
 

I. INTRODUCTION 

Leg length discrepancy (LLD) refers to an asymmetry 

between the two legs (McCaw & Bates, 1991) and can be 

divided into structural and functional LLDs. LLD has a 

considerable effect on the body in terms of walking and 

daily activities. In severe cases, it can even cause gait 

abnormalities and pelvic and spinal imbalance. The body 

maintains left-right balance of the pelvis and spine, but 

LLD produces a state of imbalance. Thus, methods of 

measuring leg length are important in examinations for 

musculoskeletal disorders. 

LLD can also be caused by left-right asymmetry of the 

pelvis, which causes asymmetric development of the 

muscles surrounding the pelvis, such as the quadratus 

lumborum and iliopsoas (Ahn, 2004). This in turn leads to 

postural changes such as tonic neck reflexes of the cervical 

spine (Burcon, 2003). Moreover, when an artificial LLD was 

induced, subjects showed significant differences in hip, knee, 

and ankle joint angles during walking (Gurney, Mermier, 

Robergs, Gibbson & Rivero, 2001; Jung, 2002). 

LLD originates from poor posture and lifestyle habits. 
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 Objective: The purpose of this study was to investigate the effect of leg length discrepancy 
(LLD) on the human body during gait and standing posture. 
 
Methods: The study group comprised of 17 adult participants with LLDs of <1 cm. 
LLDs were artificially induced to 0, 1, 2, and 3 cm. The proportion of weight distribution, 
shift of the mean center of pressure, and Cobb's angle were measured in the standing 
position. Kinematic variables such as walking and striding width and time, and the 
proportion of stance phase for single- and double-limb gait were measured as well. The 
participants were required to either stand or walk on a treadmill (Zebris FDM) with a 
pressure plate, and the Cobb's angle measurements were obtained from radiographs. 
 
Results: A discrepancy of 3 cm in leg length resulted in a statistically significant shift of 
the center of pressure in the standing position. Moreover, the Cobb angle increased as 
the discrepancy became larger. The step length and width of the longer (left) leg during 
gait statistically significantly increased when the discrepancy was 2 cm. In addition, step 
time was statistically significant when the discrepancy between the longer (right) and 
shorter (left) legs was more than 2 cm. The proportion of single-limb stance phase was 
statistically significant as the discrepancy became larger, especially when the discrepancy 
was >2 cm for the longer (right) leg and 1 cm for the shorter (right) leg. 
 
Conclusion: The study showed that LLD influenced deformations of the human body 
and walking. 
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Although it has little effect on the body when mild, LLD 

that results from long-term exposure to poor posture can 

disrupt the proper alignment of the body, inducing defor- 

mity in parts of the body to compensate for the misalign- 

ment. Changes in the body's alignment can lead to severe 

musculoskeletal disorders (Perttunen, Anttila, Sodergard, 

Merikanto & Komi, 2004). 

LDD causes gait imbalance; specifically, it reduces the 

stance phase time on the side of the short leg, and the 

pressure on the sole of the foot on the longer side in-

creases below the first digit. Hence, the time for the heel 

to leave the ground becomes shorter, producing gait disa- 

bilities (Kang, 2006; Perttunen et al., 2004). 

During walking, the first part of the body that supports 

the load is the lower limb, and the joints of the lower limb 

are the hip, knee, and ankle. Organic movement of these 

joints plays an important role in the stability of the body, 

preventing injury, and performing healthy functions (Yoon, 

Jeon, Shin, & Park, 1990). Carlson and Wilkerson (2007) 

reported that LLD causes pain in the lateral patellofemoral 

region. Meanwhile, LLD can aggravate degenerative arthritis 

in the hip and knee joints, and the persistent body-weight 

load during walking can induce biomechanical changes 

in the joints and symmetrical gait (Golightly et al., 2007). 

Structural LLD has a negative effect on the synergistic 

action of the joints, increasing intra-articular pressure and 

tension. This ultimately increases the tension at the muscle 

insertions, causing imbalance of the body. Among studies 

of the impact of LLD on the spine, the study of Ames (2005) 

reported that it affects the maintenance of static posture 

and that it can produce pelvic imbalance by causing valgus 

in the standing posture. This eventually results in functional 

scoliosis of the lumbar spine in the direction of the shorter 

leg (Friberg, 1983). 

