
254  Original article

1060-152X Copyright © 2021 The Author(s). Published by Wolters Kluwer Health, Inc.� DOI: 10.1097/BPB.0000000000000883

This is an open-access article distributed under the terms of the Creative 
Commons Attribution-Non Commercial-No Derivatives License 4.0 (CCBY-
NC-ND), where it is permissible to download and share the work provided it is 
properly cited. The work cannot be changed in any way or used commercially 
without permission from the journal.

Angulated Salter osteotomy in the treatment of 
developmental dysplasia of the hip
Akifusa Wadaa, Aleh Sakalouskib, Tomoyuki Nakamurac,  
Hideaki Kubotaa, Atsushi Matsuoa, Mayuki Taketaa,  
Akio Nakuraa and Yongseung Leea  

Salter osteotomy is widely used to improve acetabular 
coverage in the treatment of developmental dysplasia of 
the hip. Herein we describe angulated Salter osteotomy 
(ASO) as the modified Salter osteotomy, which creates 
a two-point contact between the proximal and distal 
fragments and better stabilizes the fixation of the 
fragments. We reported our results of ASO and compared 
it with that of Salter osteotomy performed previously 
by us. We retrospectively reviewed 41 unilateral hips 
that underwent ASO, with no other accompanying 
procedures, between 2012 and 2018. We investigated the 
radiographic measurements included the preoperative 
values of the acetabular index and center-edge angle 
(CEA), immediate postoperative values of distance d 
(lateral displacement of the distal fragment), lateral 
rotation angle (LRA), the ratio of the obturator height 
(ROH), pelvic height increase percentage (PHIP) and 
the values of acetabular index and CEA during the 
last follow-up. Measurements were compared with 20 
unilateral hips that underwent Salter osteotomy. The 
mean age at the time of surgery was 5.4 years, and the 
mean follow-up duration was 3.3 years. Immediately 
after surgery, the mean distance d, LRA, ROH and 
PHIP were 8 mm, 19°, 70 and 1%, respectively. The 

last follow-up values of acetabular index and CEA 
significantly improved from the preoperative values 
by 18° and 21°, respectively. Patients treated with 
ASO showed significantly larger distance d, more 
improvement in CEA, and lesser PHIP than those treated 
with Salter osteotomy. The short-term outcomes of ASO 
are favorable. ASO was as effective as or better than 
Salter osteotomy in pulling out and stabilizing the distal 
fragment anterolaterally. ASO prevents elongation of the 
ilium, which causes pelvic obliquity. J Pediatr Orthop B 
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Introduction
Salter osteotomy [1] is widely used for treating acetabular 
dysplasia and residual subluxation in developmental dys-
plasia of the hip (DDH). Salter osteotomy uses complete 
transiliac osteotomy to redirect the entire acetabulum. 
Good results have been reported so far with Salter oste-
otomy [1,2], but technical errors such as medial or pos-
terior displacement of the distal fragment and slipping 
of the bone graft have led to less than ideal correction 
and inadequate acetabular coverage [3–6]. By its nature, 
Salter osteotomy increases the pelvic length and adds 
length to the ipsilateral limb depending on the size of 
the triangular bone graft used after the osteotomy site 
is opened (Fig.  1) [3,6–8]. Several authors developed 

modifications of Salter osteotomy to overcome these 
problems [3,5,6,9,10].

In 2012, we first proposed the angulated Salter osteot-
omy (ASO) (Figs. 2 and 3) as the modified Salter osteot-
omy to avoid the elongation of the ilium. In ASO, a small 
quadrangular prism-shaped beta-tricalcium phosphate 
(ß-TCP) bone-graft substitute is used instead of an autol-
ogous iliac bone graft, which causes cosmetic problems 
due to the deformity of the iliac wing.

We reported our results of ASO and compared it with that 
of Salter osteotomy performed previously by us.

