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Abstract 
 
Background 
One of the usual and effective methods for the treatment is osteotomy of the pelvic bone, 
namely, Salter osteotomy. Dega osteotomy is one of the most commonly used osteotomies 
in the management of DDH. 
Objective: This systematic review compares and summarizes the collected data of Dega 
and salter osteotomy in the management of developmental dysplasia of the hip. 
Patients & Methods 
Literature search for all published articles that evaluated Dega or Salter osteotomy in the 
management of developmental dysplasia of the hip between January 2000 till February 
2021 using PubMed, Scopus, Web of Science, and Cochrane Library. Clinical trials 
whether randomized or nonrandomized prospective and retrospective comparative cohort 
studies, case-control, nested case-control studies, or case series with more than 10 patients 
are included. 
Results 
Both approaches are reliable, result in restoring normal development of the hip in most pa-
tients. In terms of several functional and radiological outcomes including acetabular index, 
center-edge angle, Severin’s classification, and McKay scored. However, there is a tendency in 
reporting a higher rate of avascular necrosis of the femoral head in Salter osteotomy. 
Conclusion 
Both Dega and salter osteotomy are reliable in the management of DDH but with a higher 
rate of avascular necrosis of the femoral head in Salter osteotomy. 
Abbreviations: DDH; developmental dysplasia of the hip 
 
Keywords 
developmental dysplasia of the hip, Salter osteotomy, Dega salter osteotomy, acetabular 
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Introduction  

One of the usual and effective methods for the treat-
ment is osteotomy of the pelvic bone, namely, Salter 
osteotomy which was initially described in 1961 [1]. 
In this technique, the pelvic bone undergoes osteot-
omy above the acetabulum, and the distal segment is 
shifted outwards, forwards, and downwards for ap-
propriate construction of the acetabular roof.  

Shifting the distal segment downwards, which is the 
most displacement in this surgery, opens the osteot-
omy site anterolaterally which is filled with the trian-
gular bone graft removed from the pelvic bone (1). 
Shifting the distal segment downwards causes a de-
crease in the acetabular volume cavity and an increase 
in the pressure on the femoral head, leading to an in-
crease in the risk of chondrolysis and avascular necro-
sis (AVN) of the femoral head. 

Furthermore, there is a possible displacement of the 
inserted graft in the gap between the distal and 
proximal segments, leading to the displacement of the 
distal segment upwards and inwards and decrease in 
or destroying the primary coverage of the femoral 
head [2],[3]. 

Dega osteotomy is one of the most commonly used 
osteotomies in the management of DDH. The first 
transiliac osteotomy was performed and registered by 
Wiktor Dega in 1958 in Poznan Hospital in Poland. 
Dega’s initial osteotomy was first mentioned briefly 
in a 1964 German publication [4], but it was not until 
1969, in a Polish publication, that he first referred to 
this initial osteotomy as a supra-acetabular semicircu-
lar osteotomy [5]. 

The iliac osteotomy described by Dega in 1969 [5] in 
Poland is an acetabuloplasty that changes the acetabu-
lar configuration and its inclination. 

Egyptian Orthopedic Journal, Vol. 56 (supplement 2), December 2021 



Egyptian Orthopedic Journal 
 

126 

This allows an adequate acetabular coverage for ante-
rior, lateral, and mainly posterior deficiencies [4]. In 
the 1964 German publication, Dega [4] did not pro-
vide a detailed description of the osteotomy, but he 
did emphasize that the medial iliac cortex was not to 
be cut, to prevent the acetabular fragment from dis-
placing medially in a ‘manner consistent with a Chiari 
osteotomy. 

The osteotomy was described as a semicircular cut 
through the lateral wall of the ilium directed toward 
but not through the medial cortex of the ilium. It es-
tablished a basis for the subsequent development of 
what Dega termed a transiliac osteotomy [6].  

 
Patients and Methods 

we prepared this systematic review with a careful fol-
lowing of the Cochrane Handbook for Systematic Re-
views of Interventions. We also adhered to The Pre-
ferred Reporting Items for Systematic reviews and 
Meta-Analyses (PRISMA) guidelines during the de-
sign of our study.  

