N

N

Differences in Kinematic Changes From Self-Selected to
Fast Speed Gait in Asymptomatic Adults With
Radiological Signs of Femoro-Acetabular Impingement
Fares Yared, Abir Massaad, Ziad Bakouny, Joeffroy Otayek, Aren Joe
Bizdikian, Joe Ghanimeh, Chris Labaki, Diane Ghanem, Ismat Ghanem, Wafa
Skalli, et al.

» To cite this version:

Fares Yared, Abir Massaad, Ziad Bakouny, Joeffroy Otayek, Aren Joe Bizdikian, et al.. Differences
in Kinematic Changes From Self-Selected to Fast Speed Gait in Asymptomatic Adults With Ra-
diological Signs of Femoro-Acetabular Impingement. Cureus, 2023, 15 (8), 10.7759/cureus.43733 .
hal-04937649

HAL Id: hal-04937649
https://hal.science/hal-04937649v1
Submitted on 10 Feb 2025

HAL is a multi-disciplinary open access L’archive ouverte pluridisciplinaire HAL, est

archive for the deposit and dissemination of sci-
entific research documents, whether they are pub-
lished or not. The documents may come from
teaching and research institutions in France or
abroad, or from public or private research centers.

destinée au dépot et a la diffusion de documents
scientifiques de niveau recherche, publiés ou non,
émanant des établissements d’enseignement et de
recherche francais ou étrangers, des laboratoires
publics ou privés.


https://hal.science/hal-04937649v1
https://hal.archives-ouvertes.fr

Open Access Original

Cureus Article

Review began 07/03/2023
Review ended 08/13/2023
Published 08/18/2023

© Copyright 2023

Yared et al. This is an open access article
distributed under the terms of the Creative
Commons Attribution License CC-BY 4.0.,

which permits unrestricted use, distribution,

and reproduction in any medium, provided

the original author and source are credited.

DOI: 10.7759/cureus.43733

Differences in Kinematic Changes From Self-
Selected to Fast Speed Gait in Asymptomatic
Adults With Radiological Signs of Femoro-
Acetabular Impingement

Fares Yared ! , Abir Massaad ! , Ziad Bakouny ! , Joeffroy Otayek ! , Aren-Joe Bizdikian ! , Joe Ghanimeh !,
Chris Labaki !, Diane Ghanem !, Ismat Ghanem ! , Wafa Skalli 2, Ayman Assi !

1. Laboratory of Biomechanics and Medical Imaging, Saint Joseph University of Beirut, Beirut, LBN 2. Institut de
Biomécanique Humaine Georges Charpak, Arts et Métiers ParisTech, Paris, FRA

Corresponding author: Abir Massaad, massaad.abyr@gmail.com

Abstract

Femoro-acetabular impingement (FAI) may present as alterations in the skeletal morphology of the hip.
Repercussions of FAI can be witnessed in self-selected speed walking as well as physical exercise such as
running or fast speed walking. The aim of this study was to investigate changes in kinematics at different
gait speeds in subjects presenting with radiological findings invoking FAL. One hundred thirty asymptomatic
adults underwent biplanar X-rays with a calculation of 3D hip parameters: acetabular anteversion, abduction
and tilt, vertical center edge angle (VCE), femoral anteversion, neck-shaft angle, acetabular coverage of the
femoral head, femoral head diameter and neck length. Parameters were classified according to FAI clinical
thresholds. Two groups were created: Control group (63 subjects having up to one subnormal hip parameter
in favour of FAI) and Radiographic FAI group (67 subjects having >2 subnormal hip parameters that might
cause FAI). All subjects underwent 3D gait analysis at self-selected and fast speed, from which kinematic
parameters were generated. Arithmetic differences between fast and self-selected speed gait were
considered as gait changes. Subjects in the Radiographic FAI group had decreased acetabular tilt (24 vs. 19°),
anteversion (19 vs. 16°), abduction (55 vs. 53°), femoral anteversion (18 vs. 14°) and increased VCE (29 vs.
33°, all p<0.05), compared to controls. Changes from self-selected to fast speed showed that subjects in the
Radiographic FAI group had lower range of motion (ROM) pelvic rotation (7 vs. 4°) and ROM hip
flexion/extension (10 vs. 7°), reduced hip extension (-4 vs. -27) and step length (16 vs. 13 cm; all p<0.05). The
Radiographic FAI group had decreased acetabular abduction, anteversion and femoral anteversion in favour
of FAI. When adapting from self-selected to fast speed gait, the Radiographic FAI group seemed to limit
pelvic rotation and hip flexion/extension resulting in a decrease in step length. These kinematic limitations
were previously reported in subjects with symptomatic FAI. Gait analysis could be considered as a functional
diagnostic tool to assess FAI along with radiological assessment.

Categories: Radiology, Orthopedics
Keywords: walking speed, kinematics, 3d reconstruction, gait, hip, femoro-acetabular impingement

Introduction

Femoro-acetabular impingement (FAI) may present as alterations in the skeletal morphology of the hip [1].
These modifications are widely considered to be one etiology of hip osteoarthritis. FAI may present as
multiple types: CAM, pincer, and combined. The CAM may present as a small femoral head, reduced femoral
neck offset, or as a bony bump over the superolateral aspect of the femoral neck [2]. The occurrence of
symptoms in the case of CAM is mostly seen in men with a mean age of 32 years, whereas pincer FAI is
usually seen in symptomatic women with a mean age of 40 years [1]. Moreover, FAI has also been reported in
athletes: the hypothesized etiology is that athletes tend to push their bodies over the physiological limit by
excessive exercising [3]. Overall, in athletic and non-athletic subjects, FAI is diagnosed through a
combination of clinical and radiological findings [1].

Radiographs of patients with FAI often show an increased alpha angle, increased acetabular depth, and
increased lateral center edge angle, as well as the crossover sign indicating focal acetabular retroversion [4].
The alpha angle is measured on a Dunn view radiograph between the femoral neck axis and a line connecting
the center of the femoral head with the point where the head-neck contour sphericity begins. The acetabular
depth is defined as the relative position of the ilio-ischial line to both the medial wall of the acetabulum and
the femoral head. The lateral center edge angle is measured between a vertical line and a line connecting the
femoral head center with the lateral edge of the acetabulum. A crossover sign is found when the anterior
acetabular wall overlaps the posterior wall.

