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SUMMARY: Leg length inequality (LLI) affects gait — primarily pelvic and torso movements. LLI is present in around 40-70 %
of the healthy population. Due to LLI's significant impact on the body, as well as the possible occurrence of a varietgtefidssalth
problems, the aim of this research is to determine whether there is a significant difference in pelvic movement in alhéistee pl
depending on the degree of LLI. This study was conducted on a sample of 30 healthy subjects. The functional length oflawasr lim
measured. When LLI was calculated, kinematic measures were taken of pelvic and lower limb movements during gait using3D camera
and ©Vicon Motion Systems Ltd. UK. The obtained data on kinematic pelvic movement in all three planes during gait were compared
with the reference values. The results show that there is no statistically significant difference in pelvic movementaiesut, theand
z in cases of LLI of up to 18mm (p>0,05). There is a statistically highly significant positive correlation between theelifferen
functional leg length (r=0,575; p=0,008) and femur length (r=0,525; p=0,015) on one hand, and the difference in pelvic atomaiment
the axis x on the other, compared to the reference values. In a healthy population with LLI from 0 to 18 mm, gait reneates! amaff
an increase in LLI predominantly affects pelvic movement about the horizontal axis (x) — pelvic tilt, which exponentiaigsneith
an increase in femur length discrepancy.
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INTRODUCTION

Gait engages the entire locomotor system, but lower There are two types of LLI: anatomical and functional
limbs have the most significant role in all its phases. Le@urney, 2002). Anatomical leg length inequality represents
length inequality (LLI) affects gait — mostly pelvic and tor-structural inequality of the lower limbs, and refers to a
so movement (Gurney, 2002). The clinical significance gfhysical shortening of one lower limb between the femoral
the degree of LLlI is still open to debate, so Subotnik (198bpad and the ankle joint (outer ankle) — it represents a
states that a 3mm inequality is significant, while Woermashortening of bone structures. It may be congenital or
& Binder-MacLeod (1984) claims that inequality of up toacquired (Subotnick, 1981). Functional inequality of lower
20 mm is acceptable. LLI is present in around 40-70 % bbs is defined as asymmetry of the lower limbs caused by
the healthy population and can reach over 20 mm — thisngiscular or joint weakness of the entire lower limb or spinal
present in around 0.1 % of the population (Subotnick, 198Tplumn (due to unstable foot biomechanics, adaptive
LLIis associated with a number of health problems, such akortening of soft tissues, joint contractures, ligamentous
hip osteoarthritis, loosening of the total hip prosthesis, lolaxity, including axial curvatures, subluxations and joint
back pain, stress, bone fracture, and changes in walking anthtion, including that of the spinal column (scoliosis))
running economy (Chan, 2018; McWillianes al, 2018; (Subotnick, 1981).

Applebaumet al, 2021; Alfuthet al., 2021).

1 Faculty of Medicine, University of Novi Sad, Hajduk Veljkova 3, Novi Sad, Serbia.
2 Department for Orthopaedic Surgery and Traumatology, Clinical Center of Vojvodina, Hajduk Veljkova 1, Novi Sad, Serbia.
3 Institute for Child and Youth Health Care, Hajduk Veljkova 10, Novi Sad, Serbia.

Received: 2022-09-05 Accepted: 2022-10-15

1624



GVOZDENOVIC, N.; ANDREJIC-VISNJIC, B.; LATKOVIC, M.; SLAVKOVIC, S.; VRANJES, M.; MILANKOQOV, V.; MIJATOVIC JOVIN, V. & BOSANAC, M . Anthropometric profile of
leg length inequality and its impact on géit. J. Morphol., 40(6)t624-1629, 2022

Leg length can be measured radiographically dviotion Capture System, which is fast, reliable and radiation-
clinically (Gurney, 2002). Radiographic measurement of lefyee, and assessed the impact of anthropometric parameters
length inequality can be performed using X-ray imaging af the lower limbs on gait.
computed tomography (CT) (Alfutat al, 2021). The
abovementioned radiographic method is expensive and time-
consuming, it presuppose exposure of subjects to a higlATERIAL AND METHOD
degree of ionizing radiation, and result in a measurement
error of around 1,6 mm, which increases with flexion
deformity of the knee (Alfuthet al. 2021). Clinical This study involved 30 subjects, 25 male (83.3 %)
measurement of leg length discrepancy can be performaad 5 female (16.7 %) subjects. The subjects average age
“indirectly”, by placing standing blocks under the shortewas 23.6 years. All the subjects were adults of identical height
leg and monitoring pelvic SIAS alignment, or “directly”,in the last 2 years, and were members of the healthy
using tape measure from SIAS to the inner and outer anidepulation, which means that they had not had lower-limb
(Woerman & Binder-MacLeod, 1984; Beatéital, 1990). injuries or operations (smaller injuries, such as knocks or
There is disagreement about the reliability and precision sprained ankles, which involve immobilization of the injured
indirect and direct methods, so both can be applied. If thenb of up to 7 days, were tolerated). In cooperation with
direct method is applied, measuring the distance betwete Faculty of Technical Sciences of the University of Novi
SIAS and the inner ankle (functional length) is suggesteshd, measurements were performed using the Vicon motion
(Gurney, 2002). analysis system (©Vicon Motion Systems Ltd. UK). The

