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Abstract
Aims The aim of this study was to compare the fixation stability and complications in patients undergoing periacetabular 
osteotomy (PAO) with either K-wire or screw fixation.
Patients and methods We performed a retrospective study to analyze a consecutive series of patients who underwent PAO 
with either screw or K-wire fixation. Patients who were treated for acetabular retroversion or had previous surgery on the 
ipsilateral hip joint were excluded. 172 patients (191 hips: 99 K-wire/92 screw fixation) were included. The mean age at the 
time of PAO was 29.3 years (16–48) in the K-wire group and 27.3 (15–45) in the screw group and 83.9% were female. Clini-
cal parameters including duration of surgery, minor complications (soft tissue irritation and implant migration) and major 
complications (implant failure and non-union) were evaluated. Radiological parameters including LCE, TA and FHEI were 
measured preoperatively, postoperatively and at 3-months follow-up.
Results Duration of surgery was significantly reduced in the K-wire group with 88.2 min (53–202) compared to the screw 
group with 119.7 min (50–261) (p < 0.001). Soft tissue irritation occurred significantly more often in the K-wire group 
(72/99) than in the screw group (36/92) (p < 0.001). No group showed significantly more implant migration than the other. 
No major complications were observed in either group. Postoperative LCE, TA and FHEI were improved significantly in both 
groups for all parameters (p = < 0.0001). There was no significant difference for initial or final correction for the respective 
parameters between the two groups. Furthermore, no significant difference in loss of correction was observed between the 
two groups for the respective parameters.
Conclusion K-wire fixation is a viable and safe option for fragment fixation in PAO with similar stability and complication 
rates as screw fixation. An advantage of the method is the significantly reduced operative time. A disadvantage is the sig-
nificantly higher rate of implant-associated soft tissue irritation, necessitating implant removal.
Level of evidence III, retrospective trial.

Keywords Developmental dysplasia of the hip · Periacetabular osteotomy · Surgical technique · Fixation options

 * Sebastian Hardt 
 sebastian.hardt@charite.de

 Vincent Justus Leopold 
 vincent.leopold@charite.de

 Juana Conrad 
 Juana-lea.conrad@charite.de

 Robert Karl Zahn 
 robert.zahn@charite.de

 Christian Hipfl 
 christian.hipfl@charite.de

 Carsten Perka 
 carsten.perka@charite.de

1 Department of Orthopaedic Surgery and Traumatology, 
Charité Berlin, University Hospital Berlin, Chariteplatz 1, 
10117 Berlin, Germany

http://orcid.org/0000-0002-3476-4602
http://crossmark.crossref.org/dialog/?doi=10.1007/s00402-021-04112-7&domain=pdf


692 Archives of Orthopaedic and Trauma Surgery (2023) 143:691–697

1 3

Introduction

Periacetabular osteotomy (PAO) is an established tech-
nique in the treatment of developmental dysplasia of the 
hip (DDH) in young adults [1–3].With the aim of preventing 
or at least delaying development of secondary osteoarthritis, 
excellent results both clinically and radiologically have been 
described in short-term, mid-term and long-term follow-up 
[1–4].

The surgical technique has been well described [1]. Dur-
ing PAO, the acetabulum is completely released from the 
pelvis through five osteotomies resulting in free movement 
and the possibility of three-dimensional reorientation of the 
hip socket [5]. In the original description of the procedure, 
fixation of the reoriented acetabular fragment is achieved 
through screw fixation [1, 5]. According to the current lit-
erature, screw fixation is the standard procedure in fragment 
fixation in PAO. But despite good clinical results, non-union 
remains a common complication [6–8]. The literature shows 
that with increasing rigidity of the fragment fixation, the 
rates of non-union also increase [9–11]. In a study by Clo-
hisy et al., screw fixation was performed and 8% non-unions 
were observed [10]. In another study by Clohisy et al., screw 
and plate fixation was combined and the rate of non-union 
increased to 19% [9]. As an alternative, semi-rigid Kirschner 
wire (K-wire) fixation of the acetabular fragment combined 
with allogenous bone grafting has been described showing 
good results with a reduced rate of non-union [11]. The idea 
behind this technique is to combine a semi-rigid fixation 
with a stable press-fit allograft allowing minimal movement 
of the acetabulum, but enough stability to prevent a loss of 
correction. With less fixation rigidity, one could assume that 
a loss of correction is more likely. However, comprehensive 
studies comparing K-wire fixation and screw fixation regard-
ing stability and complications are lacking.

