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ABSTRACT

Background: Increased femoral anteversion (IFA) is defined as forwardly rotated femoral head relative to the
transcondylar knee axis which may have a potential to reduce the functional quality of adolescents. Therefore,
the aim of our study was to investigate the effects of IFA on lower-extremity function, falling frequency, and
fatigue onset in neurologically intact children.

Research question: Does increased femoral anteversion influence lower extremity function, falling frequency and
fatigue on set in healthy children?

Methods: Sixty-five participants with increased femoral anteversion (IFA) and thirty-two healthy peers as control
were included into the study. For the function, the lower extremity function form (LEFF) which is adapted from
Lower Extremity Function Test used. Falling frequency and fatigue onset time were assessed by a Likert-type
scale. In addition, the activities which cause frequently fall for the participants were questioned.Results: Lower
extremity function was found deteriorated (p= 0.02) and falling frequency was higher (p = 0.00) in IFA than in
controls. Fatigue onset time was not different between groups, although lower extremity function was strongly
correlated with fatigue onset (tho = —0.537, p < 0.001). IFA children fall four times more during running
(60%), three times more during fast walking (21.42%) than their healthy peers (14.28%, 7.14% respectively).
Significance: IFA leads functional problems, especially in the form of high falling frequencies. According to the
LEFF score, the most difficult functional parameters for these children were walking long distances, becoming
tired, walking more than a mile, and standing on one spot. Also, shorter fatigue onset time may worsen the
lower-extremity function secondarily. Because of the higher frequency of falling and functional problems,
children with IFA may be more defenseless to injuries, especially in high-motor-skill activities such as running
and soccer.

1. Introduction

Musculoskeletal deformities in the lower extremity affect the person’s

adolescents [3]. IFA is usually diagnosed after 3 years of age, peaks at 4-6
years (30°-40°), and then gradually resolves (10°-15°) by early adoles-
cence [4,5]. It tends to be familial and is visible on both legs [6,7]. IFA is

activities of daily living and his or her functional status. Although func-
tional quality improves more rapidly with growth, the influences of the
deformities can deteriorate the quality of function more aggressively
when children grow faster [1]. Increased femoral anteversion (IFA),
which is higher forward rotation of the femoral head relative to the
transcondylar knee axis than the specific ranges for different ages [2], is
one of the skeletal problems that may reduce the functional quality of
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also related with functional problems, such as sitting in the “W” position,
walking in the toe-in gait pattern, and standing with internally turned
patella and knee in which, it is questionable whether “w sitting” is the
cause or the result of IFA [8]. The effects of IFA on walking were clearly
revealed in typically developed children as an increased knee and hip
flexion in stance by decreasing the peak knee and hip extension, knee
flexion moment, and peak knee power generation [3].
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How long does him/her get tired?
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in first 5 5-10 minutes ~ 10-20 minutes at least 30

minutes minutes and more,

Fig. 1. Likert-type form for falling frequency and fatigue onset timing.

Some children with IFA may have symptoms such as anterior knee
pain, patellar instability, femora-acetabular impingement, and labral
tear. However, the majority of the unnoticed IFA population who live
like their pairs are asymptomatic [9-14]. Some authors have implied
that parents’ complaints about their children falling, tripping, walking
clumsily, and getting tired easily may be signs of asymptomatic IFA
[1,15,16]. These complaints, which influence the child’s functional
level, may also affect the child’s participation in leisure-time activities.
Because IFA influences the typical loading behavior on lower-extremity
joints [17], tripping, falling, and getting tired easily may cause trau-
matic and musculoskeletal injuries. Moreover, these injuries may occur
in potential young athletes, which shortens their professional sportive
lives.

Therefore, the aim of our study was to investigate the effects of IFA
on lower-extremity function, falling frequency, and fatigue onset in
neurologically intact children. It is hypothesized that IFA may dete-
riorate lower extremity function, increases falling frequency during
high speed function.

