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Abstract

A wide variety of pelvic osteotomies have been de-
veloped for the treatment of developmental dysplasia
of the hip (DDH). In the present paper, we present a
detailed review of previous studies of triple osteotomy
as an alternative treatment for DDH. We also report
our experience treating 6 adult cases of DDH by triple
osteotomy in order to highlight the various aspects of
this procedure.The mean age of our patients was 31.2
years with a mean follow-up period of 6 years. We as-
sessed range of motion, center-edge angle, acetabular
index angle, Sharp angle, acetabulum head index, head
lateralization index, Japanese Orthopedic Association
score, Harris hip score, patient satisfaction, and the dif-
ference between lower limb lengths before and after
the procedure. At final follow-up, clinical scores were
significantly improved and radiographic parameters also
showed good correction of acetabulum.

© 2014 Baishideng Publishing Group Co., Limited. All rights
reserved.
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Core tip: Various pelvic osteotomies have been devel-
oped for treating developmental dysplasia of the hip
(DDH). In the present paper, we review previous stud-
ies on triple osteotomy as an alternative treatment for
DDH and also report our experience with 6 DDH cases
treated by triple osteotomy in order to highlight the
various aspects of this procedure. In our cases, clinical
scores as well as radiographic parameters were signifi-
cantly improved. We found that the clinical results of
triple osteotomy were satisfactory and it should be con-
sidered as an alternative pelvic osteotomy procedure in
adults with DDH.

Mimura T, Mori K, Kawasaki T, Imai S, Matsusue Y. Triple
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literature. World J Orthop 2014; 5(1): 14-22 Available from:
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INTRODUCTION

Developmental dysplasia of the hip (DDH) is well
known as a cause of secondary osteoarthritis of the hip.
In Japan, approximately 80%-90% of hip osteoarthritis
cases occur secondary to DDH.

An acetabular osteotomyto treat DDH is a clinically
important therapeutic modality especially in young adults
with low-grade osteoarthritis, pre-osteoarthritis. Restora-
tion of the anatomical and biomechanical relationship
in cases of DDH may delay or prevent development of
coxarthrosis'". To date, a variety of acetabular osteoto-
mies of the adult pelvis have been reported, including the
Bernese periacetabular osteotomy", rotational acetabular
osteotomy (RAO), and triple osteotomy procedure'”.
The aims of these osteotomies have been to achieve ac-
quire good containment of the femoral head and stability
of the hip joint.
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Table 1 Pre-operative angle values and scores of all cases

Age, yr CE angle Acetabular index Sharp angle AHI HLI JOAS HHS
Case 1 19 9 31 48 442 0.63 63 70
Case 2 20 13 20 46 65.8 0.54 73 80
Case 3 27 5 20 45 57.8 0.71 52 59
Case 4 29 9 19 45 60.0 0.69 52 59
Case 5 43 16 14 47 70.5 0.65 80 93
Case 6 43 0 26 54 52.2 0.56 54 73

CE angle: Center-edge angle; AHI: Acetabular head index; HLI: Head lateralization index; JOAS: Japanese Orthopedic Association score; HHS: Harris hip
score.

A: CE angle
B: Acetabular index angle
C: Sharp angle

Table 2 Post-operative angle values and scores of all cases

=
<

CE  Acetabular Sharp AHI HLI JOAS HHS

AHI = W/(W+X) x 100 angle index angle

HLI = Z/Y Case 1 25 9 26 80.0 0.52 95 100
Case 2 53 -12 12 97.7 0.63 95 100
Case 3 10 15 36 66.7 0.70 91 100
Case 4 21 15 37 73.9 0.70 91 100
Case 5 26 2 35 80.0 0.70 88 9%
Case 6 18 9 35 72.3 0.65 78 9%

CE angle: Center-edge angle; AHI: Acetabular head index; HLI: Head
lateralization index; JOAS: Japanese Orthopedic Association score; HHS:
Harris hip score.

