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Abstract: Objectives: The objective of the study was to analyze the electromyography signals of quadratus lumborum 
muscle activity on pelvic asymmetry and leg length inequality as this might cause serious injuries in lumbar spine 
and lower extremity. Subjects and Methods: This was a randomized control trial with a total of 60 participants that 
were all are right handed and that were assessed manually and by tape measurement for leg length inequality then 
by electromyography (EMG) in two positions to determine the activity of quadratus lumborum muscle. Results: In 
the resting position, the power spectral density to analyze the EMG signals results showed that the right side upper 
pelvis crista iliac position EMG signals were higher in the right than the left side of the quadratus lumborum muscle. 
The left side upper pelvis crista iliac position had higher EMG signals on the left side than on the right side of the 
quadratus lumborum muscle activity. Moreover 98% of participants who have up right iliac crista also had short 
LLI. Additionally, 96% of participants who had up left iliac crista also had short LLI. Conclusions: In conclusion the 
present study shows that asymmetry in pelvis or QL activity can be caused by LLI which might cause serious injuries 
in the lower extremities or lumbar spine.
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Introduction

Evaluation of pelvic asymmetry constitutes one 
of the common diagnostic methods used by cli-
nicians in cases of lumbo pelvic and lower 
extremity dysfunction [1]. The human body is 
one unit, and biomechanically attached parts 
can affect each other. If there is any alteration 
in activity or alignment of any structure this can 
cause problems or injuries to the human body 
[2]. This study will focus on the QL, leg length 
inequality, and pelvic asymmetry as pelvis is 
the fulcrum of the body, its unique location 
between the upper body and lower body gives it 
important functions and great effects on the 
mechanical and pathological issues. Knowing 
of pelvic functions can clarify how it can have a 
great effect on these regions. The functions of 
pelvic region are as a key structure for posture. 
The pelvis is the suspension of upper trunk and 
lower limbs so any pelvic deviation affects the 

posture causing deformities and postural imbal-
ance [1, 3]. The pelvis provides a site for mus- 
cle attachments and there are 45 muscles 
attached to it. The pelvis has great impact on 
locomotion as increased or decreased pelvic 
rotation may alter gait cycle causing gait abnor-
malities [4]. Clinically, the pelvis is occupied by 
several systems. It is closely related to the  
gastrointestinal, urogenital, peripheral nervous 
also the vascular system. When we look at the 
functions of the pelvis, we can say that this 
region has a very important role for the body 
because it change in the position of the pelvis 
can lead not only to musculoskeletal problems, 
but also to organ problems [5, 6].

By knowing the functions of the pelvic we can 
know its vital role on the body and how any 
asymmetry in its position can cause not only 
musculoskeletal problems but also genital, ner-
vous or gastrointestinal problems. In this article 
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we will discuss effect of QL activity on function-
al leg length inequality and pelvic asymmetry. 
There are three types of pelvic asymmetry that 
can happen separated or combined, which are 
tilt, shift, and upslip. Tilt: is the rotation of the 
hip bone anteriorly or posteriorly around trans-
verse axis. Shift: is the movement of hip bone 
anteriorly or posteriorly along sagittal axis. 
Upslip pelvis: is the movement of the hip bone 
upward (elevation of pelvis). All these asymme-
tries can cause leg length inequality [7, 8]. Leg 
length inequality is inequality of lower limbs 
length and its classified into two types struc-
tural and functional, structural is inequality of 
limbs because of inequality of bony structures 
while functional is asymmetry of lower limbs 
without any inequality of bony structures.

The effect of leg length inequality on physiologi-
cal function has been explored, and can shed 
some light on a possible range of clinical signifi-
cance. Leg length inequality causes muscular 
hypertonicity and changes in strength and/or 
coordination [7, 9]. Expected leg length ine- 
quality, (because of presumed stressful me- 
chanical effects on the lumbar spine by virtue 

and detects muscle response in different mus-
culoskeletal disorders [10, 11]. 

Our aim in this study was to determine the re- 
lationship between the pelvic asymmetry and 
leg length inequality by measuring the EMG  
signals of the quadratus lumborum muscle. 
Therefore, it was aimed to investigate whether 
the pelvic asymmetry caused any pathology.