2. Methods

To understand the effects of IFA on lower-extremity function, falling
frequency, and fatigue onset, 65 participants with IFA (8.69 * 3.20
years) and 32 healthy peers as control (9.50 = 3.05 years) were in-
cluded in this descriptive study. The participants had no prior neuro-
logical and/or musculoskeletal abnormalities other than IFA, which
was diagnosed by the neurologist and orthopedists at Istanbul
University, Faculty of Medicine. The participants had not joined in any
high-level physical sportive activities in the 3 days prior to tests. The
participants in this study were evaluated at Istanbul University, Faculty
of Medicine, Gait Analysis Laboratory, from March 2015 through March
2017. All participants and their parents were volunteers, and the con-
sent form to participate in this study was signed by each parent, in
agreement with the requirements of the local ethics committee.

The internal and external rotation of the hip were evaluated by a
goniometer while the participants were lying prone with 0° hip exten-
sion and the knees were at 90° flexion [5,15]. Children who had a
greater than 60° hip internal rotation angle (IR) and lower than 20° hip
external rotation angle (ER) were defined as having IFA [6,10]. The
trochanteric prominence angle test (TPAT) was also used for measuring
femoral anteversion in the same position as goniometric hip rotation
measurement when the great trochanter of the femur was palpated
most prominently [10,18]. Also, midpoint of the hip internal and ex-
ternal rotations was calculated by measuring arithmetic combination of
passive internal and external hip rotations [19]. The clinical examina-
tion data was considered as it was measured in 1° goniometric values.
To investigate the pure effects of IFA, children with increased tibial
external torsion (thigh-foot angle > 15°) were not included in the
study.

To investigate how the IFA affects lower-extremity function, the
lower-extremity function form (LEFF), which was adapted from the

Lower Extremity Function Test and used for children with toe-in gait
pattern at Wake Forest University Baptist Medical Center hospital, was
used [20,21]. The scale consists of 20 items, and each item can be
scored between 0 and 4. High scores (maximum score of 80) indicate
worse functional status. The scale contains items that evaluate as-
cending and descending stairs, running heel-toe, skipping, keeping
balance while walking, kicking a ball, walking long distances without
becoming tired, walking without falling, climbing 3 and 1 flights of
stairs, walking more than 1 mile, walking 3 and 1 blocks, riding a bi-
cycle/tricycle, being able to heel walk, ability to wear orthotics,
walking with heels down, ability to put on shoes, standing in one spot,
and standing with feet together. The form was scored by the parents or
the caregivers considering the children’s general functional status.

To investigate the association of the falling frequency and IFA, daily
falling frequency was evaluated using a Likert-type scale. The scale was
scored by the family or caregiver, with scores ranging between 1 and 4
points. Lower scores indicate more frequent falling status (Fig. 1). In
addition to the falling frequency, the activity during which the child
falls at the highest frequency in 6 different activities (standing, walking,
walking faster, running, climbing stairs, walking on uneven ground)
was also questioned. For all participants, each response was ranked
separately by using the falling percentage.

To understand whether IFA causes fatigue or not, the fatigue onset
time was also questioned by Likert-type scale. The scale, which was
completed by the family member or caregiver, was equally fragmented
into four parts and numbered from 1 to 4. The lower scores indicate
quicker fatigues (1 fatigue in less than 5min, 4 = fatigue after
30 min; Fig. 1).

The inclusion of 95 participants was above the minimum sample
size needed to ensure a power of 95% confidence level and to detect
statistical significance at a two-sided significance level of 0.05
(b = 0.20) by considering the effects of size 18.90% in average between
the two groups, IFA and controls, using the calculation method for the
basis of descriptive studies [22].

Statistical analysis was performed with SPSS 21.0 (licensed by ...
University). For comparison, according to the analysis of normality test
(Shapiro-Wilk test), statistical analysis was done by Mann Whitney U
test, and for correlation between parameters, Spearman rho’s correla-
tion test was used. The strength level of the correlation was determined
as Cohen’s coefficient [23]. Parameters of interest were compared be-
tween these groups using the Kruskal-Wallis test (p < 0.05). The de-
mographics of the participants were not significantly different between
the groups (p > 0.05).

