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Abstract
Background. Developmental dysplasia of the hip (DDH) is a common hip joint pathology seen in the pediatric 
orthopedist’s practice. Pelvic osteotomies are the reliable surgical option for DDH treatment in walking patients, 
and 3 osteotomies (Salter, Dega and Pemberton) are widely used in patients under 6 years of age. Plastic 
changes in hinge points occur during iliac fragment movement, after the performed osteotomy. The loca-
tions of these points are described in the literature, but some debate still exists about their true positions.

Objectives. To reveal hinge point locations during a simulation of pelvic osteotomies on biological models.

Materials and methods. Eighteen piglet pelvis complexes were obtained and separated according to their 
age. Pelvic osteotomies were simulated, and bone changes were assessed on computed tomography (CT) 
scans after the performed surgeries.

Results. No bone changes were found after Salter osteotomy in younger piglets, while contralateral pubic 
bone metaphyseal fractures were found in older animals. After Pemberton osteotomy, greenstick fractures 
in iliac and pubic bones metaphyses in the triradiate cartilage area were revealed in younger and older piglets. 
After Dega osteotomy, a posterior medial cortical layer fracture of the uncut iliac bone in the greater sciatic 
notch was found in all piglets. In older piglets, an additional hinge point was detected in the ipsilateral pubic 
bone metaphysis.

Conclusions. It was found that the age of the piglets has an impact on hinge point number and location, 
and this may be explained by an age-related decrease in pelvic bone and cartilage plasticity. The results of this 
study may help surgeons to decrease the number of preventable complications during pelvic osteotomies.
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Background

Developmental dysplasia of  the  hip (DDH) is  one 
of the most common pathologies seen in the pediatric or-
thopedist’s practice and the second most common after 
transient synovitis.1,2 Untreated DDH can cause hip sub-
luxation and dislocation, hip instability, limp gait, walk-
ing delay, leg shortening, pain, and the restriction of hip 
movement. It also leads to early-onset hip arthritis, and 
about 50% of patients under 50 need a hip replacement due 
to the presence of residual acetabular dysplasia.3 Therefore, 
the timely and effective treatment of DDH is important.

In younger patients, DDH is successfully managed with 
nonsurgical methods, including abduction braces, closed 
reduction and casting.4 In patients who have started walk-
ing, surgical treatment is more effective.5 When com-
paring different types of surgeries (isolated open reduc-
tion, proximal femoral osteotomies, pelvic osteotomies, 
or single-stage surgery), the best results may be achieved 
after pelvic osteotomies or single-stage surgeries.6 Thus, 
the importance of pelvic osteotomies in terms of DDH 
surgical treatment is evident. Three pelvic osteotomies 
(Salter, Dega and Pemberton) are widely used for DDH 
treatment in pediatric patients under 6 years of age, and 
these surgeries allow for further development of the ac-
etabulum. These procedures can be divided into complete 
(Salter) and incomplete (Dega and Pemberton) osteoto-
mies of the iliac bone.7

Acetabular deformity correction during pelvic osteoto-
mies occurs due to the acetabular reorientation after iliac 
bone fragment movement. Plastic changes in the hinge 
points take place during iliac fragment movement. The lo-
cations of hinge points are described in  literature and 
include the symphysis pubis cartilage during Salter os-
teotomy, a posterior-medial cortical layer of the uncut 
iliac bone in the greater sciatic notch region during Dega 
osteotomy, and the triradiate cartilage during Pemberton 
osteotomy.8–11 The location of the hinge points reflects bio-
mechanical changes that occur during pelvic osteotomy. 
Thus, it is important for a surgeon to know the true hinge 
point locations in terms of the surgical technique, preoper-
ative planning and prevention of complications. However, 
there are no biomechanical or clinical studies to confirm 
the true hinge point locations during the abovementioned 
pelvic osteotomies.

Moreover, there is some debate about hinge point lo-
cations. Regarding the Salter pelvic osteotomy, the sym-
physis pubis cartilage has been suggested as a hinge poin. 
However, later studies have revealed that greenstick 
fractures take place in the long bone metaphysis during 
the  loading of a shaft epiphysis connection.12 If pelvic 
bones are treated as long bones with areas of primary and 
secondary ossification,13 the pubis bone metaphyses are 
more likely the hinge points. The Dega osteotomy is also 
a subject for discussion in terms of the number and lo-
cation of hinge points. While it has been suggested that 

the posterior medial cortical layer of the uncut iliac bone 
in the greater sciatic notch is a hinge point, others have de-
scribed the presence of additional hinge points.8 Regarding 
the Pemberton osteotomy, the hinge point is considered 
to be located inside the triradiate cartilage, but the tri-
radiate cartilage has 3 limbs and there is no clarification 
as to which limb is overloaded.9–11

