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Abstract
Background. Pelvic osteotomies are widely used for treatment of young active patients with 

developmental dysplasia of the hip (DDH) Type I according to the Crowe or type A according to Hartofilakidis 
classifications and the absence of severe degenerative cartilage lesions. Nowadays, Ganz periacetabular 
osteotomy (PAO) is the most common choice of surgeons around the world in treatment of such patients. 
The aim of the study was to evaluate the radiological and functional results of Ganz periacetabular os-
teotomy in patients with DDH. Material and Methods. A single-center retrospective analysis of 49 Ganz 
PAO was performed in 43 patients aged 36±9 years. The radiological evaluation criteria were Wiberg (AW), 
Lequesne (AL), Tonnis (AT) angles, and joint medialization. The results of treatment were evaluated using 
the Harris scale, iHOT-12, and VAS before treatment and 1 year after, the presence of complications was also 
monitored. Results. The average follow-up period was 35±15 months (from 1.0 to 6.9 years). Radiological 
parameters improved after surgery compared to preoperative ones: AW +19.9° (17.1° vs. 37.0°), AT -11.5° 
(19.9° vs. 8.4°), AL +14.1° (25.1° vs. 39.2°), joint medialization -5.5 mm (14.3 mm vs. 8.8 mm) (p<0.001). 
Functional results and quality of life of patients also improved: the Harris scale +35.6 points (47 vs 
 83 points), iHOT-12 +40.9 points (44 vs 85 points), pain level -2.8 points (5 vs 2 points) (p<0.001). 
Various complications developed in 20 out of 49 cases (40.8%). Neurological complications were resolved 
conservatively (22.4%). A direct correlation was evaluated between the surgical treatment of DDH in 
childhood and the development of neurological complications after PAO (R = 0.76; p<0.001). In 9 cases 
out of 49 (18.4%), revision surgery was required: in 3 — total hip replacement, in 2 — reorientation of 
the acetabulum, in 4 — arthroscopic fixation of the anterior articular lip. In 93.9% of cases native hip 
joint surfaces were preserved. Conclusion. Ganz PAO has good reconstructive capabilities and sufficient 
efficiency. The operation allows to restore the coverage of the femoral head with the acetabulum, delays 
total hip replacement and provides improved functional results.
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Introduction

Developmental dysplasia of the hip (DDH) 
is a developmental disorder accompanied by 
the acetabulum insufficient coverage of the 
femoral head, which leads to increased risk 
of secondary degenerative changes in the 
joint and ultimately to coxarthrosis [1, 2]. In 
the absence of severe signs of degenerative 
changes in the joint, pelvic osteotomies are 
increasingly becoming the treatment method 
for dysplasia in young patients [3, 4]. Pelvic 
osteotomies are designed to restore normal 
anatomy and biomechanics: increase the con-
tact area of the femoral head, reduce contact 
stress, normalize the weight of bearing forces, 
and, as a result, prevent degenerative chang-
es in the hip joint [2]. In recent decades, it is 
the periacetabular osteotomy (PAO) accord-
ing to Ganz is the most popular worldwide 
treatment choice of dysplasia and is currently 
recognized as the "gold standard" in adult pa-
tients [3, 5]. PAO allows to achieve the reori-
entation of the acetabulum, which contrib-
utes to a balanced distribution of loads on the 
femoral head, better coverage of the femoral 
head with the acetabulum, maintaining con-
tact of the hyaline cartilage of the acetabulum 
and the femoral head [6]. The experience of 
using PAO in Russia is not as great as abroad, 
such operations are performed only in a few 
medical institutions in the country. We start-
ed performing PAO in 2014.

The aim of the study was to analyze the 
X-ray and functional results of the treatment 
patients with DDH who underwent PAO ac-
cording to Ganz. 

Materials and methods

Design of the study

Type of study: single-center retrospective 
continuous.

Inclusion criteria: DDH type I according to 
the Crowe classification or type A according 
to Hartofilakidis, absence of severe degen-
erative cartilage lesions, age from 18 years.

Criteria for exclusion: the presence of con-
traindications to surgical treatment, the 
patient's disagreement with the proposed 
method of treatment, the inability to con-
duct control examinations after discharge 
from the hospital.

Patients 

From January 2014 to October 2019, 59 pel-
vic PAO according to Ganz were performed in 
52 patients by the surgical team of the Adult 
Orthopaedic Department under the guidance 
of one surgeon. 43 patients were available 
for follow-up (9 patients were unavailable 
for control examinations), 8 (18.6%) of them 
were men and 35 (81.4%) were women. The 
average age of the patients was 36±9 years 
(from 19 to 53 years; Me 38 [31; 44]), the av-
erage body mass index value is 24.5±3.2 kg/
m2 (from 19.0 to 32.0 kg/m2; Me 24.4 [23.0; 
26.0]). Thus, a total of 49 cases of PAO were 
analyzed (in six patients, the operation was 
performed on both sides).

Indications for PAO according to Ganz were: 
the presence of DDH type I dysplasia accord-
ing to the classification Crowe or Type A by 
Hartofilakidis, accompanied by pain syn-
drome; intraarticular space more than 3 mm, 
hip flexion >110°, internal hip rotation <15°; 
severe degenerative cartilage lesions; age 
from 18 to 55 years. X-ray examinations of 
pelvis and hip joints were performed in three 
projections: anterior-posterior, lateral and 
external oblique projections with a pelvic 
rotation of 65° (false profile). The radiologi-
cal criteria for assessing hip joint before and 
after PAO were the Wiberg angle (AW), the 
Lequesne angle (AL, anterior central mar-
ginal angle), the Tonnis angle (AT, acetabular 
index or angle of the acetabular roof inclina-
tion), the joint medialization, and the value 
of the hip joint intraarticular space[7].