Patients and methods
We performed ASO for the treatment of 60 hips of 
patients with DDH in our hospital from January 2012 to 
December 2018. Our study included 41 unilateral hips 
(10 right and 31 left hips of 2 boys and 39 girls) that were 
followed up for at least over a year after surgery and had LWW
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not undergone any other concomitant procedures. The 
initial reduction methods used were Pavlik harness (11 
hips), gradual traction followed by closed reduction (24 
hips) and open reduction after unsuccessful nonoperative 
treatment (2 hips). The remaining four hips had acetabu-
lar dysplasia without dislocation.

Surgical procedure for angulated Salter 
osteotomy
A 4-cm skin incision was marked 3  cm proximal and 
1 cm distal to the superior anterior iliac spine. Sartorius 

muscle was detached from the superior anterior iliac 
spine, reflected, and later reattached to the original por-
tion. We combined the iliopsoas tenotomy in Salter oste-
otomy according to the technique described by Salter, 
but we omitted the iliopsoas tenotomy in the present 
ASO. The greater sciatic notch was exposed subperioste-
ally. A Gigli saw was passed beneath the greater sciatic 
notch and used for iliac osteotomy.

In Salter osteotomy, the ilium was cut in a straight line 
from the greater sciatic notch to the point between the 
anterior superior iliac spine and anterior inferior iliac 
spine. Meanwhile, in ASO, the first osteotomy line was 
raised ≥30° proximal to the straight osteotomy line of the 
Salter osteotomy (Fig.  3a). This osteotomy angle usu-
ally amounts to 30° and is set to >30° if more rotation is 
needed. The apex of the osteotomy was set at a depth 
of approximately one-third of the ilium. An angulated 
osteotomy was performed distal to the point between 
the anterior superior iliac spine and anterior inferior iliac 
spine from the apex. After the osteotomy, the distal frag-
ment was rotated anteriorly and laterally as performed 
in Salter osteotomy. Unlike Salter osteotomy, where the 
antero-laterally displaced distal bone fragment contacts 
the proximal bone fragment at one point, ASO creates a 
two-point contact between the proximal and distal frag-
ments and improves the stability of the fixation of the 
fragments (Fig. 3b).

The fragments were fixed with two or three 2.4-mm non-
threaded Kirschner wires. The gap between the proxi-
mal and distal fragments was smaller in ASO than that in 
Salter osteotomy, and we did not use any bone grafts in 
three hips. In the other 38 hips, we placed a small quad-
rangular prism-shaped ß-TCP bone-graft substitute (8–
10 mm long, 5–6 mm high and 10 mm wide). The ß-TCP 
bone-graft substitute was placed after Kirschner wire fix-
ation because the Kirschner wires could not be inserted 
into the block.

We investigated the patient’s age at the time of surgery, 
duration of follow-up and time required for bone union 
(time until removal of internal Kirschner wire fixation).

We evaluated the anteroposterior radiographs of the hip 
taken in the supine position preoperatively, immediately 
after surgery and during the last follow-up. The acetab-
ular index and the center-edge angle (CEA) were meas-
ured preoperatively and during the last follow-up. The 
effectiveness of surgery was evaluated by a decrease in 
acetabular index and an increase in CEA after surgery. 
The movement of the distal fragment was assessed by 
measuring distance d, lateral rotation angle (LRA), and 
the ratio of the obturator heights (ROH) immediately 
after surgery as described by Kitoh et al. [4] (Fig.  4). 
Distance d, the distance between the distal inner edge 
of the proximal bone fragment and the proximal inner 
edge of the distal bone fragment, represents the lateral 