Bolz and Davies (1984) reported that the muscle strength 

on the side of the shorter leg was lower than that on the 

side of the longer leg, and that factors such as balance 

ability, response time, and muscle strength in the trunk 

and upper limb were affected by LLD. In a study on the 

association of LLD with leg and foot stress fractures, Friberg 

(1983) reported that although no major issues were found 

for individuals who did not exercise, those who had LLD 

of ≥10 mm increased activity in certain muscle groups, 

causing serious problems. 

Similarly, in other studies, LLD was reported to cause 

body imbalance and related problems, but the specific 

importance of the extent of LLD in these changes has not 

yet been clearly revealed. Moreover, most previous studies 

only discussed differences and changes in static posture, 

without any analysis on the effects of LLD during move-

ment. Finally, studies on the effect of LLD on Cobb's angle 

and on numerous variables during walking are lacking. 

As such, research is urgently needed to determine the 

extent of LLD that requires a corrective prescription when 

using insoles as a means of preventing body imbalance 

due to LLD. Furthermore, the effects of correcting LLD with 

insoles should be investigated by measuring compen- 

satory spinal curvature and analyzing changes in exercise 

parameters during walking. 

This study aimed to investigate the effects of LLD on 

the body in the standing posture and during walking. 

Specifically, healthy subjects with no LLD wore 1-, 2-, or 

3-cm insoles to create an artificial LLD. Cobb's angle and 

gait related- kinematic parameters were measured and 

compared in the standing position and during walking. 

We hope that the results can be used as the underlying 

data for corrective prescriptions (shoe lift or heel lift) for 

LLD. 

II. METHODS 

1. Subjects 

The subjects in this study consisted of 17 healthy re-

sidents of I—City who were in their twenties. The mean age, 

height, and weight of the subjects were 25.76 ± 1.76 years, 

167.12 ± 7.39 cm, and 64.94 ± 10.57 kg, respectively. The 

mean left leg length, right leg length, and difference in 

length between the two legs were 84.95 ± 5.03 cm, 84.89 

± 4.76 cm, and 0.40 ± 0.26 cm, respectively. The details of 

the subjects' characteristics are displayed in Table 1. 

2. Experimental apparatus 

In this study, Cobb's angle was measured by using the 

radiographic device CTTT (SC-1002, South Korea). Kine-

matic parameters in a static posture and during walking 

were measured by using Zebris FDM. Specific details of 
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the research instruments are displayed in Table 2. 

3. Experimental procedure 

In order to measure Cobb's angle and gait parameters 

according to LLD, the study design and procedures were 

explained thoroughly to all the subjects before the start 

of the experiment. Only those who gave their voluntary 

consent participated in the experiment. 

After recording the subjects' age, height, and weight, the 

tape measure method (TMM) was used to measure their 

leg length while lying down. The subjects were restricted 

to those with LLD of <1 cm, without history of surgery 

for congenital deformity or trauma of the lower limb, and 

without pain in the lower back or lower limb. 

Artificial LLD was induced by using insoles, with the left 

leg as the longer leg. Specifically, 5-mm insoles from A— 

Company were connected to make heights of 0 cm (type 

1), 1 cm (type 2), 2 cm (type 3), and 3 cm (type 4). Here, 

differences in leg length of 1 and 2 cm corresponded to 

1% of the subjects' mean height, and a 3-cm difference 

corresponded to 2% of the mean height. Radiographic 

imaging to measure Cobb's angle was performed at the 

B— Orthopedic Clinic. As shown in Figure 1, subjects stood 

with both knees in extension and feet at shoulder width. 

Differences in leg length were induced by using the insoles 

to make the left leg longer, as shown in Figure 2. 

Measurement of gait parameters was conducted on a 

treadmill equipped with a pressure pad (Zebris FDM) in 

both the standing posture and while walking (Figures 3 

and 4). LLD was induced by using insoles to make the 

left leg longer, as with radiographic imaging. As shown in 

Figure 5, the insoles were worn inside medical shoes. In 

order to adapt to the artificial LLD, the subjects were made 

to walk on the treadmill for 5 minutes at a speed of 4.9 

± 0.1 km/h for each height. Measurements were per-

formed during the last 1 minute of walking. 