Evaluation of results

The clinical evaluation of PAO results 
was performed using the Harris Hip Score, 
assessment of the patient`s life quality ac-
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cording to the iHOT-12 questionnaire (in-
ternational Hip Outcome Tool-international 
health assessment hip joint questionnaire), 
assessment of the pain syndrome intensity 
— using a 10-point visual analog scale (VAS). 
Patients were interviewed before the sur-
gery and 12 months after it. The presence of 
complications (hip lateral cutaneous nerve 
neuropathy, sciatic nerve paresis, femoral 
nerve neuropathy and some other neurologi-
cal complications, pain syndrome, aggrava-
tion of femoroacetabular impingement (FAI) 
symptoms, progression of degenerative car-
tilage lesions and, consequently, the need for 
total hip replacement) was also monitored 
throughout the entire follow-up period.

Surgical technique

The patient is placed on the radiolucent 
table in a supine position. From Smith–
Petersen approach performed a sequen-
tial approach to the pubic, iliac, and sci-
atic bones with visualization of the lateral 
femoral cutaneous nerve. The standard cut 
can be changed to a more aesthetic "bikini" 
cut. An incomplete osteotomy of the sciatic 
bone is performed with a depth about 2.5 
cm, preserving the integrity of the posterior 
column. It is important to perform an oste-
otomy of the thicker medial cortical layer, 
while the thinner lateral cortical layer will 
undergo a controlled fracture later during 
the final stage of osteotomy and acetabulum 
mobilization. Due to the risk of damage to 
the sciatic nerve during lateral osteotomy, 
the latter should be as relaxed as possible. 
To do this, the lower limb is fixed in abduct-
ed position, the knee is slightly flexed. Next, 
a complete osteotomy of the pubic ramus is 
performed at a distance of 1 cm from the il-
iac crest in the medial direction. It is impor-

tant to conduct an adequate release of the 
periosteum around the pubic ramus, espe-
cially in young patients with a thick perios-
teum — this is necessary to ensure the mo-
bility of the osteotomized fragment during 
repositioning of the acetabulum. To protect 
the obturator nerve, retractors with a blunt 
square tip are placed on the posterior-lower 
and posterior-upper sides of the pubic ra-
mus. The use of a curved blunt Hohmann 
retractor allows to move the m. iliopsoas 
and the femoral neurovascular bundle, 
while maintaining a safe distance from the 
hip joint. Then a biplanar osteotomy of the 
ilium is performed by the osteotome bent 
at an angle of 45°. Osteotomy of the ilium 
begins with a medial cortical layer incision, 
then, holding the leg abducted, an incision 
of the lateral cortical layer is performed. 
The level of iliac osteotomy should be at a 
sufficient distance from the acetabulum to 
reduce the risk of damage to the superficial 
branch of the superior gluteal artery and the 
vessels supplying the acetabulum. In addi-
tion, a larger bone bridge will make it easier 
to position the Schanz pin during the graft 
reduction. Then a controlled fracture of the 
sciatic bone is performed. After the mobili-
zation of the osteotomized acetabulum frag-
ment, the Schanz pin is placed in the ilium 
wing to perform the reduction maneuver.

Next, the graft is shifted inwards, rotated 
forward and laterally to set the calculated 
angle of anteversion, then the osteotomized 
fragment is fixed to the ilium with two or 
three screws. The wound is sutured in layers. 
A more detailed surgical technique of PAO 
according to Ganz is described in the avail-
able literature [8, 9]. Figure 1 shows the left 
pelvic bone model with osteotomy lines and 
acetabular reduction after PAO.
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Statistical analysis

Statistical data analysis was carried out 
using the Statistica software package 12.0. 
The normality of the data distribution was 
checked using the Shapiro-Wilk test. For de-
scriptive statistics, the data is presented in 
the form of M±SD, where M is the mean value 
of the sign, SD is the standard deviation; the 
minimum and maximum values are shown; 
Me [Q1; Q3], where Me is the median, Q1 is 
the first quartile, Q3 is the third quartile; for 
some values, a 95% confidence interval (CI) is 
indicated. To assess the differences, we used 
the sign criterion: we compared the results 
of the questionnaire survey obtained dur-
ing the last examination of the patient with 
the indicators preceding the operation. The 
differences between the compared groups 
were considered statistically significant at 
a significance level of p<0.05. The degree of 
changes consistency in the studied param-
eters was estimated by the results of corre-
lation analysis with the calculation of the 
Spearman coefficient (R).

