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to soft tissue changes 
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Abstract 
Objective: Purpose of the presented prospective study is to assess the pathological soft 
tissues together and examine their effect on the continuation of reduction in DDH cases 
treated with closed or open reduction by using MRI technique. 
Materials and Methods: 46 hips of 34 cases treated between 2003 and 2012 were 
prospectively studied. MRI was performed on all children after reduction. Kashiwagi MRI 
classification was made according to the posterior acetabular rim on axial images at the 
level of triradiate cartilage. As different from Kashiwagi, the group of patientes were 
divided two subgroups (2A and 2B) according to pathological soft tissue changes on MRI.  
Results: 27 hips with sharp posterior acetabular rims were involved in Kashiwagi group 1. 
Sixteen hips with rounded and dysplastic posterior acetabular rims were involved in group 
2. In these cases, 9 hips of 6 cases not diagnosed with pathological soft tissue changes 
obstructing reduction on MRI were included in group 2A. In addition to rounded posterior 
acetabular rims, 7 hips of 6 cases having at least one of the soft tissue changes such as 
pulvinar, transverse acetabular ligament, labrum and hypertrophy of ligamentum teres were 
involved in group 2B. Redislocation was observed after plaster cast in all cases in group 2B 
and open reduction and salter osteotomy were applied. Three hips with inverted labrum 
were involved in group 3. 
Conclusion: Presented study provides more useful information on the course of treatment 
in cases where Kashiwagi's classification modification and closed/open reduction and 
immobilization were conducted by taking soft tissue factors obstructing reduction into 
consideration. 
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Öz 
Amaç: Sunulan prospektif çalışmanın amacı kapalı ya da açık redüksiyon yapılan GKD’li 
olgularda patolojik yumuşak doku değişikliklerinin; redüksiyonun devamı üzerine etkisinin 
MRG ile incelenmesidir.  
Gereç ve Yöntemler: 2003 ve 2012 yılları arasında tedavi edilen 34 olgunun 46 kalça 
prospektif takip edildi. Redüksiyon sonrası tüm çocuklara MRG uygulandı. MRG sınıflaması 
(Kashiwagi) triradiat kıkırdak düzeyindeki aksiyel kesitlerdeki posterior asetebular kenara 
göre yapıldı. Kashiwagi MRG sınıflamasından farklı olarak; Grup 2 MRG’deki patolojik 
yumuşak doku değişikliklerine göre iki alt gruba ayrıldı (2A ve 2B). 
Bulgular: Keskin posterior asetebular rim bulunan 27 kalça grup 1 olarak değerlendirildi.  
Yuvarlak posterior asetebular kenar olan 16 hasta grup 2’de yer aldı. Bunlardan patolojik 
yumuşak doku değişikliği bulunmayan 6 olgunun 9 kalçası grup 2A’da yer aldı. Patolojik 
yumuşak doku değişikliklerinden en az biri bulunan 6 olgunun 7 kalçası grup 2B’de yer aldı. 
İnverte labrum bulunan 3 kalça grup 3’te yer aldı. Grup 2B ve 3 kalçalarda redüksiyon 
sonrası dislokasyon ve ek cerrahi işlem gereksinimi olduğu izlendi. 
Sonuç: Kashiwaginin Pavlik bandajı ile redükte oluna bilirlik hakkında bilgi veren MRG 
sınıflaması kapalı ya da açık redüksiyon yapılan daha ileri yaş olgularda da faydalıdır. Bu 
olgularda değerlendirmede redüksiyona engel yumuşak doku yapılarıda dikkate alınmalıdır. 
Sınıflamanın bu modifikasyonu ile ileri yaş olgularda tedavi seyri açısından daha yararlı 
bilgiler verdiğini düşünmekteyiz. 
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INTRODUCTION 

Developmental dysplasia of the hip (DDH) includes 
clinical conditions such as instability, subluxation and 
dislocation (1- 3). Physical examination and visualization 
form the basis of the diagnosis. The first treatment 
option is the Pavlik harness. However, reduction may not 
be achieved in all cases (4). If reduction cannot be 
achieved, closed or open post-reduction plaster cast 
immobilization is applied (5). 

It is very important to maintain position of the femoral 
head in the plaster cast after reduction (6, 7). One 
should make sure that redislocation is not present after 
plaster cast application since acetabular development 
depends on the concentric reduction of the femoral 
head (6, 8). 