Figure 1 The center-edge angle, acetabular index angle, Sharp angle,
acetabular head index, and head lateralization index were evaluated in R
anteroposterior X-ray images. CE: Center-edge; AHI: Acetabular head index; significant.
HLI: Head lateralization index.

between groups, with a P value of < 0.05 considered

OPERATIVE TECHNIQUES
A triple osteotomy is widely employed for treating

DDH in adolescents and young adults, especially in those Arth*o.scopy was .performed in all cases to evaluate the
in whom the triradiate cartilage remains unfused®”. condition of cartilage anfi.acetabular labrum, as well as

The limited number of existing reviews of triple os- the degree of osteoart.hrltls before the ost‘e.otomy pro-
teotomy prompted us to write an up-to-date review. In cedure. All cases were in the pre—osteoarthrltls stage and
addition, few studies of triple osteotomy in older patients tbere were no acetabular labral tear. The triple osteotomy
(age > 30 years) have been reported. In the present study, 51.te[1s4>1\:]76re. nearly .the.same as those reported by T.('jn-
we also report a case series of triple osteotomyin rela- 1S . First, an ischial osteotomy was performed in a

tively older patients (> 30 years of age). side-up position with 90° hip flexion. Next the position
was changed to a supine position, and pubic and iliac

osteotomies were performed through two independent

OUR CASES skin incisions. The iliac osteotomy was performed using a
We performed 6 triple osteotomies in 4 adult patients Gigli saw, using a technique similar to that of Salter oste-
with DDH, with bilateral osteotomies performed in 2 otomy. For the acetabular osteotomy, the acetabulum was
patients. The average age of the patients was 31.2 years initially rotated laterally. Then an iliac wedge graft was
(19-49 years) and all were female in the pre-osteoarthritis obtained and grafted between the acetabulum and the
stage. The mean follow-up was 6 years. The center-edge lium. Three 3.0 mm K-wires were used for fixation of
(CE) angle™, acetabular index angle™, Sharp angle!”, the acetabulum. Hip spicas wete not required for postop-
acetabular head index (AHT)"Y, and head lateralization erative immobilization.

index (HLI)", were evaluated on anteroposterior (AP)

X-ray images (Figure 1). Range of motion (ROM), Japa-

nese Orthopedic Association score (JOAS), Harris hip RESEARCH
score (HHS), patient satisfaction (well satisfied, satisfied, Pre-operative ROM was full in all patients. At the fi-
and dissatisfied), and difference in lower limb lengths nal follow up examination, mean flexion was 108.3°
before and after the procedure were also assessed. JOAS (100°-120°), abduction was 33.3° (30°-40°), external
consists of the items pain (0-40), ROM (0-20), walking rotation was 58.3° (50°-60°), and internal rotation was
ability (0-20), and activities of daily living (ADL; 0-20), 35° (20°-50°). Details follow-up findings ate presented
with a total of 100 indicating the best hip function. Stu- in Tables 1 and 2. With regard to acetabular coverage,
dent’s test was used to determine significant differences HHS and JOAS were both improved. The average pre-
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Table 3 The mean values of pre-operative and post-operative
angles and scores

Pre-op (mean + SD) Post-op (mean + SD) P value

CE angle 5.67 + 8.26 255+13.4 0.0184"
Acetabular index 21.7 £ 5.44 6.33+£9.0 0.0098"
Sharp angle 47.513.09 30.2%£9.0 <0.0001"
AHI 58.4 + 8.60 784+98 0.0063"
HLI 0.63 + 0.06 0.65 £ 0.1 0.6286
JOAS 62.3+10.9 89.7 £ 6.5 0.0006"
HHS 723 +11.9 98.7£1.9 0.0006"

CE angle: Center-edge angle; AHI: Acetabular head index; HLI: Head
lateralization index; JOAS: Japanese Orthopedic Association score; HHS:
Harris hip score. 'P < 0.05 based on a Student’s t-test.

operative CE angle, acetabular index angle, Sharp angle,
AHI, and HLI value were 5.67, 21.7, 47.5, 58.4, and 0.63,
respectively, with the corresponding postoperative values
being 25.5, 6.33, 30.2, 78.4, and 0.65, respectively (Table
3). HLI showed no improvement, suggesting that medi-
alization of the femoral head was not achieved, whereas
HHS, JOAS, CE angle, acetabular index angle, Sharp
angle, and AHI were all significantly improved (P < 0.05).
JOAS was improved from 62.3 to 89.7 and HHS from
72.3 to 98.7. The average operative time was 5 h and 25
min, including arthroscopy and changing of position. All
patients chose “well satisfied” for the satisfaction score.
The average lower limb elongation was 12 mm. Two
complications were encountered in 1 patient (case 06),
temporary lateral femoral cutaneous nerve (LFCN) dys-
function and delayed union of the ischium. No patients
had infection, non-union, other nerve injuries, vascular
injury, or osteonecrosis of the acetabulum.

