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Abstract 

The purpose of this study was to conduct gait analysis of the hip joints of adults with 

retrotorsion when walking down stairs. Methods: Ten students with hip retrotorsion were 

selected from 230 healthy men and women. Results: The range of motion in the retrotorsion 

group in the sagittal and frontal planes was not significantly different in either joint (p>.05), 

but the affected side at the transverse plane had a significantly lower range of motion than the 

non-affected side (p<.05). There was no significant difference in either joint in the normal 

group in all planes (p>.05). Conclusion: During stair descent in adults with hip retrotorsion, 

the affected side showed greater internal rotation and a lower abduction angle than the non-

affected side. We expect these findings to help in preventing musculoskeletal disorders that may 

occur in daily life due to femoral torsion and to offer valuable information regarding walking. 
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1. Introduction 

Stair walking is a common motion in everyday life and requires more physical load and range 

of motion in the lower limb joints than walking on flat ground, resulting in higher energy 

consumption than ordinary walking. Stair descent has also been reported to have a higher fall 

risk than stair ascent[1][2][3].  

The transverse axis of the femoral neck and femoral condyle is tilted forward from the frontal 

plane by more than 30 degrees at birth, and the angle gradually decreases inwardly until 6 years 

of age to around 15 degrees in adults, on average. Cases in which the angle of inclination is 

higher than the normal 15 degrees are called hip antetorsion, and cases in which the angle is 

reduced to below 8 degrees and tilted backward against the femoral shaft are called hip 

retrotorsion [4]. 

Gait patterns resulting from excessive antetorsion or retrotorsion of the femur can lead to 

gait disorders or early degenerative arthritis, including hip osteoarthritis, hip labral tearing, and 

patellofemoral pain [5][6][7], and have been reported to affect not only knee stability, but also 

the waist [8]. 

Until now, examination of the femoral torsion for hip rotation has been mainly conducted 

using radiotherapy, but this static evaluation method does not fully reflect the dynamic elements 

of gait; hence, 3D analysis is now recommended [9][10]. The walking of normal people is 

symmetrical, but subtle kinematic or kinetic asymmetry can occur [11]. Studying the functional 

asymmetry of gait may help to explain gait disorder in neurologically impaired patients or in 

normal people at risk of falling [12], and gait analysis to assess normal gait function may be 

critical in clinical or rehabilitation processes[13]. 

Thus, even though many studies of femoral torsion and kinetic studies of stair walking have 

been conducted, kinematic walking research into hip retrotorsion is insufficient. This study 
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therefore aims to analyze the kinematic factors of hip joints during stair descent in young adults 

with hip retrotorsion, to help prevent future disease and to gather basic data on walking. 

 

2. Research methods 
 

2.1. Subjects 

A total of 230 healthy men and women attending H University in Chungcheongnam-do were 

surveyed, and cross-sectional research was conducted on 10 students with hip retrotorsion. A 

total of 30 men and women were randomly sampled as the normal group, excluding those who 

had hip antetorsion or hip retrotorsion. The subjects of the study were told the purpose, process, 

and evaluation methods of this study and voluntarily agreed to participate. 

The exclusion criteria were experience of surgery in the lower extremities; difficulty in 

walking due to pain; congenital malformations; visual, auditory, or neurological disorders; a 

body mass index (BMI) of 23 or higher in the lower body; a 0.5 cm or greater difference in the 

lengths of the legs; and scoliosis, knee varus, or valgus.  

 

2.2. Measuring tools and equipment 

a. Hip-joint range of motion: The range of motion of the hip joint was measured using a 

Level Angle Finder (Kraft, USA). 

b. Gait analysis: The rotational motion of the hip joint was measured using a Noraxon 

MyoMotion (Scottsdale, AZ, USA) three-dimensional motion analyzer. 

 

2.3. Experimental methods 

All subjects flexed their knees 90 degrees, with the pelvis fixed in the supine position, and 

their hip-joint range of motion was measured using Craig’s Test [4]. After the test, only the 

subjects with hip retrotorsion were selected, and they performed a stair descent. All subjects 

were instructed to wear comfortable trousers and sneakers, but not slippers. After the sensor 

was attached while subjects wore the clothes and shoes they had selected for the experiment, 

they were instructed to use their usual, natural stair-walking motion and were provided an 

adaptation period of one descent and ascent of 10 stairs. The pelvic sensor was attached above 

the sacrum, and the femoral sensor was attached to a site above the patella and a quarter below 

the quadriceps, where the sensor does not change in position due to the contraction of muscles 

during walking. The subjects were analyzed using a 3D motion analyzer for the motion pattern 

of the hip joint at the early stage of the stance phase, when the right foot touches the ground, 

and during stair descent from the first step to the last step. The height and width of each step 

were 8cm and 190cm, respectively; the total length of the stairs was 300cm, and the slope was 

35 degrees. 

