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Abstract

Background: Sacroiliac Joint Dysfunction (SIJD) is considered an origin of low-back pain. It can change the motor control strategy
and postural control (PC).
Objectives: We aimed to find any probable differences in PC between subjects with and without SIJD and determine the effects of
the pelvic belt (PB) on PC.
Methods: Thirty-eight subjects were assigned into two equal groups with and without SIJD. They started to walk from the place
marked on a force plate for 10 seconds after hearing an auditory signal and performed three attempts for each foot. They repeated
six more ones with PB. Raw data were imported to an excel software (version 2007) spreadsheet to calculate the reaction time (RT)
and anticipatory postural adjustment (APA) as the components of PC.
Results: Our results showed a significant difference in RT between the SIJD-affected and non-affected sides (P = 0.035), but there
was no significant difference in APA (P = 0.057). There were significant differences in RT and APAs between the control and SIJD-
affected side groups (P = 0.001 and P = 0.010, respectively). The PB application showed a significant difference in RT and APAs of the
SIJD-affected side (P = 0.001 and P = 0.047, respectively).
Conclusions: It seems pain could lead to the postural sway into instability and change the motor control strategy. The propriocep-
tion signals from the neuromuscular system of SIJ improved after PB. Therefore, PB, as a feasible tool, can be recommended for PC
improvement.
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1. Background

The sacroiliac joint (SIJ) is considered one of the main
components involved in low-back, buttock, groin, or thigh
pain in about 16 - 30% of patients who suffer from chronic
low-back pain (LBP). It is also called non-specific low-back
pain (1, 2). The SIJ has been proposed as the cause of me-
chanical LBP with a rate from 10% to 27% (1). However, sys-
tematic reviews on the prevalence and accuracy of SIJ inter-
ventions showed a variation from 10% to 60%, mainly due
to variations in study designs (3). The two valid signs for la-
beling SIJ as a source of pain are unilateral tenderness and
pain under the posterior superior iliac spine (PSIS) (2).

The SIJ is an important link between the upper and
lower body segments. It transfers the whole upper extrem-
ity weight to lower limbs and also is a shock absorber dur-
ing the heel strike (4). Another important role for SIJ is
to transfer the ground reaction forces from lower limbs to

the trunk (4). The integrated function and stability of SIJ
are very crucial for playing a unique role in human body
stability in daily activities, including walking. Form and
force closures are two combined components to provide
SIJ stability, also known as the self-locking mechanism. The
former implies anatomical structure and function, while
the latter represents the dynamic process. Force closure
results from the muscular system that is reinforced by
fascia and ligamentous structures (4-6). Based on many
studies, inadequate muscular recruitment accompanied
by sacroiliac joint dysfunction (SIJD) can result in SIJ insta-
bility (4, 7-9).

As known, SIJ instability triggers LBP, which can, in
turn, change the motor control strategy. It is also intro-
duced as one of the causes of motor control changes in
CLBP (10). Therefore, all these consequences from SIJD
can influence postural control. Postural control as part of
motor control is described as “the ability to maintain the
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body’s center of gravity within the limits of stability as de-
fined by the base of support” (11, 12). A reliable way for
studying postural control is to quantify the movement of
the center of pressure (COP) and then analyze the postural
sway (12). Displacement of the center of mass (COM) and
COP can cause postural adjustments (13). The integration
of sensory information originating from visual, vestibu-
lar, and somatosensory systems is necessary for the accom-
plishment of postural control. The central nervous system
(CNS) utilizes anticipatory postural adjustments (APAs) as
a feedforward mechanism and compensatory postural ad-
justments as a feedback mechanism to overcome the effect
of perturbations (13, 14). As known, APAs activate leg and
trunk muscles before body perturbation. Thus, APAs con-
trol the position of COM and minimize the postural per-
turbations at the end (15). In other words, anticipatory re-
actions are launched by the individual, and then the CNS
makes anticipatory corrections to predict postural pertur-
bations. A group of studies suggested a complex relation-
ship between LBP and APAs and decreased variability of
APA onset latencies (16-18). Reaction time (RT) is the time
interval from applying a stimulus to response, which could
be increased in musculoskeletal disorders like LBP (19, 20).

