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Abstract 
Introduction: Prosthetic limbs must be developed with proper alignment to 
facilitate safe and efficient gait patterns. This study aimed to identify factors 
impacting clinically proper gait patterns by objectively evaluating them in 
persons with lower-limb amputations who use prosthetic limbs. Materials 
and Methods: This non-experimental descriptive study assessed 58 persons 
with amputation who used prosthetic limbs. The mechanical axis angle (MAA) 
of the lower limb during the heel contact, midstance, and toe-off phases and 
the angle between the tube and floor during the midstance phase were meas-
ured using coronal plane gait images. We also investigated whether the MAA 
and tube angle during the midstance phase have a multimodal distribution. 
In case of multimodal distributions, we tested for significant between-group 
differences in patient characteristics. Results: The MAA and tube angle in the 
coronal plane during the midstance phase had a bimodal distribution (mean 
0˚). There was a significant difference in the duration of prosthetic limb use 
between the MAA < 0˚ and ≥0˚ groups during the midstance phase. Devia-
tions in the lower limb MAA between the heel contact and midstance phases 
were 3.3˚ ± 2.2˚ and 3.1˚ ± 2.3˚ for persons with lower limb amputations in 
the MAA < 0˚ and ≥0˚ groups, respectively. Conclusions: In this study, 
prosthetic alignment during the midstance phase had a bimodal distribution. 
In both groups, deviations in the lower limb MAA were aligned to be ap-
proximately 3˚. 
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1. Introduction 

Prosthetic limbs are important devices that help patients with below-the-knee 
amputation retain walking ability. Below-the-knee amputations are often per-
formed secondary to injury (e.g., those sustained in traffic accidents), peripheral 
circulatory failure due to diseases such as diabetes, renal failure, and infection 
[1] [2]. According to one estimate, 250 - 500 individuals per million undergo 
amputation each year in western countries [3]. With a recent increase in the 
prevalence of diabetes, the number of persons with amputation using prosthetic 
limbs has increased significantly. 

Persons with amputation who use prosthetic limbs have various gait patterns. 
Therefore, safe and efficient gait requires the development of well-aligned (no-
minally aligned) prosthetic limbs. Nemoto et al. reported that factors affecting 
normal gait included foot placement during the heel contact phase (HC) and 
tube perpendicular to the floor with no tilt of the trunk and socket during the 
midstance phase (MS) [4]. Some studies evaluated the effects of prosthetic align-
ment tuned to a nominally aligned condition (e.g., adduction, abduction, plantar 
flexion, and dorsiflexion) on walking speed, step length [5] [6] [7], and joint an-
gle of lower limbs [5] [6] [8], in an attempt to define prosthetic limbs in the no-
minally aligned condition. In addition, it has been reported that alignment af-
fects moments in the sagittal and coronal planes during gait [9] [10] [11] [12]. 
However, it remains unclear what the ideal alignment of a prosthetic limb should 
be in a clinically relevant setting.  

It is important to note that an ideal coronal plane alignment has previously 
been established. However, no study has evaluated a clinically relevant and no-
minally aligned condition and gait. In a study by Zahedi et al., alignment ad-
justment and evaluation of the acceptable range of static alignment in ten per-
sons with amputation were performed by three prosthetists. Their findings showed 
differences in the adjustment of the alignment set by multiple prosthetists (i.e., 
the adjustment range of the socket in the anteroposterior direction [16 mm per 
amputee] and the mediolateral direction [43 mm per amputee] among the pros-
thetists) [13]. However, these studies evaluated static alignment. To the best of 
our knowledge, no study has evaluated nominally aligned condition in dynamic 
alignment. 

This suggests that the conventional determination of prosthetic limbs in the 
nominally aligned condition has been made based on the experience of pros-
thetists, the experience and subjective judgment of health care professionals 
(orthopedic surgeons, rehabilitation physicians, physical therapists), and subjec-
tive feelings of patients. The main reasons that the development of prosthetic 
limbs has been based on subjective information are the fact that most prosthet-
ists have encountered many persons with amputation and because healthcare 
professionals, including prosthetists, are unable to collect actionable data due to 
low number of patients in any given hospital. The fact that the sample size of the 
largest study to be performed on this issue is 17, illustrates our point. Such a 
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small sample size is insufficient for optimal clinical evaluation and may lack suf-
ficient power to be conclusive. 