Three-dimensional radiography through CT-scan or MRI has been shown to be important in diagnosing FAI

[5].
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MRI is a relevant imaging technique to assess chondrolabral damage. In addition, 3D CT scans being a low-
cost technique are usually recommended for diagnosis and surgical planning in patients with FAI [6].
However, these modalities present with their own limitations, such as high doses of radiation in the case of
CT scans, and are both acquired in the supine position. This will alter the position and morphology of the hip
compared to the standing position, which is the functional situation of most of daily living activities.
Recently, low-dose biplanar X-rays have shown their advantages in accurately assessing 3D hip morphology
in the standing position [7-9]. Furthermore, biplanar X-ray assessment in a loaded position could be
beneficial for later arthroscopic investigations of the hip.

The usual clinical presentation of FAI patients is chronic hip pain and reduced range of

motion. Interestingly, previous studies have shown that impingement occurs in both symptomatic and
asymptomatic subjects [10, 11], with pincer FAI being the most common subtype among asymptomatic
subjects. In addition, asymptomatic subjects showed radiological signs of FAI regardless of whether pain was
present.

Repercussions of FAI can be witnessed in self-selected speed walking as well as physical exercise such as
running or fast speed walking [12]. Three-dimensional gait analysis was used in the context of FAI in the
kinematic assessment of both symptomatic and previously diagnosed FAI patients [13] and post-
arthroscopic follow-up of operated FAI patients [14]. A previously reported kinematic comparison between
symptomatic FAI and control subjects reported scarce and unclear differences when walking at a normal
speed [15]; thus, kinematic deficits could be better assessed in further functional tasks that challenge hip
kinetics, such as walking at a fast speed gait.

The research question was: are there any differences in gait kinematics between asymptomatic subjects
presenting radiological FAI hip signs and those who do not, when walking at self-selected and fast speed?

Therefore, the aim of this study was to investigate changes in kinematics at different gait speeds in subjects
presenting radiological hip signs that might cause FAI.

Materials And Methods

Study design

This is a cross-sectional IRB (Ethical Committee, Saint Joseph University: #CEHDF285) approved study. All
methods were carried out in accordance with relevant guidelines and regulations. Asymptomatic subjects
were recruited from the students, staff and faculty members of our institution, according to the following
inclusion criteria: no previous history of orthopedic surgery, no scoliosis or leg length discrepancy, no hip
pain or prior history of femoro-acetabular impingement. All subjects signed a written informed consent
form. Informed consent from all subjects for the publication of identifying images was obtained.

Data acquisition

A total of 130 asymptomatic subjects (65 females and 65 males) were included. The mean age was 29.5+11
years ranging from 18 to 60 years. For each subject, demographic characteristics were anonymously
collected and stored in a data system: age, gender, weight and height, using a digital weight scale and a
stadiometer.

Three-dimensional gait analysis

Each subject underwent three-dimensional gait analysis (3DGA) using a VICON (VICON Motion Systems,
Oxford, UK) optoelectronic motion system (7 MX3+ infrared cameras, with 200 Hz frequency). Marker
placement was based on the modified Helen Hayes protocol and the Plug-in Gait model was applied (Figure
1) [16]. Subjects were asked to walk at a self-selected speed along a 10-m walkway. Then, they were asked to
walk at a fast speed gait along the walkway. In this second part of the acquisition, the participants were
asked to walk at a maximal walking speed without running. Data was processed using the pipeline in
Workstation (VICON Motion Systems, Oxford, UK): fill gap routine 10 frames and Woltring filter with a scale
of 10.
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FIGURE 1: Placement of the reflecting markers based on the modified
Helen Hayes protocol. The Plug-in Gait model was applied to calculate

the lower limb kinematics

Several walking trials were recorded for each participant and the kinematic curves for all trials were overlaid
within a single graph using Polygon software (VICON Motion Systems, Oxford, UK). Based on a visual
observation, the most repeatable trial was identified and subsequently one gait cycle associated to this trial
was selected. This gait cycle is considered representative of the subject’s walking profile and used for the
analysis [17, 18].

One representative trial for each type of gait was then used to calculate three-dimensional joint angles and
time-distance parameters. Kinematic parameters of the pelvis, hip, knee and ankle were then calculated in
MATLAB (MathWorks, Natick, USA) for each subject in the frontal, sagittal and horizontal planes [19, 20].
Maximum, minimum, mean and range of motion (ROM) were calculated on each kinematic waveform
describing the joint or segment angle during the gait cycle. The following time-distance parameters were
also calculated: walking speed (m/s), cadence (steps/min), foot off (% of gait cycle), single support(s) and
step length (m). Single support was normalized to stride time and was expressed as a percentage of the
whole gait cycle. All kinematic and time-distance parameters generated in this study have been previously
defined in the literature [20, 21].

Gait alterations

Gait changes, related to kinematics and time-distance parameters, between self-selected and fast speed gait
were determined by calculating the arithmetic difference between both conditions for each subject and gait
parameter (value of gait parameters during fast speed gait minus value of gait parameters in self-selected
speed).

Biplanar radiography

All subjects underwent a full body biplanar X-ray exam (EOS Imaging, Paris, France) right after the 3DGA
acquisition, which was performed by a senior radiology technician and under the supervision of the
researchers. Subjects were asked to stand upright in a standardized position [22, 23].

Subjects’ pelvises and proximal femurs were reconstructed in 3D using a specific software (Arts et Métiers
ParisTech, Paris, France). The following 3D radiological hip parameters (Figure 2) were generated: acetabular
tilt (°), acetabular anteversion (°), acetabular abduction (°), 3D vertical center edge angle (VCE; °), femoral
anteversion (°), neck-shaft angle (NSA) (°), acetabular coverage of the femoral head (%), femoral head
diameter (mm) and neck length (mm). Validity and reliability of the aforementioned 3D hip radiological
parameters were previously evaluated [8, 24, 25].
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FIGURE 2: Hip radiological parameters based on 3D reconstructions
from biplanar X-rays

Based on the established standards reported in the literature, the following hip parameters were considered
to be within the assumed normal range if: acetabular anteversion >15° [26]; VCE <34° [27]; Neck-shaft angle
>135° [28] and femoral anteversion >15° [28]. As for the other hip parameters, since no normative data exist
in the literature, the assumed normal range was considered to be the mean+1SD.