 
Literature search 
We conducted a literature search between January 
2000 till February 2021 using PubMed, Scopus, Web 
of Science, and Cochrane Library. We performed a 
search for all published articles that evaluated Dega or 
Salter osteotomy in the management of developmen-
tal dysplasia of the hip. 

We searched article title, abstract, keywords using 
the following keywords: "Dega", "Dega osteotomy", 
"Dega transiliac", "Dega acetabular", "Salter", "Salter 
osteotomy", "developmental dysplasia of the hip", 
acetabuloplasty. "acetabulum plasty", "dysplasia", 
"hip dysplasia" and "acetabuloplasty". 

We used “OR” and “AND” operators during the Lit-
erature search as following: (Dega OR "Dega osteot-
omy" OR "Dega transiliac" OR "Dega acetabular" OR 
Salter OR "Salter osteotomy") AND ("developmental 
dysplasia of the hip" OR acetabuloplasty OR 
"acetabulum plasty" OR dysplasia OR "hip dysplasia" 
OR acetabuloplasty). 

The "related articles" function was used to expand the 
search from each relevant study identified. Bibliogra-
phies of retrieved papers were further screened for 
any additional eligible studies. We searched for arti-
cles that were included in previous related systematic 
reviews. The identified citations were retrieved using 
the Endnote X8 software package (Thompson Reuter, 
USA). 

 

Eligibility criteria 
We included studies that met the following inclu-

sion criteria:  

I) Population: patients with developmental hip 
dysplasia. 

II) Intervention: Dega osteotomy  

III) Comparator: Salter osteotomy 

IV)  Outcome parameters: safety and efficacy out-
comes. 

V) Study design: clinical trials whether randomized 
or nonrandomized prospective and retrospective 
comparative cohort studies, case-control, nested 
case-control studies, or case series with more than 
10 patients.  

We excluded animal studies, reviews, book chapters, 
thesis, editorial letters, and papers with the over-
lapped dataset. Eligibility screening was conducted in 
a two step-wise manner (title/abstract screening and 
full-text screening). Each step was done by two re-
viewers independently according to the predetermined 
criteria. 

 
Data extraction 
Data were extracted by two independent authors and 
revised by another two independent authors. We ex-
tracted the characteristics of each study as following: 
first author, Number of hips, Number of patients, gen-
der, and mean age at surgery, mean follow-up, Tönnis 
grade before surgery, and interventions. Additionally, 
we extracted functional, radiological outcomes and 
incidence of complications. 

 
Results 

Result of literature search 
We obtained 243 articles from PubMed, 329 articles 
from Scopus, 5 articles from Cochrane library, and 
258 from the web of science. 269 duplicated articles 
were removed using the Endnote X8 program 
(Thompson Reuter, USA), 566 articles manually un-
derwent titles and abstracts screening and 99 articled 
underwent full-text review as shown (Figure 1). 25 
studies finally met our inclusion criteria. 

Characteristics of included studies 
We identified 25 studies that evaluated Dega or Salter 
osteotomy in the management of developmental dys-
plasia of the hip with a total of 1243 hips. The mean 
age of patients across the studies ranged between 16 
and 80 months with exception of Lyu et al. [7], au-
thors included patients with 10.9 years old. There was 
male predominance in the included cases. Mean fol-
low-up across the studies ranged between 70 to 519 
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months. The rest of included studies' characteristics are summarized in Table 1. 

 
Table 1: Characteristics of included studies 

 
Tönnis grade before 

surgery Author 
Number of hips 
(N° of patients) 

Male 
Female 

Mean age at surgery in 
months (range) 

Mean follow-up in 
months (range) 

I II III & IV 

Surgical  
technique 

Lin et al. [13] 53 (53) NA 16 (12;18) 70 (61;98) NA NA NA Salter 
Ito et al. [11] 35 (33) 25: 8 55 (30;96) 198 (120; 288) NA NA NA Salter 
Ruszkowski and Pucker 
[18] 