Although many researchers have concentrated on
restoring stability in LBP with physical therapy protocols,
a handful of studies have dealt with SIJD (2, 21, 22). Some
common effective interventions include mobilization, ma-
nipulation, modalities like ultrasound, transcutaneous
electrical nerve stimulation, heat, orthoses like pelvic com-
pression belt, and exercises (2, 4, 17). Among these pro-
cedures, mobilization, manipulation, and particularly the
belt, among these procedures, can trigger the causes of
SIJD, whereas the rest aims at relieving the symptoms (23,
24). Pelvic compression belt (PCB) plays as a pseudo-fascia
and presses the underlying muscles (22). Besides, PCB in-
creases the resultant force, facilitates neuromuscular func-
tion (25), and improves the self-locking mechanism. The
positive effects of PCB have been shown on pain relief and
improvement of the trunk and pelvic electromyographic
activities (23, 24, 26).

2. Objectives

As mentioned earlier, there are scarce studies on ana-
lyzing the effects of PCB on postural control in SIJD as a
subgroup of NLBP. Therefore, the objectives of this study,
as part of our research to evaluate postural stability param-
eters, were: 1- To find any probable differences in postural
responses between individuals with and without SIJD, 2- To
investigate the effects of PCB on postural control variables,

and 3- To compare the effects of PCB on the affected and
non-affected sides in SIJD individuals.

3. Methods

3.1. Participants

All subjects were recruited from the outpatient phys-
iotherapy clinics and the campus of Tehran University
of Medical Sciences (TUMS). They were assigned into two
groups. Group I contained 24 subjects with SIJD and pain
for at least 12 weeks. The pain and tenderness were un-
der the PSIS. However, five subjects were excluded from the
study. Group II had 19 individuals (16 females, three males)
without SIJD that were matched to the group I subjects
for age, sex, weight, height, body mass index (BMI), phys-
ical activity scale (PAS), and the preferred leg. They were
healthy according to their medical history, our examina-
tion, and clinical tests.

3.2. Inclusion and Exclusion Criteria

The inclusion criteria for the SIJD group included an
age of 20 to 42 as the age range of physical activity, a pain
around SIJ, buttock or groin lasting for at least 12 weeks,
pain intensity of more than 30 on a 0 - 100 mm visual
analog scale (VAS), tender SIJ on palpation, pelvic asym-
metry, positive tests in four of six SIJ provocation tests,
no severe residual back pain, no pregnancy, no history of
more than two pregnancies, no other sacroiliac pathology,
no ligament laxity, involving in no professional sports or
exercises, and no lower limb malalignments. The provo-
cation tests included a distraction test, compression test,
FABER test, thigh thrust test, active straight leg raising, and
Gaenslen’s maneuver.

The Ethics Committee of TUMS approved the study.
Group II included 19 individuals with no history of SIJ pain,
no pain during SIJ provocation tests, and no lumbar and
pelvic region congenital abnormalities. The exclusion cri-
teria for both groups were no tendency to continue the
study at any stage. All subjects signed informed consent
forms before the clinical examination. We asked each par-
ticipant to fill out a general questionnaire with data on
age, weight, height, gender, career, and education. A Per-
sian version of the international physical activity question-
naire approved by Baghiani Moghaddam (27) was used to
assess the PAS of all participants. We measured pain inten-
sity by a 0 - 100 mm VAS for the SIJD group. Data were gath-
ered at the Gait Laboratory, School of Rehabilitation, TUMS.

We applied two tests to find out the preferred leg (28).
First, each participant stood in a steady position with feet
approximately pelvic width apart. The examiner stood
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at the back while pushing forward gently the participant
with both hands to step. Then, while the subject and the ex-
aminer were standing as described above, the participant
walked after hearing the word “go”. The examiner moni-
tored the initiating leg for walking. Each participant per-
formed these two tests three times randomly. We counted
the number of walking initiation for each leg to find out
the preferred leg.

