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Abstract

Introduction: Sitting devices are used worldwide for disabled children. 

Given that flexed hip and increased spasticity are likely risk factors for hip 

dislocation, it is highly probable that sitting devices may aggravate hip 

dislocation. Therefore, we aimed to identify whether sitting devices 

aggravate hip dislocation.

Methods: In this retrospective case-control study, a total of 42 R-bank 

patients and 34 control subjects diagnosed with cerebral palsy were included 

for analysis. R-bank patients used a sitting device, while control subjects did 

not. By radiographic images, Reimer’s migration index, lateral center edge 

angle, femur neck shaft angle, and Cobb’s angle were measured. We 

compared the demographic data, clinical variables, and radiographs between 

two groups.

Results: In the R-bank group, there was significant deterioration in the 

Reimer’s migration index, from 26.89% to 44.18% after using the device 

(p<0.001). The progression of migration index was 14.72 % and 7.82 % per 

year in the R-bank group and control group, respectively (p=0.02). 

Conclusion: Sitting devices with an abductor bar in patients with cerebral 

palsy may exacerbate hip dislocation. Therefore, we should pay attention to 

the benefits and risks of a sitting device more carefully.

Keyword : hip dislocation, cerebral palsy, sitting devices

Student Number : 2016-21964
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Introduction

Cerebral palsy (CP) is a non-progressive, early-onset, neuromuscular 

impairment. It is one of the most common causes of early childhood 

disability and lifetime cost, and its symptoms and signs are highly 

diverse.(1) In CP, many musculoskeletal problems arise, which causes are 

motor weakness, spasticity, joint contractures, and impaired sensory 

perception.(2, 3)

The incidence of hip dislocation and subluxation ranks second highest 

among all deformities, up to 28% reported.(2) The muscular imbalance 

around the hip musculature causes progressive lateral dislocation of the 

femur from the acetabulum, due to hyperactivity in the adductors and 

flexors as well as relatively weak abductors and extensors. The migration 

percentage shows a gradual deterioration of the severe forms of CP, from 

3.9% per year at GMFCS level IV to 9.5% at level V.(4) Dislocation and 

subluxation may cause gait abnormalities, hip joint pains, impaired sitting 

balance, perineal sanitation, and ulceration.(2, 5-8)

Diverse sitting devices and custom molded chairs have been developed to 

prevent worsening of scoliosis and hip dislocation. These devices have also 

been used to meet various special needs in activities of daily life, nursing, 

and body positioning. Children with disabilities and their parents have 

shown to be highly satisfied with these devices.(9, 10)

In these devices, lateral supports are usually attached to the backrest to 
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prevent scoliosis, and an abduction bar is located between the two legs to 

maintain abducted hip posture to prevent hip dislocation (Figure 1A, B). 

When using orthosis to prevent hip dislocation, the hip joint was flexed and 

abducted to increase containment of the femoral head in the acetabulum.(11)

However, we think that these sitting devices with abduction bars may 

further aggravate hip dislocation. In cerebral palsy patients, spasticity has 

been reported to be the cause of hip dislocation.(12) Also, hip flexion 

posture is known to cause hip dislocation after total hip arthroplasty.(13) As 

spasticity of the lower extremities leads to scissoring of the thighs, the 

abduction bar could increase hip dislocation. In addition, flexed hip posture 

maintained in sitting devices could aggravate hip dislocation.

Although there have been some studies examining the progression of hip 

dislocation after using a custom molded chair tailored to the body shape of 

children with disabilities, these studies were limited in providing accurate 

information regarding cerebral palsy due to the small number of patients 

included and wide variety of diagnoses.(9) Moreover, no studies have

investigated the progress of hip dislocation in modular devices. 