Results

The analysis of 49 PAO performed in 43 
patients was carried out: 26 PAO were per-

formed on the left side (53.1%), 23 — on the 
right side (46.9%). The mean follow-up pe-
riod was 35±15 months (from 1 year to 6.9 
years; Me 32.9 [24.0; 45.5]). Fifteen (34.9%) 
patients received treatment in childhood: 
6-conservative (plaster cast, Pavlik stirrups), 
9-operative (triple pelvic osteotomy-3, Salter 
osteotomy — 2, Chiari osteotomy -1, femoral 
varization osteotomy-3). In four (9.3%) pa-
tients, the opposite hip joint was replaced for 
a year or more before PAO. The average sur-
gery duration was 134±30 minutes (from 100 
to 270 minutes; Me 125 [115; 140]). The vol-
ume of blood loss varied from 250 to 1500 ml, 
averaging 678±332 ml (Me 560 [500; 800]). 
The need for blood transfusions occurred in 
12 cases out of 49, which resulted in blood 
loss during surgery, which was 24.5%. The 
average volume of intraoperative blood loss 
in surgeries performed during the first three 
years after the introduction of PAO was high-
er and amounted to 782±379 ml, and the same 
indicator in PAO performed in subsequent 
years decreased and amounted to 593±266 
ml. As the surgeon gained experience, the av-
erage duration of the operation decreased by 
10 minutes (139±39 minutes versus 129±20 
minutes respectively). In the first three years 

Figure  1. Model of the left pelvic bone with osteotomy lines and acetabular reduction after PAO: 
a — side view (red dotted line show osteotomy lines); 
b — medial view (red dotted line show osteotomy lines); 
c — front view (shows acetabular reduction and screws fixation); 
d — medial view (shows reduction of the acetabulum and screws fixation)

а b с d
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after the introduction of PAO, blood transfu-
sion was performed in 40.9% of cases (9 out 
of 22), in subsequent years-in 11.1%(3 out of 
27). The results of X-ray measurements are 
presented in Table 1.

Functional indicators and quality of 
patient`s life, according to the questionnaire 
survey, after PAO also significantly improved 
1 year after surgery compared to the indica-
tors before treatment. The average value on 
the Harris Hip Score increased from 47±9 
points (from 31 to 64) before surgery to 83±8 
points (from 65 to 100) 1 year after (p<0.001). 

The increase in values was +35.6 points (95% 
CI 32.6-38.6 points).

The average value of the iHOT-12 ques-
tionnaire before the operation corresponded 
to 44±12 points (from 20 to 70), 1 year after 
PAO according to Ganz-85±9 points (from 70 
to 100) (p<0.001). The increase in values was 
+40.9 points (95% CI 36.4-45.4 points). The 
level of pain before PAO corresponded to 5±1 
points (from 2 to 8), after treatment it de-
creased to 2±1 points (from 0 to 3) (p<0.001). 
On average, the decrease in values was -2.8 
points (95% CI -3.2...-2.4 points) (Fig. 2).

Table 1
Results of X-ray measurements and functional parameters of patients before and after PAO

Parameter Before surgery After surgery Difference in
values 95% CI

AW, ° 17,1±1,7 (от 12 до 20; 37,0±6,2 (от 24 до 45; 19,9 18,0–21,7

Me 17 [16; 18]) Me 38 [32; 42])*

AL, ° 25,1±2,8 (от 20 до 31; 39,2±2,8 (от 34 до 45; 14,1 12,9–15,2

Me 25 [23; 27]) Me 39 [37; 41])*

AT, ° 19,9±2,3 (от 16 до 25; 8,4±1,5 (от 6 до 11; -11,5 -12,3...-10,8

Me 20 [18; 21]) Me 9 [7; 9])*

Medialization, mm 14,3±2,5 (от 9 до 20; 8,8±2,0 (от 5 до 13; -5,5 -6,2...-4,7

Me 14 [13; 16]) Me 9 [7; 10])*

Intraarticular space, mm 5,5±1,1 (от 4 до 8; 4,4±0,6 (от 4 до 6; -1,1 -1,4...-0,8

Me 5 [5; 6]) Me 4 [4; 5])*

The Harris Hip Score, points 47±9 (от 31 до 64; 83±8 (от 65 до 100; 35,6 32,6–38,6

Me 48 [39; 55]) Me 84 [78; 88])*

iHOT-12, points 44±12 (от 20 до 70; 85±9 (от 70 до 100; 40,9 36,4–45,4

Me 45 [35; 55]) Me 85 [80; 90])*

VAS, points 5±1 (от 2 до 8; 2±1 (от 0 до 3; -2,8 -3,2...-2,4

Me 5 [4; 5]) Me 2 [1; 3])*

— p<0.001 when comparing values before and after surgery; AW — Wiberg angle; AL — Lequesne angle;  
AT — Tonnis angle (acetabular index).
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Figure  2. Functional indicators of patients,  
according to the questionnaire survey, before Ganz 
PAO and 1 year after it
* — p<0.001 comparing the values before and after  
the operation

Complications

Various complications developed in 20 out 
of 49 cases, which was 40.8%. We divided all 
complications into minor ones that did not re-
quire repeated intervention on hip joint, and 
significant ones that required rexision sur-
gery. All minor complications were neurologi-
cal and were resolved by medication and reha-
bilitation measures up to 1 year after surgery 
(11 cases out of 49-22.4%): lateral femoral cu-
taneous nerve neuropathy in 8 cases (16.4%), 
femoral nerve neuropathy in one case (2.0%), 
sciatic nerve paresis in one case (2.0%), reflex 
sympathetic dystrophy (algodystrophy) in 
one case (2.0%). A direct correlation was es-
tablished between the presence of a history 
of surgical interventions for dysplasia of the 
affected hip joint in childhood and the devel-
opment of neurological complications after 
PAO according to Ganz (R = 0.76; p<0.001). 
In 9 cases out of 49 (18.4%), revision surgery 
was required: in three cases (6.1%) — total hip 
replacement, in two cases (4.1%) - reorienta-
tion of the acetabulum (after reorientation in 
both patients there was surgical site infection, 
which was successfully treated by vacuum 
therapy), in four (8.2%) — arthroscopic fixa-