3.3. Procedures

Each participant stood barefoot on the marked places
on a 9090 series Bertec force plate (90 × 90 cm dimen-
sion with 15.2 cm height) sampled and filtered on a fre-
quency of 500 and 10 Hz, respectively. The examiner asked
each participant to press the feet together and hang arms
at sides with open eyes and straight head. Participants dis-
tributed their weights equally between their right and left
feet. They looked at a red round marker (with a 2.5 cm ra-
dius) on the front wall with three meters distance leveled
with their eyes. There were 10 s auditory signals with two
beeps. The first one was a warning and the second one was
a response for initiating walking, whereas the participant
had no idea about the interval between these two beeps.
Each beep lasted for 100 milliseconds (ms) with an inten-
sity of 60 dB and a frequency of 2 kHz. The software pro-
grammed the sequence of these two beeps synchronizing
with the recording force plate. The force plate started to
record the data, and the participant heard the auditory sig-
nal 2000 ms later. We considered the 1500 ms period of
that 2000 ms time to calculate the mean amplitude of the
primary COP position before the auditory signal initiation
(Figure 1). We used the COP trajectory to compute the tim-
ing of step initiation and foot-off. The first mediolateral
shift of COP in the direction of the swing leg described step
initiation (the mean amplitude during that 1500 ms was
COP excursion > 3 SD away from the primary COP position).
The end of the mediolateral shift of COP in the direction
of the stance leg described foot-off (absolute COP slope <
100 mm/s in a row) (29, 30). We calculated the RT and APA
phases from these two events (i.e., step initiation and foot-
off). The duration from the first beep to step initiation was
considered as RT. The duration from step initiation to foot-
off was defined as APA (Figure 1).

All participants walked on their paces for 10 seconds
with the selected foot. There was a one-minute rest after
each attempt (31). They performed three attempts with
each preferred and non-preferred leg randomly.

After a 15 min rest, the participants repeated six more
attempts with a non-elastic, 10 centimeters width custom-
made pelvic belt fastened with a load of 50 N positioning
over two PSISs and under two anterior superior iliac spines

while they felt comfortable or relieving pain (32). The load
was measured with a strain gauge attached to the belt (Fig-
ure 2).

3.4. Data Analysis

Raw data of each trial were imported to an excel soft-
ware (version 2007) spreadsheet and converted into time
points to calculate RT and APAs (Figure 1). We considered
the mean value of three attempts for each leg for further
analysis. The obtained data were analyzed statistically us-
ing the Statistical Package for Social Sciences (SPSS) version
17.00 software. The p values for statistical significance were
set at 0.05. The Kolmogorov-Smirnov test showed a normal
distribution for all data. An independent sample t-test was
used to compare the demographic characteristics of the
two groups. A paired-samples t-test was used to compare
the mean values of RT and APAs within each group sepa-
rately. For further analysis, one-way ANOVA was used for
making comparisons between all groups.

4. Results

For more clarification, the results are presented in two
sections.

4.1. Before Applying the Belt

4.1.1. Control Group

The mean values of the demographic characteristics
of both groups are presented in Table 1. Table 2 repre-
sents the results of independent samples’ t-test for age,
weight, height, BMI, and PAS. There were no significant
differences in all demographic characteristics and PAS be-
tween the two groups. Due to the presence of 12 individ-
uals with right-preferred legs and seven individuals with
left-preferred legs within the control group, a paired t-test
was used to compare within the group. Table 3 indicates all
the results obtained from paired samples t-test on RT and
APAs of right, left, preferred, and non-preferred legs in the
control group. There were no differences in RT and APAs be-
tween the right and left legs. The same was true for RT and
APAS of the preferred and non-preferred legs in the control
group. Therefore, we selected the preferred leg of the con-
trol group to compare with the affected and non-affected
sides of SIJD.

4.1.2. SIJD Group

Table 3 indicates all the results obtained from the
paired samples t-test on RT and APAs of the affected and
non-affected sides in the SIJD group. There was a signifi-
cant difference in RT between the affected and non-affected
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Figure 1. The calculation of reaction time and anticipatory postural adjustments. The mediolateral shift of the center of pressure (COP) trajectory during gait initiation.
The following items are shown in this figure: The first beep of the auditory signal as a warning, the first mediolateral shift of the COP in the direction of the swing leg (step
initiation), and the end of the mediolateral shift of the COP in the direction of the stance leg (foot-off). RT: reaction time phase; APA: anticipatory postural adjustment phase.

Table 1. Demographic Characteristics of Control and SIJD Groups

Variables SIJD Group (Mean ±
SD)

Control Group (Mean
± SD)

Age (y) 29.74 ± 7.62 28.74 ± 6.24

Weight (kg) 55.83 ± 7.17 60.73 ± 26.91

Height (cm) 163 ± 7.63 154 ± 25.91

BMI 20.98 ± 3.00 21.06 ± 2.42

PAS 2329.83 ± 1801.94 1526.30 ± 1214.95

VAS (0-100 mm) 50 ± 13.642 0

Pain Duration (mo) 14 ± 7.141 0

Abbreviations: BMI, body mass index; PAS, physical activity scale; VAS, visual
analogue scale.

sides. Although there was a difference in APAs between the
affected and non-affected sides, it was not statistically sig-
nificant.