As an independent factor, the patient’s age may have 
an impact on hinge point numbers and locations. Hypo-
thetically, younger patients may have a lower density of pel-
vic bones and cartilages, and greater plasticity of these 
tissues. This may lead to different biomechanical changes 
during pelvis osteotomies, and to  different outcomes 
in younger and older patients (as described earlier).14

The true hinge point locations during pelvic osteotomies 
may be evaluated with different types of pelvic models.15–17 
Among animals, the ideal non-rodent candidate for medical 
experiments is the pig.18 In this study, piglet models were 
used. The advantages of the piglet models for pelvic oste-
otomy simulation are the similarity to human anatomy and 
physiology, and the relatively large size of the pelvic organs.19

Objectives

The aim of this study was to assess the true hinge point 
locations during 3 pelvic osteotomies applied in pediat-
ric patients for DDH treatment, and to reveal the impact 
of the patient’s age on hinge point number and location.

Materials and methods

The evaluation of the hinge point locations during dif-
ferent pelvic osteotomies was performed using piglet pelvic 
complex models. The permission of the institutional ethics 
committee was obtained for pelvic complex model analysis 
and surgical simulation using these models (approval No. 2 
of April 5, 2021). All piglets died from natural causes, no 
interventions were performed on live animals, and they 
were not slaughtered for the sake of this experiment.

The pelvic complexes consisted of pelvic bones, lumbar 
vertebrae, hip joints, proximal parts of the femoral bones, 
and surrounding soft tissues. All pelvic complexes were 
free of trauma or other injuries to the pelvis girdles or hip 
joints. All piglets included in this study were Landrace 
breeds. After death, the pelvic complexes were extracted 
for further examination.

The correlation between children’s and piglets’ chron-
ological ages was calculated according to data available 
in the literature. It is known that sexual maturity in pigs 
occurs at 5–6 months,20 the closure of growth plates oc-
curs at 20 months, and the age of 3–4 months in pigs 
is equivalent to 6–7 years of age in humans.21 For these 
reasons, the piglets chosen for this study were younger 
than 3 months (which is equivalent to a six-year-old human 
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– the period of the most active acetabular development 
when the abovementioned pelvic osteotomies are widely 
used).22 We selected 18 pelvic complexes for further in-
vestigation, with 6 complexes intended for each pelvic os-
teotomy procedure (Salter, Dega and Pemberton). Among 
the 6 pelvic complexes utilized in each procedure, 3 com-
plexes were obtained from piglets younger than 1 month 
and 3 from 2–2.5-month-old piglets. This was done to sim-
ulate surgeries in younger and older patients.

The pelvic complexes were frozen at –20°C from the mo-
ment of obtaining until the day before the surgery. On that 
day, the pelvic complexes were slowly thawed at room tem-
perature. It  is known that 1 freeze-thaw cycle does not 
affect the biological and plastic properties of bones and 
cartilages,23–26 so the surgery simulation on thawed pelvic 
complexes was similar to those performed on live piglets. 
The Salter, Dega and Pemberton pelvic osteotomies were 
performed on these complexes, according to the original 
descriptions of these surgeries.8,26,27

Bone changes after the performed osteotomies were 
assessed using computed tomography (CT) scans (per-
formed with a Philips Brilliance 16 CT scanner (Philips, 
Amsterdam, the Netherlands)). For better visualization, 
the slice thickness was set at 0.5 mm for younger pig-
lets (up to 1 month of age) and 0.8 mm for older animals 
(2–2.5-month-old). The assessment of bone changes was 

performed taking into account the concept of metaphyseal 
lesions during shaft epiphysis load application, according 
to the theory presented by Thompson et al.12 It is known 
that all pelvic bones during their development have pri-
mary and secondary ossification centers and cartilages 
between them, which are equated to the metaphyses and 
epiphyses in long bones.13

Medixant RadiAnt DICOM Viewer software, v. 2020.1 
(https://www.radiantviewer.com, accessed March 9, 
2020) was used to evaluate the CT scans. The localization 
of bone changes was determined based on the consensus 
of the authors.

Results

After the performed pelvic osteotomies and the analysis 
of bone changes, several changes were detected on CT 
scans, according to the piglet’s age and performed surgery 
(Table 1).