33 (33) NA 18.5 (13;24) 114.9 (55;177.6) 10 1 4 Dega 

Baki et al. [20] 15 (15) NA 20 (13;30) 115 (48;168) 0 0 15 Salter 
Macnicol and Bertol [18] 148 (132) 117: 15 33 (18;72) NA (60;300) NA NA NA Salter 
Tezeren et al[16] 28 (21) 21:3 65 (39;96) 75.6 (31;108) NA NA NA Salter 
Thomas et al. [21] 51 (51) 61: 15 33.6 (18;56.4) 519.6 (480;576) NA NA NA Salter 
Rocha et al.[22] 18 (14) 14: 0 n. r (24;96) 56 (26;132) NA NA NA Salter 
Morin et al.[15] 27 (23) 21: 2 31 (20;57) 444 (372; 528) NA NA 27 Salter 

El-Sayed et al. [23] 109 NA NA n. r  (18;72) 62 (24;120) 0 0 109 
Salter 44%, 
Dega 56% 

Bhuyan [24] 30 (25) 17: 8 46.8 (18;96) 49.2 (24;91.2) NA NA NA Salter 

Gholve et al. [14] 26 (26) n. r 31.8 (17;48,6) 116.4 (60;202.8) 0 0 33 
Salter 18%, 
Dega 61% 

Ahmed et al[25] 26 (20) 15:5 14.7 (12;18) 46.7 (36;70) 0 3 23 Salter 
Kaneko et al.[26] 46 (46) 43: 3 69.6 (60;84) 123.6 (84;240) NA NA NA Salter 
Rampal et al.[27] 16 (15) 14: 1 87.4 (12;72) 94.2 (60;156) NA NA NA Dega 
Neto et al.[28] 42 (21) 19: 2 27 (12;54) 69.6 (24;156) NA NA NA Salter 
El-Sayed et al. [12] 58 (48) 32: 16 48.8 (25;90) 199 (158; 302) 3 23 32 Dega 
Chang et al. ([29]) 63 (63) 58: 5 22 (18;33) 128  0 35 28 Salter 
Ming-Hua et al.[19] 191 (162) 134: 28 43.2 (18;72) 135.6 (60;202.8) 7 32 152 Dega 
Bayhan et al. [8] 25 (20) 17: 3 35.6 (17;100) 59.9 (31,108) 2 6 17 Salter 
Baghdadi et al. [30] 85 (70) 57: 13 34.1 (18;64) 70.2 (25C118) NA NA NA Salter 
Badrinath et al. [17] 45 NA  NA 6 years 2.8 4.5  years NA NA NA Dega 
Gurger et al. [10] 32 (24) 0:24 43.22 28.4 50  0 32 0 Salter 
Alassaf [9] 41 NA  NA 20 (19–31) 40 (30:54) NA NA NA Dega 
Lyu et al. [7] NA (22)  NA 10.9 years (9.1–14.8) 25.7 (14:48). 0 0 22 Dega 

 

NA: Not reported 
 

Outcomes  
Acetabular index (AI) 
Eleven studies reported data for Salter osteotomy 
compared to six studies reported data for Dega os-
teotomy about AI. Operative correction with Salter 
osteotomy resulted in a decrease in AI; the maximum 
decrease was reported by Bayhan et al. [8] (19.4) 
while the maximum decrease using Dega osteotomy 
was Alassaf [9](42.9). At the final follow-up, the 
maximum decrease was 28.6 [8] in Salter osteotomy 
compared to 42.8 [9] in Dega osteotomy, Table 2.  

Center-edge angle (CEA) 
Twelve studies reported data for Salter osteotomy 
compared to six studies reported data for Dega os-
teotomy about CEA. At the final follow-up, the angle 
was highest in [10] that used Salter osteotomy com-
pared to 43.4 in Lyu et al. [7] that used Dega osteot-
omy, Table 3. 

Sharp angle 
Three studies reported data for Salter osteotomy com-
pared to two studies reported data for Dega osteotomy 
about Sharp angle. At the final follow-up, the maxi-
mum improvement reported for two osteotomies were 
comparable to each other; 40.5 for Salter osteotomy 
[11] versus 40 for Dega osteotomy [12] Table 4.  