REPRESENTATIVE CASES

Cases 1and 2

Patient at age at the time of surgery was 19 years old.
The same patients underwent a triple osteotomy for the
left hip (case 1), which was followed by a right hip oste-
otomy the next year (case 2; Figure 2A, B). The follow-up
period for the right hip was 6 years. Pre-operative JOAS
in the left hip was 63 (pain 20, ROM 20, walking ability 5,
ADL 18), whereas that in the right was 73 (30, 20, 5, 18).
At the final follow-up examination, post-operative JOAS
in the left and right hips was 95 (35, 20, 20, 20) and 95 (35,
20, 20, 20), respectively. Pre-operative HHS was 70 in the
left hip and 80 in the right, whereas both the correspond-
ing post-operative values were 100. The operating time
for the left and right sides was 5 h 21 min and 6 h 28
min, respectively, whereas bloodloss was 340 mL and 220
mlL, respectively, and elongation of the lower limbs 15
mm and 20 mm, respectively. Patient satisfaction scores
for both hips corresponded to “well satisfied”.

Case 5

Patient at age at the time of surgery was 43 years and
the follow-up period was 3 years (Figure 2C, D). Triple
osteotomy was performed on the left hip. Pre-operative
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Figure 2 Anteroposterior X-ray images of cases 1, 2 and 5. A: Pre-operative
anteroposterior (AP) X-ray images of cases 1 and 2 showing pre-osteoarthritis
in a patient with bilateral developmental dysplasia of the hip (DDH); B: Post-op-
erative AP X-ray image at the final follow-up examination. Three 3.0 mm K-wires
were used for fixation of the acetabulum. One of the K-wire was remained at
the right hip; C: Pre-operative AP X-ray image showing pre-osteoarthritis in a
patient with bilateral DDH; D: Post-operative AP X-ray image at the final follow-
up examination.

JOAS was 80 (30, 20, 10, 20), whereas post-operative
JOAS was 88 (30, 18, 20, 20). HHS values before and
after surgery were 93 and 96, respectively. The operating
time was 4 h 22 min, whetreas blood loss was 830 mlL.,
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Osteotomy site
of iliac bone

1: Tonnis
2: Hopf

3: Steel

4: Le Coeur

Figure 3 Several major modifications of triple osteotomy have been pre-
sented, and osteotomy line of the Bernese osteotomy and rotational ac-
etabular osteotomy was also presented. In Steel’s triple osteotomy, the pubic
ramus and ischium in front of the tuberosity are osteotomized. The site of the
ischial and pubic osteotomy in the method of Ténnis is closer to the acetabulum
compared with Steel's osteotomy. In a Hopf triple osteotomy, the ischial tuber-
osity is osteotomized closer to the center of the hip joint than in Steel's proce-
dure. In a Le Coeur osteotomy, the pubis and ischial ramus are osteotomized
closer to the pubic symphysis as compared with Steel’'s procedure.

and elongation of the lower limbs was 8 mm. The values
for the CE angle, acetabular index, Sharp angle, and AHI
improved from 16, 14, 47, and 70.5 to 20, 2, 35, and 80,
respectively.

THE HISTORY OF TRIPLE OSTEOTOMY

The first report of pelvic osteotomy as a treatment for
DDH dates back to the classical report by Konig'”. Long
after this original report, Blavier e# al™ reported a circular
osteotomy used to rotate the acetabulum over the femo-
ral head. The concept of rotating the acetabulum over
the femoral head developed into triple pelvic osteotomy
first described by Le Coeur in 1965"". Hopf further
developed the ideas of pelvic osteotomy and reported
double osteotomy and triple osteotomy in 1965 and 1966,
respectively™”. Steel further modified the triple osteotomy
procedure for the easier surgical access to the ischium™"

Since then, a wide variety of studies on pelvic oste-
otomies for adult DDH have been reported, including
the Chiati osteotomym’z‘”, RAO". Bernese periacetabular
osteotornym, eccentric RAO™!, curved periacetabular os-
teotomy”’, and a modification of the Ganz osteotomy'”.
The surgical sites of a triple osteotomy are the ilium,
ischium, and pubis. The procedure provides improved
coverage of the acetabulum along with biomechanical
stability to the hip equivalent to that of an RAO.

