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Total hip arthroplasty (THA) is a technically complex 
and difficult surgical procedure in patients with 
sequelae of developmental dysplasia of the hip 
(DDH) due to anatomic abnormalities, biomechanical 
changes, and advanced soft tissue contractures.[1,2] 
One of the most important steps during the surgical 
procedure is to transfer the hip to the anatomic 
center of rotation and to restore the functions of the 
abductor muscles. Anatomic hip center restoration 
often requires limb lengthening of >4 cm, which 
increases the risk of neurological injury.[3,4] A femoral 
shortening osteotomy is often required in patients 
classified as Crowe type 3-4 to safely place the hip 
in the true acetabulum and preserve neurovascular 
structures.[2,5]

Objectives: This study aims to analyze the clinical, functional, 
and radiographic results of patients with Crowe type 4 
developmental dysplasia of the hip (DDH) sequelae undergoing 
cementless total hip arthroplasty (THA) with transverse 
subtrochanteric shortening osteotomy without fixation at the 
osteotomy site.
Patients and methods: Between March 2013 and February 
2020, a total of 42 hips of 34 patients (8 males, 26 females; 
mean age: 50.7±11.7 years; range, 27 to 76 years) with Crowe 
type 4 DDH treated with subtrochanteric shortening osteotomy 
combined with primary cementless THA were retrospectively 
analyzed. Each case was evaluated to the Harris Hip Score 
(HHS). Crowe classification, location of the rotation center of hip, 
loosening of the implants, and union at the osteotomy line were 
evaluated radiologically.
Results: The mean follow-up was 57.9±31.5 (range, 24 to 192) 
months. The mean interval to complete bone union in 40 hips 
(95%) after surgery was 3.5±0.9 (range, 2 to 6) months. The mean 
preoperative HHS scores of the patients was 35.6±6.86, while the 
scores increased to 91.53±5.41 at the final follow-up (p<0.001).
Conclusion: Our study results suggest that excellent clinical and 
radiological results can be obtained in Crowe type 4 dysplastic 
hips in patients undergoing THA with the rectangular femoral 
component and transverse shortening osteotomy technique, 
without fixation at the osteotomy site.
Keywords: Developmental dysplasia of the hip, rectangular femoral 
component, total hip arthroplasty, transverse subtrochanteric shortening 
osteotomy.

ABSTRACT

Total hip arthroplasty in patients with coxarthrosis due to 
developmental dysplasia of the hip: Is fixation of the 
subtrochanteric osteotomy necessary? 

Hakan Atalar, MD1, Alim Can Baymurat, MD1, İbrahim Kaya, MD2, Mehmet Ali Tokgöz, MD1, 
Tolga Tolunay, MD1, Şefik Murat Arikan, MD1

Various osteotomy techniques which can 
be performed from the greater trochanter, lesser 
trochanter, and subtrochanteric regions have been 
described in the literature. Although oblique, 
double chevron, and step-cut osteotomy techniques 
contribute to stability, transverse osteotomies still 
remain popular, as they allow simultaneous correction 
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of femoral anteversion, they are relatively easier 
techniques, and have similar complication rates.[6,7] 
Although neurovascular problems can be avoided by 
performing a femoral shortening osteotomy, ensuring 
adequate union after osteotomy has remained a 
problem. Fixation methods such as plate, cable, and 
strut graft are used for fixation in femoral shortening 
osteotomy.[8-10]

Although several techniques have been reported 
in the literature to provide successful results for 
joint replacement and subtrochanteric osteotomy 
fixation, the necessity of internal fixation after 
osteotomy is still a matter of debate. In the present 
study, we aimed to analyze the clinical, functional, 
and radiographic results of patients with Crowe 
type 4 DDH sequelae who underwent cementless 
THA with transverse subtrochanteric shortening 
osteotomy without fixation at the osteotomy site.

PATIENTS AND METHODS

This single-center, retrospective study was 
conducted at Gazi University Faculty of Medicine,, 
Department of Orthopedics and Traumatology 
between March 2013 and February 2020. Clinical 
and radiological data of a total of 50 hips of 41 
patients with Crowe type 4 DDH treated with 
subtrochanteric shortening osteotomy combined 
with primary cementless THA were reviewed. 
Inclusion criteria were as follows: having a diagnosis 
of neglected total hip joint dislocation treated with 
a cementless rectangular femoral component and 
femoral shortening osteotomy without additional 
fixation or grafting at the osteotomy site, and a 
follow-up period of at least 24 months. Exclusion 
criteria included the presence of another disease 
that may have a negative effect on union, or 
incomplete clinical and radiological data. Finally, a 
total of 42 hips of 34 patients (8 males, 26 females; 
mean age: 50.7±11.7 years; range, 27 to 76 years) were 
included in the study.