Fig. 1

Immediate (a) and 4.5-year (b) postoperative anteroposterior radio-
graphs after Salter osteotomy. (a) Salter osteotomy is performed on 
the left hip at 4.4 years of age. (b) The cephalad end L5 vertebral line 
(L5) and iliac crest line are greatly inclined towards the tear drop line. 
SO increases the pelvic length and causes pelvic obliquity and scolio-
sis. Deformity of the iliac wing is observed at the bone-graft harvesting 
site (arrowhead). ICL, iliac crest line; TDL, tear drop line.
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displacement of the distal bone fragment. LRA, an open-
wedge angle between the proximal and distal bone frag-
ments, represents the abduction angle of inclination of 
the distal bone fragment. ROH, the ratio of the maximum 
heights of the obturator foramen on the operated hip rel-
ative to that on the contralateral hip, represents the anter-
olateral rotation of the distal fragment. The elongation of 
the ilium and pelvic obliquity was assessed by measuring 
the pelvic height increase percentage (PHIP) immedi-
ately after surgery as described by Wang et al. [8] (Fig. 4). 
PHIP was calculated as the percentage of the difference 
in pelvic height between the operated and contralateral 
hips divided by the pelvic height of the contralateral hip.

For comparison with the ASO group, we analyzed the 
cases of an additional 20 unilateral hips (8 right hips 
and 12 left hips) of 2 boys and 18 girls who previously 
underwent Salter osteotomy without any concomitant 
procedures and without any major complications at our 
hospital and whose age at the time of surgery was in the 
same range as that of the ASO group. A large autologous 
iliac bone graft was harvested from the ipsilateral iliac 
wing and used to fill the anterior gap. The proximal and 
distal fragments and the bone graft were fixed with four 
nonthreaded Kirschner wires. Similar to the ASO group, 
we investigated the age at the time of surgery, duration of 
follow-up and time required for bone union in the Salter 
osteotomy group. Furthermore, the radiographic meas-
urements included acetabular index and CEA preoper-
atively, distance d, LRA, ROH and PHIP immediately 

after surgery, and acetabular index and CEA values 2- to 
4-years postoperatively.

The results were analyzed using the independent-sample 
t-test and paired t-test. Independent-sample t-tests were 
used to compare the age at the time of surgery, duration 
of follow-up and time required for bone union between 
the ASO and Salter osteotomy groups. Additionally, non-
paired t-tests were used to compare the preoperative val-
ues and improvement in acetabular index and CEA, and 
immediate postoperative values of distance d, LRA, ROH 
and PHIP between both groups. Paired t-tests were used 
to compare the preoperative and last follow-up values 
of acetabular index and CEA in the ASO group, and the 
preoperative and 2- to 4-year postoperative values for the 
same measures in the Salter osteotomy group. Statistical 
analysis was performed using BellCurve for Excel (Social 
Survey Research Information Co., Ltd, Tokyo, Japan), 
and statistical significance was set at P value <0.05.

Results
In the ASO group, the mean age at the time of surgery 
was 5.4 years (range, 4.2–7.9 years) and the mean dura-
tion of follow-up was 3.3 years (range, 1.1–6.7 years). 
The mean time required for the bone union was 61 days 
(range, 56–74 days). In one of the three hips in which 
we did not use any bone grafts, the distal fragment was 
displaced, and the fragments were re-fixed 1 week after 
the initial surgery, even though the patient had a hyper-
activity disorder. None of the 41 hips have developed 

Fig. 2

Immediate (a) and 4.3-year (b) postoperative anteroposterior radiographs after angulated Salter osteotomy (ASO). (a) ASO is performed on the 
left hip at 5.5 years of age. A beta-tricalcium phosphate bone-graft substitute (arrowhead) is placed between the fragments. (b) The cephalad end 
L5 vertebral line (L5) and iliac crest line are much less inclined towards the tear drop line as compared to that after SO. The ß-TCP bone-graft 
substitute is completely reabsorbed. ICL, iliac crest line; TDL, tear drop line.
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avascular necrosis or chondrolysis after ASO. During the 
last follow-up, none of the patients had any limitation of 
flexion and were able to deep-squat without pain.