tion of the hip labrum. Thus, no significant 
complications were associated with nerves 
and blood vessels. It should also be noted that 
all revision surgeries for arthroscopic fixation 
of the hip labrum were performed during the 
first three years after the introduction of the 
PAO in the Adult Orthopaedic Department. 
In 93.9% of cases, they managed to save their 
own joint. Total hip replacement was per-
formed on average after 2.3±0.7 years (from 
1.8 to 3.0 years; Me 2.1 [1.9; 2.6]). In one case 
out of three, a 33-year-old patient developed 
aseptic necrosis of the femoral head. It should 
also be noted that a year before PAO, the 
woman underwent mini-lumbotomy, discec-
tomy and anterior vertebral fusion with cage 
with allogenic bonegrafting, percutaneous 
transpedicular fixation of the L5-S1 segment 
due to herniated intervertebral discs. In two 
other patients (34-year-old male and 44-year-
old female) it was not possible to stop the pro-
gression of the disease and the destruction of 
the hip joint cartilage, accompanied by a per-
sistent pain syndrome, which led to the need 
for total hip replacement. Figure 3 shows the 
pelvic radiographs of the DDH patient, which 
was performed PAO.

VAS

before  
surgery

after 
surgery

Harris Score
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Figure 3. X-rays of the 19-year-old patient:
a — before the PAO: left hip DDH;  
b — directly after the PAO; c — 3 years after the PAO: osteotomy zone consolidation

а b с

Discussion

In 1980, R. Ganz and his co-authors first 
described PAO technique. It was developed 
to achieve the following goals: to improve 
the mobility of the osteotomized pelvic frag-
ment, which allowed for a greater amount of 
adjustment in all directions, including medi-
alization; to increase the pelvis stability by 
preserving the posterior column; to ensure 
optimal blood supply to the bone graft by 
preserving the lower gluteal artery; preserva-
tion of the pelvic ring shape, which is a very 
important aspect, since the majority of can-
didates for PAO are reproductive age wom-
en[4, 10, 11]. PAO helped to delay or prevent, 
despite the high efficiency of endoprosthesis 
in middle-aged and elderly patients, total hip 
replacement in young patients is undesirable 
[12, 13]. Since then, PAO has been shown to 
provide significant pain relief and improve-
ment in hip joint function in more than 90% 
of patients with DDH several decades after 
surgery [9, 14]. 

In the original technique PAO according 
to Ganz was performed using the Smith-
Petersen approach. Partial osteotomy of the 
sciatic bone with preservation of the poste-
rior column integrity, complete osteotomy of 
the pubic ramus, and biplanar osteotomy of 
the ilium were performed [8, 15, 16]. For the 
first time, the results of treatment using this 

method were published by R. Ganz and co-au-
thors in 1988 [8]. The study described a group 
of 63 patients (75 PAO) aged 12 to 56 years. 
There was a significant reduction in pain and 
excellent coverage of the femoral head after 
surgical treatment. A group of patients led by 
S. D. Steppacher studied patients operated 
on by R. Ganz and found that an excellent 
result was maintained in 87.6% of cases up 
to 10 years; in 77.3% - up to 15 years and in 
60.5% - up to 20 years [5]. T. Matheney and 
co-authors, having studied 135 cases of PAO, 
reported a 76% survival rate of hip joints for 
9 years after surgery [11].

Many researchers make modifications 
of the original PAO surgical technique pro-
posed by R. Ganz and thereby obtain higher 
functional results of treatment or reduce 
the number of complications. For example, 
the authors use mini-invasive approaches to 
hip joint [17, 18, 19], ilioinguinal approach 
[20], modified iliac spine wafer osteotomy, 
which avoids the use of fixing screws [21], 
and some other modifications. In the present 
we prefer the classical PAO method, modify-
ing only the incision. We use the "bikini" cut, 
which does not change the essence of Smith-
Petersen approach, however, is more advan-
tageous from an aesthetic point of view. It is 
necessary to take into account that the "bi-
kini" cut is more transverse and, unlike the 
classic one, it cannot be expanded. Probably, 
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in near future, we will also make some im-
provements to the PAO technique, relying on 
our own experience, however, in our opinion, 
the classical surgical technique of PAO shows 
stable good results. 

A group of authors led by L. Ramirez-
Nunez studied the results of treatment of 
131 patients with DDH, who underwent PAO 
using the mini-invasive technique described 
by A. Troelsen, with an average follow-up pe-
riod of 7.7±2.8 years [3]. The average age of 
patients was 32.3±9.5 years, 77.9% of patients 
were women. The authors noted an improve-
ment in the radiological pelvic parameters, 
including the Wiberg, Tonnis, and Lequesne 
angles, after the PAO towards the values of 
relatively healthy people, as well as a statis-
tically significant improvement of functional 
results according to the Non-Arthritic Hip 
Scale questionnaire from 60.7 points before 
surgery to 92.0 points after. The most com-
mon postoperative complication was tran-
sient dysesthesia of the lateral cutaneous 
nerve of the femur, which developed in 10 
(7%) cases. J. C. Clohisy and co-authors re-
ported the results of PAO in the treatment of 
patients with DDH with a minimum two-year 
follow-up period. Prospectively, the authors 
analyzed a large multicenter cohort, includ-
ing 391 PAO cases. 79% of the patients were 
women, the average age was 25.4 years; the 
average follow — up time after PAO was 2.6 
years. The authors conducted an in-depth 
statistical study of the preoperative charac-
teristics of patients to identify risk factors 
for clinical outcomes of surgery. Thus, it was 
found that an increase in the patient's age 
correlated with an improvement in the HOOS 
questionnaire after surgery, in particular, the 
section related to pain. Increased BMI (25 to 
30 kg / m2) was also correlated with reduced 
pain, daily activity, and improved quality 
of life after surgery. Male gender was nega-
tively correlated with the ability to perform 
everyday tasks after surgery. Interesting is 
that patients with more severe dysplasia had 
a more significant improvement in func-