 

2.4. Analysis method 

All data was analyzed using SPSS version 12.0 (SPSS Inc., Chicago, IL, USA). The 

Wilcoxon code rank test was used to compare the left and right hip joints of the affected and 

non-affected sides in both the hip retrotorsion and normal groups. The statistical significance 

level was set to α=0.05. 

 

3. Results 
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3.1. Comparison of the hip-joint range of motion between the affected and non-affected 

sides in the sagittal, frontal, and transverse planes in the hip retrotorsion group 

The joint ranges of motion in the sagittal and frontal planes showed no significant differences 

between the two sides (p>.05). 

The joint ranges of motion in the transverse plane showed a significant difference, as the 

range of motion of the affected side decreased more than in the non-affected side (p<.05) [Table 

2]. 

 

3.2. Comparison of the maximum hip-joint angles in the sagittal, frontal, and transverse 

planes between the affected and non-affected sides in the hip retrotorsion group 

The maximum angles in the sagittal and transverse planes showed no significant differences 

between the two sides (p>.05). 

The maximum angle in the frontal plane showed a significant difference, as the abduction 

on the affected side increased more than on the non-affected side (p<.05) [Table 3]. 

 

3.3. Comparison of the minimum hip-joint angles in the sagittal, frontal, and transverse 

planes between the affected and non-affected sides in the hip retrotorsion group 

The minimum angle in the sagittal plane showed no significant difference between the two 

sides (p>.05). 

The minimum angle in the frontal plane showed a significant difference, as the adduction on 

the affected side decreased more than on the non-affected side (p<.05). 

The minimum angle in the transverse plane showed a significant difference, as the internal 

rotation on the affected side decreased more than on the non-affected side (p<.05) [Table 4]. 

 

3.4. Comparison between the left and right sides of the hip joint in the sagittal, frontal, 

and transverse planes in the normal group 

The hip-joint ranges of motion, maximum angles, and minimum angles in the sagittal, frontal, 

and transverse planes showed no significant differences between the two sides (p>.05) [Tables 

2, 3, 4]. 

Table 1. The general characteristics of subjects 

Variables Normal (n=30) Retrotorsion (n=10) 

Age (year) 23.93±1.51a 22.60±1.52 

Sex(Male/Female) 12/18 7/3 

Side(left/right) 0/30 6/4 

BMI(kg/m2) 20.83±0.76 20.95±1.02 

Leg length discrepancy 83.91±3.47 83.7±4.05 

External Hip Rotation( °) 43.13±5.71 64.25±5.37 

Internal Hip Rotation( °) 32.52±6.45 16.75±2.06 

a Mean ± Standard deviation. BMI: Body Mass Index 

Table 2. Comparison of range of motion of hip in the sagittal, frontal, transverse planes  

  Range of motion 
p 

Affect/Lt Non-affect/Rt 
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Sagittal Plane (Fl/Ex) 
Retrotorsion 24.22±5.06 a 25.49±2.24 0.11 

Normal 27.43±4.59 26.44±4.08 0.14 

Frontal Plane (Ab/Ad) 
Retrotorsion 15.87±6.48 15.91±6.19 0.72 

Normal 7.58±2.73 7.77±2.52 0.62 

Transverse Plane (In R/Ex R) 

Retrotorsion 11.55±7.77 15.38±8.25 0.02* 

Normal 16.34±4.61 16.67±3.17 0.26 

a Mean ± Standard deviation. 

Fl: Flexion, Ex: Extension, Ab: Abduction, Ad: Abduction, In R: Internal Rotation,  
Ex R: External Rotation    
* p<.05 

Table 3. Comparison of maximum angle of hip in the sagittal, frontal, transverse planes 

  Maximum Angle  
p 

Affect/Lt Non-affect/Rt 

Sagittal Plane (Fl/Ex) 
Retrotorsion 36.02±4.40 a 36.40±4.34 0.81 

Normal 34.94±9.57 36.20±8.39 0.08 

Frontal Plane (Ab/Ad) 
Retrotorsion 11.02±6.88 8.27±6.05 0.04* 

Normal 1.18±3.47 1.94±3.27 0.48 

Transverse Plane (In R/Ex R) 

Retrotorsion 15.11±7.04 13.84±4.82 0.07 

Normal 13.23±8.10 13.04±7.24 0.62 

a Mean ± Standard deviation. 