3. Results

The measured hip internal rotation was found as strongly correlated
with the external rotation (rho = 0.779, p < 0.001), midpoint hip
rotations (rho = 0.626, p < 0.001) and TPAT values (rho = 0.738,
p < 0.001) (Table 1) [23].
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Table 1
Demographics of participants.
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IFA (n = 65) Control (n = 32)
Age (years) 8.69 + 3.20 9.50 = 3.05
Height (cm) 135.77 + 15.63 137.48 + 16.35
Weight (kg) 33.39 = 13.99 35.34 + 13.84
Mean hip internal rotation (°) 71.57 + 5.99 44,83 + 12.64
Mean hip external rotation (°) 14.26 = 0.84 31.59 + 1.39
Midpoint of the hip internal and external rotations (°) 4291 + 041 38.21 + 1.04
Tibial torsion angle (°) 13.08 = 4.22 11.33 = 2.64
TPAT (%) 45.62 = 7.07 22.23 + 11.38

Abbreviations: IFA increased femoral anteversion; TPAT trochanteric prominence angle test; cm centimeter; kg kilogram.
* Significantly different parameters between the two groups (p < 0.05).

Table 2
Comparison of lower-extremity function score, falling frequency, and fatigue
onset time between IFA and control groups.

u z P
Lower-extremity function 1321 2.312 0.02*
Falling frequency 583.5 -3.511 0.00*
Fatigue onset 1043 0.030 0.97

U: Mann-Whitney U variable, *p < 0.05.
3.1. Lower-extremity function

The mean lower-extremity function form score was significantly
higher in IFA (10.66 *+ 8.43) than in controls (5.91 * 7.44;p = 0.02,
median of IFA: 9.0, median of controls: 4.5; Table 2).

LEFF scores were moderately correlated with IR (tho = 0.396,p <
0.001) and falling frequency (tho = -0.475,p < 0.001).

Walking long distances without becoming tired was the hardest
parameter for IFA children (mean score: 1.48 + 1.20). In addition,
walking more than a mile and standing on one spot were the second and
the third other most difficult parameters, respectively (mean scores:
1.17 + 0.99 and 0.72 =+ 0.83, respectively.)

3.2. Falling frequency and the activities that cause falling

Falling frequency score was significantly lower in the IFA
(3.20 = 0.78) than in the control group (3.56 * 0.60; Table 2) (Lower
scores indicate more frequent falling status). Falling frequency was
found as a weakly correlated parameter with hip internal rotation angle
(tho = -0.248,p < 0.005).

It was found that IFA children fall most frequently during running
(60.00%). Falling frequencies decrease during fast walking and walking
on an uneven surface (21.42%), walking at a comfortable speed
(14.28%), climbing stairs (12.85%), and standing (2.80%). On the other
hand, for controls, the most frequently fall was seen during walking on
an uneven surface (35.71%), and the fall frequency reduced during
running (14.28%), climbing stairs (10.71%), and walking faster
(7.14%; Table 3).

Table 3
Falling frequency during activities (%).

IFA (n = 65) Control (n = 32)
Standing 2.80 0.00
Walking 14.28 7.14
Walking faster 21.42 7.14
Running 60.00 14.28
Climbing stairs 12.85 10.71
Walking on uneven ground 21.42 35.71

Abbreviation: IFA, increased femoral anteversion.
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3.3. Fatigue onset

Fatigue onset score was not found to be significantly different be-
tween the IFA group (3.41 = 0.73) and the control group
(3.42 = 0.75; p = 0.97, median for IFA: 4, median for controls: 4;
Table 2). There was a strong correlation between fatigue onset
(3.41 = 0.74) and LEFF (rho -0.537, p < 0.001) [23]. However,
there was no correlation between fatigue onset and TPAT and hip in-
ternal rotation (rtho = 0.06, p = 0.51; rho = 0.07, p = 0.45, respec-
tively).