Our facility produces most braces (prosthetic limbs and braces) used in Kyoto 
and is involved in the development and adjustment of prosthetic limbs for ap-
proximately 40 persons with amputation per year. We attempt to achieve ideal 
alignment of the prosthetic limbs using the method described by Nemoto et al. 
[4]. However, many persons with amputation reported that prosthetic limbs with a 
familiar prosthesis alignment are easier to use than those that were adjusted to 
ensure an ideal alignment. In fact, according to the experience of multiple pros-
thetists specializing in the development of prosthetic limbs, the number of pa-
tients with an “ideal” alignment is low. 

We hypothesized the presence of multiple patterns of dynamic alignments in 
the coronal plane during gait in persons with amputation with prosthetic limbs. 
Given that most prosthetics are designed based on subjective evaluation of the 
prosthetists, the objective of this study was to identify factors affecting clinically 
proper gait patterns through objective evaluation of gait patterns in persons with 
amputation using prosthetic limbs. 

2. Materials and Methods 

Persons with amputation who were able to walk, for whom prosthetic limbs were 
developed in our hospital between April 2019 and January 2022, were included 
in this study. The main inclusion criterion was the presence of prosthetic limbs 
that met and were aligned to the subjective needs of persons with amputation. 
Proper alignment was defined as that without a whipping motion.2 Another in-
clusion criteria was no adduction or abduction of the foot during HC and no 
trunk tilt during MS as deemed by physicians, therapists, and prosthetists. Per-
sons with amputation with previous prosthetic limbs or walking aids, such as a 
cane, were excluded from this study.  

Prior to this study, a power analysis for moderate effect size (|d| > 0.15) was 
performed to obtain a power of 80% and α of 0.05. The target sample size for 
univariate analysis was set at 55 persons with amputation. It was expected that 
approximately 10% of the subjects would have measurement errors due to sig-
nificant external rotation of the hip joint during gait (e.g., due to a severely li-
mited range of motion in the hip, knee, and ankle joints) and that these subjects 
should be excluded from the study. Therefore, the target sample size for this 
study was set as 60 persons with amputation. The study was approved by Ethics 
Committee of our hospital (approval number: RBMR 201903). The subjects were 
provided with a sufficient explanation of the study and written informed consent 
was obtained prior to performing the study procedures. 

Patient information, such as age, sex, the age of amputation, the cause of am-
putation, prosthetic limb types, and the duration of use of prosthetic limbs was 
obtained. 

We used the mechanical axis angle (MAA) of the lower limb as an indicator of 
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dynamic lower limb alignment [14]. We marked the upper end of the prosthetic 
limbs and the lower end of the tube. MAA was defined as the angle between the 
line connecting the center of the maximum lateral diameter of the femur distal 
and the center of the tube and a line perpendicular to the floor (Figure 1).14 A 
video camera (frame rate: 30 fps) was fixed at a height of 30 cm from the floor to 
record the gait of persons with amputation. Video analysis software (Dartfish) 
was used to measure MAA during HC, MS, and the toe-off phase (TO). In addi-
tion, the difference between MAA during HC and MAA during MS was calcu-
lated. A negative value (−) represented a lateral tilt, whereas a positive value (+) 
represented a medial tilt. 

In addition, we measured the angle between the floor and the tube (the tube 
angle) during MS which is an ideal predictor of alignment. Persons with ampu-
tation with incorrect measurements due to a short shell structure or a tube were 
excluded from the study. The Timed Up and Go test (TUG) and grip strength 
were used as predictors of balance ability and muscle strength. 