The purpose of this study was to evaluate whether a hip abduction bar in 

sitting devices aggravates hip dislocation.
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Materials and Methods

Subjects and demographic factors

There was a project called, ‘Onnuri R-bank’, that doctors (physiatrists, 

orthopedic surgeons, and neurosurgeons) as well as paramedics directly 

visited rural areas to provide medical and/or surgical services for 

economically-challenged children with disabilities. In this program, the 

Onnuri R-bank team visited four rural areas once a year for three 

consecutive years. Through this program, we have been providing sitting 

devices (‘Squiggles’, ‘Mygo-I’ and ‘Mygo-II’, produced by Leckey®, 

Belfast, Ireland, Figure 1A) for children with disabilities in various regions 

since 2010. We provided modular sitting devices for free and recycled them 

when the size no longer fir the patient. For example, we initially offered a 

squiggle (the smallest size) to a patient, and when that patient grew older, 

and thus physically bigger in size, we retrieved it and provided a Mygo I, 

and then Mygo II (the largest size) thereafter. Then, when a patient reached 

physical maturity, we provided a custom-molded sitting device (Figure 1B). 

Physiatrists checked whether the sitting device was suitable for the children. 

If the children grew up and the devices were not fit, they visited the 

outpatient clinic in rehabilitation department to check, modify and change 

the sitting devices. Sitting devices cannot be used for a long time, as they 
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grow in physical size. If size do not fit, they will be thrown away. By 

recycling them, large populations of patients will be provided with 

appropriate devices without wasting resources. For three years, we provided 

a sitting device to disabled children in the community. After three years, 

new areas were determined and the project continued in the area for another 

three years. We provided a total of 95 sitting devices at 7 cities for 5 years. 

We retrospectively checked the medical records of patients with disabilities 

who had received a sitting device through the R-bank project between 

January 2010 and May 2016. The functional level of patient with cerebral 

palsy was assessed by physiatrists, using the levels of the Gross Motor 

Function Classification System (GMFCS). (14, 15) The radiographic 

examination was taken when the area was visited every 6 months or 1 year. 

Patients who were diagnosed with spastic cerebral palsy (GMFCS levels IV 

and V), underwent radiographic examination, and used sitting devices were 

included. Therefore, a total of 42 R-bank patients were included.

Control subjects were patients who were diagnosed with spastic cerebral

palsy but did not use a sitting device attending Bundang Seoul National 

University Hospital during the same period. Control patients were mainly 

orthopedic outpatients and did not use sitting devices because of the lack of 

information about them. The following patients were excluded: Those with a 

history of surgical treatment due to hip dislocation, botulinum toxin 

injection, or those without radiographic examination. A total of 34 control 
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patients met our inclusion criteria.

This study was conducted in conformance with the ethical standards of the 

Declaration of Helsinki (1964) and was approved by the Institutional 

Review Board of our institution.

Method

In the case of R-bank patients, radiographs were achieved via a mobile 

medical imaging machine. We photographed and examined the R-bank 

patients every time we visited the area. All radiographic examinations were 

stored electronically and kept by the public health and social welfare team. 

In the case of the control group, patients visited the hospital and took plain 

radiographic images for surveillance of hip dislocation and scoliosis.

Plain radiographic images of the pelvis and hip joints in the anteroposterior 

direction were obtained with the child in supine position and with the hips 

internally rotated by 30 degrees.(16) The radiographic parameters were 

digitally measured using standard equipment in our Picture Archiving and 

Communication System (PACS). The radiographic parameters were as 

follows: Reimer’s migration index, lateral center edge angle, femur neck 

shaft angle, and Cobb’s angle. 

Reimer’s migration index (MI) is the percent of the femoral head that lies 

outside the acetabulum. Generally, there are two methods to measure the 

migration index: the classic method and the modified method. We used the 
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former because it is known to be have higher reliability.(17) This

measurement was taken by identifying the Perkin’s line (P) and 

Hilgenreiner’s line (H), and then checking the amount of femoral head that 

moved across the Perkin’s line laterally. It is presented as a percentage 

(Figure 1C). The lateral center edge angle (CEA) is another index of hip 

dislocation or subluxation and a way to determine acetabular coverage. This 

angle is formed between a perpendicular line of the femoral head and the 

line communicating the most lateral margin of the acetabular roof with the 

center of the femoral head (Figure 1C). The femur neck shaft angle (NSA) 

was measured to determine the coxa valga of the hip. The angle is made up 

by two lines: One line connects the center of the femur neck to the head, and 

the other line is drawn through the femur shaft midline (Figure 1C). Cobb’s 

angle (CA) is a tool for evaluating spinal deformity, especially scoliosis. 