Demographic data of the patients, surgical side, 
properties of the implanted materials, acetabular 
insufficiency status, amount of femoral shortening, 
and follow-up period were recorded. Each case 
was evaluated in terms of pain and degree of 
disability, limitation in hip joint range of motion, 
limb length discrepancy, and limitation in walking 
and performing daily living activities according to 
the Harris Hip Score (HHS). Crowe classification, 
location of the rotation center of the hip, loosening 
of the implants, and union at the osteotomy line 
were evaluated radiologically.

After examining the clinical notes and 
radiographs of the patients, osteotomy union status 
and complications were noted. Bone union was 
defined as the presence of mature bone bridging 
at the osteotomy site and was evaluated on direct 
radiographs (Figures 1, 2, 3). Aseptic loosening was 
defined as lucency >2 mm at metal-bone interface, 
>1 cm subsidence and varus tilting of the femoral 
component, acetabular component migration or 
change in position/inclination. Complications were 
defined as deep infection, dislocation, neurological 
injury, intraoperative fracture, periprosthetic fracture, 
revision from any cause, or death from disease.

Surgical technique

All surgeries were performed by a single surgeon. 
All patients were operated in the supine position 
with the hip direct lateral approach (Hardinge). A 
femoral neck osteotomy was performed, followed by 
a shortening subtrochanteric osteotomy to facilitate 
localization of the true acetabulum. The acetabulum 
was initially prepared using small reamers, which 
were gradually increased to prepare with the 
largest possible reamer. After completion of the 
acetabular preparation, a press-fit cup was placed 
at approximately 40° to 45° abduction and 15° to 
30° anteversion and 2 or 3 screws were placed to 
increase stability. In patients with superior wall 
defects, the autograft harvested from the femoral 
head was placed superolateral to the acetabulum and 
fixed with cannulated screws. After the acetabulum 
was completed, preparation of the proximal femoral 
canal was started, and reaming was continued 
until maximum cortical contact was obtained. 
Prophylactic cerclage wire was applied to some 
patients to prevent intraoperative fractures. The 
amount of bone excision was, then, determined by 
overlapping the proximal fragment and the distal 
fragment, which would equalize the length of both 
lower extremities under manual traction. The bone 
of the pre-determined length from the distal part 
was, then, osteotomized, the distal femoral medulla 
was reamerized again, and the femoral component 
was implanted (Figure 4). No additional fixation 
material was used in the osteotomy line and no 
grafting was performed. The hip was reduced 
and its stability against leg length, offset and 
dislocation was evaluated intraoperatively clinically 
and radiologically. Alloclassic® Zweymüller 
(Zimmer Biomet, IN, USA) rectangular section 
femoral component and ceramic-on-ceramic or 
ceramic-on-polyethylene acetabular component 
(Trilogy®; Zimmer Biomet, IN, USA) were used in 
all patients.
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FIGURE 1. (a) Preoperative radiograph of bilateral developmental dysplasia of the hip in a 
37-year-old woman. (b) Intraoperative view of transverse subtrochanteric osteotomy preparation. 
(c) Early postoperative radiographic image. (d) Postoperative radiographic image at five-month 
follow-up. (e) Postoperative radiographic image of Crowe type 4 right hip at 3.5-year follow-up. 

FIGURE 2. (a) Preoperative radiograph of bilateral high dislocation in a 33-year-old woman. (b) Postoperative radiographic 
image of right hip at two years and left hip at 2.5 years follow-up.

(a) (b)
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FIGURE 3. (a) Preoperative and (b) early postoperative and (c) 1.5-month. and (d) 3-month and 
(e) 5-month radiographies of a dysplasia of the hip type 4 patient.

(a)

(c) (d) (e)

(b)

FIGURE 4. (a) Proximal transverse osteotomy line. (b) Preparation of the proximal femoral canal. (c) Distal transverse osteotomy 
line. (d) The osteotomy is transfixed by the rectangular femoral component, and the hip is reduced.

(a) (b) (c) (d)
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 Postoperative care

The patients applied with only implants for 
acetabular reconstruction were mobilized with full 
weight-bearing on the first day after surgery, while 
full weight-bearing was avoided for six weeks in 
patients treated with grafts due to acetabular defects. 
Abductor and extensor strengthen muscle exercises 
were recommended for all patients.

Statistical analysis

Statistical analysis was performed using the 
IBM SPSS for Windows version 23.0 software (IBM 
Corp., Armonk, NY, USA). Continuous variables 
were expressed in mean ± standard deviation (SD) 
or median (min-max), while categorical variables 
were expressed in number and frequency. As 
the data did not conform to normal distribution, 
non-parametric tests were applied. The Wilcoxon 
signed-rank test was used to compare preoperative, 
and final follow-up data sets. The 10-year revision-
free survival was calculated using the Kaplan-
Meier method. A p value of <0.05 was considered 
statistically significant.