MODIFICATION OF TRIPLE OSTEOTOMY

Steel’s triple osteotomy reported in 1973 has probably
been the most popular and has undergone substantial
modifications (Figure 3). Ténnis invented a major modi-
fication of Steel’s triple osteotomy””, in which the site of
the ischial osteotomy, closer to the acetabulum than in
Steel’s osteotomy, is just adjacent to the hip joint, allow-
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Table 4 The advantages and demerits of triple osteotomy

Advantages Demerits

EAsier than Bernese Risk of non-union of pubis

osteotomy or RAO and ischium
Applicable regardless of
whether the triradiate
cartilage remains fused or not
Low risk

Osteonecrosis of acetabulum

Major vessel injury

Require the long period
before weight bearing

Difficulty and limitation of sufficient
acetabular correction and femoral
head medicalization
No shortening of lower limb Possibly narrowing the pelvic

cavity for childbirth

RAO: Rotational acetabular osteotomy.

ing an easier rotation of the acetabulum. The contact area
is superior to that of the Steel’s osteotomy. Kotz’s po-
lygonal triple osteotomy was described® ™, in which the
osteotomy lines of the innominate and ischial are polygo-
nal, and the axis of rotation of the acetabulum is parallel
to the superior pubic ramus. The rotated acetabulum is
relatively stable and fixed with an internal fixation plate.
Wall reported an endoscopic triple pelvic osteotomy in
2001 whereas Lehman described an “almost” percu-
taneous triple pelvic osteotomy in 2004™, With those,
a 2-incision surgical approach is employed and the iliac
osteotomy is performed using a Gigli saw. They reported
that their osteotomy method is safe and has a relatively
shallow learning curve compared with other triple pel-
vic osteotomy procedures. Kumar ¢ a/* also reported a
modified triple osteotomy, which adds a shelf procedure
to the triple osteotomy to achieve further stability of the
hip joint and coverage of the femoral head.

A variety of devices have been invented to provide
stability of the osteotomy site. Eren reported an “incom-
plete” triple pelvic osteotomym], in which a greenstick
fracture was created in the remaining portion of the
ischial body without a total iliac osteotomy. This highly
stable osteotomy allowed early weight bearing. In turn,
Lipton reported a different modification of the triple
osteotomy, in which a wedge osteotomy was performed
at the proximal part of the ilium". The resection of
the wedge from the outer cortex created a slot, with the
intact inner cortex serving as a stabilizing buttress where
the distal posterior aspect of the ilium fits. This oste-
otomy allows for extensive coverage of the femoral head
along with a greater stability.

We summatized the advantages and demerits of triple
osteotomy in Table 4. After this paragraph, we in detail
discussed these concerns point by point.

DEGREE OF CORRECTION AND
ACETABULAR RETROVERSION

A number of the previous studies on triple osteotomy
have reported good improvement of the radiological
indices (Figure 1). Janssen ez @/’ reported an increase of
the CE angle!"” of 24.4° (10.2° - 34.6°) *” and van Hel-
lemondt ez a/™ revealed an increase of 19° in CE angle
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9° — 28", de Kleuver ef al” reported a reduction of
12° in Sharp angle“z] (22° - 10°)[39]. Peters ¢t al revealed
an increase of 20° in the CE angle (11° — 31°) and a re-
duction of 11° in Sharp (50° — 39°). Dora ez a/*" showed
an increase of 8.2° in the CE angle (7.8° — 36°) and a
decrease of 15° in the Sharp angle (46° — 31°). T6nnis ez
al™' reported an increase of 27.8° in the CE angle (-10°
—17.8%) and decrease of 18° in acetabular index angle!"
(36.7° - 18.5%)"" In our case series, the degree of ac-
etabular correction for CE angle, acetabular index angle,
and Sharp angle was +19.8°, -15.4°, and -17.3°, respec-
tively. In addition, Hailer ¢z a/*” reported that the median
correction of lateralization in their study was approxi-
mately 0 mm. On the other hand, Dungl found 6 mm
medialization in their young patients (average age 16.5
years)”. HLI in our series was 0.02; Z¢., no medialization
of the femoral head was achieved.