system consisted of a base station computer with software

LLI's biggest impact on pelvic movement is during(Nexus) for analyzing data captured by 8 separate cameras
gait, increasing movement in all three planes (about the aX€%g. 1) placed around the walking platform to register
X, Y, z) during both dwell and gait, when movement is thgpecific reflective spherical markers (Fig. 1) (Vicon Motion
greatest. The human being is a dynamic individual an8ystem 2020). The obtained data on kinematic pelvic
therefore, diagnosis and impact assessment of LLI shouttbvement in all three planes (about the axes X, y, and z)
be carried out under dynamic conditions (Be&tci, 2012). were compared with the reference values established by
During gait, the line of gravity does not pass through thetokeset al (1989) (control group).
middle of the pelvis but is lateral and passes through t
support leg. In the frontal plane (pelvic movement about t
axis z) maintaining balance between body mass and mu
force (abductors) enables the small movements of abducti
and adduction. In the sagittal plane (movement about t
axisy), balance is maintained by gluteus maximus and thi
flexors, which enables the basic gait movements of flexic
and extension. In the transverse plane (movement about
axis x), this function is performed by anterior and posteric
hip rotation muscles, and balance in this plane is maintai
by leaning forward (Gurney, 2002).

Fig. 1. The position of
reflective markers on
the lower limbs - with
high-speed cameras
around, that register
360-degree
movement in space.

Gait represents a dynamic action which involve
synchronized motion of muscles that can function g
accelerators, decelerators, and stabilizers (Paripovic, 20
Gait is defined as a series of coordinated movements of
torso and the limbs, performed in order to overcome a certj
force and enable the body to move in space. The gait cy
can be divided into two phases: stance phase (static ph
with 5 subphases) and swing phase (dynamic phase wit
subphases) (Paripovic, 2015).

The aim of our research was to determine if there ig
significant difference in pelvic movement in all three pla
nes, about the axes x, y, and z, if leg length inequality
bigger than 10 mm in a healthy population. We used Vicd
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Motion was captured in standing position.Each subject
was asked to step forward with their right leg, then the le
leg, then the right leg again, and to finally resume the sta
ding position. The subjects were divided into three grouj
based on leg length inequality expressed in millimeters (Fi
2). Two separate anthropometric measurements were tal
with a flexible tape measure in order to get the average va
of these two measurements.

H  First group (0-5mm)

B Second group
(5-10mm)

Third group (>10mm)

The study used descriptive statistics measures of ce
tral tendency (ar_lthmetlc mean) and measure_s O_f Va”ab'“Hg. 2. Distribution of respondents by leg length inequality.
(standard deviation), as well as analytical statistics methods
(t-test, Mann-Whitney, Pearson, and Spearman).

Anthropometric measurements. Table | shows the
RESULTS discrepancy between the anthropometric measures of the left
and right lower limb of each subject.

Table I. Anthropometric profile of leg length inequality.