This is the angle between the vertical lines of the superior vertebral end 

plate of the top vertebra and the inferior vertebral end plate of the bottom 

vertebra in spinal curvature. 

Statistical analysis

All statistical analyses were performed using SPSS software (SPSS Inc.; 

Chicago, IL, USA). We compared the demographic factors (age, sex, 

durations, GMFCS) between the two groups. To assess changes of hip 

dislocation between before and after using the sitting devices, radiographic 
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measurements were analyzed by paired t-test. Student’s t-test was used 

when we compared the progression between the two groups. P-value of less 

than 0.05 was considered statistically significant.
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Results

Changes of radiographic measurements in R-bank group

Sex, age, follow-up durations, GMFCS level, and initial radiographic 

examinations were not significantly different between the two groups (Table 

1). The time spent in sitting position was 0.72 ± 1.43 hours a day before 

wearing the sitting device and 2.14 ± 1.79 hours a day after wearing the 

sitting device. The time of sitting position was significantly increased after 

wearing the sitting device (p=0.001).

Taking the side with the largest progression (the ‘unfavorable’ side), MI 

before using the sitting device was 26.89±17.10%. After using the sitting 

device, these significantly increased to 44.18 ± 21.73% (p<0.001). CEA 

decreased from 17.92 ± 28.66° to -0.59 ± 37.50° after wearing the sitting 

device (p<0.001). However, NSA and CA were not significantly different 

after using the sitting device (Table 2).

Progression of radiographic measurements between R-bank and control 

groups

The progression of MI was 14.72 ± 14.86% and 7.82 ± 8.85% per year in 

the R-bank group and the control group, respectively. There was a 

statistically significant difference between the two groups (p=0.02). The 

progression of CEA was -15.48 ± 18.91° and -10.08 ± 13.28° per year in the 
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R-bank group and the control group, respectively. Although the progression 

of CEA was higher in the R-bank group, the differences were without 

statistical significance (p=0.164). The change of NSA in the R-bank group 

and control group was not significantly different (Table 2, p= 0.107).

Progression of radiographic measurements according to GMFCS

In the R-bank group, MI progression in GMFCS IV and V were 

11.55 ± 13.84% and 17.60± 15.48% per year, respectively. In the control 

group, MI progression in GMFCS IV and V were 5.66 ± 7.30% and 10.57 ± 

10.09% per year, respectively. The change of CEA and NSA was also 

measured according to GMFCS and summarized in Table 2. However, there 

were no significant differences in MI, CEA, and NSA between two groups 

divided by GMFCS.
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Table 1 : Demographic and clinical variables

Characteristics R-bank Control P value

Number (Male:Female) 42 (24 : 18) 34 (18 :16) 0.719

Age, yr 6.86 ± 3.88 8.15 ± 3.90 0.155

Duration (days) 482.02 ± 291.21 564.97 ± 645.355 0.458

GMFCS in CP, V (%) 22 (52.4%) 15 (44.1%) 0.480

Initial radiographic measurements between the R-bank and control groups

R-bank Control P value

MI 26.89±17.10 33.04±18.15 0.133

CEA 17.92±28.66 14.66±22.73 0.590

NSA 154.88±11.48 159.92±10.71 0.057

MI, Reimer`s migration index; CEA, lateral center edge angle; NSA, femur neck shaft 
angle; CA, Cobb’s angle. Values are presented as mean ± SD. *p<0.05.
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Table 2 : Radiographic profiles in R-bank and control groups

Changes of radiographic measurements in the R-bank group (the ‘unfavorable’ hip).