MAA and patient information are presented in mean ± standard deviation. 
First, MAA during MS was tested for significant correlation with the tube angle. 
Next, kernel density estimation was performed after bandwidth selection using 
MAA during MS and the Sturges’ rule to evaluate the presence or absence of 
multiple gait patterns [15]. In the case of a multimodal distribution, Student's 
t-test was used to evaluate the characteristics of each group. A simple linear re-
gression analysis was used to evaluate the relationship between MAA during HC 
and MAA during MS for each group. Furthermore, each group was tested for 
significant correlation between several other factors. Based on previous studies, 
the following criteria were used in the simple linear regression analysis: 0 ≤ R2 < 
0.16 (non-significant correlation), 0.16 ≤ R2 < 0.49 (a weak to moderate correla-
tion), and 0.49 ≤ R2 (a strong correlation). Fisher’s exact test was used to ex-
amine sex differences and the presence or absence of diabetes. Student t-test was 
used to identify other factors. p < 0.05 was considered statistically significant. 

The mechanical axis angle (MAA) of the lower limb was defined as the angle 
between the line between the proximal-medial part and the medial part of the 
prosthetic limb and the line perpendicular to the floor. 

3. Results 

Of the 60 persons with amputation, 58 (43 men and 15 women) with a mean age 
of 65.7 years (range, 28 to 91 years) were included in the current analyses. Two 
persons were excluded from the analysis due to severe external hip joint rotation 
resulting in measurement errors. Prosthetic limbs were of skeletal (n = 47) and 
shell (n = 11) structure types. Overall, there were 30 persons with amputation 
using patellar tendon-bearing (PTB) socket and 28 with amputation using liners. 
The prosthetic foot types were short axis (n = 14), multi-axial (n = 3), and solid 
ankle cushion heel (SACH) (n = 39). The causes of amputation were diabetes (n 
= 18), accidents (n = 24), arteriosclerosis obliterans (n = 9), and other (n = 7). 
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Figure 1. Mechanical axis angle of 
the lower limb. 

 
1) MAA and the tube angle during MS 
There was a very strong correlation between MAA during MS and the tube 

angle in 26 persons with amputation who underwent measurement of tube angle 
(R2 = 0.68; y = 0.798x + 0.497) (Figure 2). 

2) MAA during MS 
MAA during MS had a bimodal distribution with a mean of almost 0˚ (Figure 

3). 
A bimodal distribution can be seen. 
3) Characteristics of the two patterns of MAA during MS 
The subjects in this study were divided into the following two groups to eva-

luate patient characteristics and MAA for each phase: group with MAA < 0˚ 
during MS and group with MAA ≥ 0˚ during MS. The overall deviation in MAA 
during HC and MS was 3.3˚ ± 1.7˚ (group with MAA < 0˚, 3.3˚ ± 2.2˚; group 
with MAA ≥ 0˚, 3.1˚ ± 2.3˚). 

The duration of use of prosthetic limbs was longer in the group with MAA < 
0˚ compared to MAA ≥ 0˚ (25.0 years vs. 10.4 years). We also observed signifi-
cant differences in MAA during HC and MAA during TO. Furthermore, there 
was a significant difference in MAA (tube) during MS between the two groups 
(MAA (tube) < 0˚, −3.0; MAA (tube) ≥ 0˚, 2.1˚) (Table 1). We did not observe 
any significant correlations between other factors. 

A simple linear regression analysis of MAA during HC and MS showed a 
strong correlation between MAA during HC and that during MS in the group 
with MAA < 0˚ during MS (R2 = 0.6294; y = 0.762x − 3.397). There was a weak 
to moderate correlation between MAA during HC and that during MS in the 
group with MAA (tube) ≥ 0˚ during MS (R2 = 0.243; y = 0.269x + 0.855) (Figure 
4). We did not observe any significant correlations between other factors. 
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Figure 2. Relationship between the tube angle and mechanical 
axis angle during midstance phase. 

 

 
Figure 3. Mechanical axis angle during midstance phase. 

 
Table 1. Comparisons of the groups with mechanical axis angle (MAA) of <0˚ and ≥0˚ during midstance (MS) phase. 