RESULTS

The mean follow-up was 57.9±31.5 (range, 24 to 192) 
months. The mean amount of femoral shortening 

performed during surgery was calculated as 
2.94±0.41 (range, 2 to 4) cm and the mean interval to 
complete bone union in 40 hips (95%) after surgery 
was calculated as 3.5±0.9 (range, 2 to 6) months. 
Acetabular grafting was required in eight hips 
(19.1%) due to superolateral insufficiency (Table I). 
The sizes and materials of the components used are 
shown in Table II.

After femoral shortening osteotomy, non-union 
was observed in two hips (4.8%), and delayed union 
(>4 months) was observed in 11 hips (26.2%). An 
intraoperative fracture (2.4%) of the proximal femur 
occurred during surgery and aseptic loosening (2.4%) 
was observed in two separate patients. Two hips 
of two different patients with size 22 femoral head 
developed hip dislocation (4.8%) in the second and 
third weeks postoperatively and closed reduction was 
performed. In the postoperative period, no clinically 
important leg length discrepancy, Trendelenburg gait 
pattern, deep infection, or deep vein thrombosis were 
observed in any of the patients (Table III).

In the postoperative period, revision surgery 
was performed in one patient due to periprosthetic 
fracture 12 months after surgery and in one patient 
due to acetabular aseptic loosening 18 months later. 
According to the Kaplan-Meier survival analysis, 
the overall 10-year survival rate of THA was 95% 

TAbLE I
Demographic and clinical data of patients

n % Mean±SD Range

Age (year) 50.7±11.7 27-76

Sex

Male

Female

8

26

23.5

76.5

Side

Right

Left

Bilateral 

9

17

8

26.5

50

23.5

Femoral shortening (cm) 2.94±0.41 2-4

Acetabular grafting 8 19

Follow-up (month) 57.87±31.51 24-192

Osteotomy union period (month) 3.46±0.85 2-6

Union

Delayed

Non-union

29

11

2

69.1

26.1

4.8

Preoperative HHS 35.6±6.86

Postoperative HHS 91.53±5.41

SD: Standard deviation; HHS: Harris hip score.
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for the whole system (95% confidence interval [CI]: 
171.19-195.11) in Crowe type 4 DDH (Figure 5).

While the mean HHS scores of the patients 
was 35.6±6.86 before surgery, this increased to 
91.53±5.41 at the final follow-up (p<0.001). When 
the mean HHS of patients with delayed union and 
non-union (91.50±4.04) and patients with union in 
time (91.57±7.51) were compared, no statistically 
significant difference was observed (p=0.969).

DISCUSSION

In the present study, we analyzed the clinical, 
functional, and radiographic results of patients 
with Crowe type 4 DDH sequelae who underwent 
cementless THA with transverse subtrochanteric 
shortening osteotomy without fixation at the 
osteotomy site. Our study results showed satisfactory 
outcomes of THA with a cementless rectangular 
femoral component performed combined with 
femoral shortening osteotomy in the treatment of 
Crowe type 4 DDH. Although no fixation material 
or bone graft was used in the osteotomy site of any 
of the patients, sufficient stability was achieved with 
rectangular and tapered femoral components in this 
patient group and 95.2% bone union was observed.[11]

Bone union problems of the osteotomy site are 
among the important problems encountered after 
femoral shortening osteotomy. Plate-screw and 
grafting combinations are used to ensure full union 
after osteotomy. Fixation of the osteotomy line 
makes a significant contribution to the preservation 
of stability and femoral anteversion, when 
proximally fixed femoral component designs are 
used. Non-union has been reported more frequently 
in case series of reconstructions using cemented 
femoral components.[12] In a study conducted by 
Akiyama et al.,[13] the results were reported of 
15 hips of 11 patients who underwent cemented 
THA with subtrochanteric femoral shortening 
transverse osteotomy, and non-union was observed 
in 20% of the patients. In previous studies using 
cementless straight-shaped femoral components, 
grafting and internal fixation of the osteotomy have 
been recommended. In a study conducted by Yalcin 
et al.[5] including 44 hips of 31 patients, internal 
fixation was required due to the intraoperative 
instability in the osteotomy line of 10 patients, 
and non-union was observed in five patients in 
the postoperative period. In studies reporting the 
results of internal fixation with plate-screw, the 
non-union rate was 5.5% by Charity et al.,[14] 3.3% 
by Çağlar et al.,[8] and 5.4% by Sofu et al.[9] Thanks 
to its design, the rectangular femoral stem we use 