Frick et al” performed detailed analysis by 3-dimen-
sional computed tomography and reported that the ac-
etabular fragment moved in the directions of adduction,
antetior rotation (extension), and external rotation, thus
improving femoral head coverage. They also found that
the surgical procedure increased external rotation of the
acetabulum and an excessive external rotation was noted
in 22% of all cases. Exaggerated external rotation of an
osteotomized acetabulum increases the risk of non-union
by producing gaps at the pubic and ischial osteotomy
sites™*, Wenger e al* reported that a “figure-of-four”
maneuver, often used to improve the mobility of oste-
otomized acetabulum, should not be employed to avoid
excess external rotation of the acetabulum.

Ténnis ef @l reported a case of painful hip due to
over-correction. Acetabular retroversion is a cause of
hip pain"** and Kim ez a/*” reported that retroversion
of the acetabulum was likely to cause an early onset of
coxarthrosis. Femoroacetabular impingement was first
described as an anterior impingement after a Bernese
periacetabular osteotomy by Myers e al™ in 1999. Dora
et al*™ also reported retroversion of the acetabulum after
the Salter and triple osteotomy procedures, and found
that a retroverted acetabulum was present in 27% of
their cases, with an average angle of -15°. A retroverted
acetabulum was more frequent and pronounced after a
triple osteotomy than after a Salter osteotomy, Ze., 60%
vs 24%, respectively. Acetabular retroversion may further
predispose the patient to osteoarthritis!™**. de Kleuver e
al® reported that decreased coverage of the posterolat-
eral quadrant of the femoral head would sacrifice walking
ability and recommended not to ovetcorrect the acetabu-
lar rotation anteriorly only to improve anterior coverage.

ELONGATION OF LOWER LIMBS

Vukasinovic e# a/” reported that leg length may well in-
fluence patients’ satisfaction. Hailer ez al™ reported that
the average gain of limb length was +0.5 cm (0 to 4 cm).
Dung] ez al” reported an average gain of +1.8 cm, and

speculated that the limb lengthening was due to a distal
shift of the osteotomized acetabulum. In our cases, the
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average gain of limb length was +1.2 cm. In general, the
length of the operated lower limb is increased following
a triple osteotomy.

RANGE OF MIOTION

Dungl ez a/* reported loss of hip flexion and internal
rotation after a triple osteotomy. Hip flexion after the op-
eration isrestricted because of the anterolateral tilt of the
acetabulum, and the internal rotation becomes restricted
in a similar manner. Faciszewski ez a/™" studied 56 hips in
their series, with an average age of 28 years and follow-
up period of 7 years. They reported that patients had a
slight decrease in hip internal rotation and abduction. A
slight loss of ROM seems to be common in adults after
a pelvic osteotomy because of lateral and external cor-
rection of the acetabulum. On the other hand, several
authors have reported improvement in ROM. In a series
of adult patients with mean age of 27.8 years, Kooijman
et al’” found that a moderately restricted preoperative
ROM improved to full ROM with 47/51 (92%) hips
becoming pain free at 2 years after the operation. In ado-
lescents with an average age of 13.9 years, Kumar e al”
reported that post-operative ROM in term of flexion and
abduction recovered to the pre-operative ROM level with
an average follow-up petiod of 6 years.

REHABILITATION AFTER TRIPLE
OSTEOTOMY

Steel described the detailed postoperative treatment of
a series of patients aged 7-17 years'. A cast was main-
tained for a period of 8-10 wk, after which the K-wires
were removed. Passive and active motion was started, and
then weight beating began with crutches at 12-14 wk.
Tonnis et al™'"? reported that patients were immobilized
in a long-leg spica cast for 6 wk and weight bearing was
not allowed until sufficient consolidation of the oste-
otomy sites in the first series. The average age in their
study was 19.8 years and 12-16 wk were needed before
weight bearing began in adults. Weight bearing tended to
be later, especially among those with osteoporosis or os-
teoarthritis.

Peters ¢f al'' noted that patients (average age 26 years)
were limited to toe touching for 8 wk, at which time par-
tial weight bearing was allowed if AP radiographs showed
adequate osseous healing. Hip ROM and muscle exer-
cises were also begun at 8 wk and full weight bearing was
achieved after 36 mo. Hailer ez a/*” reported that K-wires
were routinely removed approximately 1 year after the
operation, in patients whose average age was 23 years.
Early mobilization on crutches without weight bearing
was conducted for 6 wk and prophylaxis for deep venous
thrombosis was performed until full weight bearing was
achieved.