E i.% §_®§ , B H% S% =£% % 5T £% g
iy Enc 3T H.° 59 5 F2 g S =z S P oz_°
L 2Ei £2i =233 % ER 38 E4F TEE 3i B3
= £TE E7F g £% £ =i S E SE £ =
Mean Mean Mean Mean Mean Mean Mean Mean Mean Mean
1 -1,50 -0,50 0,50 -0,50 -0,50 -0,50 -0,50 -0,50 0,10 0,00
2 0,50 0,50 0,50 2,50 0,00 0,00 0,00 0,00 -0,20 -0,10
3 -0,50 -0,50 -0,50 -0,50 0,00 0,00 -1,50 -1,00 -0,20 -0,20
4 -1,50 -1,00 -0,50 -0,50 -0,50 0,00 -0,50 -0,50 -0,20 -0,20
5 0,50 1,00 0,50 0,00 -0,50 0,00 0,50 -0,50 0,00 -0,10
6 -0,30 -1,60 -0,80 -0,10 -0,20 -0,20 -0,40 -0,50 0,00 0,00
7 -0,60 0,50 -0,70 0,10 -0,50 -0,20 -0,10 -0,30 -0,10 -0,10
8 -0,50 -0,50 -0,50 -0,20 0,30 0,00 -0,30 0,40 -0,10 0,00
9 -1,10 -0,10 0,30 0,70 -0,30 -0,40 -1,10 -0,60 0,00 0,00
10 0,50 0,40 -0,50 0,10 0,60 -0,40 -1,00 -0,10 -0,10 -0,10
11 0,50 1,30 0,50 1,10 -0,30 -0,30 -0,40 -1,40 -0,10 0,00
12 -0,60 0,10 0,10 -0,60 0,10 0,20 -0,50 -0,08 -0,10 -0,10
13 0,50 1,00 0,00 0,50 -0,50 0,00 -1,00 0,00 0,30 0,00
14 -1,00 -0,50 -0,50 -0,50 -0,40 0,00 -0,50 -0,50 0,10 -0,20
15 -0,50 0,00 3,00 2,00 -0,50 -0,50 -1,00 -1,00 -0,30 -0,10
16 1,50 2,00 1,50 1,00 -0,40 0,00 0,50 -0,50 0,00 0,00
17 1,00 -0,50 0,50 -0,50 0,00 0,00 -1,00 0,50 -0,10 -0,10
18 0,40 -0,40 0,70 -1,20 -0,20 0,10 -0,50 0,20 -0,10 0,00
19 0,10 -0,20 0,20 0,10 0,20 0,20 -1,50 0,90 -0,10 0,00
20 -0,60 0,30 0,30 -,060 -0,20 -0,20 1,40 -0,20 -0,30 -0,10
21 4,90 -0,30 0,30 -0,10 0,30 -0,30 -0,50 -0,20 0,60 0,20
22 0,30 -0,40 -0,30 -0,20 -0,10 -0,10 0,80 -0,60 -0,40 -0,30
23 -0,40 -0,30 -0,20 -0,30 0,20 -0,10 1,70 -0,20 0,00 -0,20
24 0,30 0.30 0,10 0,20 -0,30 -0,20 1,90 0,20 -0,20 -0,10
25 0,00 0,10 0,10 -0,30 -0,20 -0,20 -0,50 -0,20 0,30 0,00
26 0,30 -0.30 -0,20 0,10 -0,20 -0,20 2,00 -0,40 -0,20 0,00
27 0,20 -0,20 -0,30 -0,30 0,10 -0,20 -0,30 -1,00 0,00 -0,10
28 0,80 0,20 0,50 0,30 -0,20 0,00 -0,20 -0,40 0,10 0,00
29 0,00 -0,10 -0,10 -0,20 -0,20 -0,20 -0,30 -0,20 -0,10 0,00
30 -0,40 -0,30 3,00 2,00 -0,20 -0,50 -0,60 0,70 0,10 -0,10
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Pelvic kinematics.Comparison of data on kinematic pelvicmovement about the axes x, y, and z, on the other, compared
movement in all three planes (about the axes X, y, andta)the reference values (p>0.05).
during gait (Fig. 3).
There is a statistically highly significant positive

The results show that there is no statisticallgorrelation between functional leg length inequality and
significant difference in pelvic movement about the axes Hjfferences in pelvic movement about the axis x compared
y, and z among the subject groups (p>0.05). There is twthe reference values (r=0.575; p=0.008) (Fig. 4). There is
statistically significant correlation between differences ia statistically significant positive correlation between femur
anatomical leg length, tibia length, foot length, foot widthlength discrepancy and differences in pelvic movement about
thigh circumference, calf circumference, knee width, antthe axis x compared to the reference values (r=0.525;
ankle width, on one hand, and differences in pelvip=0.015) (Fig. 5).

Graphical y of pelvic t in all axis
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Fig. 3. Comparison of data on kinematic pelvic movement in all three planes (axes x, y, z) during gait.
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Fig. 5. Maximum pelvic movement along X axis. Femur
length has the greatestimpact on pelvic tilt, which increases
exponentially with an increase in femur length discrepancy.
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Fig. 4. Functional leg length inequality and differences in pelvic
movement about the X axis in all groups.
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DISCUSSION values, but outside reference values at fast walking and running
speeds (Stokest al, 1989). When we compared our results
with those of Stokegt al (1989) we came to a similar

This scientific research involved anthropometriconclusion. Pelvic movement is within reference values at a
measurements of the lower limbs and 3D recording of thrormal walking speed irrespective of leg length inequality.
subjects’ gait. Leg length was measured directly by two

individuals, using tape measure, so that leg length was the A study conducted by Betsehal (2012) in Germany

average of the two measurements. Beattial. (1990) and involved 115 subjects and identified a statistically significant