4. Discussion

The present study investigated the effects of IFA on lower-extremity
function, falling frequency, and fatigue onset, and the results demon-
strated that the lower-extremity function was reduced and falling fre-
quency increased in IFA children.

To our knowledge, this was the first study to investigate the re-
lationship between asymptomatic IFA and function. In addition, we
found that lower-extremity function gets worse as the internal hip ro-
tation angle increases. Contributing to the literature, these findings
suggest that IFA negatively affects children’s activity of daily living,
even though they have no musculoskeletal symptoms [9-14]. As agreed
with Arnold et. al.’s (1997) work using mathematical modeling, 30-40°
hip anteversion reduces the abduction moment arm of the gluteus
medius about 40-50 % of the moment arm, which may contribute
primarily on functional deterioration [24]. Furthermore, children with
IFA may have different movement strategies, if they are divided in to
sub-groups based on sagittal knee kinematics as it is revealed in Alex-
ander et al.’s study (2019) which demonstrated not all patients with IFA
have a decreased knee extension in terminal stance [25]. We found that
the most difficult parameter for those with IFA was becoming tired after
walking a short distance, which was in agreement with the literature
[16]. Developing fatigue in a short period of time may increase the
child’s biomechanical disadvantage during playtime and increase the
risk of injury during recreational activities or sports competitions
[26,27].

As expected, falling frequencies increased in the IFA group com-
pared with controls [1,16]. As the participants’ lower-extremity func-
tion worsens, the frequency of falling increases. Logically, there was a
moderate relationship between reduced lower-extremity function and
falling frequency, which may be a good indication of predisposing sport
injuries [10]. Children with IFA fall frequently during running, which is
a high-level activity that requires more coordination and motor skills
than walking or standing. Falling frequency increased as the activities
became faster and required more skill. Rapid walking and walking on
uneven ground were the other activities, after running, that had a
higher falling frequency for IFA, respectively. In addition, because of
the high velocity, falling during running can lead to more serious in-
juries than other activities, such as walking or standing, which
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therefore increases the risk of injury and reduces sport performances
[14]. In the literature, IFA was reported to be associated with anterior
knee pain, patellar instability, femoroacetabular impingement, and
labral tear [11-14]. In Stambough et al.’s (2016) study, the authors
treated the patients with symptomatic (knee pain) IFA performed by
derotational osteotomy [9]. According to our results, lower-extremity
function was reduced long before the symptoms (knee pain, etc.) de-
veloped in daily living, recreational activities, and sportive activities
such as running [9]. Therefore, children with IFA may have a great
potential for injuries in sportive activities, which dominates lower-body
parts such as sprinting, triple jump, long jump, and soccer. Therefore,
biomechanical influences of IFA should be carefully evaluated in dif-
ferent sport branches.

There was no difference between the two groups in terms of fatigue
onset time. It might be related to the parent’s poor determination of
fatigue for their child in the Likert test. The Likert scale may not be as
sensitive as using objective assessment tools for measuring the differ-
ences in fatigue onset time in children with IFA [28]. Because fatigue
onset time has not been measured for children previously in the lit-
erature, the Likert scale was used in this study. However, the strong
correlation between fatigue and reduced lower-extremity function may
demonstrate that fatigue’s influence on lower-extremity function is
higher in children with IFA than in controls. For this reason, bio-
mechanical disadvantages of IFA should be investigated and compared
before and after fatigue.

In this study, LEFF which was utilized earlier in the only one study
for the individuals with IFA, was used in order to evaluate functional
status of the lower extremity [20,21]. At the Jacks et al.’s study, the
LEFF originally was adapted from LEFS which is, we believe, well un-
derstood by the parents. Although, different from LEFS, the validation
and Turkish adaptation of LEFF was not investigated, which should be
worked in future studies.