Janssen et al” reported that weight bearing was not
allowed for 12 wk in their patients (average 38.6 years).
During the early postoperative rehabilitation, ROM ex-
ercises over the following limits was prohibited: (1) joint
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movement only up to 30° for abduction and adduction;
(2) no external rotation; and (3) maximum flexion of 60°.
When radiographic evidence of consolidation appeared
6 wk after surgery, flexion up to 90° and abduction were
permitted. Thrombosis prophylaxis with low-molecular
weight heparin was administered for the entire period
of limited weight bearing. Vukasinovic ¢ a/” reported
a young series (mean age 15.9 years), in which none of
the patients were immobilized and post-operative skin
traction was used in all for a mean period of 44.4 d. Re-
habilitation began 8.8 d after surgery and weight bearing
after 128.7 d. Eren ¢f al™ described post-operative reha-
bilitation results after incomplete triple pelvic osteotomy
procedures in patients with an average age of 21.4 years.
They reported that partial weight bearing (10 kg) with
crutches and active motion of the hip were started on
post-operative day 3, and full weight bearing with crutch-
es was allowed approximately 6-8 wk after surgery.

FUNCTIONAL AND CLINICAL RATING

In Steel’s original publication in 1973, the failure rate was
23% for 52 hips in 45 patients who were followed up
from 2-10 years of age[4]. Furthermore, in 1977, Steel”"
reported the results of 175 hips in patients aged 6-35
years (70% aged 9-12 years) after a follow-up period of
3-13 years, which had an 86% success rate. de Kleuver
et al”” and van Hellemondt ¢z a/*® reported the long-
term results (mean follow-up of 15 years) of the triple
osteotomy procedure in patients (mean age of 28 years)
with pre-operative osteoarthritis stage grade 0 or 1. They
performed triple osteotomy procedureson 51 patients
(5 males, 38 females), 88% of did not undergo total hip
arthroplasty (THA) and 83% reported no pain. Further-
more, there was no progression of osteoarthritis in 65%
of the patients, and 64% had either “excellent” or “good”
clinical scores. They concluded thata significant negative
factor for good long-term results was the presence of
advanced osteoarthritis designated by a fair or poor pre-
operative clinical score.

Peters ¢z al” found a significant relationship between
osteotomy failure and pre-operative osteoarthritis. In
their study (mean age: 26 years; mean follow-up duration:
9 years), 27% of the hips were classified as failures, out
of which 20% needed to be converted to THA and 7%
requited THA. They concluded that a triple osteotomy
is an alternative modality to THA, although the duration
of the operation and postoperative treatment are much
longer than that of THA. Dungl e al® (mean age at op-
eration 10.5 years, mean duration of follow-up 12.5 years)
reported that the results of the osteotomy procedure wete
excellent in the majority of cases (76% of the cases). In 8
patients (5%) with unsatisfactory results after the opera-
tion, THA was performed, whereas another 8 patients
(5%) were candidates for THA. Vukasinovic ef al” re-
ported the occurrence of eatly osteoarthritis in 4 operated
hips (5.3%), of which only 1 (1.3%) required an additional
THA procedure 4.2 years later. von Bremen-Kithne ez
al™ reported a conversion rate to THA of 2.6%, whereas
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van Hellemondt e «/** had a conversion rate to THA
of 11.7% after a mean follow-up period of 15 years. In
general, long-term results of a triple osteotomy without
osteoarthritis or with low-grade osteoarthritis are goodm.

Janssen ez al” reported that a preoperative body mass
index > 25 kg/m2 and HHS < 70 resulted in a poor
outcome or eatly conversion to a THA. They presented
results of a triple osteotomy for only second-grade
osteoarthritis (advanced stage) related to DDH (mean
age at operation 38.6 years), with a long-term follow-up
duration of 11.5 years. They concluded DDH even at
an advanced stage can be treated with a triple osteotomy
procedure.

PATIENT SATISFACTION

Peters ef al' found that 98% of their patients would
recommend the same procedure to other patients with
similar symptoms. In contrast, Hailer e a/*” reported
that 65% were satisfied with the procedure, whereas 35%
were not, and 2 patients underwent THA after 11 years.

The incidence of complications such as non-union at
the osteotomy site influenced patient satisfaction. Their
analysis showed that the “not satisfied” group was signifi-
cantly older (P = 0.005) with significantly poorer clinical
scores (P < 0.0005). The incidence of non-union (P =
0.0017) and that of other complications (P < 0.0005) was
also significantly higher in the same group. They con-
cluded that the occurrence of complications had a grave
impact on patient satisfaction.