The preoperative values of acetabular index and CEA 
represented as mean ± standard deviations were 31° ± 3° 
(range, 25–38°) and 3° ± 3° (range, −8 to 10°), respectively. 
The mean radiographic immediate postoperative meas-
urements were as follows: distance d, 8 ± 2  mm (range, 
3–13 mm); LRA, 19° ± 4° (range, 9–27°); ROH 70% ± 12% 
(range, 35–89%) and PHIP 1% ± 3% (range, −4 to 7%) 
(Table 1). The mean acetabular index and CEA values 
during the last follow-up were 12° ± 4° (range, 5–23°) and 
25° ± 6° (range, 9–35°), respectively. The mean last fol-
low-up values of acetabular index and CEA significantly 
improved as compared to the mean preoperative values 
by 18° ± 4° (range, 9–29°) (P < 0.001) and 21° ± 6° (range, 
12–34°) (P < 0.001), respectively (Table 2).

In the Salter osteotomy group, the mean age at the time of 
surgery was 5.4 years (range, 2.9–6.8 years) and the mean 
duration of follow-up was 2.9 years (range, 2.3–3.5 years). 
The mean time required for the bone union was 61 days 
(range, 54–77 days). The mean preoperative values of 

acetabular index and CEA were 32° ± 4° (range, 24–45°) 
and 4° ± 3° (range, −2 to 12°), respectively. The mean radi-
ographic immediate postoperative measurements were 
as follows: distance d, 3 ± 1 mm (range, 0–7 mm); LRA, 
19° ± 3° (range, 14–25°); ROH 66% ± 12% (range, 38–
85%); and PHIP 7% ± 3% (range, 3–14%). The mean 2- to 
4-year postoperative values of acetabular index and CEA 
were 16° ± 4° (range, 6–25°) and 21° ± 6° (range, 8–33°), 
respectively. The mean 2- to 4-year postoperative values 
of acetabular index and CEA significantly improved as 
compared to the preoperative values by 15° ± 4° (range, 
5–25°) (P < 0.001) and 17° ± 5° (range, 6–27°) (P < 0.001), 
respectively.

The age at the time of surgery, duration of follow-up and 
time required for bone union were not significantly dif-
ferent between the ASO and Salter osteotomy groups 
(P = 0.937, P = 0.131 and P = 0.733, respectively).

Preoperative acetabular index and CEA values were 
not significantly different between the ASO and Salter 
osteotomy groups (P = 0.144 and P = 0.410, respectively). 
Immediately after the surgeries, the distance d in the 
ASO group was significantly greater than that of the 

Fig. 3

Angulated Salter osteotomy. (a) The first osteotomy line is raised 30° or more proximal to the straight osteotomy line of the Salter osteotomy. The 
apex of the osteotomy is set at a depth of approximately one-third of the ilium. (b) Angular osteotomy creates a 2-point contact (arrows) between 
the proximal and distal fragments. A beta-tricalcium phosphate bone-graft substitute (arrowhead) is placed between the fragments. AIIS, anterior 
inferior iliac spine; ASIS: anterior superior iliac spine; GSN, greater sciatic notch.
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Salter osteotomy group (P < 0.001), whereas the LRA and 
ROH values were not significantly different between 
the ASO and Salter osteotomy groups (P = 0.588 and 
P = 0.264, respectively). The PHIP in the ASO group was 
significantly smaller than that in the Salter osteotomy 
group (P < 0.001). During the last follow-up, there were 
no significant differences between the ASO and Salter 
osteotomy groups with respect to the improvement in 
the acetabular index (P = 0.075), whereas the improve-
ment in CEA was significantly more in the former than 
the latter (P = 0.003).