 Total MMA MS < 0 MMA MS ≧ 0 p value 
Age (years) 65.7 ± 14.9 66.4 ± 15.6 63.5 ± 12.5 0.5351 

Sex (male/female) 43/15 31/13 12/2 0.2206 
Duration of use of prosthetic limbs (years) 21.5 ± 20.3 25.0 ± 20.4 10.4 ± 15.6 0.0170 

Age of amputation (years) 44.2 ± 23.2 41.3 ± 23.3 53.1 ± 21.3 0.0973 
Diabetes (presence or absence) 18/40 14/30 4/10 0.5496 

Time of one-leg standing on the unaffected side (s) 15.4 ± 12.4 15.0 ± 12.4 16.8 ± 13.0 0.6755 
Time of one-leg standing on the unaffected side (s) 2.0 ± 1.5 1.9 ± 1.0 2.2 ± 2.5 0.6068 

TUG (s) 12.0 ± 3.4 11.7 ± 3.5 12.9 ± 3.3 0.3298 
Grip strength (kg) 33.6 ± 10.6 33.3 ± 10.8 34.7 ± 10.4 0.7199 

MAA     
HC (degrees) 1.0 ± 3.3 −0.4 ± 2.0 5.4 ± 2.7 <0.0001 
MS (degrees) −2.3 ± 3.2 −3.7 ± 2.1 2.3 ± 1.5 <0.0001 
TO (degrees) −1.2 ± 3.3 −2.5 ± 2.5 2.8 ± 2.2 <0.0001 

Deviations (degrees) 3.3 ± 1.7 3.3 ± 2.2 3.1 ± 2.3 0.7354 
Angle of the tube     

MS (degrees) −1.3 ± 3.8 −3.0 ± 3.4 2.1 ± 1.6 0.0003 

HC: heel contact phase, TO: toe-off phase, TUG: timed up and go test. 
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Figure 4. Relationship between mechanical axis angle (MAA) during heel contact and 
that during midstance (MS) phases. (a) Group with MAA of <0˚ during MS; (b) Group 
with MAA of ≥0˚ during MS. 

4. Discussion 

In this study, we used MAA as a predictor of dynamic alignment. Higher 
amounts of change in MAA have been shown to affect lateral sway. To compen-
sate for such high amounts of change in MAA, studies have shown that patients 
employ reduced walking speed, reduced step length and increased trunk tilt. 
Therefore, MAA can be used as a predictor of gait stability [16] [17]. In a study 
by Tokuda et al., changes in MAA between HC and MS were 2.7˚ and 3.9˚ in 
healthy individuals and patients with Kellgren-Lawrence grade 1 and 2, respec-
tively [14]. In addition, regarding the ideal dynamic lower-limb prosthetic 
alignment, it has been reported that the lateral movement of the knee during MS 
is desirable if it is approximately 1 cm (approximately 1.4˚ in MAA deviations). 
However, if it is ≥2 cm (approximately 2.8˚ in MAA deviations), loosening of the 
socket should be considered [18]. In this study, deviations in lower limb MAA 
between HC and MS was 3.3˚ for persons with amputation with MAA during 
MS < 0, and 3.1˚ in persons with amputation with MAA during MS ≥ 0˚. In both 
groups, coronal plane instability in persons with amputation with prosthetic 
limbs was higher than that in healthy individuals and lower than that in mild pa-
tients with knee osteoarthritis. This may be caused by the compensatory increase 
in MAA due to significantly reduced varus and valgus angulation of the ankle 
joint because the gravity line needs to be shifted to the base of support during 
MS. In persons with amputation without problems with the fit of prosthetic 
limbs (e.g., those with no loosening of the socket), lateral knee deviations during 
the stance phase may be acceptable even in the case of large changes in MAA (up 
to 3.3˚). 