Even though IFA was found moderately correlated with functional
deteriorating in the present study, toe in gait, which is expected to see
with IFA may not be the responsible parameter. Because not all of the
participants agreed to sign the consent form for 3D gait analysis, foot
progression data were insufficient for statistical analysis. Besides, some
studies revealed that IFA children do not necessarily have a noticeable
in-toeing gait [29-31]. Different than IFA, compensatory movements
for toe-in gait may have other relation to functional problems which
should be investigated in future.

Because of the lack of studies on evaluation of falling frequencies and
fatigue onset, the Likert-type scale was utilized in the present study. The
present study focused only that effects of IFA on these parameters in activity
of daily living, which should be investigated in detail by more sophisticated
tools in the future studies. Therefore, the validity and reliability of our re-
sults were not investigated. In the present study, hip rotation angles were
measured by goniometer [6,10]. Sophisticated tools such as magnetic re-
sonance imaging or computed tomography are more reliable and objective
methods for measuring IFA [32]. However, these tools are expensive, and
radiation exposure is difficult for parents to approve for their asymptomatic
in-toed children. In addition, although, goniometric measures of hip internal
rotation and TPAT have high reliability and validity for clinical usage
[10,18], the midpoint of hip internal and external rotation is another fre-
quently used parameter for hyper flexible children, which may have also
increased value in both directions [19]. Therefore, the correlations of the
external, the internal, the midpoint of the internal and external rotations of
the hip and TPAT values were analyzed and the measured hip internal
rotation was found as strongly correlated with the external rotation, mid-
point rotation and TPAT values [23].

According to the literature and our clinical observations, joint hy-
permobility is also commonly seen with IFA [33]. Hypermobility may
be an exacerbating genetic factor for these children that interferes with
the biomechanical alterations of IFA in function. Therefore, in future
studies, investigation of the pure influences of femoral anteversion and
hypermobility is needed.
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5. Conclusion

IFA leads to functional problems, especially in the form of falling
frequencies. The most difficult functional parameters for these children
were walking long distances, becoming tired, walking more than a mile,
and standing on one spot. Also, shorter fatigue onset time may worsen
the lower-extremity function secondarily. To reveal the direct effects of
fatigue on IFA, future studies measuring the effect of fatigue with ob-
jective methods are needed. Because of the higher frequency of falling
and functional problems, children with IFA may be more defenseless to
injuries, especially in high-motor-skill activities such as running and
soccer.

Conflict of interest statement
The authors have no conflicts of interest to declare.
Acknowledgement

This study was supported by the Scientific and Technological
Research Council of Turkey (TUBITAK), No. 2145049.

References

[1] L.A. Karol, Rotational deformities in the lower extremities, Curr. Opin. Pediatr. 9
(1) (1997) 77-80 https://www.ncbi.nlm.nih.gov/pubmed/9088759.

J.F. Mooney, 3rd, lower extremity rotational and angular issues in children, Pediatr.
Clin. North Am. 61 (6) (2014) 1175-1183 https://www.ncbi.nlm.nih.gov/pubmed/
25439018.

N.E. Akalan, Y. Temelli, S. Kuchimov, Discrimination of abnormal gait parameters
due to increased femoral anteversion from other effects in cerebral palsy, Hip Int.
23 (5) (2013) 492-499 https://www.ncbi.nlm.nih.gov/pubmed/24062222.

L.T. Staheli, Rotational problems of the lower extremities, Orthop. Clin. North Am.
18 (4) (1987) 503-512 https://www.ncbi.nlm.nih.gov/pubmed/3313159.

Y.H. Li, J.C. Leong, Intoeing gait in children, Hong Kong Med. J. 5 (4) (1999)
360-366 https://www.ncbi.nlm.nih.gov/pubmed/10870163.

L.T. Staheli, M. Corbett, C. Wyss, H. King, Lower-extremity rotational problems in
children. Normal values to guide management, J. Bone Joint Surg. Am. 67 (1)
(1985) 39-47 https://www.ncbi.nlm.nih.gov/pubmed/3968103.