Severin’s Classification 
Thirteen studies reported data for Salter osteotomy 
compared to six studies reported data for Dega os-
teotomy about Severin’s Classification with two stud-
ies compared directly Salter osteotomy to Dega os-
teotomy. Best results for Severin’s Classification 
(grade1) for Salter osteotomy was reported by 
[13](100%), Gholve et al. [14](100%), Morin et 
al.[15]) (85%) and Tezeren et al.[16](71%) while the 
best outcome for Dega osteotomy was reported by 
Gholve et al. [14]) (90%), Badrinath et al. [17](87%) 
and Ruszkowski and Pucker  [18] (72%). In the two 
studies that compared Salter and Dega osteotomy di-
rectly, both techniques had comparable results how-
ever better outcomes were reported in Salter osteot-
omy, Table 5, Figure 2, 3.  

McKay score 
Eleven studies reported data for Salter osteotomy 
compared to seven studies reported data for Dega os-
teotomy about McKay score with two studies com-
pared directly Salter osteotomy to Dega osteotomy. 
Best results for McKay score (excellent) for Salter 
osteotomy was reported by Lin et al. [13](85%), 
Gholve et al. [14](88%), Bayhan et al. [8](88%), and 
Macnicol and Bertol  [18](70%) while the best out-
come for Dega osteotomy was reported by Gholve et 
al. [14](100%), and Ming-Hua et al. [19] (77%). In 
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the two studies that compared Salter and Dega osteot-
omy directly, both techniques had comparable results 
however better outcomes were reported in Dega os-
teotomy, Table 6, Figure 4, 5.  

Incidence of Avascular necrosis of femoral 
head (AVN) 
Eleven studies reported data for Salter osteotomy 

compared to five studies reported data for Dega os-
teotomy about AVN with one study reported the out-
comes of both Salter and Dega osteotomy. Best re-
sults for AVN for Salter osteotomy was reported by 
Ito et al. [11](0%) and Baki et al. [20](0%) while the 
best outcome for Dega osteotomy was reported by 
Ruszkowski and Pucker [18] (3%) and Alassaf [9] 
(10%), Table 7. 

 
Table 2: Acetabular index (AI) 

 
Acetabular index (AI) 

Author 
Surgical tech-

nique Pre Post Final follow-up 
Op effect 

(posttop AI - preop AI) 
Final effect 

(Final follow-up - preop AI) 

Lin et al. [13] Salter 36 ± 5 23 ± 5 13 ± 4 13 23 

Ito et al. [11] Salter 34.5 (22 –40) 18.1 (8 –33)  16.4  

Baki et al. [20] Salter 33.4 (20 –48)  10.7 (5 –24)  22.7 

Thomas et al. [21] Salter 40 (0 –61)     

Bhuyan [24] Salter 42±5 21±2  21  

Ahmed et al. [25] Salter 35.4 (24 – 48) 19 (6–30)  15.4  

Neto et al. ([28]) Salter Right:36.9 ±5.6 Left:39± 6.5  
Right: 19.6 ±7.3  
Left:16.9 ±5.0 

 
Right:17.3  
Left:22.1 

Gurger et al. [10] Salter 35.5 (34–38)  18.0 (17–19)  17.5 

Chang et al. [29] Salter 35.4 (23.0)  12.6 (13.6  22.8 

Bayhan et al. [8] Salter 40.6 ±7 21.2 ±6 12 ± 8 19.4 28.6 

Baghdadi et al. [30]) Salter 39.31 (32-49) 21.28 (12-29)  17.9  

El-Sayed et al. [12] Dega 39 (32–60) 18 (9–29)  21  

Ming-Hua et al. [19] Dega 38.0° (28–45°)  20.8 (15–25)  17.2 

Alassaf [9] Dega 40 (35–44) 25 (20–31) 21 (16–27) 14.31 19 

Lyu et al. [7] Dega 43.4 ± 6.9 0.5 ± 2.2 0.6° ± 2.4 42.9 42.8 

Badrinath et al. [17] Dega 27.6 (7.5)  12.1 (5.9)  15.5 

Rampal et al. [27] Dega 30 (25 –45) 21.5 (5 –30) 15 (3 to 24) 8.5 15 

 

 
 