 

  

Table 1. Subjects' characteristics 

Subject 
Age 
(yr) 

Height 
(cm) 

Weight 
(kg) 

Left leg 
length 
(cm) 

Right leg 
length 
(cm) 

Leg length 
discrepancy 

(cm) 

1 25 177 70.9 
94.13 
± .12 

93.50 
± .100 

 0.63 

2 27 170 79.6 
86.00 
± .10 

85.13 
± .12 

 0.87 

3 24 163 71.7 
79.60 
± .26 

80.43 
± .75 

-0.83 

4 24 159 55 
76.77 
± .25 

77.00 
± .20 

-0.23 

5 26 158 52.1 
80.40 
± .26 

80.83 
± .06 

-0.43 

6 27 158 47.8 
78.20 
± .00 

78.37 
± .12 

-0.17 

7 26 167 57.1 
83.93 
± .12 

84.27 
± .15 

-0.33 

8 28 164 66.4 
84.17 
± .29 

84.27 
± .06 

-0.10 

9 28 176 81.8 
89.53 
± .06 

89.17 
± .25 

 0.37 

10 25 157 63.5 
79.97 
± .06 

80.07 
± .06 

-0.10 

11 27 173 77.8 
88.00 
± .17 

87.33 
± .25 

 0.67 

12 25 161 53 
83.10 
± .10 

82.73 
± .40 

 0.37 

13 29 166 57.8 
84.10 
± .10 

84.43 
± .12 

-0.33 

14 25 172 72.8 
85.33 
± .15 

85.13 
± .42 

 0.20 

15 23 168 60.8 
88.60 
± .17 

88.97 
± .06 

-0.37 

16 23 170 59.9 
92.90 
± .10 

92.80 
± .00 

 0.10 

17 25 182 76 
89.47 
± .12 

88.73 
± .31 

 0.73 

M ± 
SD 

25.76 
± 1.76 

167.12 
± 7.39 

64.94 
± 10.57 

84.95 
± 5.03 

84.89 
± 4.76 

.40 
± .26 

Mean ± 1 SD 

Table 2. Experimental equipment 

Division Equipment Model Company, 
country 

Gait Zebris Zebris FDM 
Zebris Medical, 

Germany 

Cobb's 
angle Radiograph 

CTTT 
(SC-1002) 

Shin Young For 
M Co., Ltd., Korea 
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4. Measured variables 

This study measured kinematic parameters in the standing 

posture and during walking in order to determine how 

they are affected by LLD. Leg length was first measured 

by using the TMM from the anterior superior iliac spine 

to the medial malleolus, with the subject lying on a bed, 

as shown in Figure 6 (Beattie, Isaacson, Riddle, & Rothstein, 

1990). In order to make an accurate measurement of leg 

length, the patient wore light clothes, and the most pro-

Figure 1. Radiographic image of ascent 

Figure 2. LLD method 

Figure 3. Stnding posture measurement 

Figure 5. LLD method in standing posture and gait 

Figure 4. Gait measurement 
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truded part of the medial malleolus was marked with a 

pen before taking the measurement. In order to improve 

the reliability of the measurement, measurements were 

taken 3 times and the mean was used. 

Compensating factors to maintain a standing posture 

with LLD were measured, specifically the left and right body 

weight distributions, center of pressure (COP) path length, 

and Cobb's angle. Gait parameters were also measured, 

including step length, step time, stride length, stride time, 

percentage of time in single-leg support, and percentage 

of time in double-leg support. Step length was measured 

as the distance from the heel of one foot to the heel of 

the other foot during walking, and step time was measured 

as the time taken for completing a step. Stride length was 

the distance from the heel of one foot to the heel of the 

same foot while walking, and stride time was the time 

taken for completing a stride. 

Cobb's angle was measured as shown in Figures 7 and 

8. A line was drawn from the superior endplate of the 

most tilted vertebra on the upper part of the curvature of 

interest, and another line was drawn from the inferior 

endplate of the vertebra at the bottom of the curvature. 