Discussion
Several modifications of Salter osteotomy have been 
reported. Kalamchi removed a triangular bone wedge 
posteriorly from the proximal fragment and engaged the 
distal fragment into the created triangular slot to increase 
stability and prevent the elongation of the ilium [3]. 
Synder et al. [6] also reported successful results with this 
modification. Eren et al. [9] performed an oblique straight 
osteotomy and did not use internal pin fixations when 
the bone graft was stable. Kremli [5] used biodegradable 
polyglycolic acid pins for fixing the bone graft and elimi-
nated the need for a second surgery for pin removal. Yoon 
et al. [10] changed the direction of the osteotomy by cut-
ting the anterior half of the ilium in an oblique direction 
at 45º. A large autologous iliac bone graft was harvested 

from the ipsilateral iliac wing and used to fill the anterior 
gap in these studies.

We used an angular osteotomy in ASO by applying the 
angular iliac osteotomy used in the single-incision extra-
periosteal triple osteotomy [11]. The angular osteotomy 
creates a two-point contact between the proximal and 
distal fragments, and it stabilizes the osteotomy site bet-
ter than a one-point contact with the straight osteotomy 
in Salter osteotomy (Fig.  3b). The gaps between the 
proximal and distal fragments were smaller in the pres-
ent ASO cases than that in Salter osteotomy, and the frag-
ments were fixed with two or three 2.4-mm nonthreaded 
Kirschner wires without placing a bone graft.

In one of the three hips in which we did not use any bone 
grafts, the distal fragment was displaced and re-fixed, 
even though the patient had a hyperactivity disorder. 
Subsequently, a small quadrangular prism-shaped ß-TCP 
bone-graft substitute was placed between the fragments 
after Kirschner wire fixation to improve the stability 
and prevent loss of correction. Even with the use of a 
β-TCP bone-graft substitute in the present ASO group, 
the time required for the bone union (i.e. the time until 
the removal of the internal Kirschner wire fixation) did 
not differ significantly between the ASO and Salter oste-
otomy groups.

In the Salter osteotomy group, the bone graft was har-
vested from the ipsilateral iliac wing, which caused the 
deformity of the iliac wing postoperatively (Fig. 1b). The 
use of a β-TCP bone-graft substitute has the advantage 
of avoiding postoperative deformity of the iliac wing. 
Morita et al. [7] started a similar angular osteotomy with 
our technique from 2014 and reported successful short-
term outcomes. They did not use any bone grafts, but 

Fig. 4

Radiographic measurements on immediate postoperative anteropos-
terior radiograph after angulated Salter osteotomy. Distance d (mm) 
represents the lateral displacement of distal fragment. Lateral rotation 
angle (°) is the open-wedge angle between the proximal and distal 
bone fragments. The ratio of the obturator height (%) is the maximum 
height of the obturator foramen on the operative side (a) relative to 
that on the contralateral side (b), calculated as a/b × 100. Parallel lines 
are drawn to the tear drop line at the superior margin of the iliac crest 
and the acetabular roof. The pelvic height increase percentage (%) is 
the pelvic height on the operative side (a) relative to that on the con-
tralateral side (b), calculated as (A–B)/B × 100. LRA, lateral rotation 
angle; TDL, tear drop line.

Table 1  Comparison of radiographic immediate postoperative 
values between angulated Salter osteotomy and Salter osteot-
omy

　 ASO Salter osteotomy Significance

Distance ‘d’ (mm) 8 ± 2 (3–13) 3 ± 1 (0–7) P < 0.001a

LRA (°) 19 ± 4 (9–27) 19 ± 3 (14–25) P = 0.588
ROH (%) 70 ± 12 (35–89) 66 ± 12 (38–85) P = 0.264
PHIP (%) 1 ± 3 (−4 to 7) 7 ± 3 (3–14) P < 0.001a

The values are represented as mean ± SD, with the range in parentheses.
ASO, angulated Salter osteotomy; LRA, lateral rotation angle; PHIP, pelvic height 
increase percentage; ROH, ratio of the obturator heights.
aStatistically significant.