Figure 1: PRISMA flow diagram showing the process of studies selection 
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Table 3: Center-edge angle (CEA) 

 
Center-edge angle (CEA) 

Author Surgical technique 
Pre Post Follow up 

Lin et al. [13] Salter  35 ± 10  
Ito et al. [11] Salter -0.5 (range, - 15 –10),  25.3 (5 –45) 

Baki et al. [20] Salter   
34.2 (20 –
44) 

Tezeren et al. [16] Salter   37 (15– 53) 
Thomas et al. [21] Salter 32 (20 – 34)   
Bhuyan [24] Salter  23.5 (21–26)  
Ahmed et al. [25] Salter  26 (±7)  
Neto et al. ([28]) Salter  Right: 18.1 ±11.7 Left:19.7 ±12.3  
Chang et al. [29]) Salter   29.4 (25.3) 
Bayhan et al. [8] Salter  30 ±9  
Baghdadi et al. [30] Salter   24.59 (6-47) 
Gurger et al. [10] Salter 8.0 (0–13)  39.0 (35–44) 
Rampal et al. [27] Dega 10 (−30 –30) 22 (10 –38) 24 (12 –45) 
El-Sayed et al. [12] Dega  26 (9 –33) 34 (15 – 46) 
Ming-Hua et al. [19] Dega –10.7 (–47–17°)  29.4 (21–40) 
Alassaf [9] Dega   23 (19–30) 
Lyu et al. [7] Dega −24.3° ± 17.1 43.4 ± 7.6 43.4 ± 7.6 
Badrinath et al. [17] Dega   30.2° (8.2) 

 
Table 4: Sharp angle 

 
Sharp angle 

Author Surgical technique 
Pre Post Follow up 

Ito et al. [11] Salter   40.5 (29 –54) 

Tezeren et al. [16] Salter 41° (32–50)  19 (10 – 45) 

Ahmed et al. [25] Salter 130 (115 – 156) 130 (115 – 156)  

Ming-Hua et al.[19] Dega 59.9 (46–82)  39.2 (31– 46) 

El-Sayed et al. [12] Dega 52 (30–61) 39 (28–50) 40 (30–51) 

 
Table 5: Severin’s Classification 

 
Severin’s Classification 

 Author Surgical technique 
I II III IV 

Lin et al. [13] Salter 53 (100%)    

Ito et al. [11] Salter 15 (42%) 11 (31%) 6 (17%) 3 (8%) 

Macnicol and Bertol [18] Salter 67 (45%) 54 (36%) 19 (12%) 8 (5%) 

Tezeren et al. [16] Salter 20 (71%) 7 (25%) 00 (0%) 1 (3%) 

Rocha et al. [22] Salter 6 (33%) 10 (55%) 0 (0%) 2 (11%) 

Morin et al.[15] Salter 23 (85%) 3 (11%) 1 (3%) 0 (0%) 

Bhuyan [24] Salter 15 (60%) 5 (20%) 4 (16%) 1 (4%) 

Ahmed et al. [25] Salter 10 (38%) 10 (38%) 4 (15%) 2 (7%) 

Bayhan et al. [8] Salter 10 (40%)   13 (52%)   1 (4%)   1 (4%)  

Baghdadi et al. [30] Salter 64 (77%) 7 (8%) 9 (10%) 3 (3%) 

Chang et al. [29]) Salter 38 (60%) 16 (25%) 9 (14%)  

Gholve et al. [14] Salter 18%, Dega 61% 
Salter:6 (100%)  

Dega:18 (90%) 

Salter: 0 (0%) 

Dega:1 (5%) 

Salter: 0 (0%) 

Dega: 1 (5%) 

Salter: 0 (0%)  

Dega: 0 (0%) 

El-Sayed et al. [12] Salter 44%, Dega 56% 
Salter:32 (52%)  

Dega:29 (60%) 

Salter: 25(40%)  

Dega: 10 (20%) 

Salter: 1(1.6%)  

Dega: 4 (8%) 

Salter: 3(4.9%)  

Dega: 5 (10%) 

Lyu et al. [7] Dega 4 (18.2%) 18 (81.8%)     

Badrinath et al. [17] Dega 39 (87%) 6 (13%) 0 (0%) 0 (0%) 

Ruszkowski and Pucker [18] Dega 14 (72%) 12% 4 18% 3 (9%) 

Rampal et al. ([27] Dega 11 (68.5%) 4(25%)   1(6.5%) 
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Figure 2: Severin’s Classification for Salter across studies. 
 