Drawing perpendiculars from each of these lines, the angle 

between the two perpendiculars was taken as Cobb's angle 

(Deacon et al., 1984). With consultation from an ortho-

pedic specialist, measurements were made in the same 

way for all the subjects by using the superior endplate of 

T12 and the inferior endplate of L4. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

Figure 6. Tape measure method 

Figure 7. Radiographic view 

Figure 8. Cobb's angle method (Renee L. Cannon, 2002.) 
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5. Statistical analyses 

All statistical analyses in this study was performed by 

using the statistical program SPSS 20.0 for Windows. The 

mean and standard deviation were calculated for all mea-

sured variables, and repeated-measures one-way analysis 

of variance (ANOVA) was used to test for differences be-

tween the means under different experimental conditions. 

When the ANOVA showed significant results, post hoc 

testing was performed by using Duncan's multiple range 

test. A statistical significant level of α = .05 was used 

throughout the experiment. 

III. RESULTS 

1. Static changes due to LLD 

Table 3 shows the mean and standard deviation for left 

and right body weight distributions, COP path length, and 

Cobb's angle when an artificial difference in leg length was 

introduced in a static, standing position, supporting the 

body weight on both feet. 

As shown in Table 3, in the standing position, the mean 

left and right distributions were as follows: for type 1, 

49.92% ± 4.63% and 50.08% ± 4.63%, respectively; for 

type 2, 51.32% ± 6.53% and 48.68% ± 6.53% respectively; 

for type 3, 50.83% ± 8.58% and 49.17% ± 8.58%, respec- 

tively; for type 4, 49.75% ± 14.06% and 50.25% ± 14.06%, 

respectively. 

Table 4 shows the results of one-way ANOVA performed 

to determine any significant differences between the types. 
 

No significant differences in left and right body weight 

distributions were found between the types. 

 

 

As can be seen in Table 5, the COP path length was 

49.81 ± 21.70 mm for type 1, 65.71 ± 32.68 mm for type 

2, 60.38 ± 22.93 mm for type 3, and 83.16 ± 34.05 mm 

for type 4. Cobb's angle was -1.76° ± 4.51° for type 1, 0.76° 

± 5.08° for type 2, 4.06° ± 5.36° for type 3, and 8.59° ± 

5.81° for type 4. 

 

 

Table 6 shows the results of one-way ANOVA performed 

to determine any differences in COP path length Cobb's 

angle between the types. The results showed significant 

differences in COP path length according to type (p < .002), 

and post hoc testing revealed a significant relationship 

of 1 = 2 = 3 < 4. Significant differences in Cobb's angle 

according to type (p < .000) and post hoc testing revealed 

a significant relationship of 1 < 2 < 3 < 4. 

 

Table 3. Mean distribution 

Division Type Left Right 

Mean 
distribution 

(%) 

1 49.92 ± 4.63 50.08 ± 4.63 

2 51.32 ± 6.53 48.68 ± 6.53 

3 50.83 ± 8.58 49.17 ± 8.58 

4  49.75 ± 14.06  50.25 ± 14.06 

Type 1: LLD, 0 cm; type 2: LLD, 1 cm; type 3: LLD, 2 cm; type 
4: LLD, 3 cm. 

Table 4. One-way ANOVA for mean distribution 

Division 
Sum of 
squares 

Degree 
of 

freedom 

Mean 
square 

F p 
Post 
hoc 
test 

Mean 
distribution 

(%) 

Left 
  28.32  3  9.44 .24 .869 

 1897.72 48 39.54 
  

Right 
  28.32  3  9.44 .24 .869 

 1897.72 48 39.54 
  

Table 5. COP path length and Cobb's angle 

Division
Type 

COP path length 
(mm) 

Cobb's angle 
(degrees) 

1 49.81 ± 21.70 -1.76 ± 4.51 

2 65.71 ± 32.68  .76 ± 5.08 

3 60.38 ± 22.93 4.06 ± 5.36 

4 83.16 ± 34.05 8.59 ± 5.81 

Type 1: LLD, 0 cm; type2: LLD, 1 cm; type 3: LLD, 2 cm; type 
4: LLD, 3 cm 



KJSB Effect of Leg Length Discrepancy on Gait and Cobb's Angle 107 

http://e-kjsb.org 

2. Dynamic changes due to LLD 

Changes in step length, step time, stride length, stride 

time, single-leg support, and double-leg support were 

measured during walking for artificial LLD of 1, 2, or 3 cm. 

The results are displayed in Tables 7-11. 