Table 2  Comparison of the radiographic improvement between 
angulated Salter osteotomy and Salter osteotomy

　 ASO Salter osteotomy Significance

Acetabular index (°) 18 ± 4 (9–29) 15 ± 4 (5–25) P = 0.075
CEA (°) 21 ± 6 (12–34) 17 ± 5 (6–27) P = 0.003a

The values are represented as mean ± SD, with the range in parentheses.
ASO, angulated Salter osteotomy; CEA, center-edge angle
aStatistically significant.
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they used one 3-mm threaded Kirschner wire and two or 
three nonthreaded Kirschner wires to fix the fragments. 
Threaded Kirschner wire fixation could obviate the need 
for the use of a β-TCP bone-graft substitute at the oste-
otomy site in ASO.

We combined the iliopsoas tenotomy in Salter osteot-
omy according to the technique described by Salter, but 
we omitted the iliopsoas tenotomy in the present ASO. 
Vengust et al. [12] suggested that the acetabulum was not 
corrected to the maximum degree to eliminate the increase 
in the hip joint pressure when leaving the iliopsoas mus-
cle intact. However, we did not have difficulty in obtaining 
satisfactory correction in ASO, and none of the patients has 
developed avascular necrosis or chondrolysis after ASO, 
which is probably because ASO prevents the elongation 
of the ilium. The results of our study demonstrated that a 
tenotomy of the iliopsoas muscle is unnecessary in ASO.

In their study of 90 hips treated with Salter osteotomy, 
Kitoh et al. [4] reported that the distance d and the LRA 
had a strong positive correlation, whereas the ROH had 
a negative correlation with the improvement in the ace-
tabular index and CEA values. Herein we observed that 
the LRA and ROH values and the improvement in ace-
tabular index were not significantly different between 
the ASO and Salter osteotomy groups, and the values 
of distance d and the improvement of CEA in the ASO 
group were significantly greater than those of the Salter 
osteotomy group.

The importance of the amount of lateral displacement 
of the distal fragment in Salter osteotomy is well known. 
Salter and Dubos [2] reported that it is important to avoid 
posterior or medial displacement of the distal fragment. 
Kaneko et al. [13] noted that their cases with poor out-
comes following Salter osteotomy had a significantly 
smaller distance d; in contrast, all hips with a d ≥3.5 mm 
had a good outcome at skeletal maturity, and Kaneko et 
al. thus concluded that sufficient lateral displacement 
of the distal bone fragment was a factor related to good 
long-term outcomes. The mean value of distance d in 
our Salter osteotomy group was 3 mm, which is similar 
to 4 mm in the study conducted by Kitoh et al. [4]. The 
mean value of distance d in the ASO group was 8 mm, 
which is significantly larger than the 3 mm of the Salter 
osteotomy group in our present study. ASO was as effec-
tive as or better than Salter osteotomy in pulling out and 
stabilizing the distal fragment anterolaterally.

The mean postoperative PHIP value in our ASO group 
was only 1%, which is significantly smaller than the 7% 
of the Salter osteotomy group. ASO was effective in pre-
venting the elongation of the ilium (Fig. 2).

The results of this study demonstrate that the short-term 
outcomes of ASO are favorable. As noted above, ASO cre-
ates a two-point contact between the proximal and distal 
fragments and improves the stability of the fixation of the 

fragments, and it prevents elongation of the ilium, which 
causes pelvic obliquity. The use of a β-TCP bone-graft 
substitute also prevents cosmetic problems due to the 
deformity of the iliac wing.

This study has several limitations, the most important 
one being that it was a retrospective analysis. The eras 
of the surgeries differed because Salter osteotomy was 
changed to ASO, and there were different levels of sur-
gical proficiency in each group. The number of patients 
in each group was small, and we did not have a long-term 
follow-up, especially considering the changing nature of 
the developing acetabulum, which does not fully develop 
until early adulthood. Considering our present findings, 
ASO has the potential to show long-term results that are 
as good as those reported with Salter osteotomy, but fur-
ther studies are necessary to clarify the long-term results 
of ASO with larger sample size.
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