Material and method

The study was approved by the Bakırköy Sadi 
Konuk Training and Research Hospital local 
ethics committee and informed consent was 
obtained from all participants. A randomized 
control trial conducted on 60 healthy Istanbul 
Gelisim University of Health Sciences School 
students, their age ranged between 19-24 
years. Participants were invited to participate 
in this study by announcement in their class-
room and they signed informed consent form 
and agreement to participate in the study. The 
inclusive criteria were: age between 19 and 24 
years must be a student in the university. The 
exclusive criteria were: any student with scolio-
sis, back pain, rheumatic disease, structural 
leg length inequality, any neurological disorder, 
fracture or musculoskeletal pain.

The medical measurements of this study were 
performed by an expert physiotherapist. The 
measurements in this study were done by three 
methods:

A. Leg length measurement method

The first method was by measuring firstly the 
participants leg length by tape measurement 

Figure 1. EMG Electrode placement.

of the asymmetrical loading) 
would cause earlier and great-
er fatigue of trunk muscles.

Many studies have shown that 
Electromyography (EMG) is an 
invaluable tool in verifying the 
actual involvement of muscl- 
es in certain position. In EMG 
measurement myoelectric sig-
nals are generated by phy- 
siological variations in the con-
dition of muscle fiber mem-
branes. EMG allows for directly 
looking into the muscle, mea-
surement of muscular perfor-
mance, analysis to progress 

Table 1. Demographic characteristics of the 
cases

Total (n=60)  
Mean ± **SD ***P value

Age (year) 20.20 ± 0.14 0.56
Weight (kg) 65.78 ± 6.12 0.57
Height (m) 1.64 ± 0.18 0.08
*BMI (kg/m2) 20.11 ± 2.45 0.75
*BMI: Body Mass Index, **SD: Standard deviation. 
***p<0.05.
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Figure 2. Leg Length Measurement procedure.

Figure 3. Iliac crest level Measurement procedure.

Figure 4. Leg length inequality resting position EMG signal analysis.

from umbilicus to medial malleolus if the legs 
are equal measurement is done from anterior 
superior iliac spine to medial malleolus [12, 
13].

B. Pelvic position measurement method 

The second method was by manual measure-
ment of iliac crest level. The iliac crest position 

on the measurement paper 
was recorded as upward or 
downward each other [9, 14].

C. Electromyographic mea-
surement method

The third method was by using 
surface electrode EMG on QL 
muscle, two cables with three 
electrodes were used each 
cable on each side, the three 
electrodes were active, pas-
sive and ground electrodes. 
Active electrode was put below 
the 12th rib, and passive elec-
trode was put under the 2 cm 
of active electrode also the 
ground electrode was put on 
the olecranon process. Sig- 
nals were taken in resting pr- 
one position and participant 
on table containing head hole 
to avoid any neck rotation as  
it might affect the readings, 
lower extremities were in neu-
tral position side by side (Fi- 
gure 1). Myoelectric activity 
from QL was measured using a 
Biopac (Goleta, California) ins- 
trument. EMG signals were re- 
corded when the patient was 
lying in the prone position whi- 
le the arms were in the free 
resting position also legs were 
in the neutral resting position 
and did not perform any mus-
cle activity [10, 15-18].

D. Electromyography (EMG) 
signal processing

A high-pass FIR filter of 10 Hz 
and form and a notch filter at 
50 Hz were applied to the 
data. The power spectral den-

sity was then calculated using the Welch meth-
od. Parameters for Welch’s method were as fol-
lows: The signals were overlapped by 50% and 
the data were divided into 8 segments and a 
hamming window was applied to each seg-
ment. Each segment was subjected to a 256 
point DFT (Discrete Fourier Transform). The 
amplitude was then squared. Finally, a single 
power spectral density was obtained as the 
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Figure 5. Iliac crest resting position EMG signal analysis.

average of all these parts. All the signal pro-
cessing and statistical analysis were carried 
out using MATLAB software (Math Works Inc., 
Natick MA, USA).

Results

The physical characteristics of the 60 healthy 
university students (age, height, body weight, 
and BMI) are shown in (Table 1). In Leg Length 
Measurement out of 60 subjects we found  
that 35 subjects had short right functional LLI 
and 25 had short left functional LLI. After that 
both short right functional LLI and short left 
functional LLI subject’s right and left side EMG 
signals were compared (Figure 2).