As shown in Table 7, step length for type 1 was 64.00 

± 6.45 cm on the left side and 63.29 ± 6.36cm on the 

right side. Step length for Type 2 was 64.71 ± 6.65 cm on 

the left side and 61.82 ± 6.26 cm on the right side. Step 

length for Type 3 was 65.71 ± 7.35 cm on the left side 

and 62.35 ± 6.74 cm on the right side. Step length for 

Type 4 was 66.35±8.76 cm on the left side and 62.41 ± 

7.38 cm on the right side. 

 

Table 8 shows the results of the one-way ANOVA per-

formed to determine any differences in right and left 

step length when walking between the types. The results 

showed a significant difference in left-side step length 

between the types (p < .005), and post hoc testing revealed 

a significant difference of 1 = 2 < 3 = 4. Conversely, no 

significant difference in right-side step length was observed. 

As shown in Table 9, the step time for type 1 was 0.63 

± 0.055 sec on the left side and 0.62 ± .0.06 sec on the 

right side. The step time for type 2 was 0.62 ± 0.064 sec 

on the left side and 0.63 ± 0.06 sec on the right side. 

The step time for type 3 was 0.61 ± 0.048 sec on the left 

side and 0.63 ± 0.06 sec on the right side. The step time 

for type 4 was 0.61 ± 0.046 sec on the left side and 0.66 

± 0.06 on the right side. 

Table 10 shows the results of the one-way ANOVA per-

formed to determine significant differences in right and 

left step times when walking between the types. The results 

showed a significant difference in left step time (p < .000), 

with a post hoc test confirming the significant difference 

with a pattern of 1 = 2 > 3 = 4. A significant difference in 

right step time (p < .000) was also found, with a post hoc 

test confirming the significant difference with a pattern of 

Table 6. One-way ANOVA for COP path length and Cobb's 
angle 

Division 
Sum of 
squares 

Degree 
of 

freedom 

Mean 
square 

F p 
Post 
hoc 
test 

COP path 
length 
(mm) 

 9899.17  3 3299.72   5.95 .002 1 = 2 = 
3＜4 26619.10 48  554.56 

  

Cobb's 
angle 

(degrees) 

 1020.29  3  340.10 103.19 .000 1＜2 
＜3 
＜4   158.21 48    3.30 

  

Table 7. Step length 

Division Type Left Right 

Step length 
(cm) 

1 64.00 ± 6.45 63.29 ± 6.36 

2 64.71 ± 6.65 61.82 ± 6.26 

3 65.71 ± 7.35 62.35 ± 6.74 

4 66.35 ± 8.76 62.41 ± 7.38 

Type 1. LLD, 0 cm; type 2: LLD, 1 cm; type 3: LLD, 2 cm; type 
4: LLD, 3 cm. 

Table 8. One-way ANOVA for step length 

Division 
Sum of 
squares 

Degree 
of 

freedom 

Mean 
square 

F p 
Post 
hoc 
test 

Step 
length 
(cm) 

Left 
55.57 3 18.53 4.80 .005 1 = 2 

＜ 3 
= 4 185.18 48 3.86 

  

Right 
18.94 3 6.31 1.68 .183 

 180.06 48 3.75 
  

Table 9. Step time 

Division Type Left Right 

Step time 
(sec) 

1 0.63 ± .055 0.62 ± 0.06 

2 0.62 ± .064 0.63 ± 0.06 

3 0.61 ± .048 0.65 ± 0.06 

4 0.61 ± .046 0.66 ± 0.06 

Type 1: LLD, 0 cm; type 2: LLD, 1 cm; type 3: LLD, 2 cm; type 
4: LLD, 3 cm. 
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1 = 2 < 3 = 4. 

 

As shown in Table 11, the mean stride length was 127.47 

± 12.58 cm for type 1, 126.59 ± 12.86 cm for type 2, 

128.18 ± 14.12 cm for type 3, and 129.00 ± 15.92 cm for 

type 4. The mean stride time was 1.25 ± 0.11sec for type 

1, 1.25 ± 0.13 sec for type 2, 1.26 ± 0.10 sec for type 3, 

and 1.26 ± 0.10 sec for type 4. Table 12 shows the results 

of the one-way ANOVA performed to determine significant 

differences in stride length and time between the types.  