Fl: Flexion, Ex: Extension, Ab: Abduction, Ad: Abduction, In R: Internal Rotation,  

Ex R: External Rotation    
* p<.05 

Table 4. Comparison of minimum angle of hip in the sagittal, frontal, transverse planes 

  Minimum Angle 
p 

Affect/Lt Non-affect/Rt 

Sagittal Plane (Fl/Ex) 
Retrotorsion 11.80±4.76 a 10.91±3.88 0.24 

Normal 7.51±9.62 9.76±7.94 0.07 

Frontal Plane (Ab/Ad) 
Retrotorsion -4.85±2.10 -7.64±2.06 0.01* 

Normal -6.40±4.06 -5.83±3.09 0.48 

Transverse Plane (In R/Ex R) 

Retrotorsion 3.56±8.41 -1.54±7.30 0.00* 

Normal -3.11±5.16 -3.63±5.92 0.55 

a Mean ± Standard deviation. 

Fl: Flexion, Ex: Extension, Ab: Abduction, Ad: Abduction, In R: Internal Rotation,  

Ex R: External Rotation    
* p<.05 
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Figure 1. Gait cycle on transeverse plane of normal group 

 

Figure 2. Gait cycle on transeverse plane of retrotosion group 

4. Discussion 

This study investigated the motion pattern of the hip joint during stair descent in young adults 

with hip retrotorsion. Kwon et al.[14] reported that hip motion on flat ground occurs mainly in 

the sagittal plane, and that the greatest flexion occurs at the beginning of the stance phase and 

at complete extension during the rest of the stance phase. Furthermore, in the frontal and 

transverse planes, the width of motion is small and the femur and pelvis rotate simultaneously. 

However, according to Kim et al. [15], unlike walking on flat ground, the hip joint is more flexed 

on both the left and right sides than in the sagittal plane during the entire stance phase. 

Protopapadaki et al. [16] reported that the hip and knee joints flex in the sagittal plane during 

the entire stance phase during stair descent in young adults, which is consistent with the results 

of this study.  The hip-joint maximum and minimum angles in the sagittal plane did not differ 

between the affected and non-affected sides of the hip retrotorsion group nor between the left 

and right sides of the normal group. However, the minimum and maximum angles of the hip 
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joints were flexed during the stair descents of both the hip retrotorsion group and the normal 

group, suggesting that they flexed the hip joints rather than extending them during their gait. 

According to the results of this study, the maximum hip-joint angle in the frontal plane of 

the hip retrotorsion group increased abduction more on the affected side than on the non-

affected side, but the minimum hip-joint angle decreased adduction more on the affected side 

than on the non-affected side. However, there was no difference in the angle between the left 

and right sides in the frontal plane of the normal group. Bruderer-Hofstetter et al. [9] reported 

that hip adduction moment increased during walking on flat ground in a hip antetorsion group 

but that further research would be required to determine whether adduction is increased by hip 

antetorsion or whether abduction is increased by hip retrotorsion. 

In the transverse plane, there is a slight anatomical external rotation of the hip joint, but 

internal rotation occurs during the stair descent motion, and most of the internal rotations occur 

during the stance phase [14][15]. However, the hip retrotorsion group showed a difference from 

the normal group in this study, with the internal rotation and range of motion of the affected 

side decreasing more than for the non-affected side in the transverse plane. The normal and hip 

retrotorsion groups showed clearly different walking patterns during the entire gait cycle. In 

the normal group, the internal rotation increased in the left and right sides during the initial 

stance phase, but in the hip retrotorsion group, external, rather than internal, rotation occurred. 

These results are consistent with previous studies that found that external rotation increased 

due to the restriction of internal rotation on the affected side of the hip retrotorsion group 

compared to the normal group [17][18]. However, during the swing phase, the normal and hip 

retrotorsion groups showed similar walking patterns on both the affected and non-affected sides, 

and the hip retrotorsion group walked with more internal rotation of the non-affected side than 

the affected side. 

As discussed above, the normal and hip retrotorsion groups showed different walking 

patterns; the rotation pattern of the hip joint should therefore be examined and evaluated 

carefully, because it can seriously damage the function of the musculoskeletal system by 

causing hip and knee deviations as well as waist deviations. 

The limitations of this study are as follows: 

It is difficult to generalize the results of this study because of the small number of subjects 

with hip retrotorsion and because only the impact of hip retrotorsion on the transverse plane of 

the hip joint was emphasized. Results may also vary depending on the data collection methods 

and differences in the subjects, staircases, and motion analysis devices. Furthermore, there may 

be differences in the strides and walking methods of Asians and Westerners [19][20][21]. 

Therefore, to compensate for these limitations, follow-up studies should conduct kinematic and 

kinetic analyses of various joints for subjects with hip antetorsion as well as those with hip 

retrotorsion. 

 

 

5. Conclusion 

Young adults with hip retrotorsion showed more flexion than extension of the hip joint in 

the sagittal plane during stair descent. In the frontal and transverse planes, the affected side of 

the hip retrotorsion group showed lower internal rotation than those on the non-affected side. 

The findings of this study are expected to be used as basic data for the prevention of 

musculoskeletal diseases that can be caused by femoral torsion in daily life as well as for 

research on walking. 
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