4.1.3. Comparison Between Two Groups

The results of the ANOVA test for three control, SIJD af-
fected side, and SIJD non-affected side groups are shown
in Table 4. Our findings showed a significant difference in
RT between the control and SIJD affected side groups, but
there was no difference between the control and SIJD non-
affected side groups. However, there was a difference in

APAs between the control and SIJD affected side groups. We
did not find any difference in APAs between the control and
SIJD non-affected side groups.

4.2. After Applying Belt

Table 4 indicates all the results of paired t-test on RT
and APAs for three control, SIJD affected side, and SIJD non-
affected side groups after applying PCB

5. Discussion

There is a handful of evidence regarding the physical
therapy protocols for the management of SIJD. To the best
of our knowledge, the postural stability parameters such
as RT and APAs had not been studied in SIJD patients in pre-
vious studies. Therefore, in the current research, we inves-
tigated the temporal domain of postural stability in nor-
mal and SIJD individuals and the plausible effects of the
belt on the self-locking mechanism in SIJ individuals. We
present our discussion in two parts, as follows:

5.1. Before Intervention

Following our results, SIJD individuals showed lower
values of APAs at the affected side before any interventions.
As there were no similar studies in the literature, we could
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Figure 2. The pelvic belt and strain gauge position

only compare the current results with those studies re-
ported for CLBP (12, 16, 20, 33-35). Some of these studies re-
ported increased postural sway while a few ones showed
smaller postural sway for the CLBP group. There were no

methodological differences that could clarify these differ-
ences (34). Hence, our results are in line with those report-
ing lower values of APAs in CLBP individuals (33, 34). Many
researchers have reported that any deficit in muscular and
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Table 2. Independent t-Test of Demographic Characteristics of SIJD and Control Groups

Variables
Independent Samples Test

t F Std. Error
Difference

Mean Difference P-Value

Age -0.442 1.068 2.262 -1.000 0.661

Height -1.443 1.155 6.198 -8.9473 0.158

Weight 0.767 1.171 6.389 4.9000 0.448

BMI 0.949 0.088 0.885 0.0778 0.930

PAS -1.612 7.689 498.58 -803.5326 0.116

Abbreviations: BMI, body mass index; PAS, physical activity scale; VAS, visual analogue scale.

Table 3. Paired t-Test of Reaction Time and Anticipatory Postural Adjustments Before and After Belt in Control and SIJD Groups Separately

Paired Variables Std. Deviation Std. Error Mean t Sig. (2-Tailed)

RTRm - RTLm 0.041566 0.00953 -1.897 0.074

APARm - APALm 0.093970 0.02155 -0.761 0.457

RTPm - RTNonPm 0.042632 0.00978 -1.591 0.129

APAPm - APANonPm 0.080646 0.01850 -0.620 0.543

RTAff - RTnonAff 0.077265 0.017726 2.283 0.035 a

APAAff - APAnonAff 0.086064 0.019744 -2.034 0.057

RTP - RTBP 0.055253 0.012676 0.32018 0.753

APAP - APABP 0.069113 0.15856 0.26918 0.791

RTBAff - RTBnonAff 0.051982 0.011925 -0.22918 0.821

RTAff - RTBAff 0.082805 0.018997 3.898 0.001a

RTnonAff - RTBnonAff 0.083286 0.019107 1.614 0.124

APABAff - APABnonAff 0.099203 0.22759 0.167 0.870

APAAff - APABAff 0.112813 0.025881 -2.129 0.047 a

APAnonAff - APABnonAff 0.067293 0.015438 -0.722 0.480

Abbreviatins: RT, reaction time; APA, anticipatory postural adjustments; m, mean value; L, left foot; R, right foot; P, preferred leg; Aff, affected side; non-Aff, non-affected
side; B, belt application.
aSignificant at P < 0.05.

neural elements has been associated with reduced postu-
ral stability in the LBP group (20). This was due to tak-
ing the strategy of trunk stiffening as a protective mech-
anism for balance maintenance (26). Many bodies of re-
search have shown the adverse effects of pain on muscles
around the affected area. In turn, the affected postural sta-
bility changes the motor control strategy (10, 36-38). As it
had been shown in CLBP, there were improper muscle re-
cruitment and incorrect proprioception function (39-41).
Therefore, one could conclude similar changes in SIJD in-
dividuals.