tional outcomes and quality of life, accord-
ing to the questionnaires, compared with 
patients with mild dysplasia. The data ob-
tained by the authors reflect patients ' expec-
tations for PAO [22]. So, it is quite possible 
that the elderly patients, for example, peo-
ple with overweight, severe dysplasia make 
fewer demands on their hip joint and have 
lower functional expectations from surgery. 
FAI is a consequence of DDH. Instability of 
the joint can lead to the separation of the 
articular labrum, which causes the progres-
sion of pain after PAO. Failure to remove the 
FAI during PAO or before surgery leads to the 
fact that the reorientation of the acetabulum 
to a new position provokes a greater contact 
between the femoral head and the acetabu-
lum elements in the FAI area. Several stud-
ies by various authors have shown that men 
have a higher risk of FAI progression after 
PAO, which can negatively affect activity in 
everyday life [23, 24]. It should be noted that 
in our study, among 4 patients with FAI and 
articular labrum detachment, who under-
went PAO there was a progression of pain 
syndrome, there were 3 women and 1 man, 
which is not consistent with the results of 
colleagues. It is likely that this may be due to 
a relatively small group of patients to iden-
tify similar patterns in our study, as well as 
to the lack of experience of the surgeon at 
that time and hypercorrection, since all revi-
sion surgeries of arthroscopic fixation of the 
articular labrum were performed during the 
first three years after the introduction of the 
PAO in the Adult Orthopaedic Department. 
Patients with mild DDH present difficulties 
in diagnosing the disease and making surgi-
cal decisions. Symptomatic mild dysplasia 
may be associated with other factors that af-
fect treatment outcomes, such as excessive 
torsion of the femur or failure of the soft tis-
sues surrounding the hip joint. In addition, 
in mild dysplasia cases there is more likely to 
produce hypercorrection, which will lead to 
FAI and a decrease in functional results.  The 
presented results of J. C. Clohisy on the risk 
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factors for PAO outcomes contradict the data 
of T. Matheney and co-authors, who attrib-
uted the age over 35 years, as well as insuf-
ficient congruence of the articular surfaces 
to the predictors of the ineffectiveness of the 
operation, leading to total hip replacement 
or a high level of pain after PAO [11]. Disputes 
concerning the age after which the perfor-
mance of PAO is ineffective continue at the 
present time. Each patient with DDH needs 
an individual approach, and PAO should not 
be rejected as a treatment option for dys-
plasia just because the patient is older than 
40 or 45 years, but they should be warned 
about the increased risk of possible insuffi-
cient effectiveness of the operation. In our 
study, there are patients older than 50 years 
(50, 51 and 53 years) with congruent articu-
lar surfaces, who did not develop any signifi-
cant postoperative complications requiring 
repeated surgical intervention, completely 
satisfied with the results of PAO. It should be 
noted that obesity (BMI above 30 kg / m2) is a 
risk factor for the development of significant 
complications after PAO. In the study involv-
ing 280 PAO cases with an average follow-up 
period of 48 months, it was found that the 
average probability of developing significant 
complications after PAO in obese patients 
was 22% versus 3% in non-obese patients 
[25]. In our study, a high direct correlation 
was established between the presence in the 
anamnesis of surgical treatment of dysplasia 
of the affected hip joint in childhood and the 
development of neurological complications 
after PAO (R = 0.76; p<0.001). In 9 out of 10 
cases where any neurological complications 
developed after PAO, the patient underwent 
a triple pelvic osteotomy or other variants of 
pelvic or hip osteotomies in childhood. An 
increased likelihood of developing neuro-
logical complications after PAO in the pres-
ence of a history of pelvic surgery is associ-
ated with the presence of scarring in the soft 
tissues surrounding the hip joint. Among 
the patients presented in this study was a 
woman, who underwent delivery by caesar-

ean section a few years before PAO. After 
the operation, she developed femoral nerve 
neuropathy, due to the scar tissue pressure 
on the nerve after the operation. It is likely 
that not only operations associated with the 
treatment of dysplasia in childhood increase 
the risk of neurological complications after 
PAO, but also any other interventions near 
the pelvic osteotomy area.

We found that the average volume of blood 
loss after PAO in the general sample was 
678±332 ml, and the need for blood transfu-
sion occurred in 24.5% of cases. J. Shang and 
co-authors in their study reported that intra-
operative blood loss was 791±312 ml, and the 
frequency of blood transfusions was 86.5% 
[26], which exceeds the data obtained by us. 
The authors proposed a multimodal proto-
col for managing blood loss, including intra-
operative autohemotransfusion, the use of 
tranexamic acid (20 mg/kg intravenously and 
0.5 g topically, immediately before closing 
the incision), the absence of drainage in the 
postoperative period, and a special technique 
for laying ice. With use of the described pro-
tocol, it was possible to reduce the volume 
of intraoperative blood loss by more than 
2 times — up to 382±144 ml, which made it 
possible not to use blood transfusion in any 
of the cases of PAO [26]. We believe that the 
local use of tranexamic acid in PAO is inter-
esting and may be a promising direction in 
the large joints surgery. In the study of J. C. 
Clohisy and co-authors, which included 391 
PAO, 7% of cases developed significant post-
operative complications, including various 
neurological problems (2%), pulmonary em-
bolism (0,5%), deep vein thrombosis (0.3%) 
and deep infection, demanding surgical 
treatment (0,5%), fractures (1,5%), the heter-
otopic ossification requiring resection (1%), 
isolated cases of dislocation of the femoral 
head and loss of fixation osteocartilaginous 
fragment of the pelvis due to the patient fall-
ing. In 3% of cases, repeated surgical inter-
vention was required (most often — hip joint 
arthroscopy), in 0.8% of cases, patients un-
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derwent total hip replacement. According to 
the questionnaire survey data (HOOS, mHHS, 
UCLA, SF-12), in 93% of cases, patients were 
satisfied with the results of treatment [22].