SURGICAL COMPLICATIONS

Non-union
Steel! reported no incidence of non-union in their origi-
nal article, whereas Ténnis reported that 1 patient devel-
oped pseudoarthrosis in the pubic ramus (3%, 1/32)"!
and Vukasinovic e a/” noted that 9.2% (7/76) experi-
enced non-union. In the latter study, there was 1 (1.3%)
case with triple non-unions of the ilium, pubis, and
ischium, and 6 (7.9%) with double non-unions of pubis
and ischium. However, all non-unions were asymptom-
atic and did not require an additional procedure. They
also reported that non-union occurred more frequently
when a saw was used (4/12) compared with when a chisel
was used (2/64) (P = 0.003), suggesting that non-union
may occur because of soft tissue interposition secondary
to extensive bone resections. There was no statistically
significant difference either between cases with 2 and 3
K-wire fixation, or among the levels of the osteotomy.
On the other hand, non-unions tended to occur signifi-
cantly more often in older patients; the average age in the
non-union group was 20.2 £ 27.12 years, whereas that in
the union group was 15.5 + 4.67 years old (P = 0.029)".
Kirschner e a/™ presented 7 cases of pubis and is-
chium non-union in a series of 48 patients (14.6%). In
turn, Dungl ¢ a/” reported non-union in 19 of 329 pa-
tients (5.4%), of whom 2 patients were triple non-union
cases and 2 patients double non-union cases. All triple
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non-union cases required osteosynthesis and bone graft-
ing, whereas the double non-union cases also needed
surgical intervention. Isolated non-union was seen in 15
patients (ischium 8, pubis 7). The most frequent site was
the ischium, but isolated non-union was not considered
to be indicative for re-operation. van Hellemondt ez al™
reported isolated non-union of the ischium in 3 patients
out of 48 (6.25%) as well as an isolated non-union of
the pubis in 1 patient out of 48 (2%). Their mean age at
operation was 28 years. Their pre-operative grades for
osteoarthritis were 0 and 1, and the non-union cases oc-
curred in those with major acetabular correction. Peters ez
al" reported double non-union of the ilium in 2 patients
out of 60 (3.3%), with a mean age at operation was 26
years and mean duration of follow-up was 9 years.

In 2003, Tschauner ef al”” reported cases of “painful
non-union” after a triple osteotomy, and the mean age
at operation of the patients was 25.7 years where as the
mean duration of follow-up was 7.1 years. Their triple
osteotomy utilized the Ténnis method with AO sctew
fixation. Partial weight bearing was permitted after 8 wk
and full weight bearing after 16 wk. Isolated pseudoat-
throsis of the pubis was seen in 8 patients (2%), though
all were asymptomatic and no further surgical treatment
was required. Five patients (1.2%) developed double
pseudoarthrosis with non-union of the pubis and ischi-
um, all of whom were symptomatic and required another
operation including bone grafting, fixation, and excision
at a mean duration of 19.4 mo after osteotomy. On the
basis of their investigation of 409 triple osteotomies, they
provided the following recommendation: (1) adequate
bony contact should be ensured at all 3 osteotomy sites;
(2) 2 or 3 screws should be used for the iliac osteotomy;
(3) a long mediolateral screw should be used to stabilize
the pubic osteotomy until union; (4) patients should not
sit on the ipsilateral ischial tuberosity for 6 wk; and (5)
patients should be informed that smoking is a risk factor
for non-union. In general, the non-union rate seems to
be approximately 7%.

Acetabular osteonecrosis

Tonnis reported no acetabular osteonecrosis in the first
seties™, and van Hellemondt ez /™ later confirmed the
absence of osteonecrosis. Few articles have provided de-
tails of acetabular osteonecrosis and, to the best of our
knowledge, there are no reports of that complication in
association with a triple osteotomy.