This study aims to assess the fixation stability and rate of 
implant-associated complications of K-wire fixation com-
pared to screw fixation after acetabular reorientation in PAO.

Materials and methods

Demographics

After obtaining approval from the local ethics committee, we 
performed a retrospective study of 172 consecutive patients 
(191 hips) undergoing PAO between January 2015 and 
June 2017 with a primary diagnosis of acetabular dyspla-
sia. Inclusion criteria were patients with adequate radiologi-
cal imaging pre- and postoperatively and at least 3 months 
follow-up. Exclusion criteria were patients who were treated 
with PAO for indications other than symptomatic DDH such 
as acetabular retroversion and patients who had prior sur-
gery on the ipsilateral hip joint, leaving a final cohort of 
172 patients (191 hips). Mean follow-up was at 94 days (SD 
12.3; range 70–112).

All hips showed at least one radiologic abnormality, 
including lateral center edge angle of Wiberg (LCE) less 
than 25° [12], acetabular inclination (AI) greater than 10° 
[12], an anterior center–edge angle (ACE) as described by 
Lequesne and de Seze of less than 25° [13] and a femo-
ral head extrusion index (FHEI) as described by Heyman 
and Herndeon of greater than 26% [14]. Femoral head 
congruency was determined by 30° abduction functional 
radiographs preoperatively and was good in all hips. Demo-
graphic data collected included age, gender, body mass 
index (BMI) and duration of surgery measured from skin 
incision until the completion of skin closure. Demographics 
are shown in Table 1.

Surgical technique

All PAOs were performed by two experienced orthopedic 
surgeons at our institution with one of them using K-wire 
fixation (n = 99) and the other screw fixation (n = 92) 
(Fig. 1).

The surgical technique of PAO has been described previ-
ously [1]. In the presented study, acetabular reorientation 
and fixation was achieved under fluoroscopic guidance using 
an anterior approach as described in the original descrip-
tion of the PAO. Fixation of the acetabular fragment was 
achieved through fixation of either three to four screws 
(4.5 mm) or four to five unthreaded K-wires (2.5 mm) 
introduced through the iliac crest. Additionally, allogenic 

Table 1  Demographics: values 
are presented as mean, standard 
deviation (SD) and range 
(*unpaired t test; **Fisher’s 
exact test)

K-wire fixation (99 hips) Screw fixation (92 hips) p values

Age 29.24 (SD 7.07; range 16–48) 27.34 (SD 8.60; range 15–45) 0.098*
BMI 23.88 (SD 4.27; range 16.9–35.0) 24.63 (SD 4.59; range 16.3–35.9) 0.307*
Male/female 11/87 20/72 0.075**
Follow-up (days) 94.18 (SD 11.05; range 76–107) 86.40 (SD 12,11; range 72–106) 0.073*
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bone grafts were induced into the supra- and retroacetabu-
lar gap previously created by iliac osteotomy as previously 
described [11]. The target of intraoperative reorientation was 
defined as normalization of LCE greater than 25°, AI less 
than 10° and FHEI between 10 and 26%.

All patients of both groups were mobilized in the same 
way using a standard mobilization regimen allowing tip-
touch partial weight-bearing of the operated extremity for 
the first 6 weeks postoperatively. Weight-bearing was then 
increased to half of the patient’s body weight from the 7th 
to the 10th postoperative week and gradual increase to full 
weight-bearing thereafter until 3 months postoperatively. No 
limitation to range of motion of the hip joint was imposed.

Radiological assessment and complications

All patients received standardized standing AP pelvis 
radiographs. