco e niveis de desalinhamento pélvico
leve e moderado. Ndo houve associagdo entre as varidveis dor, fraqueza muscular do tronco e desalinhamento

pélvico. Houve associagdo entre o desalinhamento pélvico e a fraqueza dos musculos extensores do tronco.

Palavras-chave: Dor. Estabilizacdo. Pelve. Abdome.

Introduction

Musculoskeletal pain is highly prevalent in healthy
adolescents and young adults, including university
students and primarily women, and can persist until
the onset of their professional career [1-4]. In general,
there is still considerable uncertainty regarding
the causal factors of these conditions, where the
appearance, persistence and exacerbation of pain may
be related to various physical factors, such as repetitive
movements and postures [3]. In addition, there is no
consensus about protective factors, such as regular
exercise, since some studies found no significant
association between this variable and pain outcome
[3,4]. However, the results of most studies reinforce
the need for earlier preventive interventions. This is
due to an important association between chronic pain
and higher disability indices.

Posture is defined as a balancing of body structures
determined by the positioning of segments. Due to
the transmission of forces from one segment to

another, posture may be influenced by the movement
of non-adjacent joints, thereby altering certain
movement patterns [5]. These changes may be
associated with altered muscle activation patterns,
involving mechanical and tissue relationships [6].
The current discussion about posture is frequently
related to patients, clinics, the media and society as
a whole. Despite the absence of convincing evidence
to support the general belief that these pains are
caused by incorrect posture, a number of interventions
and products, including those suggested by health
professionals, have been associated with improved
or corrected posture aimed at preventing pain [7].
Muscles play an important protective role in the
passive structures of the spine. Hypotonicity from
disuse is associated with remaining in a particular
position for a prolonged period of time, and may
result in excessive load transfer, causing pain [8].
In this respect, trunk muscle components influence
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body stabilization [9], acting as primary motors or
antagonists of movement and playing a crucial role
in body functioning. Their stability provides dynamic
and efficient postural control, creating balance around
the hip complex [10] and promoting a stable base for
the limb muscles [11]. However, several authors have
discussed the real influence of transverse abdominal
and multifidus muscle activation in situations of
chronic pain [12,13].

Central stability is related to trunk muscle
movements over the pelvis as a response to internal
or external disturbances [14]. The literature reports
that poor pelvic alignment may cause changes in the
lumbar spine based on the relationship between pelvic
tilt or translation and lumbar lordosis [15], given that
spine curvature is influenced by the sacral position
[16]. In this respect, there are several tests that help
assess trunk and pelvic stability and may provide a
clear picture of the patient’s muscle performance in
daily activities, such as isometric strength tests of
lumbar spine stabilizers and bridge muscles with
unilateral knee extension [17,18]. Given the lack of
consensus in the literature, the aim of this study was
to determine the prevalence of pain and its association
with muscle deficits in higher education students.

Method

Aimed at a more accurate and complete
presentation, the subdivision and description of the
topics to follow were based on the Strengthening the
Reporting of Observational Studies in Epidemiology
(STROBE) checKlist items [19,20].

Study design

This is a cross-sectional, observational, descriptive
typological study of a well-defined population, where
all that was observed was measured a single time via
individually collected data.

Ethical criteria

The methodological study procedures were
approved by the Research Ethics Committee ofthe Lavras
University Center (CAAE 49975615.1.0000.5116), in
compliance with the guidelines contained in National
Health Council resolution 466/12.

Facilities and participants

Considering a population of 2000 enrolled
students, a representative sample was calculated at
a 90% confidence level and 8% maximum margin of
error, totaling a minimum of 100 individuals. However,
considering possible exclusions according to the
eligibility criteria (15%) and seeking to guarantee
confidence levels without unnecessary sampling, a
total of 120 volunteers were included. The inclusion
criteria were age greater than or equal to 18 years,
from both sexes, enrolled at the Lavras University
Center (Unilavras), with no musculoskeletal
problems. None of the initially included individuals
were excluded. All the data collection procedures
were conducted at the Unilavras Physiotherapy Clinic
between April and June 2017, after acceptance of the
volunteers following an intense recruiting campaign
carried out by the principal researcher, who divulged
the study throughout the university and invited
interested students to take part at a pre-established
date and time. All the measures were carried out
by the same assessor, familiar with the tests and
trained to execute the techniques. To that end, a study
pilot was performed to assess 5 randomly selected
volunteers not included in the final sample.

Variables and data measurement

The individuals were assessed individually
via anamnesis and Nordic questionnaires on
osteomuscular symptoms [21]. Anthropometric
variables were collected and body mass index (BMI)
calculated. Pain was quantified using the visual
analog scale [22]. The international physical activity
questionnaire (IPAQ - Short Form) [23] was also
used. The pelvic tilt test was performed (bridge test
with unilateral knee extension) [18,24] and trunk
muscle function evaluated using isometric extension,
anterior and lateral flexion [17].

The pelvic alignment test (fair to moderate
intraexaminer and substantial interexaminer
reliability) was conducted by placing spherical
markers on the anterior superior iliac spine (ASIS)
of the volunteers [18,24], positioned in dorsal
decubitus, hands on the head, hip and knees flexed
and feet on the gurney, and instructed to raise their
pelvis to the same height as the contralateral limb
and hold the position for 10 seconds. The researchers
remained behind the subject, observing the height
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of the pelvis, judging the adequate pelvis alignment
after observing if the ASIS remained in a straight line
parallel to the gurney in the transverse plane.

An image was recorded after 10 seconds in the
sustained position with the camera placed on a tripod
80 cm from the end of the gurney. Image] software
was used [25] for two-dimensional analysis of the
image, which enabled a clear view of the limits of
the structures to be measured, reducing the margin
of error caused by direct measurement with rigid
instruments [26].

Where misalignment was observed, the amount
of pelvic drop was measured considering ASIS
displacement from the side assessed in relation to
the contralateral side. To evaluate this displacement,
the angle created between the straight line formed
by the two reflexive markers and a horizontal line
was measured. The volunteers were classified
as follows: no drop (no pelvic drop); slight drop
(between zero and one-third of the amplitude);
moderate drop (between one and two-thirds of the
amplitude); and sharp drop (between two thirds
and the highest angle obtained).

All the tests used to assess trunk muscle function
[17,27] showed excellent interexaminer reliability
and good to excellent intraexaminer reliability [28]. In
the extension resistance test, the volunteer was placed
in ventral decubitus, with the upper body outside the
gurney and the upper edge of the iliac crest supported
(Figure 1A). The lower body was secured to the gurney
with straps placed across the ankle joint, just above
the knee and the pelvis. During the test, individuals
remained with their arms crossed over their chest
and hands on the contralateral shoulder and could
support themselves before and at the end of the test.
Time was measured in seconds from the moment the
subjects assumed the horizontal position until they
were no longer able to maintain it, with a minimum
of 101 seconds considered acceptable [27].

For the flexion resistance test, volunteers remained
seated, with the upper body leaning on a support with
a 60° inclination (wedge cushion), keeping their trunk
aligned, with knees and hips flexed at 90° and feet
stationary. The subjects were instructed to maintain
their arms crossed over their chest and hold the
position while the support was moved 10 cm away
to initiate the test (Figure 1B). When the subjects
leaned against the support once again, the test was

considered finished. The minimum acceptable time
considered to execute the test was 156 seconds [27].

For lateral resistance, the individuals remained
in lateral decubitus with lower limbs extended and
instructed to keep their body straight and raise their hips,
supported by their feet and forearm. The contralateral
hand was supported on the shoulder (Figure 1C). The
test was considered finished when the subjects were
unable to keep their body aligned, with 58 seconds
considered the minimum acceptable time [27].

Percentages were used to classify the quality of
trunk muscle function, where test results of < 25%
of the acceptable minimum were characterized as
weak resistance; 25-49% fair resistance; 50-74%
good resistance; e >75% excellent resistance.

Figure 1 - Tests used to assess trunk muscle function. A:
extension resistance test; B: flexion resistance test; C:
lateral resistance test.
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Statistical analysis

The results of the trunk muscle strength test
(extension, flexion and right and left lateral plank)
were expressed as mean and standard deviation. Data
normality was checked by the Kolmogorov-Smirnov
and Shapiro-Wilk tests. For the pelvic alignment test
(bridge with unilateral knee extension), categorical
data (no falls, minor fall, moderate fall and serious
fall) were expressed as frequency. Statistical analysis
was conducted with the Action® supplement, using the
chi-squared test to determine possible associations
between the presence of pain, trunk muscle strength
and pelvic alignment. All the tests were conducted ata
5% significance level.

Results

Atotal of 120 volunteers were assessed. The sample
characteristics show homogeneity between the sexes,
with a slight predominance in the men (51.7%). Of
these, most were single (95.8%), with income between 2
and 6 minimum monthly wages (54.2%), non-smokers
(86.7%), with the presence of pain in some part of the
body (84.2%). Physical activity was similar for both
sexes, where most volunteers (36.7%) were inactive.

The areas where pain was observed during data
collection are listed below. The lumbar region was the
most frequently reported. Next, mean self-reported pain
levels of the most affected region were measured using
the visual analog scale (pVAS), as shown in Table 1.

Table 1 - Sample distribution (n = 101) according to pain
location, assessed using the Nordic scale of osteomuscular
symptoms, and the mean of the most affected region, according
to pain level calculated by the pain visual analog scale (pVAS)

Pain location n %
Lumbar 59 58.41%
Upper back 45 44.50%
Neck 36 35.60%
Shoulder 35 34.65 %
Knee 28 27.72%
Hip/ Thigh 19 18.81%
Wrist/ Hand 13 12.87%
Ankle/ Foot 12 11.88%
Elbow 1 0.99%
Affected region n Mean (pVAS) + SD**
Lumbar 39 453 + 2.36
Upper back 15 475 + 2.33
Neck 10 5.03 = 1.75
Knee 10 5.03 +1.52
Shoulder 08 450 = 2.04
Hip/ Thigh 08 415 + 2.66
Wrist/ Hand 06 5.03 = 1.63
Ankle/ Foot 04 530 = 1.11
Ankle 01* 4.30
General 101 4.69 +2.10

Note: *No standard deviation could be obtained because only 1 individual
reported activity-restrictive elbow pain. **Standard deviation.

There was no statistically significant difference
between the pain variables and classification levels of
extension (p = 0.90), trunk flexion (p = 0.507), and right
(p = 0.075) and left lateral plank (p = 0.096) test, as
demonstrated in Table 2.

Table 2 - Association between the presence or absence of pain and the results of trunk muscle strength tests (trunk extension,
trunk flexion, right and left lateral plank) according to the chi-squared test

Trunk Extension

Pain

Weak Fair Good Excellent p-value
No 52.6%(10) 31.6%(6) 10.5%(2) 5.3%(1) 0.90 (NS)
Yes 67.3%(68) 26.7%(27) 5.9%(6) 0.0%(0) )
Trunk Flexion
Weak Fair Good Excellent
No 15.8%(3) 26.3%(5) 15.8%(3) 42.1%(8) 0.507 (NS)
Yes 22.8%(23) 37.6%(38) 12.9%(13) 26.7%(27) )
Plank (right)
Weak Fair Good Excellent
No 52.6%(10) 26.3%(5) 21.1%(4) 0.0%(0) 0.075 (NS)
Yes 77.2%(78) 15.8%(16) 5.9%(6) 1.0%(1) )
Plank (left)
Weak Fair Good Excellent
No 57.9%(11) 31.6%(6) 5.3%(1) 5.3%(1) 0.096 (NS)
Yes 80,2%(81) 12,9%(13) 5,9%(6) 1,0%(1) )

Note: *NS = Non-significant at a 5% significance level.
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There was an association between pelvic alignment
and classification level in the extension test (p = 0.009).
There was no significant difference between pelvic
alignment and classification levels in the trunk flexion

(p = 0.672), right (p = 0.189) and left plank tests (p =
0.115), as shown in Table 3. As demonstrated in Table 4,
there was no relationship between pelvic misalignment
and pain (p=0.276).