The values of the nine hip radiological parameters were assessed for each subject. If a value was found to be
outside of the assumed normal range, the 3D radiological hip parameter was considered to be subnormal,
and thus underlying asymptomatic femoro-acetabular impingement (FAI). Values of acetabular tilt,
acetabular abduction, femoral head diameter and neck length were considered subnormal if they were
inferior to the established interval of [Mean-1SD], since their decrease can be associated with FAI, based on
hip geometry [29-31]. Values of acetabular coverage of the femoral head were considered subnormal if they
were superior to the established interval of [Mean+1SD]. The quantitative assessment of these parameters
was performed in order to subdivide the sample into two groups. Asymptomatic subjects having up to one
subnormal 3D radiological parameter formed the Control group. The Radiographic FAI group consisted of
asymptomatic subjects having at least two subnormal hip parameters and considered as presenting hip signs
that might be associated with FAIL

Statistical analysis

Statistical analysis was conducted separately for the left and right side. Since the results were comparable,
the left side was considered for the analysis. Data were compared between the Control group (the non-FAI)
and the Radiographic FAI group. Sex was compared between the two groups using Fisher’s exact test. As for
the other demographic factors (height, weight and age) as well as the 3D radiological hip parameters,
comparisons were computed using Student’s t-test after verification of normality (Shapiro-Wilk’s test). Gait
kinematics of self-selected speed, fast speed and gait changes were compared between both groups using
ANCOVA, followed by Bonferroni correction, while controlling for the potentially confounding demographic
factors (Age). For time-distance parameters, height was controlled while comparing between both groups.
Statistically significant differences were discussed only when the difference exceeded the level of
uncertainty of the considered parameter, 5° for the radiological parameters and 2 to 3° for the kinematic
parameters [21, 32-34]. A post hoc power analysis was performed using G*Power (v.3.1.9.4). Statistical
analysis was performed using XLSTAT version 2020.1.3 (Addinsoft, Paris, France). The level of significance
was set at 0.05.

A qualitative description between cases, one from each group, was conducted in order to observe differences
in 3D hip morphology and kinematic waveforms.

Results

All demographic parameters are displayed in Table 1. After grading the hip radiological parameters for each
asymptomatic subject, 63 subjects had up to one subnormal parameter and were therefore included in the
Control group. The remaining 67 subjects had more than two subnormal parameters and were therefore
included in the Radiographic FAI group. The distribution was as follows: subjects with no subnormal
parameters (N=18), with 1, 2, 3, 4 and 5 subnormal parameters (N=45, N=37, N=17, N=8 and N=5,
respectively). Only age showed a significant difference (p<0.04) among demographic factors: the
Radiographic FAI group subjects had a mean age of 27+10 years, lower than the Control group subjects who
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Demographic parameter
Age (years)
Height (cm)
Weight (kg)

Sex

had a mean age of 32+12 years.

Total (N=130) Control group (N=63)

29.5+11 32+12
169.6+10 170+10
7115 73x14

65 F/65 M 28 F/35 M

Radiographic FAI group (N=67)
27410

168111

69+15

37 F/30 M

Comparison (p-value)
0.04*

0.2

0.056

0.22

TABLE 1: Demographic parameters of the whole sample, Control group and Radiographic FAI

group

*bold: statistically significant result

Comparisons of 3D radiological hip parameters

Comparisons of 3D radiological hip parameters (Figure 3) between the two groups showed that subjects in
the Radiographic FAI group had a significant decreased acetabular tilt (Control group: 24+6° vs.
Radiographic FAI group: 19£7°; p<0.001), anteversion (Control group: 19+4° vs. Radiographic FAI group:
16%*4°; p<0.001), abduction (Control group: 55+3° vs. Radiographic FAI group: 53+4°; p=0.005), femoral
anteversion (Control group: 18+10° vs. Radiographic FAI group: 14+12°; p=0.016), femoral head diameter
(Control group: 45+4 mm vs. Radiographic FAI group: 434 mm; p=0.011) and neck length (Control group:
51%4 vs. Radiographic FAI group: 48+5; p=0.006). Subjects in the Radiographic FAI group had a significantly
increased VCE (Control group: 29+3° vs. Radiographic FAI group: 33+4°; p<0.001) and acetabular coverage of
the femoral head (Control group: 42+3% vs. Radiographic FAI group: 44+3%; p=0.031).

*p=0.005

*p<0.001
*p<0.001

[

ZL’ I
i

Acetabular tilt  Acetabular Acetabular
(W] anteversion (°) abduction (*)

#p<0.001 p=0.031

4
29

VCE (°)

Acetabular Femoral

femoral head
(%)

Control M Radiographic FAI

Neck shaft angle Femoral head
coverage of the Anteversion (%) ")

*p<0.001
*p<o.co1

Neck length

diameter (mm) (mm)

FIGURE 3: Comparison of hip parameters between the Control group
and the Radiographic FAI group. Error bars refer to standard deviation.

Gait kinematics and time-distance parameters

Gait kinematics and time-distance parameter changes were similar between both groups at self-selected
speed. During fast speed gait, only ROM pelvic rotation changes were different between both groups
(p=0.017): The Control group had higher ROM pelvic rotation changes (20+6°) compared to that of the

Radiographic FAI group (17£6°).