Plain radiography, ultrasonography (US), arthrography, 
computed tomography (CT), and magnetic resonance 

imaging (MRI) are used for imaging position of femoral 
head after reduction (8, 9, and 10). In addition to 
acetabular morphology, position of MRI femoral head 
also ensures the differentiation of soft tissue as a factor 
obstructing reduction (11). MRI is an effective method in 
evaluating the reduction (12- 14). Kashiwagi emphasized 
the importance of foreknowledge for the probability of 
reduction with the Pavlik harness and described a 
classification according to posterior acetabular rim in 
MRI (Table 1). He indicated through this classification 
that probability of reduction can be foreshowed through 
the Pavlik harness (4). Purpose of the presented 
prospective study is to assess the pathological soft 
tissues together and examine their effect on the 
continuation of reduction in DDH cases treated with 
closed or open reduction through the classification 
made according to the posterior acetabular rim defined 
by Kashiwagi et al. 

 
Table 1. Kashiwagi MRI classification 

I. Group  The acetabular rim is sharp, and the shape of the labrum and the acetabular cartilage is almost 
normal, although delayed ossification may frequently be seen. 

II. Group  The acetabular rim is rounded and dysplastic. The acetabular inlet is wide open. 
III. Group  The acetabular rim (the acetabular cartilage as well as the labrum) is inverted. The acetabular inlet is 

narrower than the diameter of the femoral head. 
 

Table 2. All patients groups 

Group 1  Group 2  Group 3  

Case Side  2 A. No 
pathological soft 
tissue changes 
detected on MRI  

Case Side 

Case  Side 
2 L 8 B 1 R 
3 B 12 B 19 L 
4 B 16 R 20 B(R) 
5 B 17 B   
7 L 22 L   
9 R 26 L   
10 R 2 B. Pathological 

soft tissue changes 
detected on MRI  

  

Case  Side  
11 R 6 L   
13 L 20 B.(L)   
14 B 23  R   
15 R 25 B.   
18 R 29 L   
21 R 33 B.(L)   
24 R     
27 B     
28 L     
30 L     
31 B     
32 L     
33 B(R)     
34 L     

MATERIALS and METHODS 

Having obtained the approval of the local ethics 
committee, 46 hips of 34 cases treated between 2003 
and 2012 were prospectively studied. Patients were 
assessed for closed reduction under general anesthesia 
in the operating room. After performing the open 
reduction on 3 hips of 2 cases, which were not 
appropriate for closed reduction, and performing the 
closed reduction on others, the plaster casts were 
applied. Reduction affirmation was realized in the 
operating room through plain radiography. MRI was 
performed on all children after reduction. Images were 
obtained from a 1.5 T MRI device (Toshiba-Excelart, 
Tokyo-Japan). Sedation was not used on the others 
except for 3 cases. One of the parents accompanied 
their child during imaging. Average MRI period was 5.27 
(min. 3.55 – max. 10.50) minutes. There were no images 
not evaluated due to movement-based artifacts. T1 and 
T2 weighted axial and coronal images were obtained at 
the 4 mm-thick sections. All images were evaluated by 
two senior orthopedic surgeons. Hip reduction was 
assessed on axial and coronal plans. Kashiwagi 
classification was made according to the posterior 
acetabular rim on axial images at the level of triradiate 
cartilage. Different from Kashiwagi, while Group 2 
patients with no pathological soft tissue changes on MRI 
were included in sub-group A, those having these 
changes were included in sub-group B. DDH-related 
intra-articular and extra-articular pathological soft tissue 
changes were noted. Average duration of follow-up was 
36.45 months (min. 9-max 128 months). Average MRI 
age was specified as 12.7 months (min. 5-max 24 
months). 
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RESULTS 

Twenty-seven hips with sharp posterior acetabular rims 
were involved in Kashiwagi group 1. Concentric 
reduction was achieved in these patients after closed 
reduction and plaster cast immobilization. No factors 
obstructing intra-articular reduction were observed in 
any cases on MRI. 

Sixteen hips with rounded and dysplastic posterior 
acetabular rims were involved in group 2. In these cases, 
9 hips of 6 cases not diagnosed with pathological soft 
tissue changes obstructing reduction on MRI were 
included in group 2A. When 3 hips of 2 cases in group 
2A were found not to be appropriate for closed 
reduction, plaster cast immobilization was applied after 
open reduction. Recovery was enabled in group 2A 
without the need for any additional procedure. In 
addition to rounded posterior acetabular rims; 7 hips of 
6 cases having at least one of the soft tissue changes 
such as pulvinar, transverse acetabular ligament, labrum 
and hypertrophy of ligamentum teres were involved in 
group 2B. Redislocation was observed after plaster cast 
in all cases in group 2B and open reduction and salter 
osteotomy were applied. 