In an earlier systematic review by a group 
of authors led by J. C. Clohisy, the authors 
tracked the results of 626 PAO for an aver-
age of 5 years after surgery [27]. In 79% of 
cases, patients showed excellent and good 
clinical results of treatment, in 7.3% of cas-
es after surgery total hip replacement was 
required, the frequency of significant post-
operative complications ranged from 6% to 
37%, the authors called coxarthrosis of mod-
erate and high severity as a predictor of an 
unfavorable outcome. Current patient selec-
tion criteria changed and now coxarthrosis 
is a contraindication to PAO, but the level 
of complications after PAO continues to be 
high. As a result of our study, it was found 
that various postoperative complications de-
veloped in 40.8% of cases: minor — in 22.4%, 
significant-in 18.4%. The data obtained are 
consistent with the results of the majority 
of colleagues who use PAO for treatment of 
patients with DDH [20, 27, 28]. Neurological 
complications remain among the most com-
mon after PAO. In our study, neuropathy of 
the lateral femoral cutaneous nerve devel-
oped in 16.4%. In a systematic review, J. C. 
Clohisy and co-authors reported a frequency 
of dysesthesia of the lateral femoral cuta-
neous nerve, reaching 14% of cases, almost 
an each third of them required neurolysis 
[27]. I. Swarup and co-authors demonstrated 
that the frequency of damage to the lateral 
femoral cutaneous nerve reached 14.8% [28]. 
Currently, the PAO proposed by R.Ganz et al., 
is the most preferred treatment for patients 
with DDH. However, this procedure has a 
steep learning curve and requires sufficient 
experience from the surgeon [5, 20, 29]. The 
most common mistake when performing 
PAO is a violation of the pelvic ring integrity. 
Hypercorrection can lead to the occurrence 
of FAI, separation of the articular labrum, 
pain syndrome and a decrease in the range 

of motions [22]. Hypocorrection may be in-
effective, which will not lead to a reduction 
in pain and reduce the patient's discomfort. 
Postoperative complications include the fol-
lowing: risk of damage to nerve structures 
(lateral femoral cutaneous nerve, femoral 
nerve, sciatic nerve), heterotopic ossifica-
tion, instability of the osteotomized frag-
ment fixation, stress fracture [27, 28, 30, 31]. 
However, in properly selected patients and 
in the hands of experienced surgeons, PAO 
should be considered as a safe and effective 
operation as total hip replacement [12, 13].

Conclusion

PAO for DDH type I according to Crowe is 
a reproducible technique, has good recon-
structive capabilities and allows to restore 
the coverage of the femoral head with the 
acetabulum. The functional status and qual-
ity of life improved after treatment, the in-
tensity of pain decreased — most patients are 
satisfied with the surgery results. PAO, per-
formed according to the indications, has suf-
ficient effectiveness, allows to delay the total 
hip replacement. However, the surgical tech-
nique complexity and the high frequency of 
possible postoperative complications require 
considerable surgeon experience and signifi-
cantly delay the popularization of PAO in the 
Russian Federation.

Ethical approval

The study was approved at a meeting of 
the local ethics committee and fully complies 
with the ethical principles of The Helsinki 
Declaration as revised in 2013.

Informed consent

Informed voluntary consent to participate 
in the study was obtained from all patients.

References
1.	 Gala L., Clohisy J.C., Beaule P.E. Hip dysplasia in the 

young adult. J Bone Joint Surg Am. 2016;98(1):63-73.  
doi: 10.2106/jbjs.o.00109.



СLINICAL STUDIES

141Traumatology and orthopedics of Russia 2021;27(1) 

2.	 Shibata K.R, Matsuda S., Safran M.R. Open treat-
ment of dysplasia – other than PAO: does it have 
to be a PAO? J Hip Preserv Surg. 2015;4(2):131-144.  
doi: 10.1093/jhps/hnv028.

3.	 Ramírez-Núñez L., Payo-Ollero J., Comas M.,  
Cárdenas C., Bellotti V., Astarita E. et al. 
Periacetabular osteotomy for hip dysplasia treat-
ment through a mini-invasive technique. Our re-
sults at mid-term in 131 cases. Rev Esp Cir Ortop 
Traumatol. 2020;64(3):151-159. (In English, Spanish).  
doi: 10.1016/j.recot.2020.01.003. 

4.	 Gerasimov S.A., Korytkin A.A., Gerasimov E.A., Kovaldov 
K.A., Novikova Ya.S. [Pelvic osteotomies as a treat-
ment option for development dysplasia of the hip. cur-
rent concepts]. Sovremennyye problemy nauki i obra-
zovaniya [Modern Problems of Science and Education]. 
2018;(4):160. (In Russian). Available from: http://sci-
ence-education.ru/ru/article/view?id=27765.