No bone changes were found after Salter pelvic oste-
otomy in three-week-old piglets. However, there was a me-
taphyseal contralateral pubic bone fracture in the sym-
physis pubis region in  piglets aged 4  weeks and older 
(Fig. 1). Extrapolating these data to humans, we can assume 
that the hinge point in younger patients will be located 

Table 1. Bone changes after performed pelvic osteotomies according to the piglet’s age and performed surgery

No. Piglet’s age Pelvic 
osteotomy Bone changes

1 3 weeks Salter none

2 3 weeks Salter none

3 4 weeks Salter contralateral pubic bone metaphysis in the symphysis pubis region

4 2 months Salter contralateral pubic bone metaphysis in the symphysis pubis region

5 2 months Salter contralateral pubic bone metaphysis in the symphysis pubis region

6 2.5 months Salter contralateral pubic bone metaphysis in the symphysis pubis region

7 3 weeks Pemberton
1) uncut iliac bone metaphysis in the triradiate cartilage region (between iliac and pubic bones)

2) medial cortical layer of the uncut iliac bone

8 3 weeks Pemberton
1) uncut iliac bone metaphysis in the triradiate cartilage region (between iliac and pubic bones)

2) pubic bone metaphysis in triradiate cartilage region

9 3 weeks Pemberton uncut iliac bone metaphysis in the triradiate cartilage region (between iliac and pubic bones)

10 2 months Pemberton
1) uncut iliac bone metaphysis in the triradiate cartilage region (between iliac and pubic bones)

2) pubic bone metaphysis in triradiate cartilage region

11 2 months Pemberton pubic bone metaphysis in triradiate cartilage region

12 2 months Pemberton
1) uncut iliac bone metaphysis in the triradiate cartilage region (between iliac and pubic bones)

2) pubic bone metaphysis in triradiate cartilage region

13 3 weeks Dega posterior medial cortical layer of the uncut iliac bone in the greater sciatic notch region 

14 3 weeks Dega posterior medial cortical layer of the uncut iliac bone in the greater sciatic notch region

15 4 weeks Dega posterior medial cortical layer of the uncut iliac bone in the greater sciatic notch region

16 2 months Dega posterior medial cortical layer of the uncut iliac bone in the greater sciatic notch region 

17 2 months Dega
1) posterior medial cortical layer of the uncut iliac bone in the greater sciatic notch region

2) ipsilateral pubic bone metaphysis in the symphysis pubis region

18 2 months Dega
1) posterior medial cortical layer of the uncut iliac bone in the greater sciatic notch region

2) ipsilateral pubic bone metaphysis in the symphysis pubis region
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in  the  symphysis pubis cartilage, which is  considered 
to be the “classic” hinge point described earlier. However, 
in older patients, this hinge point is likely to be located 
in  the  contralateral pubic bone metaphysis. This may 
be explained by the decrease in cartilage tissue amount 
in the pelvis and by the increase of pelvic bone and carti-
lage density with the patient’s age (which leads to transfer-
ring the load from the cartilaginous part of the symphysis 
pubis to the contralateral pubic bone metaphysis).

After Pemberton osteotomy, a greenstick metaphyseal 
fracture of an uncut iliac bone in the triradiate cartilage 

region (between iliac and pubic bones) was detected in all 
three-week-old piglets. In 1 piglet, a greenstick fracture 
was found in the medial cortical layer of the uncut iliac 
bone. In another piglet, a pubic bone metaphyseal frac-
ture was found in  the  triradiate cartilage region (be-
tween the iliac and pubic bones). In two-month-old piglet 
models, a greenstick metaphyseal fracture of an uncut 
iliac bone was detected in the triradiate cartilage region 
(between iliac and pubic bones) and, in 2 piglet mod-
els, a pubic bone metaphyseal fracture in the triradiate 
cartilage area (between the iliac and pubic bones) was 
found (Fig. 2).

A fracture in the posterior medial cortical layer of the un-
cut iliac bone in the greater sciatic notch region was found 
in all piglets after the Dega osteotomy. In 2 two-month-old 
piglets, there was an ipsilateral pubic bone metaphyseal 
fracture (Fig. 3). The presence of an additional hinge point 
in elderly patients may be explained by an age-related in-
crease in pelvic bone and cartilage density, which requires 
an additional hinge point for acetabular deformity correc-
tion during iliac fragment movement.