The results show no significant differences. 

As shown in Table 13, the proportion of time in single-

leg support for type 1 was 34.13% ± 1.51% on the left 

side and 34.68% ± 1.04% on the right side. For type 2, 

the proportion of single-leg support time was 34.49% ± 

1.51% on the left side and 34.21% ± 1.11% on the right 

side. For type 3, the proportion of single-leg support time 

was 35.41% ± 1.60% on the left side and 33.92% ± 1.11% 

on the right side. For type 4, proportion of single-leg 

support time was 35.78% ± 1.75% on the left side and 

33.39% ± 1.27% on the right side. 

Table 14 shows the results of the one-way ANOVA per-

formed to determine significant differences in right- and 

left-side single-leg support between the types. The results 

showed significant differences in both left- and right-side 

single-leg support between the types (p < .000). A post 

hoc test showed a significant difference of 1 = 2 < 3 = 4 

on the left side and 1 > 2 = 3 > 4 on the right side. 

As shown in Table 15, the mean proportion of time in 

double-leg support was 31.23% ± 2.22% for type 1, 

31.30% ± 2.07% for type 2, 30.67% ± 2.13% for type 3, 

and 30.84% ± 2.26% for type 4. Table 16 shows the results 
  

 

 

 

 

Table 10. One-way ANOVA for step time 

Division 
Sum of 
squares 

Degree 
of 

freedom 

Mean 
square 

F p 
Post 
hoc 
test 

Step 
time 
(sec) 

Left 
.01  3 .00 8.20 .000 1 = 2 

＞ 3 
= 4 .01 48 .00 

  

Right 
.01  3 .00 8.79 .000 1 = 2 

＜ 3 
= 4 .03 48 .00 

  
 

Table 12. One-way ANOVA for stride length and stride time 

Division 
Sum of 
squares 

Degree 
of 

freedom 

Mean 
square 

F p 
Post 
hoc 
test 

Stride 
length 
(cm) 

 53.69  3 17.90 1.35 .269 
 

636.06 48 13.25 
  

Stride 
time 
(sec) 

   .00  3   .00  .45 .716 
 

   .06 48   .00 
  

Table 13. Single-leg support (%) 

Division Type Left Right 

Single-leg 
support 

(%) 

1 34.13 ± 1.51 34.68 ± 1.04 

2 34.49 ± 1.51 34.21 ± 1.11 

3 35.41 ± 1.60 33.92 ± 1.11 

4 35.78 ± 1.75 33.39 ± 1.27 

Type 1: LLD, 0 cm; type 2: LLD, 1 cm; type 3: LLD, 2 cm; type 
4: LLD, 3 cm. 

Table 11. Stride length and stride time 

Division
Type 

Stride length 
(cm) 

Stride time 
(sec) 

1 127.47 ± 12.58 1.25 ± 0.11 

2 126.59 ± 12.86 1.25 ± 0.13 

3 128.18 ± 14.12 1.26 ± 0.10 

4 129.00 ± 15.92 1.26 ± 0.10 

Type 1: LLD, 0 cm; type 2: LLD, 1 cm; type 3: LLD, 2 cm; type 
4: LLD, 3 cm. 

Table 14. One-way ANOVA for single-leg support 

Division 
Sum of 
squares 

Degree 
of 

freedom 

Mean 
square 

F p 
Post 
hoc 
test 

Single-
leg 

support 
(%) 

Left 
30.22  3 10.07 25.28 .000 1 = 2 

< 3 
= 4 19.12 48   .40 

  

Right 
14.95  3  4.98  9.68 .000 1 > 

2 = 
3 > 4 24.71 48   .52 
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of the one-way ANOVA performed to determine any signifi- 

cant difference in double-leg support time during walking 

between the types. However, no significant difference was 

found. 

IV. DISCUSSION 

Correct posture refers to the ideal musculoskeletal align- 

ment and involves straightening the spine to maintain a 

healthy spinal curvature. In addition, it is important that 

the body does not lean to one side in order to maintain 

a proper balanced state and that muscles and joints are 

not placed under too much stress. Posture affects the 

pressure on the structures that support and protect the 

body, which in turn affects the body (Kim, & Kim, 2007). 