 

Figure 3: Severin’s Classification for Dega across studies. 
 

Table 6: McKay score 
 

McKay score 
Author Surgical technique 

E, excellent G, Good, F, Fair Poor 

Lin et al. ([13] Salter 45 (85%) 8(15%) 0(0%) 0(0%) 

Ito et al. [11] Salter 15 (42%) 11 (31%) 6 (17%) 3(8%) 

Macnicol and Bertol ([18] Salter 105 (70%) 0(0%) 37 (25%) 6 (4%) 

Tezeren et al. [16] Salter 6 (21%) 12 (42%) 7 (25%) 3 (17%) 

Bhuyan [24] Salter 11 (44%) 11 (44%) 3 (12%) 0(0%) 

Bayhan et al. [8] Salter 22 (88%) NA NA NA 

Baghdadi et al. [30] Salter 23 (27%) 47 (55%) 11 (12%) 4 (4%) 

Gurger et al. [10] Salter 0(0%) 0 (0%) 0(0%) 0(0%) 

Ahmed et al. [25] Salter 6 (23%) 15 (57%) 5 (19%) 0(0%) 

Gholve et al. [14] 
Salter 18%,  

Dega 61% 

Salter: 22 (88%) 

 Dega:5 (100%) 

Salter: 1 (4%)  

Dega: 0(0%) 

Salter: 1 (4%) 

 Dega: 0(0%) 

Salter:1(4%)  

Dega: 0(0%) 

El-Sayed et al. [12] 
Salter 44%,  

Dega 56% 

Salter: 22 (43%)  

Dega:24 (50%) 

Salter: 23 (45%)  

 Dega:14 (29%) 

Salter: 4 (7%)  

Dega:8 (16%) 

Salter:2 (3%)  

Dega:2 (4%) 

Ruszkowski and Pucker  [18] Dega 13 (39%) 16 (48%) 4 (12%) 0(0%) 

El-Sayed et al. [12] Dega 19 (32.8%) 25 (43.1%) 4 (6.9%) 10 (17.2%) 

Ming-Hua et al. [19] Dega 147 (77%) 30 (15.7%) 13 (6.8%) 1 (0.5%) 

Lyu et al. [7] Dega 3 (13.6%) 7 (31.8%) 12 (54.5%) 0(0%) 

Badrinath et al. [17] Dega 24 (53%) 8 (18%) 2 (4%) 7 (16%) 
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Figure 4: McKay score for Salter across studies. 
 

 
 

Figure 5: McKay score for Dega across studies. 
 

Table 7: Incidence of Avascular necrosis of femoral head (AVN) 
 

Author Surgical technique AVN n(%) 

Lin et al. [13] Salter 5 hips (9%) 

Ito et al. [11] Salter No AVN 

Baki et al. [20] Salter No AVN 

Tezeren et al. [16] Salter 5 hips (28%) 

Rocha et al. [22] Salter 5 hips (27%) 

Morin et al. [15] Salter 2 hips (7%) 

Ahmed et al. [25] Salter 6 hips (26%) 

Neto et al. ([28]) Salter 15 hips (62%) 

Bayhan et al. [8] Salter 4 hips (25%) 

Baghdadi et al. [30] Salter 13 hips (15%) 

El-Sayed et al. [12] Salter 44%, Dega 56% 9 hips (8%) 

Alassaf [9] Dega 4 hips (10%) 

Badrinath et al. [17] Dega 6 hips (13%) 

Ruszkowski and Pucker [18] Dega 2 hip (3%) 

El-Sayed et al. [12] Dega 8 hips (13.7 %) 



Egyptian Orthopedic Journal 
 

132 

Discussion 

Developmental dysplasia of the hip (DDH) represents 
a spectrum of pathology involving the acetabulum 
and occasionally the proximal femur with implica-
tions over a lifetime. The transition in terminology 
from “congenital hip dislocation” to “developmental 
dysplasia of the hip” reflects an evolution in the un-
derstanding of the symbiotic development of the 
femoroacetabular joint [31]. 