Table 3 - Association between the results of the pelvic alignment test (bridge with unilateral knee extension) and trunk muscle
test results (trunk extension, trunk flexion, right and left plank test) conducted using the chi-squared test

Pelvic Trunk Extension
misalignment Weak Fair Good Excellent p-value
No falls 0.8%(1) 1.7%(2) 0.0%(0) 0.0%(0)
Minor fall 19.2% (23) 15.8%(19) 5.8%(7) 0.8%(1) 0.009*
Moderate fall 40.0%(48) 8.3%(10) 0.0%(0) 0.0%(0) '
Serious fall 5.0%(6) 1.7%(2) 0.8%(1) 0.0%(0)
Trunk Flexion
Weak Fair Good Excellent
No falls 0.8%(1) 0.0%(0) 0.0%(0) 1.7%(2)
Minor fall 6.7%(8) 15.8%(19) 5.8%(7) 13.3%(16) 0672 (NS)
Moderate fall 13.3%(16) 16.7%(20) 5.8%(7) 12.5%(15) ’
Serious fall 0.8%(1) 3.3%(4) 1.7%(2) 1.7%(2)
Plank (right)
Weak Fair Good Excellent
No falls 1.7%(2) 0.8%(1) 0.0%(0) 0.0%(0)
Minor fall 25.0%(30) 11.7%(14) 5.0%(6) 0.0%(0) 0.189 (NS)
Moderate fall 39.2%(47) 5.0%(6) 3.3%(4) 0.8%(1) ’
Serious fall 7.5%(9) 0.0%(0) 0.0%(0) 0.0%(0)
Plank (left)
Weak Fair Good Excellent
No falls 0.8%(1) 0.8%(1) 0.8%(1) 0.0%(0)
Minor fall 27.5%(33) 10.0%(12) 3.3%(4) 0.8%(1) 0115 (NS)
Moderate fall 41.7%(50) 5.0%(6) 0.8%(1) 0.8%(1) ’
Serious fall 6.7%(8) 0.0%(0) 0.8%(1) 0.0%(0)

Note: NS = Non-significant at a 5% significance level.

Table 4 - Association between the results of the pelvic alignment test (bridge with unilateral knee extension) and trunk muscle
test results (trunk extension, trunk flexion, right and left plank test) conducted using the chi-squared test

Lo Pain p-value
Pelvic Misalignment
Absence Presence
No falls 0.0%(0) 2.5%(3)
Minor fall 9.2%(11 32.5%(39
b(11) b(39) 0.276 (NS)
Moderate level 6.7%(8) 41.7%(50)
Serious fall 0.0%(0) 7.5%(9)

Note: Non-significant at a 5% significance level.

Discussion

This study investigated the association between
trunk muscle function and the level of pelvic tilt
with the presence of pain. One of the components of
core stability (center of muscle strength in the trunk
region) is the ability of the muscle to generate or

resist force [29]. Panjabi [30] reported that lumbar
segmental instability is one of the factors associated
with a higher incidence of low back pain. However,
despite the fact that only 16.6% of the study sample
exhibited good trunk muscle stability and a high index
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of self-reported low back pain (58.4%), this association
between variables was not significant (p > 0.05). This
reinforces the hypothesis that numerous factors may
be associated with the presence or absence of pain,
such as sex, age, extreme physical activity levels
(sedentary lifestyle or strenuous exercise), smoking
and obesity [31-34]. In addition to these factors,
psychosocial aspects may also be associated [35,36],
including social relationships, self-esteem, mood,
social roles, satisfaction with life and independence.
Moreover, activation of abdominal bracing may limit
movements and increase mechanical stress, providing
greater energy expenditure [13,37]. In patients with
chronic low back pain, the transverse abdominal
muscle seems not to exhibit delayed activation [12],
and multifidus activity may be changed, independent
of abdominal bracing activation [13].