Gurney (2002) concluded that the precision of dualorrelation between the presence of anatomical leg length

measurement of leg length is high, the interrater reliabilitywequality of up to 15 mm and minor changes in pelvic tilt,

rises considerably (ICC 0,910), and such measurement ddlest is, pelvic movement in the sagittal plane (about the axis

not necessitate radiological confirmation. We identified LL{). Our research confirmed the findings of Betstél (2012)

ranging from 0 to 18mm and divided it into three categorieas we determined that an increase in LLI causes statistically

0-5mm, 5-10 mm, and >10 mm. The aim was to determineiifsignificant increase in pelvic movement in all three planes
and how much LLI affects gait, that is, pelvic and tors@about the axes X, y, and z). Our results differ from their findings
movement. Friend & Widmann (2008) study shows that leig that our research involved LLI of up to 18mm, and we

length inequality of up to 1cm is present in around 70 % adentified the greatest change in pelvic movement about the

the population, while our research demonstrates that thris x, while Betsclet al (2012) identified it about the axis y.

percentage is 83.3 %. Studies by Subotnick (1981) afdhis can be explained by the greater sensitivity of our

Woerman & Binder-MacLeod (1984) shows LLI between 0.5neasurement system and by the presence of subjects with

and 20 mm, with over 75 % presence of 10mm inequality. greater LLI (Gipsmaset al, 2014). In their research, Aiora
al. (2015) used Vicon Motion System for kinematic and kinetic

LLI affects gait, resulting especially in lateral pelvicgait analysis and data analysis in children whose average age
tilt, pelvis torsion, and changes of spinal posture, which igas 12.93.7 years, while their leg length inequality was greater
why it is suggested that movements are monitored duritigan 20 mm. Their conclusion that an increase in LLI causes

dynamic locomotion (gait) (Stokesal, 1989; Gurney, 2002; an increase in pelvic movement primarily about the axis x

Betschet al, 2012). A study by Kaufmaet al. (1996) confirms (Aiona et al, 2015) is consistent with our findings. The

that gait asymmetry occurs in individuals with LLI greatecorrelation between LLI and pelvic movement predominantly

than 20 mm, while the 2016 and 2017 studies by Cabedl about the axis x was also confirmed by Yol (2000),

(2016) and Khamis & Carmeli (2017) claim that gaifitkin & Pheasant (1936), and Beaudefral (1999). A 2000

asymmetry is present in individuals with LLI greater than 16tudy by Walsket al (2000) explains that the most common

mm. The results of our research confirm the findings of theserrective mechanism for leg length inequality between 2 and

authors, demonstrating that gait asymmetry is present but 3ain is pelvic torsion, that is, pelvic movement in the frontal

significant. Asymmetry increases gradually, with an increagdane (about the axis z) on the longer leg, which contradicts
in LLI of up to 18 mm. Like the abovementioned authorsur results. This can be explained by the fact that we monitored
however, we did not determine the exact points at which Llthe dynamic position of the pelvis during gait, while Wadsh
causes pathological gait. We assume that this happens whén(2000) findings are pdaminantly based on the static

LLI is greater than 18 mm, so we intend to continue oyosition, which excludes the compensatory function of pelvic,

research to test the accuracy of that assumption. knee, and ankle movements. Furthermore, we used a more
advanced and sophisticated system for monitoring pelvic

Alarge number of contemporary scientific papers desaovement (Gipsmaet al, 2014). Our research did not identify
cribe the dominant impact of LLI on pelvic tilt and pelvicdifferences in gait symmetry in healthy subjects with leg length
torsion (Younget al, 2000; Betsclet al, 2012; Alfuthet al,  inequality of up to 15 mm. Therefore, we concluded that gait is

2021). Stokest al (1989) study, published by the Karolinskapredominantly affected by femur length, which means that an

Institute in Sweden, was conducted on only 8 subjects, 5 materease in femur length causes an increase in pelvic movement

and 3 female. It examined pelvic and thorax movement in @bout the axis x in the transverse plane. In their 2018 study,

three planes at a normal walking speed, fast walking spe€scar Valencet al, used Vicon system to analyze the impact
and running speed on a treadmill (Stokesl, 1989). The of anthropometric measures of the lower limbs on the gait of
purpose of that study was to examine maximum pelvigealthy subjects. Their research is consistent with our findings
movement in all three planes and compare it with maximuas it shows that femur length has the greatest impact, irrespective
pelvic movement in all three planes at fast walking and runnireg gender (Valenciat al, 2018). Except their study, which was
speeds. The study concluded that maximum pelvic and torsansidered unique in medical literature, there are no other si-
movement at a normal walking speed was within referenceilar studies with which to compare dimdings.
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