Before using sitting device After using sitting device P-value

MI 26.89±17.09 44.18±21.73* <0.001

CEA 17.92±28.66 -0.59±37.50* <0.001

NSA 154.87±11.48 155.80±10.03 0.475

CA 17.57±17.38 20.99±22.41 0.065

Progression of radiographic measurements between the R-bank and control groups

R-bank
Progression (per year)

Control
Progression (per year)

P value

MI 14.72±14.86 7.82±8.85* 0.02

CEA -15.48±18.91 -10.08±13.28 0.164

NSA 1.84±9.07 6.98±17.69 0.107

Annual Progression of radiographic measurements according to GMFCS

R-bank
Progression (per year)

Control
Progression (per year)

MI
GMFCS IV 11.55±13.84 5.66±7.30

GMFCS V 17.60±15.48 10.57±10.09

CEA
GMFCS IV -8.66±13.86 -5.58±12.29

GMFCS V -21.69±20.97 -15.80±12.62

NSA
GMFCS IV 0.27±6.46 4.97±7.61

GMFCS V 3.26±10.88 -0.29±15.80

MI, Reimer`s migration index; CEA, lateral center edge angle; NSA, femur neck shaft 
angle; CA, Cobb’s angle. Values are presented as mean ± SD. *p<0.05.
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Figure 1. (A) Mygo sitting device, one of the modular sitting devices 

offered to disabled children. (B) Molded sitting device provided when the 

disabled children are grown up. To prevent hip dislocation, an abduction bar 

is utilized in the two types of sitting devices; this could aggravate hip 

dislocation. (C) Antero-posterior radiograph of the hip. Hilgenreiner’s line 

(H) is a line drawn horizontally in relation to the pelvis. Perkin’s line (P) is a 

line passing through the acetabular edge and perpendicular to the H line. 

Migration index (MI) is the femoral head that lies outside the acetabulum. 
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(a/b 100). Lateral center edge angle (CEA) is an angle formed by a line 

passing vertically through the femur head, and a line passing through the 

femur head and the acetabular edge. The femur neck shaft angle (NSA) is an 

angle by femoral neck axis and femur shaft midline.
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Figure 2. (A) Stronger adductor muscles have a moment in the direction of 

dislocation of the femur head through leverage. When the adductor muscles 

contract, it exerts a force toward the center of the chair (Black arrow). This 

force causes the femur head to be dislocated from the hip (Empty white 

arrow). (B) In the flexed hip state, muscles showed an increase in the torque 

arm vector in the direction of the adduction, flexion, and internal rotation. 

This force might destruct and flatten the superior and posterior acetabulum 

in non-ambulatory children with CP patients, eventually leading to hip 
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dislocation in the the posterior direction. (C, D) Abduction bar acts as a 

fulcrum, which causes hip dislocation. 
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Discussion

Our study showed that the use of sitting devices with an abduction bar in 

patients with cerebral palsy may exacerbate hip dislocation. Hip dislocation 

was significantly increased in the R-bank group when comparing before and 

after the use of sitting devices. In addition, the migration index progression 

rate per year was significantly higher in the R-bank group than in the control 

group, and the aggravation tendency was observed at CEA, although 

without significance (p=0.164). 

In a previous report describing the natural history of hip dislocation in 

cerebral palsy, the migration index was shown to be 3.9% for GMFCS IV 

and 9.5% for GMFCS V.(4) Our study showed a comparable migration 

progression rate as previous studies in the control group (5.65% for GMFCS 

IV and 10.57% for GMFCS V). Contrastingly, in the R-bank group, we 

observed much higher rates for each group, 11.55% for GMFCS IV and 

17.59% for GMFCS V. These rates in our study were much higher than 

those in previously published studies.(4)

Many factors influence hip dislocation in patients using sitting devices. 