The main body region responsible for sustaining
static and dynamic loads is the lumbar spine,
independent of posture [38]. It is important to
underscore that the IPAQ questionnaire-short form
[23] obtained an average result of seven hours
and 30 minutes in the sitting position per day, and
earlier findings confirmed that prolonged sitting
causes muscle deficiency, provoking fatigue in the
anterior muscles of the spine, compromising their
stability [39,40]. There was no significant difference
between the right and left lateral plank test, or in the
relationship between pain and pelvic tilt, which may
be because the test activates the muscles in general.
This was also confirmed in a study that analyzed the
behavior of lumbopelvic stabilizer muscles in young
people [41].

Trunk flexion exhibited better performance, albeit
with no association with pain and pelvic tilt. Most of
the sample expressed burning pain in the hip region,
suggesting possible dominance of the hip flexors on
the abdominals. Confirming this hypothesis, one study
reported that when there is abdominal weakness,
the psoas muscle displays greater muscle activation,
leading to hip instability [42]. Intense abdominals may
help lumbopelvic stabilization and decrease the risk
of pain, primarily in the lumbar region [43].

There was a significant association between
the trunk extension test and pelvic misalignment,
indicating a possible association with the weakness
of these muscles. However, although a number of
earlier studies proved that this factor may be one
of the causes of low back pain [44,45], there was no

association between pain and trunk muscle weakness
(p < 0.05). In addition to the fact that abdominal
bracing activation increases thoracic flexion [13], and
given that changes in pelvic alignment may potentially
alter trunk alignment [46-48], this association can
be justified by the near-direct anatomical, kinetic and
functional association between the segments involved
in trunk extension movement and pelvic control.

Nevertheless, some studies consider that weak
abdominal muscles may create disharmony, leading to
low back pain [46], suggesting therapeutic pain relief
strategies aimed at gaining strength and stability, in
addition to improving posture. However, corroborating
what was found in the present study, current evidence
suggests that isolated exercise or in combination
with educational measures, may be more effective in
preventing low back pain [47]. For musculoskeletal
pain in general, mainly in the thoracic, cervical and
lumbar spine, hip, knee and shoulder, good practice
recommendations include more patient-centered
care [49]. It is important that clinicians investigate
the presence of more serious pathologies (red flags)
and psychosocial factors, via physical assessment
and resorting to imaging examinations only when
specifically indicated. The interventions should be
aimed at exercise, using a combination of proven
manual therapies, providing high-quality conservative
treatment, in order to avoid more invasive approaches,
such as surgery. Moreover, it is essential to monitor
patient progress, providing informative education.

It is known that pain, primarily chronic and
debilitating, is increasingly associated with the
biopsychosocial model, which includes biophysical,
social and psychological dimensions [50]. The findings
of the present study contribute to the hypothesis that
factors other than mechanical and biological aspects
are significantly associated with the presence of pain,
such as psychosocial components. Nevertheless, there
are numerous gaps in the literature, which hinders
the discussion of different aspects, mainly involving
multifactorial factors. A study limitation is the fact
that we did not assess factors other than mechanical
aspects (pelvic alignment and muscle strength),
which could help better understand the occurrence
of pain in this population. As such, in addition to the
factors associated with pain, new studies are needed
to investigate the possible increased effect of different
therapeutic approaches, thereby helping improve
clinical decisions.
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Conclusion

Ahigh prevalence oflow back pain, poor performance
in the trunk muscle tests and mild and moderate pelvic
misalignment levels were identified. There was no
significant association (p > 0.05) between pain, trunk
muscle weakness and pelvic misalignment. A significant
association (p < 0.05) was found between pelvic
misalignment and trunk extensor muscle weakness.
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