5.	 Steppacher S.D., Tannast M., Ganz R., Siebenrock K.A.  
Mean 20-year followup of Bernese periacetabular oste-
otomy. Clin Orthop Relat Res. 2008;466(7):1633-1644. 
doi: 10.1007/s11999-008-0242-3.

6.	 Alcobía Díaz B., Luque Pérez R., García Bullón I., Moro 
Rodríguez L.E., López-Durán Stern L. [Long-term clini-
cal and radiological outcomes in a serie of 26 cases of 
symptomatic adult developmental dysplasia of the 
hip managed with bernese periacetabular osteoto-
my]. Rev Esp Cir Ortop Traumatol. 2015;59(6):421-428.  
(In Spanish). doi: 10.1016/j.recot.2015.04.001.

7.	 Ganz R., Klaue K., Vinh T.S., Mast J.W. A new periace-
tabular osteotomy for the treatment of hip dysplasias. 
Technique and preliminary results. Clin Orthop Relat 
Res. 1988;232:26-36.

8.	 Kamath A.F. Bernese periacetabular osteotomy for hip 
dysplasia: surgical technique and indications. World  
J Orthop. 2016;7(5):280-286. doi: 10.5312/wjo.v7.i5.280.

9.	 Rukovodstvo po khirurgii tazobedrennogo sustava [Guide 
to Hip Surgery]. Tikhilov R.M., Shubnyakov I.I. (eds.).  
St. Petersburg : RNIITO im. R.R. Vredena; 2014. Vol. 1.  
p. 47-61. (In Russian).

10.	The adult hip – hip preservation surgery. J. Clohisy, P. 
Beaule, C. Della Valle, J. Callaghan, A. Rosenberg, H. Rubash 
(eds.). Philadelphia : Wolters Kluwer Health; 2015. 762 p.

11.	Matheney T., Kim Y.J., Zurakowski D., Matero C.,  
Millis M. Intermediate to long-term results following 
the Bernese periacetabular osteotomy and predictors of 
clinical outcome. J Bone Joint Surg Am. 2010;(92 Suppl. 1 
Pt 2):115-129. doi: 10.2106/jbjs.j.00646.

12.	Gray B.L., Stambough J.B., Baca G.R., Schoenecker P.L., 
Clohisy J.C. Comparison of contemporary periacetabu-
lar osteotomy for hip dysplasia with total hip arthro-
plasty for hip osteoarthritis. Bone Joint J. 2015;97-B(10): 
1322-1327. doi: 10.1302/0301-620X.97B10.35741.

13.	Kalore N.V., Cheppalli S.P.R., Daner W.E.,  
Jiranek W.A. Acetabular dysplasia in middle-aged 
patients: periacetabular osteotomy or total hip ar-
throplasty? J Arthroplasty. 2016;31(9):1894-1898.  
doi: 10.1016/j.arth.2016.02.032.

14.	Pascual-Garrido C., Harris M.D., Clohisy J.C. Innovations 
in joint preservation procedures for the dysplastic 
hip «the periacetabular osteotomy». J Arthroplasty. 
2017;32(9):S32-S37. doi: 10.1016/j.arth.2017.02.015.

15.	The hip: preservation, replacement, and revision.  

J. Cashman, N. Goyal, J. Parvizi (eds.). Maryland : Data 
Trace Publishing Company; 2015. Vol. 1. 770 p.

16.	Rudin D., Manestar M., Ullrich O., Erhardt J., Grob K. 
The anatomical course of the lateral femoral cutaneous 
nerve with special attention to the anterior approach to 
the hip joint. J Bone Joint Surg Am. 2016;98(7):561-567. 
doi: 10.2106/jbjs.15.01022.

17.	 Khan O.H., Malviya A., Subramanian P., Agolley D.,  
Witt J.D. Minimally invasive periacetabular osteotomy 
using a modified Smith-Petersen approach: technique 
and early outcomes. Bone Joint J. 2017;99-B(1):22-28. 
doi: 10.1302/0301-620x.99b1.bjj-2016-0439.r1.

18.	Luo D., Zhang H., Zhang W. Comparison of three ap-
proaches of Bernese periacetabular osteotomy. Ther Clin 
Risk Manag. 2016;67. doi: 10.2147/tcrm.s81914.

19.	Ali M., Malviya A. Complications and out-
come after periacetabular osteotomy – influ-
ence of surgical approach. Hip Int. 2019;30(1):4-15.  
doi: 10.1177/1120700019871195.

20.	Gakhramanov A.G. [Complications after periacetabu-
lar osteotomy]. Kazanskii meditsinskii zhurnal [Kazan 
Medical Journal]. 2016;97(5):696-700. (In Russian).  
doi: 10.17750/KMJ2016-696. 

21.	Samuel L.T., Munim M., Acuna A.J., Sultan A.A.,  
Kamath A.F. Modified iliac spine wafer osteoto-
my for exposure during Bernese periacetabular os-
teotomy. J Hip Preserv Surg. 2019;6(4):421-425.  
doi: 10.1093/jhps/hnz061.

22.	Clohisy J.C., Ackerman J., Baca G., Baty J., Beaule P.E.,  
Kim Y.J. et al. Patient-reported outcomes of periac-
etabular osteotomyfrom the prospective ANCHOR 
cohort study. J Bone Joint Surg Am. 2017;99(1):33-41.  
doi: 10.2106/jbjs.15.00798.