The shank axis being perpendicular to the floor during the heel contact phase 
has been reported to be ideal for prosthetic gait in the coronal plane. In addition, 
an ideal gait is considered to be one with less trunk tilt, with no tilt of the socket, 
and with the tube being perpendicular to the floor. In addition, ideal prosthetic 
gait during TO has been reported to include vertical lifting of the foot without a 
whipping motion [4]. However, previous studies did not present objective mea-
surement data. Cases with a short tube of the prosthetic limbs or a short shell 
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structure are likely to lead to measurement errors. Therefore, future studies 
should further examine gait patterns using MAA as a criterion. In other words, 
ideal MAA during MS should have a unimodal distribution with a mean of 0˚. 
However, in this study, MAA during MS had a bimodal distribution with a mean 
of 0˚. In addition, there was a significant correlation between MAA during HC 
and that during MS in both groups. Furthermore, in both groups, MAA (tube) 
during MS did not have a bimodal distribution with a mean of 0˚. In the group 
with MAA < 0˚ during MS, a lateral tilt was present, whereas in the group with 
MAA ≥ 0˚, a medial tilt was present. 

In persons with amputation with MAA ≥ 0˚ during MS, a medial tilt is ob-
served because they try to increase the base of support to maintain stable heel 
contact during HC. The presence of a medial tilt can be attributed to difficulty in 
shifting the gravity line to the base of support during MS. In a simple linear re-
gression analysis of MAA during HC and MS, the x intercept was small (0.269). 
In 13 of 14 persons with amputation, MAA was within the range of 0˚ - 3.5˚. 
Therefore, even in the presence of medial tilt, the alignment should be adjusted 
to fit within the range. 

However, persons with amputation with MAA < 0˚ during MS showed mul-
tiple patterns of changes in MAA between HC and MS (i.e., medial to lateral tilt, 
lateral to lateral tilt). This may be due to the difference in muscle strength and 
balance ability between the two groups. In addition, the center of gravity is 
transferred to the back of the foot during MS, possibly leading to a lateral tilt. 
These patterns are also seen in the tube angle. In other words, they suggest that 
tube is not always perpendicular to the floor, and that medial or lateral tilt re-
mains depending on the gait pattern. 

A longer duration of use of prosthetic limbs was found in the group with 
MAA of <0˚ than in the group with MAA ≥ 0˚ during MS. This indicates that 
persons with amputation with long-term prosthesis use have more stable gait 
because the center of gravity is transferred to the back of the foot during MS. 
The age of amputation was lower in the group with MAA < 0˚ than in the group 
with MAA ≥ 0˚ during MS; however, the difference was not statistically signifi-
cant (41.3 years vs. 53.3 years, p = 0.097). In persons with amputation with 
higher age at amputation and shorter duration of use of prosthetic limbs, a 
medial tilt persists during MS. Therefore, lower limb alignment may need to be 
focused on gait stability even without a sufficient shift in the gravity line. 

This study has some limitations. First, semi-static (two-dimensional) images 
were used in the study. Gait can be recorded using a three-dimensional motion 
capture. Therefore, gait can be fully evaluated in three dimensions. Prosthetic 
limbs can be controlled without resulting in a whipping motion during alignment 
adjustment, preventing errors due to skin movement during the operation in 
which problems with motion capturing can arise. Therefore, a method using 
semi-static (two-dimensional) images may be useful for prosthetic measurements. 
However, future studies should include an analysis using a three-dimensional mo-
tion capture system to evaluate the present findings. 
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Second, the patients in this study were those in the chronic phase with more 
than one year use of prosthetic limbs. Prosthetic alignment may change in per-
sons with amputation in the recovery period within one year after amputation. 
Therefore, future studies warrant longer term examination of the effects of reha-
bilitation intervention on the dynamics of prosthetic alignment. 

5. Conclusion 

This study objectively evaluated the dynamic alignment of prosthetic limbs to 
identify factors affecting alignment during gait, using MAA instead of conven-
tional clinically appropriate subjective measures. MAA during MS had a bimod-
al distribution with a mean of 0˚. There was a significant difference in the dura-
tion of use of prosthetic limbs between the group with MAA < 0˚ and the group 
with MAA ≥ 0˚ during MS. In both groups, there was a significant correlation 
between MAA during HC and that during MS. 