During gait changes from self-selected to fast-speed gait, significantly different kinematic and time-distance
parameters were found between both groups (Figure 4). The Radiographic FAI group had lower ROM pelvic
rotation changes (Control group: 7+6° vs. Radiographic FAI group: 4+6°; p=0.034), decreased hip extension
in stance changes (Control group: -4+3° vs. Radiographic FAI group: -2+3°; p=0.045) and shorter step length
changes (Control group: 16+0.07 cm vs. Radiographic FAI group: 13+0.07 cm; p=0.034). Comparisons of
kinematics of the pelvis and hip and time-distance parameters between both groups at self-selected and fast
speed gait as well as the changes between speeds are displayed in Table 2.
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FIGURE 4: Comparison of gait changes from self-selected to fast speed

between the Control group and the Radiographic FAI group. Error bars
refer to standard deviation.
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Gait alteration (A fast-self-selected

Self-selected speed Fast speed
Kinematic and time-distance SEsst)
FEIEITEE Control Radiographic FAI p- Control Radiographic FAI p- Control Radiographic FAI p-
group group value group group value group group value

ROM pelvic tilt (°) 3.2+1 3.3%1 0.10 4.7+1 4.3+1 0.15 1.4+1 1#1 0.20
ROM pelvic obliquity (°) 9.5+4 10.8+4 0.06 13.945 13.845 0.06 4+3 313 0.01
ROM pelvic rotation (°) 12.845 12.3+5 0.80 2046 1746 0.01* 7+6 4+6 0.034*
Mean pelvic tilt (°) 1245 11.4+6 0.005 13.5+6 13.146 0.004 1.6+2 1.6+2 0.79
Mean pelvic obliquity (°) 0.3+1 0.1+1 0.07 0.3+2 -0.1+2 0.10 0+1 0+1 0.38
Mean pelvic rotation (°) 0+3 0.6£2 <0.001 043 0.5+2 <0.001 0£2 0+2 0.38
ROM hip flexion/extension (°) 424 4315 0.14 51.4+5 5116 0.30 106 715 0.086
ROM hip abduction/adduction (°) 13.2+3 14.5+4 <0.001 17.7#5 18.244 0.002 4.5£3 3.7+3 0.21
ROM hip internal/external rotation (°) 32.6+13 3212 <0.001 34.3x14 33.3¢13 <0.001 1.78 1.3£9 0.89
Mean hip flexion/ extension (°) 16.716 15.327 <0.001 18.7x7 17.547 <0.001 2+2 22 0.89
Mean hip abduction adduction -143 -1x3 <0.001 -1.7#3 -1.37£3 <0.001 -0.7%1 -0.4+1 0.75
Mean hip internal/external rotation (°) 0.7£10 -1.5£7 0.36 -0.4£10 -2.1£8 0.55 -1.1+4 -0.6£2 0.59
Hip Extension in stance (°) =717 -9.0£7 0.20 -118 -1217 0.20 -413 -213 0.045*
Step Length (cm) 6617 666 0.38 808 798 0.30 1647 1348 0.034*
Walking speed (m/s) 1.310.2 1.3£0.1 0.66 2+0.2 2+0.2 0.73 0.7+0.2 0.7+0.2 0.59
Cadence (steps/min) 114.5+10 116.848 0.038 1474412 151.8+14 0.016 32.8+11 35+10 0.39

TABLE 2: Comparison of gait kinematics and time-distance parameters between the Control
group and the Radiographic FAI group at different walking speeds.

*bold: statistically significant result that exceeds the level of uncertainty

The qualitative comparison between one subject from the Control group (presenting with one subnormal
parameter), and another subject from the Radiographic FAI group (presenting with three subnormal
parameters) showed that these latter present an increased acetabular coverage, anteversion and NSA and a
decreased changes in the ROM of the pelvic rotation, hip flexion/extension and a decreased step length
during the fast-walking speed (Figure 5).
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FIGURE 5: Example of internal/external pelvic rotation and hip
flexion/extension changes from self-selected to fast speed gait in the
Control group and the Radiographic FAI group

The calculated standardized effect of the radiological and kinematic parameters varied between 0.5 and 1.3
based on the signal and noise calculations [8, 21, 32-35]. The achieved power varied between 88 and 98%.

Discussion

Femoro-acetabular impingement (FAI) is a prevalent condition commonly found in young patients [36]. This
condition could potentially elucidate the later onset of hip osteoarthritis, a condition that was previously
considered to be idiopathic. It has been shown to be a potential cause of acetabular cartilage and labral
lesions. These morphologic alterations could subsequently lead to hip osteoarthritis [37]. Moreover, FAI has
garnered even more interest since it has been described among asymptomatic subjects [10] as well as
athletes [3, 10].

This study compared gait kinematics in self-selected, fast-speed gait and changes between self-selected and
fast-speed gait between two groups of asymptomatic subjects divided based on 3D hip radiological
parameters.

Radiological differences

Subjects classified in the Radiographic FAI group (displaying more than two subnormal 3D radiological hip
parameters) had a significantly decreased acetabular anteversion, abduction, tilt and femoral anteversion. In
addition, subjects in the Radiographic FAI group had a significantly increased VCE and acetabular coverage
of the femoral head, thus increasing the risk of developing FAI [29, 30]. Moreover, the results in our study
regarding femoral anteversion and acetabular coverage are in accordance with those reported in the
literature in subjects with asymptomatic FAI: Audenaert et al. reported a decreased femoral anteversion and
an overcoverage of the femoral head by the acetabulum which contribute to the risk of early collision
between the proximal femur and the acetabulum. Thus, these findings could be predictive of clinical FAI

[31].

In the Radiographic FAI group, the decreased acetabular abduction could, at least partly, explain the
increased VCE and lateral coverage, which might explain the increase in the coverage of the femoral head by
the acetabulum.

A study by Nehme et al. [38] reported that asymptomatic subjects presented with variations in the hip joint
space width prior to the usual radiographic alterations. Having found significant differences in several 3D
hip radiological parameters could address the importance of biplanar X-ray in establishing early subclinical
changes in subjects from the general population having no pain related to FAIL. This exam can be used as a
screening tool in the athletic population.