Hip dislocation in patients with cerebral palsy is caused by muscle tone 

asymmetry.(18) The spastic flexors and adductors overwhelm the extensors 

and abductors. The spasticity of the adductor muscles in sitting position lets 

the abduction bar, which lies between the legs in the sitting device, serve as 
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a leverage. The adductor muscle group insert onto the medial side of the

femur and the force acts in the direction of hip dislocation through the third 

class lever. In addition, gracilis muscle inserts onto the medial condyle of

the tibia and force is applied to the direction of hip dislocation through the 

first class lever. The abduction bar acts as a fulcrum in the lever, where the 

force of the adductor muscle is transferred onto the hip laterally and 

superiorly. As a result, the femur head moves in the lateral and superior 

direction from the acetabulum, causing dislocation (Figure 2). In the 

absence of an abduction bar, scissoring of the legs develops without fulcrum, 

resulting in little or no effect on hip dislocation.

In addition, living in a sitting device, with a maintained ‘flexed hip’, for an 

extended period of time may also influence hip dislocation. To date, there 

have been many studies evaluating the various risk factors that cause hip 

dislocation after total hip replacement; however, little attention has been 

paid to sustained positions affecting hip dislocation in cerebral palsy. 

Adduction, internal rotation, and excessive flexion have been shown to 

cause hip dislocation after total hip replacement.(13) When sitting for a long 

time, children with cerebral palsy are kept in a flexed hip position, which 

alone is known to induce hip dislocation. Moreover, it is also known that an 

internal rotation moment of the hip increases when the hip is flexed.(19) In 

the state of hip flexion, several muscles showed an increase in the torque 
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arm vector in the direction of the adduction, flexion, and internal 

rotation.(20) Hence, a sitting device that maintains a child in a state of hip 

flexion for an extended period of time will likely induce hip dislocation.

Patients with CP have a higher incidence of severe osteoporosis and valgus 

hip than the general population. Valgus hip weakens the strength of the 

abductor muscles, and hip adductor muscles augment hip extension moment 

during the hip flexion position.(18, 21-23) As a result, in non-ambulatory 

children with CP, the superior and posterior acetabulum may be flattened 

and destroyed, aggravating hip dislocation (Figure 2C).

Considering the above reasons, the use of sitting devices with an abduction 

bar for an extended period of time may lead to an increase in hip dislocation. 

Interestingly, hip dislocation in patients using sitting devices is different 

from that in the general CP population. Generally, hip dislocation occurs 

mostly in the supero-lateral direction. The spastic adductors and flexors tend 

to force the femoral head in the supero-lateral direction.(2, 6) However, in 

the R-bank group, or in those using sitting devices, a number of hip 

dislocations were observed in the posterior direction as well as in the 

supero-lateral direction (Figure 2C). This is consistent with the dislocation 

toward the dorsal, which occurs when excessive adduction and internal 

rotation positions are sustained in the flexed hip after total hip 

replacement.(24)
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A previous study evaluating the musculoskeletal deformity before and after 

using a custom-molded fitting chair for two years showed that the MI 

aggravation was 1.45% per year, and the authors noted that the sitting 

devices played a role in preventing excessive rapid progression of 

musculoskeletal deformity.(9) However, unlike our study, they did not 

mention the GMFCS level and not all included patients were diagnosed with 

CP, making it difficult to accurately compare with our study. Furthermore, 

they did not show the extent of hip abduction in the sitting position and the 

location of the abduction bar.