The etiology of DDH is multifactorial. Risk factors 
for DDH are breech positioning in utero, female sex, 
being firstborn, and positive family history [32]. 
Alone with prolonged abnormal positioning whether 
prenatal positioning including metatarsus adductus 
and torticollis or postnatal such as swaddling is asso-
ciated with higher rates of DDH [33]. 

During infancy, the plasticity of the hip allows for a 
variety of non-surgical treatment modalities to reposi-
tion the femoral head as a template for acetabular de-
velopment [34]. Throughout childhood, osteotomies 
of the pelvis and proximal femur have been developed 
to encourage normal morphology at skeletal maturity; 
however, many cases of dysplasia remain unrecog-
nized, or residual dysplastic features persist despite 
treatment and present to the clinician after triradiate 
cartilage closure [35]. 

Acetabular dysplasia, the acetabulum is shallow 
and/or vertically oriented which leads to inadequate 
coverage to contain the femoral head in a reduced 
position with the possibility of acceleration of arthritis 
due to abnormal edge contact loading [36]. In patients 
who have failed initial treatment and have persistent 
acetabular dysplasia, pelvic osteotomies may be indi-
cated to resume a more normal development of the 
acetabulum. The goal in the treatment of DDH is to 
achieve and maintain a concentric reduction of the 
femoral head in the acetabulum to allow for continued 
normal development of the hip [37] 

Two of the commonest techniques used in pelvic os-
teotomies are Salter and Dega osteotomy. Salter os-
teotomy addresses the anterolateral deficiency of the 
acetabulum in children with DDH and a pelvic os-
teotomy is done to displace the acetabulum in an an-
terolateral direction [38]. While Dega osteotomy is an 
incomplete osteotomy that modifies the shape of the 
acetabulum by hinging it into the triradiate cartilage 
to obtain the best possible femoral head-acetabulum 
relationship [12]. 

Till now there is no clear evidence the support the 
superiority of certain osteotomy over the other. 
Hence, we conducted the current study to evaluate the 
data in the literature regarding both osteotomies.  

One of the main factors that direct the line of treat-
ment is the patient’s age. Usually, surgeries like os-
teotomies are reserved for older children as the 
acetabulum has been shown to remodel throughout 
childhood up to age 5 years allowing for continued 
development in the presence of a well-located hip (63). 
Consequently, there is an opinion to perform the os-
teotomy at 3 to 5 years of age for residual acetabular 
dysplasia. However, the exact appropriate age is still 
controversial 

Salter [1], in his early report, recommended using his 
technique only in children between 18 months and 6 
years, and later on, he proposed it could be performed 
also on young adults [39]. As we stated before, there 
is no agreement regarding the optimum age for sur-
gery for the correction of residual dysplasia. Experi-
ence showed best results are obtained when perform-
ing the osteotomy before the closure of the triradiate 
cartilage, provided by as favorable outcomes when 
the acetabulum still maintains its remodeling ability 
that is mainly dependent on the flexibility of the trira-
diate cartilage [40, 41]. This is even more important 
for Dega osteotomy which hinges on the triradiate 
cartilage [14]. 

In the current study, we included a wide range of age 
groups between 1.5 years and 10.9 years. Dega group 
had a higher upper limit of age than the Salter group. 
In the Dega group, the age of the patients ranged be-
tween 18.5 months and 10.9 years. In the Salter 
group, the age of the patients ranged between 16 
months and 69.6 months. 

In the Dega group, Lyu et al. [7] reported the highest 
age limit (10.9 years) while Ruszkowski and Pucker  

[18] reported the lowest age limit (18.5 months). We 
found that Ruszkowski and Pucker [18] had better 
results in Severin’s Classification (18.2% were grade 
I and 81.8% were grade II in Lyu et al. [7] vs. 72% 
were grade I and 12% were grade II in Ruszkowski 
and Pucker  [18] and McKay score (13.6% were ex-
cellent and 31.8 % were good in Lyu et al. [7] vs. 
39% were excellent and 48 % were good in Rusz-
kowski and Pucker [18]. 