Three hips with inverted labrum were involved in group 
3. Redislocation was determined within the plaster cast 
in case 1 and 20. Redislocation was observed after the 
plaster cast in case 19. Open reduction and salter 
osteotomy were applied on cases 19 and 20. Since the 
first treatment age is 6 months, closed reduction plaster 
cast immobilization was reapplied on case 1. Recovery 
was achieved afterwards without the need for surgical 
operation. 

DISCUSSIONS 

In our study, reduction was achieved in cases in group 1 
in a similar way with Kashiwagi while reduction could not 
be obtained in cases in group 3 (Figure). As different 
from Kashiwagi, cases in group 2 were divided in groups 
A and B according to their intra-articular pathological 
soft tissue changes. Reduction was achieved in cases in 
group A who did not have intra-articular soft tissue 
changes, whereas redislocation was determined after 
applying plaster cast in cases in group B who had these 
changes.

 

 

Figure. All patient groups (group 1, group 2a / 2b, group 3) 
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The first treatment method in DDH is Pavlik harness. If 
this method fails, open or closed post-reduction plaster 
cast immobilization is applied (5, 7). Normal acetabular 
development depends on the concentric reduction of 
the femoral head (8, 13, and 14). This is why it is 
important to ensure redislocation does not exist after 
applying plaster cast. In patients who were applied 
plaster cast after open or closed reduction, position of 
the femoral head may be ascertained with plain 
radiography, MRI, CT and US methods (10, 17). MRI 
defines infant hip anatomy completely and provides an 
outstanding soft tissue imaging (1, 8, 14- 16). 

 MRI is a method that does not contain ionized radiation 
and ensures a good soft tissue imaging (2, 4). However, 
many authors find MRI useful due to its long imaging 
time and requirement of sedation (2, 5, and 18). MRI is a 
practicable and reliable method for evaluations after 
reduction (3, 5, 6, and 8). Even if the femur head is seen 
in central position, it provides information if intra-
articular structures will need additional reduction 
transaction (9). Inverted labrum, hypertrophic pulvinar, 
ligamentum teres and transverse acetabular ligament are 
factors obstructing intra-articular reduction (6, 8, 11, and 
13). 

Kashiwagi emphasized that anatomic details of the hip 
can be evaluated through MRI independently of femoral 
head position. He analyzed the posterior acetabular rim 
on sections taken from triradiate cartilage level in the T1 
weighted axial sections and described a classification 
accordingly (4).  

Kashiwagi et al. put emphasis on the soft tissue factors 
obstructing reduction in their studies. However they did 
not use them in their classification system (4). In addition 
to Kashiwagi classification in our study, we also used 
pathological soft tissue changes in classification as well 
as posterior acetabular rim (Table 1). Accordingly, we 
separated them into the sub-groups A and B according 
to presence of the pathological soft tissue changes in 
group 2. Recovery was achieved in patients, who 
received plaster cast immobilization after closed or open 
reduction in group 2A, without the need for any 
additional surgical operations. In cases in group 2B, in 
addition to the rounded or dysplastic posterior 
acetabular rim; there was at least one of the intra-
articular pathological soft tissue changes such as 
pulvinar, transverse acetabular ligament, labrum and 
hypertrophy of ligamentum teres. In cases in group 2B, 
redislocation was observed after applying plaster cast 
and also open reduction and salter osteotomy were 
applied (Table 2). 

Three hips with inverted posterior labrum were involved 
in group 3. While redislocation was observed within the 
plaster cast in case 1 and 20, redislocation was 
determined in case 19 after the plaster cast. Open 
reduction and salter osteotomy were applied on cases 
19 and 20. Concentric reduction was achieved after 
closed reduction reapplied on 6-month-old case 1.  

Kashiwagi et al. analyzed the hips through MRI 
according to Suzuki US classification (4). Accordingly, 

they indicated that Suzuki type A and B hips in group 1 
and group 2 were reduced with Pavlik harness whereas 
Suzuki type C hips in group 2 and group 3 could not be 
reduced with Pavlik harness (4). In our study, the average 
MRI age of patients was 12.7 months. US evaluation was 
not performed since the age of patients was advanced. 
It becomes difficult to assess US when ossific nucleus 
arises (9, 16). Qualities of US decrease after 4-6 months 
(11). Reduction affirmation was conducted through plain 
radiography at the operating room. 

Consequently, Kashiwagi’s MRI classification, providing 
information on the possibility of reduction through Pavlik 
harness, is also helpful in cases with closed or open 
reduction. We believe that the presented study provides 
more useful information on the course of treatment in 
cases where Kashiwagi’s classification modification and 
closed/open reduction and immobilization were 
conducted by taking soft tissue factors obstructing 
reduction into consideration.  
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