Good posture refers to a state of musculoskeletal balance 

that protects the support structures of the body, whether 

sitting or standing, in order to prevent injury and progres- 

sive deformation. Good posture allows muscles to function 

with optimal efficiency, and the ideal posture provides the 

best positions for the internal organs (Ju, 2008). 

Balance is the ability to keep the center of gravity over 

the base in a straight posture; in other words, it is the 

ability to maintain physical posture against gravity (Hwang, 

1997). Balance is an essential element in maintaining 

good posture, and an even distribution of body weight 

across both feet is ideal. When COP path length, which is 

indicative of balance ability, was measured in this study, 

results indicated that COP path length increased signifi-

cantly with increasing LLD as follows: 49.81 ± 21.70 mm in 

type 1, 65.71 ± 32.68 mm in type 2, 60.38 ± 22.93 mm 

in type 3, and 83.16 ± 34.05 mm in type 4. A post hoc 

test confirmed significant differences between types 1 and 

4, and between types 3 and 4. 

These results are partially consistent with those of a 

study by Ji, Kim, Lee, and Cha (2012), who investigated 

the effects of task-oriented training on balance ability in 

degenerative arthritis patients who had undergone total 

knee replacement. In their study, a 12-person task-oriented 

training group and a 12-person weight-shift training group 

participated in their respective exercise programs 5 times 

per week for 2 weeks before undergoing a test of static 

balance ability (COP path length). The test group showed 

a significant reduction from 116.17 ± 20.74 mm to 91.47 

± 14.40 mm, while the control group showed a significant 

reduction from 113.17 ± 11.61 mm to 106.78 ± 11.50 mm. 

In other words, COP path length showed an increase when 

lower limb stability was impaired, and our study also found 

an increase in COP path length, indicating a decrease in 

balance ability, when instability was increased by artificial 

LLD. 

Even weight distribution across the two legs is an impor- 

tant factor in maintaining proper posture. However, in 

standing position, hemiplegic patients support <25~43% 

of their body weight on the injured side, producing an 

asymmetric posture (Yang, Chung, Lee, Cheng, & Wang, 

2007). Such a posture causes problems with postural con- 

trol ability due to reduced ability to maintain the body's 

center, and impaired righting and equilibrium reactions 

(Ikai, Kamiubo, & Takenhara, 2003). In a study on body 

weight loads in structural short leg (SSL), patients with 

SSL tended to shift their weight toward the short side, but 

subjects with SSL of at least 6 mm tended to shift their 

weight toward the opposite side. These results indicate a 

compensatory action (e.g., by gluteus medius) and that in 

subjects with SSL of at least 6 mm, the gluteus medius 

Table 15. Total double-leg support (%) 

Division
Type 

Total double-leg support (%) 

1 31.21 ± 2.22 

2 31.30 ± 2.07 

3 30.67 ± 2.13 

4 30.84 ± 2.26 

Type 1: LLD, 0 cm; type 2: LLD, 1 cm; type 3: LLD, 2 cm; type 
4: LLD, 3 cm. 

Table 16. One-way ANOVA for total double-leg support 

Division 
Sum of 
squares 

Degree 
of 

freedom 

Mean 
square 

F p 
Post 
hoc 
test 

Total double- 
leg support 

(%) 

 4.60  3 1.53 1.84 .152 

 39.89 48  .83 
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shifts the weight toward the opposite side in order to 

balance the pelvis (Lawrence, 1984). 

Kwon, HwangBo, and Kim (1993) compared body weight 

distribution in healthy individuals and low back pain 

patients when standing straight. They reported that no 

significant difference between the two groups. In other 

words, healthy individuals also showed differences in body 

weight allocation between their two legs. Even right footers 

do not necessarily distribute their weight more toward the 

right side, and patients do not show a low distribution of 

body weight toward the painful side. Our study also 

showed no statistical significance in the impact of LLD on 

body weight distribution. LLD has been reported to cause 

scoliosis (Friberg, 1983), and Papaioannou (1982) stated 

that LLD of ≥22 mm can cause compensatory scoliosis. 

When Cobb's angle was measured in this study, the mean 

angle was 1.76° ± 4.51° for type 1, 0.76° ± 5.08° for type 

2, 4.06° ± 5.36° for type 3, and 8.59° ± 5.81° for type 4, 

which means that Cobb's angle increased with increasing 

LLD. This is consistent with the results of previous studies. 