In the Salter group, Kaneko et al. [26]reported the 
highest age limit (69.6 months) while Lin et al. [13] 

reported the lowest age limit (16 months). We found 
that Lin et al. [13] had better results (100% were 
grade in Severin’s Classification and 85% were excel-
lent in McKay score) compared to Kaneko et al. [26] 
that reported a success rate of 87% in the radiological 
outcomes with some patients to have the insufficient 
cover of the femoral head at maturity, despite having 
undergone reconstructive osteotomy for persistent 
dysplasia. 
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These findings are consistent with most if studies that 
suggest the younger the patient at the time of diagno-
sis and proper management, the better the final clini-
cal outcome would be, on the contrary, Gholve and 
his colleagues [14] who performed both osteotomies 
in their study reported that age of the patients didn't 
have a direct influence on the outcome or the need for 
secondary procedures. The authors explained that 
older children were more likely to be treated with a 
combined procedure when compared with children 
less than 18 months old. 

Our analysis found an overall favorable clinical and 
radiological outcome for Salter in many outcomes; 
acetabular index (AI), center-edge angle (CEA), 
Severin’s classification, and McKay scored. In AI, the 
decrease ranged between 17.3 and 28.6. In CEA, the 
angle ranged between 24.5 and 39, In Severin’s clas-
sification; patients had grade1 ranged between 33% 
and 100%. In McKay score, patients had excellent 
scores ranged between 27% and 85%. 

We also noticed that Dega osteotomy had a similarly 
favorable outcome. In AI, the decrease ranged be-
tween 17.3 and 42.8. In CEA, the angle ranged be-
tween 24 and 43.4. In Severin’s classification; pa-
tients had grade1 ranged between 18.2% and 90%. In 
McKay score, patients had excellent scores ranged 
between 13.6% and 100%. 

Avascular necrosis of the femoral head (AVN) is the 
most feared complication in DDH treatment. The rate 
of AVN occurrence after DDH treatment varies be-
tween 3 % and 62% in the literature with higher inci-
dence reported in the Salter group. In the Dega group, 
the incidence of AVN was 3% in Ruszkowski and 
Pucker [18], 10% in Alassaf [9], 13% in Badrinath et 
al. [17], and 13.7% [12]. While in the Salter group, 
studies weren't consistent regarding the incidence of 
AVN with some reported a relatively low incidence as 
in the Dega group; 7% in Morin et al.  [15]  and 9% in 
Lin et al. [13] and others reported much higher inci-
dence; 62% in Neto et al. [28] and 28% in Tezeren et 
al. [16]. Despite that two studies reported then there 
was no incidence of AVN in Salter osteotomy [11, 
20]  

The reasons for this wide variation may be explained 
by the different schemes for classifica-
tion/identification of AVN, possible different AVN 
rates for different age groups, and the different surgi-
cal approaches in open reduction. 

Our review is consistent with and previously con-
ducted meta-analysis by Merckaert and his colleagues 
[41]. Despite the Dega, the group had a statistically 
significant result over the Salter group after pooling 
data across the studies. The authors highlighted that 

these results are not reliable to conclude as studies 
were heterogeneous in many aspects including the 
type of patients and techniques used in each study and 
concluded that there is no clear recommendation to-
wards one of these techniques.  

We couldn't identify studies that compared directly 
between both surgical methods to evaluate if one ap-
proach is superior to the other. Further investigations 
are required to evaluate the long-term outcome of 
both methods on a homogenous population. Also, fu-
ture studies should focus on identifying clear indica-
tions for each technique. Till now the approach of 
surgical correction should be selectively according to 
the patient's conditions and the surgeon's preference. 

 
Conclusion 

We found that both approaches are reliable, result in 
restoring normal development of the hip in most pa-
tients. In terms of several functional and radiological 
outcomes including acetabular index, center-edge an-
gle, Severin’s classification, and McKay scored. 
However, there is a tendency in reporting a higher 
rate of avascular necrosis of the femoral head in 
Salter osteotomy. 
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