Acknowledgements 

This work was supported by the Grant-in-Aid for Scientific Research (KAKENHI) 
(grant number: JP20K12718) from the Japan Society for the Promotion of Science. 
Professor Tatsuya Hojo (Doshisha University), Shizuka Asahi (Rakuhoku Pros-
thetics and Orthotics Manufacturing Co., Ltd.), and Akinobu Sakamoto (Ra-
kuhoku Prosthetics and Orthotics Manufacturing Co., Ltd.) provided advice 
on interpretation of results of this study. We would like to thank Editage 
(https://www.editage.com/) for English language editing. 

Conflicts of Interest 

The authors declare no conflicts of interest regarding the publication of this pa-
per. 

References 
[1] Li, Y., Burrows, N.R., Gregg, E.W., Albright, A. and Geiss, L.S. (2012) Declining 

Rates of Hospitalization for Nontraumatic Lower-Extremity Amputation in The 
diabetic Population Aged 40 Years or Older: U.S., 1988-2008. Diabetes Care, 35, 
273-277. https://doi.org/10.2337/dc11-1360 

[2] Miller, A.P., Huff, C.M. and Roubin, G.S. (2016) Vascular Disease in the Older 
Adult. Journal of Geriatric Cardiology, 13, 727-732. 

[3] Kolarova, B., Janura, M., Svoboda, Z. and Elfmark, M. (2013) Limits of Stability in 
Persons with Transtibial Amputation with Respect to Prosthetic Alignment Altera-
tions. Archives of Physical Medicine and Rehabilitation, 94, 2234-2240. 
https://doi.org/10.1016/j.apmr.2013.05.019 

[4] Nemoto, A. (2000) Adjustment of Traps-Tibial Prosthetic Alignment. Bulletin of 
the Japanese Society of Prosthetics and Orthotics, 16, 261-263. (In Japanese) 

[5] Grumillier, C., Martinet, N., Paysant, J., André, J.M. and Beyaert, C. (2008) Com-
pensatory Mechanism Involving the Hip Joint of the Intact Limb during Gait in Un-
ilateral trans-Tibial Amputees. Journal of Biomechanics, 41, 2926-2931. 
https://doi.org/10.1016/j.jbiomech.2008.07.018 

https://doi.org/10.4236/ojtr.2022.104013
https://www.editage.com/
https://doi.org/10.2337/dc11-1360
https://doi.org/10.1016/j.apmr.2013.05.019
https://doi.org/10.1016/j.jbiomech.2008.07.018


K. Imai et al. 
 

 

DOI: 10.4236/ojtr.2022.104013 188 Open Journal of Therapy and Rehabilitation 
 

[6] Beyaert, C., Grumillier, C., Martinet, N., Paysant, J. and André, J.M. (2008) Com-
pensatory Mechanism Involving the Knee Joint of the Intact Limb during Gait in 
Unilateral Below-Knee Amputees. Gait & Posture, 28, 278-284. 
https://doi.org/10.1016/j.gaitpost.2007.12.073 

[7] Schmalz, T., Blumentritt, S. and Jarasch, R. (2002) Energy Expenditure and Biome-
chanical Characteristics of Lower Limb Amputee Gait: The Influence of Prosthetic 
Alignment and Different Prosthetic Components. Gait & Posture, 16, 255-263. 
https://doi.org/10.1016/S0966-6362(02)00008-5 

[8] Fridman, A., Ona, I. and Isakov, E. (2003) The Influence of Prosthetic Foot Align-
ment on Trans-Tibial Amputee Gait. Prosthetics and Orthotics International, 27, 
17-22. https://doi.org/10.3109/03093640309167973 

[9] Feinglass, J., Brown, J.L., LoSasso, A., Sohn, M.W., Manheim, L.M., Shah, S.J. and 
Pearce, W.H. (1999) Rates of Lower-Extremity Amputation and Arterial Recon-
struction in the United States, 1979-1996. American Journal of Public Health, 89, 
1222-1227. https://doi.org/10.2105/AJPH.89.8.1222 

[10] Kobayashi, T., Orendurff, M.S., Arabian, A.K., Rosenbaum-Chou, T.G. and Boone, 
D.A. (2014) Effect of Prosthetic Alignment Changes on Socket Reaction Moment 
Impulse during Walking in Transtibial Amputees. Journal of Biomechanics, 47, 
1315-1323. https://doi.org/10.1016/j.jbiomech.2014.02.012 