For pelvis measurement we found that 32 sub-
jects had up right iliac crest and 28 subjects 
had up left iliac crest. After that both up right 
iliac crest and up left iliac crest subjects right 
and left side EMG signals were compared 
(Figure 3).

The EMG activity in the resting position, partici-
pants who had short right LLI had higher PSD  
of EMG signals on the right LLI than the left  
LLI, while participants who had short left LLI 
had higher PSD of EMG signals on left com-
pared to the right LLI. Comparing the two 
group’s short right LLI and short left LLI it was 
found that short right LLI group had generally 
high EMG values than the short left LLI group 
(Figure 4).

Moreover in the resting posi-
tion participants who had up 
right iliac crest had higher PSD 
of EMG signals on the right QL 
than the left QL. Also, partici-
pants who had up left iliac 
crest have higher PSD of EMG 
signals on the left QL than the 
right QL. Comparing the two 
groups up right iliac crest and 
up left iliac crest, it was found 
that up right iliac crest group 
had generally high EMG values 
than the up left iliac crest 
(Figure 5).

Furthermore, in 98% of the 
cases with lower extremities 
short on the left, the iliac crest 
level was found to be in the 

elevation position on the left side. It was also 
found that 94% of the cases with shortened 
right lower extremity were in the elevation posi-
tion on the right side of the iliac crest.

Discussion

Studies in the literature have shown that leg 
length inequality (LLI) and QL muscles cause 
skeletal problems in the spine, pelvis and lower 
extremities. In this study the EMG signals of the 
QL muscle were analyzed and investigated the 
relationship between functional leg inequality 
and pelvic asymmetry. According to the results 
of this study, it was determined that there is an 
important relation between leg length inequali-
ty and pelvic position and quadratus lumborum 
muscles.

The results found that the right side upper pel-
vic iliac crest position EMG signals were higher 
in the right than the left side of the quadratus 
lumborum muscle. The left side upper pelvis 
crista iliac position had higher EMG signals on 
the left side than on the right side of the qua-
dratus lumborum muscle activity. Moreover 
98% of participants who have upward right iliac 
crest also have short LLI. At the same time  
94% of participants who have upward left iliac 
crest also have short LLI. When we look at all 
results together, we can say that there is a 
strong relationship between QL, pelvis position, 
and LLD. Since all of our cases are right, so 
according to our results, we can say that right 
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handed dominancy makes same side QL mus-
cles more active. In right handed people QL 
muscles caused an imbalance in the lumber 
region, this imbalance causes some people to 
develop functional scoliosis. 

A study was done about incidence of foot ro- 
tation, pelvic crest unleveling, and supine leg 
length alignment asymmetry and their relation-
ship to self-reported back pain and was found 
that there is relationship between the supine 
leg length inequality and recurrent back pain. 
The pain intensity of those who demonstrated 
supine LLI was significantly higher than those 
without such asymmetry [19]. Another study 
was found that QL muscle ipsilateral to the 
supine short leg had significantly decreased 
endurance times over the same-side QL fatigue 
times in the no leg-length asymmetry [20]. 
Another study proved that the relation between 
leg length inequality and runner’s injury is relat-
ed to lower extremity stress fractures, low back 
pain, hip pain, and vertebral disk problems of 
runners [21].

In order to measure the maximal activity of the 
QL muscle, analysis of the EMG signals from 
the QL muscle revealed that the activity of the 
QL muscle on the same side reached the level 
of the body lateral flexion and supported the 
posture by isometric contraction [22]. In anoth-
er study, the QL muscle was found to be the 
most important stabilizer fragment of lumbar 
vertebrae [23]. According to these results when 
hyperton is present it can be said that QL may 
cause lumbar vertebral and postural problems. 
Moreover it can be said that the QL muscle is 
the important effect of pelvic asymmetry and 
LLI. 

In conclusion, pelvic asymmetry and/or QL 
activity can cause LLI, which can result in seri-
ous injury to the lower extremities and lum- 
bar vertebrae. After standardization of some 
parameters, our joint methodology may be- 
come an essential and irreplaceable test to 
diagnose and follow up QL muscle activity in 
clinical populations. When functional LLI is 
found, even in asymptomatic patients, it is thus 
very important to advise them that the shorter 
leg can lead to secondary symptoms in the 
future which need to be corrected. 
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