Gait kinematics and time-distance parameters

No differences were found in self-selected speed between both groups. This lack of differences between the
two groups could be explained by the fact that all the subjects in our study were asymptomatic, including
those who had a hip radiographic sign that might cause FAI. The only significant difference in fast-speed
gait was found when comparing the ROM pelvic rotation. The Radiographic FAI group showed a decreased
ROM pelvic rotation. This could be explained by the acetabular overcoverage and the decreased acetabular
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anteversion. The combination of these two variations could predispose these subjects to FAI. A reduced
pelvic axial rotation might be needed in order to avoid hitting the acetabular wall. This is in accordance with
what has been previously reported in a systematic review regarding the pelvic compensatory mechanism in
FAI subjects, mainly manifested to avoid pain or discomfort [13].

When adapting from self-selected to fast speed gait, the Radiographic FAI group had significantly decreased
changes of the ROM pelvic rotation, maximum hip extension in stance and step length, as shown in the
example in Figure 5. The ROM hip flexion/extension was reduced without reaching the level of significance.
Even when controlling for the gait speed, the same results of kinematics were obtained. Compared to control
subjects, the ROM of pelvic rotation, hip flexion and extension were significantly smaller in the
Radiographic FAI group. In fact, gait adaptation alterations from self-selected to fast speed gait require an
increase in ranges of motion at the levels of the pelvis, hip, knee and ankle in the three planes [39]. The
increased VCE in the Radiographic FAI group leads to an increased lateral coverage which could explain the
significant decrease of the ROM pelvic rotation. Furthermore, the overcoverage of the femoral head by the
acetabulum in the Radiographic FAI group could possibly lead to a significant decrease in maximal hip
extension, as a compensatory mechanism to avoid the hip impingement. The latter could consequently
decrease significantly the ROM of hip flexion/extension and consequently lead to step length changes.

Although differences in gait between both groups were not high, these differences were statistically
significant and higher than the uncertainty thresholds defined for each kinematic parameter [21, 40].
Moreover, it was expected that differences found in 3D hip radiological parameters and kinematic changes
between both groups would not be high since all the subjects were asymptomatic.

Interestingly, differences found in 3D hip morphology and kinematic changes among the Radiographic FAI
group were previously reported in symptomatic FAI patients. Hunt et al. found that patients with FAI
exhibited significantly less maximum hip extension and adduction with associated changes in flexion and
external rotation moments [41].

The similar kinematic results found in both asymptomatic subjects with hip radiographic morphology that
might cause FAI [38] and symptomatic FAI subjects lead to the hypothesis that these changes in gait
kinematics could precede the onset of symptoms of FAI patients. Furthermore, the decreased step length
represents a possible consequence of the overall radiological changes which lead to a significant change in
the gait profile of the Radiographic FAI group subjects.

Since it has been previously reported that FAI is one of the possible causes of hip osteoarthritis [36, 42, 43],
gait analysis and 3D hip reconstruction based on biplanar X-rays could be possible predictors of early hip
morphological and dynamic alterations. 3D gait analysis might serve as a predictor of FAI disease onset in
previously asymptomatic subjects exhibiting subnormal 3D hip morphology. Therefore, an early detection of
FAI signs based either on a 3D gait analysis or a radiographic exam, might be of great importance in sports
professionals, especially for athletes like runners. This could potentially pave the way in the future for a
preventive intervention related to coping movement strategies or even related to an orthopedic treatment.

This study presents several limitations. A symptomatic FAI group of patients was lacking in the current
study. Future studies should integrate symptomatic subjects with FAI, presenting pain and altered
radiographic parameters and asymptomatic subjects with no altered radiographic parameters in order to
identify kinematic and 3D radiological discrepancies, that could then be used as predictors for symptomatic
FAL

The combination of normative 3D radiological hip parameters values with an interval of Mean*1SD in hip
parameters whose normative values are not yet established could have served as a limitation; it is still not
demonstrated that a specific 3D radiological parameter was shown to influence progression towards
symptomatic FAIL

Future studies should include comparisons of efficacy in diagnostic assessment in FAI between biplanar X-
rays and CT-scan. Additionally, longitudinal studies including patients presenting radiological and
kinematic signs in favor of FAI, are needed to ascertain whether they will manifest FAI symptoms. Moreover,
accounting for diverse confounding variables such as lifestyle, daily routine or sports engagement, will
provide a more comprehensive understanding of this pathology. Furthermore, kinematic patterns should be
compared between asymptomatic subjects having asymptomatic and subnormal 3D hip morphology with
symptomatic and diagnosed FAI patients as well as asymptomatic subjects having no subnormal hip
morphology.

Conclusions

In conclusion, at self-selected speed, asymptomatic subjects within the Radiographic FAI group, presenting
with an altered hip geometry, showed normal gait parameters. However, they were not able to show
appropriate kinematic adaptations when they were asked to walk at a fast speed, which is comparable to
symptomatic FAI subjects. Thus kinematic alterations might highly be expected in more complex tasks, or
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during sports activities, in athletes or non-athletes. Therefore, detecting FAI early signs in daily routine
practice, by sports physicians, could lead to implement a preventive treatment in the future, particularly
among sports professionals.

Additional Information
Disclosures

Human subjects: Consent was obtained or waived by all participants in this study. Ethical committee,
Saint-Joseph University issued approval CEHDF285. I, Abir Massaad, co-author, certify that this research
project has been approved by the ethical committee of Hotel Dieu de France, Hospital, under the approval
number CEHDF285. Animal subjects: All authors have confirmed that this study did not involve animal
subjects or tissue. Conflicts of interest: In compliance with the ICMJE uniform disclosure form, all authors
declare the following: Payment/services info: All authors have declared that no financial support was
received from any organization for the submitted work. Financial relationships: All authors have declared
that they have no financial relationships at present or within the previous three years with any
organizations that might have an interest in the submitted work. Other relationships: All authors have
declared that there are no other relationships or activities that could appear to have influenced the
submitted work.

Acknowledgements

This research was funded by the own authors institution Saint-Joseph University of Beirut (grant FM189).
The funding source did not intervene in study design; in the collection, analysis and interpretation of data;
in the writing of the report; and in the decision to submit the article for publication.