23.	Ziebarth K., Balakumar J., Domayer S., Kim Y.J.,  
Millis M.B. Bernese periacetabular osteotomy in males: 
is there an increased risk of femoroacetabular impinge-
ment (FAI) after Bernese periacetabular osteotomy? Clin 
Orthop Relat Res. 2010;469(2):447-453. doi: 10.1007/
s11999-010-1544-9.

24.	Duncan S.T., Bogunovic L., Baca G., Schoenecker P.L.,  
Clohisy J.C. Are there sexdependent differ-
ences in acetabular dysplasia characteristics?  
Clin Orthop Relat Res. 2015;473(4):1432-1439.  
doi: 10.1007/s11999-015-4155-7.

25.	Novais E.N., Potter G.D., Clohisy J.C., Millis M.B.,  
Kim Y.J., Trousdale R.T. et al. Obesity is a major risk fac-
tor for the development of complications after periace-
tabular osteotomy. Bone Joint J. 2015;97-B(1):29-34. doi: 
10.1302/0301-620x.97b1.34014.

26.	Shang J., Zhang Z., Luo D., Cheng H., Zhang H. 
Effectiveness of multi-modal blood management  
in Bernese periacetabular osteotomy and  
periacetabular osteotomy with proximal femoral  
osteotomy. Orthop Surg. 2020;9999:1-5.  
doi: 10.1111/os.12794.

27.	 Clohisy J.C., Schutz A.L., St. John L., Schoenecker P.L., 
Wright R.W. Periacetabular osteotomy: a systematic 
literature review. Clin Orthop Relat Res. 2009;467(8): 
2041-2052. doi: 10.1007/s11999-009-0842-6.

28.	Swarup I., Ricciardi B.F., Sink E.L. Avoiding 
complications in periacetabular osteotomy.  
JBJS Rev. 2015;3(11):01874474-201511000-00004.  
doi: 10.2106/jbjs.rvw.o.00023.



СLINICAL STUDIES

Traumatology and orthopedics of Russia2021;27(1)142

29.	Novais E.N., Carry P.M., Kestel L.A., Ketterman B.,  
Brusalis C.M., Sankar W.N. Does surgeon experience im-
pact the risk of complications after Bernese periacetabu-
lar osteotomy? Clin Orthop Relat Res. 2016;475(4):1110-
1117. doi: 10.1007/s11999-016-5010-1.

30.	Ricciardi B.F., Fields K.G., Wentzel C., Nawabi D.H.,  
Kelly B.T., Sink E.L. Complications and short-term pa-

tient outcomes of periacetabular osteotomy for sympto-
matic mild hip dysplasia. Hip Int. 2016;27(1):42-48. doi: 
10.5301/hipint.5000420.

31.	Malviya A., Dandachli W., Beech Z., Bankes M.J., 
Witt J.D. The incidence of stress fracture follow-
ing peri-acetabular osteotomy: an underreport-
ed complication. Bone Joint J. 2015;97-B(1):24-28.  
doi: 10.1302/0301-620x.97b1.34525.

authorsʼ Information:
Andrey A. Korytkin — Cand. Sci. (Med.), Director, Novosibirsk Research Institute of Traumatology and 

Orthopedics, Tsivyan Novosibirsk Research Institute of Traumatology and Orthopaedics, Novosibirsk, Russia
andrey.korytkin@gmail.com
https://orcid.org/0000-0001-9231-5891

Yana S. Novikova — Cand. Sci. (Biol.), Researcher, Novosibirsk Research Institute of Traumatology and 
Orthopedics, Tsivyan Novosibirsk Research Institute of Traumatology and Orthopaedics, Novosibirsk, Russia
novikova_jana@mail.ru
https://orcid.org/0000-0003-3301-1825

Younes M. El moudni — Orthopedic Surgeon, Ibn Rochd University Hospital, Casablanca, Kingdom of Morocco
elmoudni.younes@outlook.com
https://orcid.org/0000-0001-9070-5626

Kirill A. Kovaldov — Orthopedic Surgeon, University Clinic, Privolzhsky Research Medical University, Nizhny 
Novgorod, Russia
kovaldovc@gmail.com
https://orcid.org/0000-0001-9314-2881

Sergey A. Gerasimov — Cand. Sci. (Med.), Head of Adult Orthopedics Department, University Clinic, Privolzhsky 
Research Medical University, Nizhny Novgorod, Russia
gerasimoff@list.ru
https://orcid.org/0000-0002-3179-9770

Elena V. Gubina — Cand. Sci. (Med.), Head Doctor, Tsivyan Novosibirsk Research Institute of Traumatology 
and Orthopaedics, Novosibirsk, Russia
egubina@niito.ru
https://orcid.org/0000-0002-2278-1421

Authors’ contributions:
Korytkin A.A. — research conception and design, data interpretation and analysis, text editing.

Novikova Ya.S. — coordination of study participants, data interpretation and analysis,
data statistical processing, text editing.

El moudni Yo.M. — collection and processing of material, research conduction.

Kovaldov K.A. — collection and processing of material, research conduction.

Gerasimov S.A. — collection and processing of material, text editing.

Gubina E.V. — coordination of study participants, literature review, data statistical processing, 
text editing.

All authors made a significant contribution to the research and preparation of the article and read 
and approved the final version before its publication. They agree to be accountable for all aspects of 
the work in ensuring that questions related to the accuracy or integrity of any part of the work are 
appropriately investigated and resolved.

Competing interests: the authors declare that there are no competing interests.