TAbLE III
Complications

n %

Intraoperative femur fracture 1 2.4

Dislocation 2 4.8

Superficial infection 1 2.4

Aseptic loosening 1 2.4

Periprosthetic femur fracture 1 2.4

Non-union 2 4.8

Heterotopic ossification 1 2.4

Total 9 2.14

TAbLE II
Frequency and distribution of materials and sizes of the 

components

Component Size n %

Femoral 01

0

1

2

3

4

5

6

15

7

3

7

5

1

3

1

35.7

16.7

7.1

16.7

11.9

2.4

7.1

2.4

Acetabular 40

42

44

46

48

1

5

6

25

5

2.4

11.9

14.3

59.5

11.9

Head 22

28

32

7

30

5

16.6

71.4

11.9

FIGURE 5. Kaplan-Meier survival analysis for implant 
systems.
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provides press-fit involvement in the distal of the 
osteotomy area and good stability against both 
rotational and bending stresses. Studies reporting 
lower rates of union in the literature have shown that 
non-unions are mostly due to rotational instability. 
Erdem et al.[7] also reported in their study that 
the rectangular femoral stem provided sufficient 
stability of the osteotomy and that they achieved 
complete union in all patients. We believe that the 
reason for the higher union rates compared to our 
study is the autograft and cable fixation applied to 
the osteotomy line.

Another method used for the fixation of the 
osteotomy line is the graft-cable combination. The 
clinical results of 67 hips of 50 patients with a 
minimum of 10 years follow-up reported by Çaylak 
et al.[6] showed non-union in only two patients. Altay 
et al.[10] presented the results of 41 hips of 37 patients, 
and instability in the osteotomy site was observed 
in 16 patients after the insertion of the femoral 
component, and complete union was achieved in all 
patients using fixation with graft-cable.

It has also been reported that the need for internal 
fixation can be eliminated by placing a graft in the 
distal part of the medullary canal from the osteotomy 
and changing the femoral component type. Togrul et 
al.[15] presented the results of implantation in the 
medullary canal of bone pegs prepared from the 
resected femoral segment for femoral fixation, which 
provided excellent rotational stability, eliminating 
the need for additional osteosynthesis regardless 
of the femoral component design. Of 33 Crowe 
type 4 DDH patients treated with a cementless 
modular femoral component with a transverse 
subtrochanteric shortening osteotomy, the minimum 
10-year results were presented and complete union 
was achieved in all patients.[16]

Another type of implant in which osteotomy 
stability and femoral anteversion can be preserved 
is the cementless rectangular femoral component 
with distal fixation. Kayaalp et al.[17] presented the 
results of 50 hips of 41 patients using cementless 
rectangular femoral components without any 
additional extramedullary fixation. An excellent 
functional score was achieved in 68% of patients, 
while non-union was observed in only one patient. 
The overall complication rate of that series was 
32%. In the current study, excellent results were 
achieved in 81% of the patients, the complication 
rate was reported as 21.4%, and non-union was 
observed in only two patients. In the opinion of 
the current authors, fixation of the osteotomy line 
is not required, if implant involvement is achieved 

in the proximal and distal femoral fragments. In 
the two patients without union in this study, the 
postoperative HHS scores were good and excellent, 
and neither had any clinical findings. We believe 
that our union rates are high, as a stable fixation in 
the osteotomy line is ensured with the rectangular 
femoral component and full weight-bearing is given 
to the patients in the early period.

Considering the HHS scores of patients with 
high hip dislocation undergoing THA with femoral 
shortening osteotomy, scores of 83 to 94 have been 
reported on average.[18] In the current study, there 
was calculated to be a significant improvement in 
the scores and the mean HHS score was 91.53±5.41 
at the final follow-up. The patients with a functional 
score that was not excellent were those who 
experienced dislocation and underwent component 
revision. During evaluation of the two patients with 
non-union, the hip was painless, osteotomy site was 
stable, and excellent functional scores were obtained 
and, therefore, no additional surgical intervention 
was performed. When the early postoperative direct 
radiographs of the patients with non-union were 
examined, full contact could not be achieved in the 
osteotomy line.

The main limitations to this study are its single-
center, retrospective design, relatively small sample 
size, lack of a comparison group, and the lack of 
assessment of spinopelvic conditions.

In conclusion, our study results suggest that 
satisfactory clinical and radiological results can be 
obtained in Crowe type 4 dysplastic hips in patients 
undergoing THA with the rectangular femoral 
component and transverse shortening osteotomy 
technique, without fixation at the osteotomy site. In 
addition, if full cortical contact can be achieved in the 
osteotomy area, union can be successfully achieved 
without grafting. The excellent clinical results are 
clear evidence that primary and secondary stability 
for the osteotomy site, including rotatory instability, 
can be achieved with rectangular section femoral 
components.
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