The specified innervation and unique structure of SIJ
could confirm this suggestion (5, 25). In this respect, we
suggest that any disturbances in proprioception (as one
of the sources of gathering information) can affect motor

control as one of the components of postural stability (37,
38). In turn, the impairment of the proprioception sys-
tem could lead to the postural sway into instability (42, 43).
Consequently, SIJD patients might compensate for the dis-
turbance through increased stiffness of trunk muscles, re-
sulting in changing APAs.

As mentioned, so far, no research has studied the RT in
SIJD individuals. Therefore, similarly, we only compare our
data with those for LBP. Our results showed longer RT at
the affected side of SIJD individuals that is in line with LBP
studies (12, 20, 44, 45) in which a longer RT was shown in
LBP individuals. However, the present study was contrary
to Macrae et al. (46). The reason for this difference was due
to methodological variations in other studies (12). Once
again, one might conclude that the resultant pain and im-
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Table 4. The Analysis of Variance Test of Reaction Time and Anticipatory Postural Adjustments of Control Group, Sacroiliac Joint Dysfunction-affected Side Group, and Sacroiliac
Joint Dysfunction-non-affected Side Group a

Dependent Variables Groups Mean Difference Std. Error Sig.

RT Control
SIJD-non-affected side -0.034368 0.020751 0.103

SIJD-affected side -0.074842 0.020751 0.001

APA Control
SIJD-non-affected side 0.014305 0.020442 0.487

SIJD-affected side 0.054474 0.020442 0.010

RTB Control
SIJD-non-affected side -0.004842 0.013254 0.716

SIJD-affected side -0.007579 0.013254 0.570

APAB Control
SIJD-non-affected side -0.001105 0.018277 0.952

SIJD-affected side -0.004895 0.018277 0.790

Abbreviations: RT, reaction time; APA, anticipatory postural adjustments; B, belt application; SIJD, sacroiliac joint dysfunction.
aSignificant at P < 0.05.

pairment of the proprioception system may result in pos-
tural instability (37, 38, 42, 43).

5.2. After Intervention

Our results showed the positive effects of the pelvic
belt on RT and APAs of the affected side in SIJD. In this re-
gard, many studies have provided evidence regarding the
positive effects of a belt on the relief of pain, improvement
of muscle activity, and resultant neuromuscular function
(4, 23, 24, 26, 47, 48). As known, the pain was among the
most important factors impairing motor control. Further-
more, there is substantial evidence showing propriocep-
tion impairment in people with pains originating from
the vertebrae (49). The severity of pain and thus proprio-
ception signals from the neuromuscular system of SIJ im-
proved with the belt (23, 24, 26).

Based on the current findings, the SIJD group showed
reduced RT and increased APAs after the pelvic belt applica-
tion. This result might represent the role of the pelvic belt
as a feasible and cost-effective tool for the improvement of
postural control parameters. The positive effects of the belt
on postural stability in the SIJD group were consistent with
Munoz et al., Boucher et al., and Ghofrani et al. (50-52) stud-
ies that used a lumbar belt for CLBP patients. In contrast
with the SIJD group, we saw no changes in postural control
parameters in the control group as a normal group.

In brief, the SIJD group represented more RT and fewer
APA values than the control group. The pelvic belt reduced
RT and increased APAs significantly. Therefore, SIJD indi-
viduals can use PB to benefit from the positive effects of
the belt on pain relief and, thus, postural control improve-
ment.

There were some limitations to this study. First, fewer
males participated in our study. Then, we could not com-
pare the differences between male and female subjects.

Second, all SIJD individuals, except one, had pain at the pre-
ferred side. It is suggested that future studies include male
individuals and SIJD at the non-preferred side.

5.3. Conclusion

According to the international association for the
study of pain, the first step to relieve the SIJ pain is to use a
conservative procedure (53). Therefore, using a pelvic belt,
as a conservative procedure, can be recommended for both
pain relief and postural control improvement.
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