References

1. Grant AD, Sala DA, Schwarzkopf R: Femoro-acetabular impingement: the diagnosis - a review . ] Child
Orthop. 2012, 6:1-12. 10.1007/s11832-012-0386-2

2. Morris WZ, Li RT, Liu RW, Salata MJ, Voos JE: Origin of Cam morphology in femoroacetabular impingement.
Am | Sports Med. 2018, 46:478-486. 10.1177/0363546517697689

3. Byrd JW: Femoroacetabular impingement in athletes: current concepts. Am J Sports Med. 2014, 42:737-751.
10.1177/0363546513499136

4. Zhang C, Li L, Forster BB, et al.: Femoroacetabular impingement and osteoarthritis of the hip . Can Fam
Physician. 2015, 61:1055-1060.

5. Samim M, Eftekhary N, Vigdorchik JM, Elbuluk A, Davidovitch R, Youm T, Gyftopoulos S: 3D-MRI versus
3D-CT in the evaluation of osseous anatomy in femoroacetabular impingement using Dixon 3D FLASH
sequence. Skeletal Radiol. 2019, 48:429-436. 10.1007/s00256-018-3049-7

6. Schmaranzer F, Kheterpal AB, Bredella MA: Best practices: hip femoroacetabular impingement. AJR Am |
Roentgenol. 2021, 216:585-598. 10.2214/AJR.20.22783

7.  Melhem E, Assi A, El Rachkidi R, Ghanem I: EOS(®) biplanar X-ray imaging: concept, developments,
benefits, and limitations. ] Child Orthop. 2016, 10:1-14. 10.1007/s11832-016-0713-0

8.  Ghostine B, Sauret C, Assi A, Bakouny Z, Khalil N, Skalli W, Ghanem I: Influence of patient axial
malpositioning on the trueness and precision of pelvic parameters obtained from 3D reconstructions based
on biplanar radiographs. Eur Radiol. 2017, 27:1295-1302. 10.1007/s00330-016-4452-x

9. Bendaya S, Lazennec JY, Anglin C, Allena R, Sellam N, Thoumie P, Skalli W: Healthy vs. osteoarthritic hips:
a comparison of hip, pelvis and femoral parameters and relationships using the EOS® system. Clin Biomech
(Bristol, Avon). 2015, 30:195-204. 10.1016/j.clinbiomech.2014.11.010

10. Mascarenhas VV, Rego P, Dantas P, et al.: Imaging prevalence of femoroacetabular impingement in
symptomatic patients, athletes, and asymptomatic individuals: a systematic review. Eur ] Radiol. 2016,
85:73-95. 10.1016/j.ejrad.2015.10.016

11.  Han], Won SH, Kim JT, Hahn MH, Won YY: Prevalence of Cam deformity with associated femoroacetabular
impingement syndrome in hip joint computed tomography of asymptomatic adults. Hip Pelvis. 2018, 30:5-
11.10.5371/hp.2018.30.1.5

12.  Alshameeri Z, Khanduja V: The effect of femoro-acetabular impingement on the kinematics and kinetics of
the hip joint. Int Orthop. 2014, 38:1615-1620. 10.1007/s00264-014-2302-5

13.  Pierannunzii L: Pelvic posture and kinematics in femoroacetabular impingement: a systematic review. |
Orthop Traumatol. 2017, 18:187-196. 10.1007/s10195-016-0439-2

14.  Alradwan H, Khan M, Grassby MH, Bedi A, Philippon MJ, Ayeni OR: Gait and lower extremity kinematic
analysis as an outcome measure after femoroacetabular impingement surgery. Arthroscopy. 2015, 31:339-
344. 10.1016/j.arthro.2014.06.016

15. Diamond LE, Wrigley TV, Bennell KL, Hinman RS, O'Donnell ], Hodges PW: Hip joint biomechanics during
gait in people with and without symptomatic femoroacetabular impingement. Gait Posture. 2016, 43:198-
203. 10.1016/j.gaitpost.2015.09.023

16. Davis RB, Ounpuu S, Tyburski D, Gage JR: A gait analysis data collection and reduction technique . Hum Mov
Sci. 1991, 10:575-587. 10.1016/0167-9457(91)90046-Z

17.  Otayek ], Bizdikian AJ, Yared F, et al.: Influence of spino-pelvic and postural alignment parameters on gait
kinematics. Gait Posture. 2020, 76:318-326. 10.1016/j.gaitpost.2019.12.029

18. Mekhael M, Labaki C, Bizdikian AJ, et al.: How do skeletal and postural parameters contribute to maintain
balance during walking?. Hum Mov Sci. 2020, 72:102658. 10.1016/j.humov.2020.102658

19.  Goujon H, Bonnet X, Sautreuil P, Maurisset M, Darmon L, Fode P, Lavaste F: A functional evaluation of
prosthetic foot kinematics during lower-limb amputee gait. Prosthet Orthot Int. 2006, 30:213-223.

2023 Yared et al. Cureus 15(8): e43733. DOI 10.7759/cureus.43733 10 of 11


https://dx.doi.org/10.1007/s11832-012-0386-2
https://dx.doi.org/10.1007/s11832-012-0386-2
https://dx.doi.org/10.1177/0363546517697689
https://dx.doi.org/10.1177/0363546517697689
https://dx.doi.org/10.1177/0363546513499136
https://dx.doi.org/10.1177/0363546513499136
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4677941/
https://dx.doi.org/10.1007/s00256-018-3049-7
https://dx.doi.org/10.1007/s00256-018-3049-7
https://dx.doi.org/10.2214/AJR.20.22783
https://dx.doi.org/10.2214/AJR.20.22783
https://dx.doi.org/10.1007/s11832-016-0713-0
https://dx.doi.org/10.1007/s11832-016-0713-0
https://dx.doi.org/10.1007/s00330-016-4452-x
https://dx.doi.org/10.1007/s00330-016-4452-x
https://dx.doi.org/10.1016/j.clinbiomech.2014.11.010
https://dx.doi.org/10.1016/j.clinbiomech.2014.11.010
https://dx.doi.org/10.1016/j.ejrad.2015.10.016
https://dx.doi.org/10.1016/j.ejrad.2015.10.016
https://dx.doi.org/10.5371/hp.2018.30.1.5
https://dx.doi.org/10.5371/hp.2018.30.1.5
https://dx.doi.org/10.1007/s00264-014-2302-5
https://dx.doi.org/10.1007/s00264-014-2302-5
https://dx.doi.org/10.1007/s10195-016-0439-2
https://dx.doi.org/10.1007/s10195-016-0439-2
https://dx.doi.org/10.1016/j.arthro.2014.06.016
https://dx.doi.org/10.1016/j.arthro.2014.06.016
https://dx.doi.org/10.1016/j.gaitpost.2015.09.023
https://dx.doi.org/10.1016/j.gaitpost.2015.09.023
https://dx.doi.org/10.1016/0167-9457(91)90046-Z
https://dx.doi.org/10.1016/0167-9457(91)90046-Z
https://dx.doi.org/10.1016/j.gaitpost.2019.12.029
https://dx.doi.org/10.1016/j.gaitpost.2019.12.029
https://dx.doi.org/10.1016/j.humov.2020.102658
https://dx.doi.org/10.1016/j.humov.2020.102658
https://dx.doi.org/10.1080/03093640600805134