Infection

Steel reported 1 case of infection (2.2%) in their initial
article! whereas Ténnis ef 2/ and Dung] e al® reported
none. Furthermore, Van Hellemondt reported superficial
infections in 2 (4.2%) and deep infections in 1 (2.1%) out
of 48 cases'". The prevalence of infection reported by
Vukasinovic ¢z al”, Peters e al”, and Hailer e al™ was 1.3%
(1/76), 3.3% (2/61), and 3.3% (2/61), respectively. In gen-
eral, the rate of infection seems to be approximately 2.7%.
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Nerve injury

Ténnis et al™ reported that 1 patient in their series de-
veloped transient peroneal nerve palsy[w], whereas Vu-
kasinovic e al” reported 2 peroneal nerve palsy cases
(2/76 patients, 2.6%). Dungl ¢ a/” reported no serious
neurovascular complications in their 329 patients. How-
ever, in 9% of those cases, loss of sensation in the region
supplied by LFCN became permanent. Peters ez al" also
reported temporary irritation of LFCN in 6 of 32 cases
(19%), and van Hellemondt ez a/™ noted LFCN dysfunc-
tion in 9 (19%) and transient palsy of the sciatic nerve
in 1 (2%) of 48 cases. In addition, Hailer e# a/™ reported
temporary sciatic nerve palsy in 2 of 61 patients (3.3%).
In general, the nerve injury rate seems to be approxi-
mately 9.5%. Some authors found that a dorsal approach
to the ischium has a higher level of safety as compared
with an anterior approach">**",

Vascular injury

Few studies have investigated vascular injury in detail.
Dungl e al’ reported no neurovascular complications in
their 329 patients, whereas Hailer ez al® reported exces-
sive bleeding from a branch of the internal iliac artery
leading to discontinuation of a triple osteotomy in 1 case.

Other complications

In their initial article, Steel”" reported that paralytic il-
eus occurred in 2 of 45 patients (4.4%) as an immediate
postoperative complication, whereas skin necrosis ap-
peared in 2 patients (4.4%). Janssen ez al” reported 1case
of external snapping hip syndrome in their 32 patients
(3%). Hailer ez a/™ noted 1 patient with a large hemato-
ma (1.6%), 2 with heterotopic ossification (3.3%), 1 with
complete insufficiency of the gluteal muscles (1.6%), and
1 with osteonecrosis of the femoral head (1.6%), though
no other details were reported””.

It is also important to discuss the procedure in rela-
tion to childbirth. Winklemann in 1984 observed narrow-
ing of the birth canal after a triple osteotomy performed
according to the method of Steel and Ténnis in the mid-
dle part of the pelvic cavity. That study recommended a
caesarian section in all cases after a triple osteotomy””.
In those cases, 95 (32%) became pregnant and 40% of
those gave birth naturally, with 60% undergoing a Caesar-
ian section. Lorder ef a/”" reported that Salter, Sutherland,
and Steel osteotomies all narrowed both the inlet and
outlet of the pelvis. Female patients should be informed
of these alterations and the possibility of a caesarian sec-
tion for future pregnancies.

ADVANTAGES AND DEMERITS OF
TRIPLE OSTEOTOMY

We summarized the advantages and demerits of triple os-
teotomy in Table 4. A biomechanical analysis performed
by Hsin e a/™ revealed significantly smaller stress on the
hip after a triple osteotomy and at the time of the latest
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follow-up examination than that estimated after surgery.
The decrease in stress was a direct result of a significant
increase in the area of the weight-bearing surface of
the hip. On the other hand, Huang ¢ a/” reported that
patients who underwent an RAO were characterized by
a better acetabular index angle than patients who under-
went a triple osteotomy. However, the functional out-
come based on HHS was better after a triple osteotomy
than after an RAQO, and patients who had a triple oste-
otomy tended to express better subjective scores.

Aminian ez a/”" reported the freedom of the acetabu-
lar fragment on flexion (anterior femoral head coverage),
abduction (lateral femoral coverage), and external rota-
tion (acetabular retroversion) in several osteotomies using
fresh-frozen male cadavers. Freedom of the acetabular
fragment was evaluated with a Ganz osteotomy, T6n-
nis triple osteotomy, and Catrlioz ef al® triple osteotomy
in the same article. The results revealed that maximum
motion was achieved with the Ganz osteotomy, while
“coupled motion” (external rotation during abduction)
was most prominent with the Carlioz technique, and no
coupled motion was seen with a Ténnis osteotomy. They
considered the Ténnis osteotomy to be the safest and
optimal for moving the acetabulat fragment to improve
abduction and flexion, such as the 20-20 rule.

CONCLUSION

In the present study, we present a detailed review of the
relevant literature. We found that the clinical results of a
triple osteotomy wete satisfactory and it should be con-
sidered as an alternative candidate procedure for a pelvic
osteotomy in older adults with DDH.
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