R.W. Bruce Jr, Torsional and angular deformities, Pediatr. Clin. North Am. 43 (4)
(1996) 867-881 https://www.ncbi.nlm.nih.gov/pubmed/8692584.

T.L. Lincoln, P.W. Suen, Common rotational variations in children, J. Am. Acad.
Orthop. Surg. 11 (5) (2003) 312-320 https://www.ncbi.nlm.nih.gov/pubmed/
14565753.

J.B. Stambough, L. Davis, D.A. Szymanski, J.C. Smith, P.L. Schoenecker,

J.E. Gordon, Knee pain and activity outcomes after femoral derotation osteotomy
for excessive femoral anteversion, J. Pediatr. Orthop. (2016), https://www.ncbi.
nlm.nih.gov/pubmed/27636916.

P.A. Ruwe, J.R. Gage, M.B. Ozonoff, P.A. DeLuca, Clinical determination of femoral
anteversion. A comparison with established techniques, J. Bone Joint Surg. Am. 74
(6) (1992) 820-830 https://www.ncbi.nlm.nih.gov/pubmed/1634572.

K. Ito, M.A. Minka 2nd, M. Leunig, S. Werlen, R. Ganz, Femoroacetabular im-
pingement and the cam-effect, Bone Joint J. 83 (2) (2001) 171-176.

E.A. Audenaert, 1. Peeters, L. Vigneron, N. Baelde, C. Pattyn, Hip morphological
characteristics and range of internal rotation in femoroacetabular impingement,
Am. J. Sports Med. 40 (6) (2012) 1329-1336 https://www.ncbi.nlm.nih.gov/
pubmed/22472271.

P.D. Fabricant, K.G. Fields, S.A. Taylor, E. Magennis, A. Bedi, B.T. Kelly, The effect
of femoral and acetabular version on clinical outcomes after arthroscopic femor-
oacetabular impingement surgery, J. Bone Joint Surg. Am. 97 (7) (2015) 537-543
https://www.ncbi.nlm.nih.gov/pubmed/25834077.

G. Nagvi, K. Stohr, A. Rehm, Proximal femoral derotation osteotomy for idiopathic
excessive femoral anteversion and intoeing gait, SICOT 3 (2017) 49 https://www.
ncbi.nlm.nih.gov/pubmed/28675371.

L.T. Staheli, Rotational problems in children, J. Bone Joint Surg. Am. 75a (6) (1993)
939-952 < Go to ISI > ://WOS:A1993LK82800017.

P. Sass, G. Hassan, Lower extremity abnormalities in children, Am. Fam. Phys. 68
(3) (2003) 461-468 https://www.ncbi.nlm.nih.gov/pubmed/12924829.

E. Passmore, H.K. Graham, M.G. Pandy, M. Sangeux, Hip- and patellofemoral-joint
loading during gait are increased in children with idiopathic torsional deformities,
Gait Posture 63 (2018) 228-235 https://www.ncbi.nlm.nih.gov/pubmed/
29775910.

J.R. Davids, P. Benfanti, D.W. Blackhurst, B.L. Allen, Assessment of femoral ante-
version in children with cerebral palsy: accuracy of the trochanteric prominence
angle test, J. Pediatr. Orthop. Part B 22 (2) (2002) 173-178 < Go to ISI >://
WOS:000173999000007.

AM. Kerr, S.J. Kirtley, S.J. Hillman, M.L. van der Linden, M.E. Hazlewood,

J.E. Robb, The mid-point of passive hip rotation range is an indicator of hip rotation

[2]

[3]

[4]
[5]

[6]

[71

[8]