Cureus

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43,

10.1080/03093640600805134

Benedetti M, Catani F, Leardini A, Pignotti E, Giannini S: Data management in gait analysis for clinical
applications. Clin Biomech. 1998, 13:204-215. 10.1016/s0268-0033(97)00041-7

Assi A, Ghanem I, Lavaste F, Skalli W: Gait analysis in children and uncertainty assessment for Davis
protocol and Gillette Gait Index. Gait Posture. 2009, 30:22-26. 10.1016/j.gaitpost.2009.02.011

Faro FD, Marks MC, Pawelek ], Newton PO: Evaluation of a functional position for lateral radiograph
acquisition in adolescent idiopathic scoliosis. Spine (Phila Pa 1976). 2004, 29:2284-2289.
10.1097/01.brs.0000142224.46796.a7

Chaibi Y, Cresson T, Aubert B, et al.: Fast 3D reconstruction of the lower limb using a parametric model and
statistical inferences and clinical measurements calculation from biplanar X-rays. Comput Methods Biomech
Biomed Engin. 2012, 15:457-466. 10.1080/10255842.2010.540758

Massaad A, Assi A, Bakouny Z, Sauret C, Khalil N, Skalli W, Ghanem I: Three-dimensional evaluation of
skeletal deformities of the pelvis and lower limbs in ambulant children with cerebral palsy. Gait Posture.
2016, 49:102-107. 10.1016/j.gaitpost.2016.06.029

Quijano S, Serrurier A, Aubert B, Laporte S, Thoreux P, Skalli W: Three-dimensional reconstruction of the
lower limb from biplanar calibrated radiographs. Med Eng Phys. 2013, 35:1703-1712.
10.1016/j.medengphy.2013.07.002

Stem ES, O'Connor MI, Kransdorf MJ, Crook J: Computed tomography analysis of acetabular anteversion and
abduction. Skeletal Radiol. 2006, 35:385-389. 10.1007/500256-006-0086-4

Tannast M, Hanke MS, Zheng G, Steppacher SD, Siebenrock KA: What are the radiographic reference values
for acetabular under- and overcoverage?. Clin Orthop Relat Res. 2015, 473:1234-1246. 10.1007/s11999-014-
4038-3

Tonnis D, Heinecke A: Acetabular and femoral anteversion: relationship with osteoarthritis of the hip. |
Bone Joint Surg Am. 1999, 81:1747-1770. 10.2106/00004623-199912000-00014

Mimura T, Kawasaki T, Itakura S, Hirata T, Fuzikawa H, Mori K, Imai S: Prevalence of radiological
femoroacetabular impingement in Japanese hip joints: detailed investigation with computed tomography. |
Orthop Sci. 2015, 20:649-656. 10.1007/s00776-015-0733-5

Parvaresh KC, Rasio ], Azua E, Nho S]: Hip instability in the athlete: anatomy, etiology, and management .
Clin Sports Med. 2021, 40:289-300. 10.1016/j.csm.2020.11.005

Audenaert EA, Peeters I, Vigneron L, Baelde N, Pattyn C: Hip morphological characteristics and range of
internal rotation in femoroacetabular impingement. Am J Sports Med. 2012, 40:1329-1336.
10.1177/0363546512441328

Schwartz MH, Trost JP, Wervey RA: Measurement and management of errors in quantitative gait data . Gait
Posture. 2004, 20:196-203. 10.1016/j.gaitpost.2003.09.011

Kaufman K, Miller E, Kingsbury T, Russell Esposito E, Wolf E, Wilken ], Wyatt M: Reliability of 3D gait data
across multiple laboratories. Gait Posture. 2016, 49:375-381. 10.1016/j.gaitpost.2016.07.075

Romei M, Galli M, Motta F, Schwartz M, Crivellini M: Use of the normalcy index for the evaluation of gait
pathology. Gait Posture. 2004, 19:85-90. 10.1016/s0966-6362(03)00017-1

Schutte LM, Narayanan U, Stout JL, Selber P, Gage JR, Schwartz MH: An index for quantifying deviations
from normal gait. Gait Posture. 2000, 11:25-31. 10.1016/s0966-6362(99)00047-8

Ganz R, Parvizi ], Beck M, Leunig M, Nétzli H, Siebenrock KA: Femoroacetabular impingement: a cause for
osteoarthritis of the hip. Clin Orthop Relat Res. 2003, 417:112-120. 10.1097/01.bl0.0000096804.78689.c2.
Beck M, Kalhor M, Leunig M, Ganz R: Hip morphology influences the pattern of damage to the acetabular
cartilage: femoroacetabular impingement as a cause of early osteoarthritis of the hip. ] Bone Jt Surg Br.
2005, 87:1012-1018. 10.1302/0301-620X.87B7.15203

Nehme A, El-Hajj G, Maalouly ], Ayoubi R, Abdel-Nour H, Moucharafieh R, Ashou R: Hip joint space width
in an asymptomatic population: computed tomography analysis according to femoroacetabular
impingement morphologies. Asia Pac ] Sports Med Arthrosc Rehabil Technol. 2021, 24:14-22.
10.1016/j.asmart.2021.01.001

Schwartz MH, Rozumalski A, Trost JP: The effect of walking speed on the gait of typically developing
children. ] Biomech. 2008, 41:1639-1650. 10.1016/j.jbiomech.2008.03.015

Kadaba MP, Ramakrishnan HK, Wootten ME: Measurement of lower extremity kinematics during level
walking. ] Orthop Res. 1990, 8:383-392.