Recently, the uses of sitting devices or custom-molded chairs have been 

on the rise in severely disabled children. However, despite the rise in the use 

of these devices, little attention has been paid to their influence on hip 

dislocation in CP patients. In patients with long-term use of these devices, it 

is important to conduct hip surveillance more frequently than other patients, 

to use the appropriate medication for managing osteoporosis, and to control 

hip musculature spasticity such as medications and botulinum toxin 

injection. Moreover, it is important not to overdo hip abduction when using 

a sitting device and it may also be helpful to introduce a hip stabilizer device 

in the pelvis. Further studies are needed to develop better ways to 

understand and prevent hip dislocation in severely disabled patients who 

require long-term use of sitting devices.
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However, unlike the negative effects on the hip, sitting devices seems to 

have a positive effect on scoliosis progression, showing a tendency to 

prevent further progression. The progression of CA measured in the R-bank 

group was 1.26±7.43° per year. The progression rate differs depending on 

several factors and initial CA. Although the precise amount of deterioration 

per year of scoliosis is unknown, one article has suggested about 5° of 

deterioration per year in CP patients at 5 to 10 years of age.(25) In this study, 

although scoliosis was slightly worse after the use of sitting devices, the 

progression rate was smaller than the previous papers. This suggests that 

sitting devices may prevent progression of scoliosis.

In the R-bank group, despite the retrospective nature of this study, there 

was no follow-up loss due to high participation of CP patients, as it was a 

charity project. Moreover, hip and spine surveillances were also regularly 

followed-up like a prospective study. In addition, through the recycling of 

modular sitting devices and offering molded sitting devices, the parents' 

satisfaction was very high. 

There are several limitations in this study. The extent of hip dislocation 

will vary depending on the intensity of spasticity of the hip muscles and 

cerebral palsy type.(4) But the spasticity of the hip muscle and cerebral 

palsy type were not adequately evaluated due to a limitation of the 

retrospective nature. In addition, age is one of the major factors in hip 
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progression. Non-ambulatory children with cerebral palsy (GMFCS level IV 

and V) younger than the age of 4 years had the biggest hip migration 

progression.(4) However, since the majority were aged more than 4 years, 

there was no need to compare them by age. 

In conclusion, the use of sitting devices with an abductor bar was found 

to aggravate hip dislocation. Therefore, we should pay attention to the 

benefits and risks of using sitting devices. Furthermore, it is necessary to 

find a way to prevent hip dislocation in flexed hip. It is necessary to 

implement research to make sitting devices that minimize or prevent hip 

dislocation in the manufacturing process.
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Conclusions

Sitting devices with an abductor bar in patients with cerebral palsy may 

exacerbate hip dislocation. Therefore, we should pay attention to the 

benefits and risks of a sitting device more carefully.
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국문 초록

소개: 많은 장애아동들이 척추측만증의 악화를 예방하고, 앉는

자세를 유지하기 위해 자세유지보조기를 사용하고 있다. 하지만

장시간 자세유지보조기에 앉아있으면, 고관절이 굴곡되고 내전된

자세로 오래 앉아있게 되고 이러한 고관절의 자세의 유지는

고관절 탈구를 더욱 조장할 가능성이 있다. 따라서

자세유지보조기가 고관절 탈구를 악화시키는 지 여부를

평가하고자 한다.

방법: 이 연구는 후향적 환자-대조군 연구로, 뇌성마비로 진단

받았으며, 자세유지보조기를 사용한 총 42명의 환자군과 사용하지

않은 34명의 대조군을 분석하였다. 자세유지보조기 착용 전 후 X 

ray 촬영하여, 척추측만증의 변화를 Cobb`s angle을 통해, 그리고

고관절의 변형을 Lateral center edge angle, Reimer migration index, 

Femur neck-shaft angle을 통해 확인한다.

결과: 환자군에서 자세유지보조기 착용 이후에 Reimer 's migration 

index가 26.89 %에서 44.18 %로 유의미하게 악화되었다 (p <0.001).

환자군과 대조군에서 migration index가 각각 14.72%와 7.26%으로

유의미한 차이가 있었다. (p=0.02). 
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결론: 뇌성마비 환자에서 외전근 패드를 장착한 자세유지보조기는

고관절 탈구를 악화시킬 수 있다. 따라서 우리는 자세유지보조기의

이점과 단점에 보다 주의를 기울여야 합니다.

주요어 : 고관절 탈구, 뇌성마비, 자세유지보조기

학번 : 2016-21964
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