[91]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]


https://www.ncbi.nlm.nih.gov/pubmed/9088759
https://www.ncbi.nlm.nih.gov/pubmed/25439018
https://www.ncbi.nlm.nih.gov/pubmed/25439018
https://www.ncbi.nlm.nih.gov/pubmed/24062222
https://www.ncbi.nlm.nih.gov/pubmed/3313159
https://www.ncbi.nlm.nih.gov/pubmed/10870163
https://www.ncbi.nlm.nih.gov/pubmed/3968103
https://www.ncbi.nlm.nih.gov/pubmed/8692584
https://www.ncbi.nlm.nih.gov/pubmed/14565753
https://www.ncbi.nlm.nih.gov/pubmed/14565753
https://www.ncbi.nlm.nih.gov/pubmed/27636916
https://www.ncbi.nlm.nih.gov/pubmed/27636916
https://www.ncbi.nlm.nih.gov/pubmed/1634572
http://refhub.elsevier.com/S0966-6362(18)31368-7/sbref0055
http://refhub.elsevier.com/S0966-6362(18)31368-7/sbref0055
https://www.ncbi.nlm.nih.gov/pubmed/22472271
https://www.ncbi.nlm.nih.gov/pubmed/22472271
https://www.ncbi.nlm.nih.gov/pubmed/25834077
https://www.ncbi.nlm.nih.gov/pubmed/28675371
https://www.ncbi.nlm.nih.gov/pubmed/28675371
http://refhub.elsevier.com/S0966-6362(18)31368-7/sbref0075
http://refhub.elsevier.com/S0966-6362(18)31368-7/sbref0075
https://www.ncbi.nlm.nih.gov/pubmed/12924829
https://www.ncbi.nlm.nih.gov/pubmed/29775910
https://www.ncbi.nlm.nih.gov/pubmed/29775910
http://refhub.elsevier.com/S0966-6362(18)31368-7/sbref0090
http://refhub.elsevier.com/S0966-6362(18)31368-7/sbref0090
http://refhub.elsevier.com/S0966-6362(18)31368-7/sbref0090
http://refhub.elsevier.com/S0966-6362(18)31368-7/sbref0090

G. Leblebici, et al.

[20]

[21]

[22]

[23]

[24]

[25]

[26]

in gait in cerebral palsy, Gait Posture 17 (1) (2003) 88-91 https://www.ncbi.nlm.
nih.gov/pubmed/12535731.

J.M. Binkley, P.W. Stratford, S.A. Lott, D.L. Riddle, The lower extremity functional
scale (LEFS): scale development, measurement properties, and clinical application,
North Am. Orthop. Rehabil. Res. Netw. Phys. Ther. 79 (4) (1999) 371-383 https://
www.ncbi.nlm.nih.gov/pubmed/10201543.

L.K. Jacks, D.M. Michels, B.P. Smith, L.A. Koman, J. Shilt, Clinical usefulness of
botulinum toxin in the lower extremity, Foot Ankle Clin. 9 (2) (2004) 339-348
https://www.ncbi.nlm.nih.gov/pubmed/15165587.

S.B. Hulley, S.R. Cummings, W.S. Browner, D.G. Grady, T.B. Newman, Designing
Clinical Research, Lippincott Williams & Wilkins, 2013.

J. Cohen, Set correlation and contingency tables, Appl. Psychol. Meas. 12 (4) (1988)
425-434.

A.S. Arnold, A.V. Komattu, S.L. Delp, Internal rotation gait: a compensatory me-
chanism to restore abduction capacity decreased by bone deformity, Dev. Med.
Child Neurol. 39 (1) (1997) 40-44 https://www.ncbi.nlm.nih.gov/pubmed/
9003728.

N. Alexander, K. Studer, H. Lengnick, E. Payne, H. Klima, R. Wegener, The impact of
increased femoral antetorsion on gait deviations in healthy adolescents, J. Biomech.
86 (2019) 167-174 https://www.ncbi.nlm.nih.gov/pubmed/30799079.

J. Ekstrand, M. Hagglund, M. Walden, Injury incidence and injury patterns in
professional football: the UEFA injury study, Br. J. Sports Med. 45 (7) (2011)

340

[27]

[28]

[29]

[30]

[31]

[32]

[33]

Gait & Posture 70 (2019) 336-340

553-558 https://www.ncbi.nlm.nih.gov/pubmed/19553225.