Discussion

DDH is the second most common hip disorder in chil-
dren, after transient synovitis. Nonsurgical treatment 
of DDH is effective in non-walking patients, but in older 
individuals (those who have started walking), surgical 
treatment is preferable. Among all of the methods for sur-
gical treatment, pelvic osteotomies are considered to be 
the best choice. There are 3 widely used pelvic osteotomies 
for DDH treatment in patients under 6 years of age – Salter, 
Dega and Pemberton (which involve complete or incom-
plete cutting of the iliac bone). Acetabular deformity cor-
rection occurs due to acetabular reorientation after iliac 
fragment movement, and plastic changes in hinge points 
are observed during these changes. The hypothetical loca-
tions of these points have been described in the literature, 

Fig. 2. Bone changes after Pemberton osteotomy. Bone changes in three-
week-old piglets. A. Fracture in the uncut iliac bone medial cortical layer; 
B. Fracture of the iliac bone uncut part in the triradiate cartilage region; 
C. Pubic bone metaphyseal fracture in the triradiate cartilage region. 
Bone changes in two-month-old piglets; D. Fracture of the iliac bone 
uncut part in the triradiate cartilage region; E. Pubic bone metaphyseal 
fracture in the triradiate cartilage region

Fig. 1. Bone changes after Salter 
osteotomy. Сontralateral pubic 
bone metaphyseal fracture 
in four-week (A) and two-month 
(B) old piglets
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but are still debated.8–9,12 It is essential to know the true 
hinge point locations for surgeons to be able to improve 
preoperative planning and avoid complications.

In this study, it was found that Salter pelvic osteotomy 
did not lead to any bone changes in younger piglets, but, 
in older animals, the contralateral pubic bone metaphyseal 
fractures were found. This confirms the Thompson’s et al. 
hypothesis regarding metaphyseal changes during load 
application at the epiphysis–diaphysis border.12 However, 
in older individuals, the hinge point will likely be located 
in the contralateral pubic bone metaphysis, in the symphy-
sis pubis region. This finding has not been described pre-
viously and it puts the conventional location of the hinge 
point into question. Also, due to the location of the hinge 
point in the contralateral hemipelvis, simultaneous bilat-
eral application of this technique, or in combination with 
other pelvic osteotomies, is impossible in older patients 
due to the presence of pelvic ring violation, contradictory 
to previous data.28–30

After the Pemberton osteotomy, a greenstick metaphy-
seal fracture of an uncut iliac bone in the triradiate car-
tilage region was found in all pelvic models. The fact that 
the Pemberton osteotomy leads to a pubic bone metaphy-
seal fracture in the triradiate cartilage region indicates 
an overload of the triradiate cartilage limb between the il-
iac and pubic bones, which was not described previously. 
Also, this observation indicates possible triradiate cartilage 
damage during this surgical technique, and this damage 
may lead to further acetabular development disturbance, 
as described by others.31,32 Therefore, the Pemberton pelvic 
osteotomy should be used with caution, especially in pa-
tients under 6 years of age (during the period of active 
acetabular development).22

The  hinge point location after Dega osteotomy was 
found in the posterior medial cortical layer of the uncut 
iliac bone in the greater sciatic notch region. This confirms 
the conventional concept described by the author of this 

technique. Thus, the acetabular deformity should be care-
fully corrected during this technique to avoid unnecessary 
fracture of the intact part of the iliac bone. In older piglets, 
an additional hinge point was found in the ipsilateral pubic 
bone metaphysis in the symphysis pubis region, which 
confirms the data of Czubak et al. regarding the presence 
of 2 hinge points in this technique.8 This observation in-
dicates that simultaneous bilateral Dega osteotomy, or the 
combination of this procedure with other pelvic osteoto-
mies is impossible in older patients, due to the presence 
of pelvic ring violation.

Limitations

For surgery simulation and bone changes assessment, 
piglet pelvic complexes were used instead of  human 
ones. Thus, the postsurgical results may not be the same 
as in humans. In addition, the bone changes in this study 
were assessed using healthy pelvis models rather than 
ones with DDH. No cartilage changes were assessed after 
the simulated surgeries. Therefore, the conclusions about 
triradiate cartilage overload were drawn indirectly. Also, 
a small number of pelvises was included in this investiga-
tion and future studies should be planned with a larger 
number of cases.

Conclusions

The surgeon must know the true hinge point locations 
and their number during different pelvic osteotomies ap-
plied for DDH treatment in pediatric patients. The cur-
rent data indicate that the patient’s age may have an im-
pact on hinge point locations and number. The results 
of the current work may help pediatric surgeons to im-
prove surgical planning and avoid some preventable 
complications.

Fig. 3. Bone changes after 
Dega osteotomy. Fracture 
in the posterior medial 
cortical layer of the uncut iliac 
bone in the greater sciatic 
notch in three-week (A) and 
two-month old (B,C) piglets; 
B. Ipsilateral pubic bone 
metaphyseal fracture in a two-
month-old piglet
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