When gait is unstable, step and stride length are re-

ported to show decreasing trends with increasing age 

(Patla, 1993). When step length was measured in this 

study, increased LLD was associated with significantly longer 

step length on the side of the long leg and with reduced 

step length on the side of the short leg, although the 

difference was not statistically significant. Generally, when 

individuals with LLD walk, the center of gravity of the 

body causes the shorter leg to drop and the longer leg 

to rise in the stance phase, increasing vertical movement, 

which results in greater energy use (Gurney, 2001). The 

gait characteristics in such individuals include a shorter 

swing phase, a shorter step length on the short side, 

reduced walking speed, and increased cadence (Bhave, 

Paley, & Herzenberg, 1999). 

However, although our study showed a similar decrease 

in step length on the shorter side with increased LLD, this 

was not statistically significant. Meanwhile, the step length 

on the longer side increased with a statistical significance 

LLD has a negative effect on gait in the elderly by in-

fluencing the economy of gait and muscle activation. In 

one study, 44 male and female elderly individuals (55~86 

years old) walked on a treadmill with an artificial LLD of 2, 

3, or 4 cm; oxygen intake, breathing rate, and heart rate 

were measured, as well as muscle activity in the plantar 

flexors, rectus femoris, gluteus medius, and gluteus maximus 

using electromyography. 

The results showed an increase in heart rate, oxygen 

intake, and breathing rate at an artificial LLD of 2 cm, an 

increase in rectus femoris activity in the long leg at LLD 

of 3 cm, and an increase in plantar flexor activity in the 

short leg at LLD of 4 cm (Gurney et al., 2001). The single-

leg support phase was significant on the right and left 

sides, decreasing for the long leg and increasing for the 

short leg with increasing LLD. This is thought to be because 

larger LLD led to a relative reduction in stability on the 

long side, and the increase in support phase on the short 

side was a compensatory action. 

No statistically significant change in stride length, stride 

time, or double-leg support phase were observed. This is 

thought to be because changes in the long and short 

legs offset each other owing to compensatory action. 

Although a large number of previous studies have dealt 

with these issues in LLD, several hypotheses have been 

proposed about the extent of LLD that has an impact. A 

significant difference has been reported at LLD of at least 

2 cm, while correction using insoles is required at LLD of 

at least 2.5 cm. However, in observing the effects of LLD 

on standing posture and gait, our study showed a change 

in Cobb's angle at LLD of 1 cm, suggesting that cor-

rection is required even at shorter LLD than at the LLD of 

2.5 cm recommended in a previous study. Moreover, the 

taller subjects in this study showed a slightly higher LLD, 

suggesting the need for future studies that take into 

account the subjects' heights. 

V. CONCLUSION 

This study aimed to investigate the effect of LLD on 

the body by examining its effect on gait parameters and 

Cobb’s angle during standing and walking. To this end, 

we selected 17 subjects in their twenties with LLD of less 

than 1 cm and fitted them with insoles for the left leg 

that created an artificial LLD of 1, 2, or 3 cm to form 

groups for analysis. For each group, the COP path length 

and Cobb's angle were measured in a standing posture, 

as well as the gait parameters such as step length, step 

time, stride length, stride time, single-leg support time, 
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and double-leg support time. All the data obtained in 

this study were processed by using the statistics program 

SPSS 20.0 for Windows (IMB, USA), and the mean and 

standard deviation were calculated for all measured vari-

ables. One-way repeated-measures ANOVA was performed 

to test for differences between groups, and Duncan's post 

hoc test was used on any significant results of the analysis. 

The statistical significant level for all the tests was α 

= .05. The results led to the following conclusions: 

 

1. COP path length was significantly longer when LLD was 

at least 3 cm, and compensatory Cobb's angle was 

significantly larger with increasing LLD. This shows that 

LLD influenced physical deformation in the standing 

posture. 

 

2. When walking, LLD of at least 2 cm showed a signifi-

cant difference in step length on the left (long) side, 

step time on the left (long) and right (short) sides, and 

single-leg support time on the left (long) side. Single-

leg support time on the right (short) side showed a 

significant difference at 1-cm LLD. 
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