N. Cortes, E. Greska, R. Kollock, J. Ambegaonkar, J.A. Onate, Changes in lower
extremity biomechanics due to a short-term fatigue protocol, J. Athl. Train. 48 (3)
(2013) 306-313 https://www.ncbi.nlm.nih.gov/pubmed/23675789.

L.A. Jason, M. Evans, M. Brown, N. Porter, A. Brown, J. Hunnell, et al., Fatigue
scales and chronic fatigue syndrome: issues of sensitivity and specificity, Disabil.
Stud. Q 31 (1) (2011), https://www.ncbi.nlm.nih.gov/pubmed/21966179.

G. Fabry, G.D. Macewen, A. Shands Jr, Torsion of the femur: a follow-up study in
normal and abnormal conditions, JBJS 55 (8) (1973) 1726-1738.

D. Hudson, The rotational profile: a study of lower limb axial torsion, hip rotation,
and the foot progression angle in healthy adults, Gait Posture 49 (2016) 426-430
https://www.ncbi.nlm.nih.gov/pubmed/27513740.

C. Thackeray, P. Beeson, In-toeing gait in children. A review of the literature, Foot
Edinb. (Edinb) 6 (1) (1996) 1-4.

M.J. Beebe, J.D. Wylie, B.G. Bodine, A.L. Kapron, T.G. Maak, O. Mei-Dan, et al.,
Accuracy and reliability of computed tomography and magnetic resonance imaging
compared with true anatomic femoral version, J. Pediatr. Orthop. 37 (4) (2017)
€265-e270 https://www.ncbi.nlm.nih.gov/pubmed,/28244927.

K.J. Murray, P. Woo, Benign joint hypermobility in childhood, Rheumatol. Oxford
(Oxford) 40 (5) (2001) 489-491 https://www.ncbi.nlm.nih.gov/pubmed/
11371655.


https://www.ncbi.nlm.nih.gov/pubmed/12535731
https://www.ncbi.nlm.nih.gov/pubmed/12535731
https://www.ncbi.nlm.nih.gov/pubmed/10201543
https://www.ncbi.nlm.nih.gov/pubmed/10201543
https://www.ncbi.nlm.nih.gov/pubmed/15165587
http://refhub.elsevier.com/S0966-6362(18)31368-7/sbref0110
http://refhub.elsevier.com/S0966-6362(18)31368-7/sbref0110
http://refhub.elsevier.com/S0966-6362(18)31368-7/sbref0115
http://refhub.elsevier.com/S0966-6362(18)31368-7/sbref0115
https://www.ncbi.nlm.nih.gov/pubmed/9003728
https://www.ncbi.nlm.nih.gov/pubmed/9003728
https://www.ncbi.nlm.nih.gov/pubmed/30799079
https://www.ncbi.nlm.nih.gov/pubmed/19553225
https://www.ncbi.nlm.nih.gov/pubmed/23675789
https://www.ncbi.nlm.nih.gov/pubmed/21966179
http://refhub.elsevier.com/S0966-6362(18)31368-7/sbref0145
http://refhub.elsevier.com/S0966-6362(18)31368-7/sbref0145
https://www.ncbi.nlm.nih.gov/pubmed/27513740
http://refhub.elsevier.com/S0966-6362(18)31368-7/sbref0155
http://refhub.elsevier.com/S0966-6362(18)31368-7/sbref0155
https://www.ncbi.nlm.nih.gov/pubmed/28244927
https://www.ncbi.nlm.nih.gov/pubmed/11371655
https://www.ncbi.nlm.nih.gov/pubmed/11371655

	Increased femoral anteversion-related biomechanical abnormalities: lower extremity function, falling frequencies, and fatigue
	Introduction
	Methods
	Results
	Lower-extremity function
	Falling frequency and the activities that cause falling
	Fatigue onset

	Discussion
	Conclusion
	Conflict of interest statement
	Acknowledgement
	References