Hunt MA, Guenther JR, Gilbart MK: Kinematic and kinetic differences during walking in patients with and
without symptomatic femoroacetabular impingement. Clin Biomech (Bristol, Avon). 2013, 28:519-523.
10.1016/j.clinbiomech.2013.05.002

Ganz R, Leunig M, Leunig-Ganz K, Harris WH: The etiology of osteoarthritis of the hip: an integrated
mechanical concept. Clin Orthop Relat Res. 2008, 466:264-272. 10.1007/511999-007-0060-z

Reid GD, Reid CG, Widmer N, Munk PL: Femoroacetabular impingement syndrome: an underrecognized
cause of hip pain and premature osteoarthritis?. ] Rheumatol. 2010, 37:1395-1404. 10.3899/jrheum.091186

2023 Yared et al. Cureus 15(8): e43733. DOI 10.7759/cureus.43733

11 0of 11


https://dx.doi.org/10.1080/03093640600805134
https://dx.doi.org/10.1016/s0268-0033(97)00041-7
https://dx.doi.org/10.1016/s0268-0033(97)00041-7
https://dx.doi.org/10.1016/j.gaitpost.2009.02.011
https://dx.doi.org/10.1016/j.gaitpost.2009.02.011
https://dx.doi.org/10.1097/01.brs.0000142224.46796.a7
https://dx.doi.org/10.1097/01.brs.0000142224.46796.a7
https://dx.doi.org/10.1080/10255842.2010.540758
https://dx.doi.org/10.1080/10255842.2010.540758
https://dx.doi.org/10.1016/j.gaitpost.2016.06.029
https://dx.doi.org/10.1016/j.gaitpost.2016.06.029
https://dx.doi.org/10.1016/j.medengphy.2013.07.002
https://dx.doi.org/10.1016/j.medengphy.2013.07.002
https://dx.doi.org/10.1007/s00256-006-0086-4
https://dx.doi.org/10.1007/s00256-006-0086-4
https://dx.doi.org/10.1007/s11999-014-4038-3
https://dx.doi.org/10.1007/s11999-014-4038-3
https://dx.doi.org/10.2106/00004623-199912000-00014
https://dx.doi.org/10.2106/00004623-199912000-00014
https://dx.doi.org/10.1007/s00776-015-0733-5
https://dx.doi.org/10.1007/s00776-015-0733-5
https://dx.doi.org/10.1016/j.csm.2020.11.005
https://dx.doi.org/10.1016/j.csm.2020.11.005
https://dx.doi.org/10.1177/0363546512441328
https://dx.doi.org/10.1177/0363546512441328
https://dx.doi.org/10.1016/j.gaitpost.2003.09.011
https://dx.doi.org/10.1016/j.gaitpost.2003.09.011
https://dx.doi.org/10.1016/j.gaitpost.2016.07.075
https://dx.doi.org/10.1016/j.gaitpost.2016.07.075
https://dx.doi.org/10.1016/s0966-6362(03)00017-1
https://dx.doi.org/10.1016/s0966-6362(03)00017-1
https://dx.doi.org/10.1016/s0966-6362(99)00047-8
https://dx.doi.org/10.1016/s0966-6362(99)00047-8
https://dx.doi.org/10.1097/01.blo.0000096804.78689.c2
https://dx.doi.org/10.1097/01.blo.0000096804.78689.c2
https://dx.doi.org/10.1302/0301-620X.87B7.15203
https://dx.doi.org/10.1302/0301-620X.87B7.15203
https://dx.doi.org/10.1016/j.asmart.2021.01.001
https://dx.doi.org/10.1016/j.asmart.2021.01.001
https://dx.doi.org/10.1016/j.jbiomech.2008.03.015
https://dx.doi.org/10.1016/j.jbiomech.2008.03.015
https://trama.deib.polimi.it/allegati/Kadaba_1990.pdf
https://dx.doi.org/10.1016/j.clinbiomech.2013.05.002
https://dx.doi.org/10.1016/j.clinbiomech.2013.05.002
https://dx.doi.org/10.1007/s11999-007-0060-z
https://dx.doi.org/10.1007/s11999-007-0060-z
https://dx.doi.org/10.3899/jrheum.091186
https://dx.doi.org/10.3899/jrheum.091186

	Differences in Kinematic Changes From Self-Selected to Fast Speed Gait in Asymptomatic Adults With Radiological Signs of Femoro-Acetabular Impingement
	Abstract
	Introduction
	Materials And Methods
	Study design
	Data acquisition
	Three-dimensional gait analysis
	FIGURE 1: Placement of the reflecting markers based on the modified Helen Hayes protocol. The Plug-in Gait model was applied to calculate the lower limb kinematics

	Gait alterations
	Biplanar radiography
	FIGURE 2: Hip radiological parameters based on 3D reconstructions from biplanar X-rays

	Statistical analysis

	Results
	TABLE 1: Demographic parameters of the whole sample, Control group and Radiographic FAI group
	Comparisons of 3D radiological hip parameters
	FIGURE 3: Comparison of hip parameters between the Control group and the Radiographic FAI group. Error bars refer to standard deviation.

	Gait kinematics and time-distance parameters
	FIGURE 4: Comparison of gait changes from self-selected to fast speed between the Control group and the Radiographic FAI group. Error bars refer to standard deviation.
	TABLE 2: Comparison of gait kinematics and time-distance parameters between the Control group and the Radiographic FAI group at different walking speeds.
	FIGURE 5: Example of internal/external pelvic rotation and hip flexion/extension changes from self-selected to fast speed gait in the Control group and the Radiographic FAI group


	Discussion
	Radiological differences
	Gait kinematics and time-distance parameters

	Conclusions
	Additional Information
	Disclosures
	Acknowledgements

	References