[11] Boone, D.A., Kobayashi, T., Chou, T.G., Arabian, A.K., Coleman, K.L., Orendurff, 
M.E. and Zhang, M. (2013) Influence of Malalignment on Socket Reaction Moments 
during Gait in Amputees with Transtibial Prostheses. Gait & Posture, 37, 620-626.  
https://doi.org/10.1016/j.gaitpost.2012.10.002 

[12] Kobayashi, T., Orendurff, M.S., Zhang, M. and Boone, D.A. (2013) Effect of Align-
ment Changes on Sagittal and Coronal Socket Reaction Moment Interactions in 
Transtibial Prostheses. Journal of Biomechanics, 46, 1343-1350. 
https://doi.org/10.1016/j.jbiomech.2013.01.026 

[13] Zahedi, M.S., Spence, W.D., Solomonidis, S.E. and Paul, J.P. (1986) Alignment of 
Lower-Limb Prostheses. The Journal of Rehabilitation Research and Development, 
23, 2-19. 

[14] Tokuda, K., Shinkoda, K., Hada, K., Aidu, T., Tanaka, T., Yoshida, K., Kito, N., Su-
gawara, S., Motoyama, T., Kawashima, M. and Anan, M. (2014) Analysis of Joint 
Angle and Upper and Lower Thigh Rotation Movements in the Stance Phase of 
Walking by Subjects with Medial Knee Osteoarthritis. Rigakuryoho Kagaku, 29, 
437-442. (In Japanese) https://doi.org/10.1589/rika.29.437 

[15] Sturges, H.A. (1926) The Choice of a Class-Interval. Journal of the American Statis-
tical Association, 21, 65-66. https://doi.org/10.1080/01621459.1926.10502161 

[16] Mündermann, A., Dyrby, C.O., Hurwitz, D.E., Sharma, L. and Andriacchi, T.P. 
(2004) Potential Strategies to Reduce Medial Compartment Loading in Patients with 
Knee Osteoarthritis of Varying Severity: Reduced Walking Speed. Arthritis & Rheu-
matology, 50, 1172-1178. https://doi.org/10.1002/art.20132 

[17] Hunt, M.A., Birmingham, T.B., Jenkyn, T.R., Giffin, J.R. and Jones, I.C. (2008) 
Measures of Frontal Plane Lower Limb Alignment Obtained from Static Radiographs 
and Dynamic Gait Analysis. Gait & Posture, 27, 635-640. 
https://doi.org/10.1016/j.gaitpost.2007.08.011 

[18] DeWees, T. (2013) Transtibial Prosthesis. In: Lusardi, M.M., Jorge, M. and Nielsen, 
C.C., Eds., Orthotics and Prosthetics in Rehabilitation, 3rd Edition, Elsevier, Ams-
terdam, 605-634. https://doi.org/10.1016/B978-0-323-60913-5.00023-4 

 

https://doi.org/10.4236/ojtr.2022.104013
https://doi.org/10.1016/j.gaitpost.2007.12.073
https://doi.org/10.1016/S0966-6362(02)00008-5
https://doi.org/10.3109/03093640309167973
https://doi.org/10.2105/AJPH.89.8.1222
https://doi.org/10.1016/j.jbiomech.2014.02.012
https://doi.org/10.1016/j.gaitpost.2012.10.002
https://doi.org/10.1016/j.jbiomech.2013.01.026
https://doi.org/10.1589/rika.29.437
https://doi.org/10.1080/01621459.1926.10502161
https://doi.org/10.1002/art.20132
https://doi.org/10.1016/j.gaitpost.2007.08.011
https://doi.org/10.1016/B978-0-323-60913-5.00023-4

	Dynamic Lower-Limb Alignment Focusing on Gait Stability
	Abstract
	Keywords
	1. Introduction
	2. Materials and Methods
	3. Results
	4. Discussion
	5. Conclusion
	Acknowledgements
	Conflicts of Interest
	References

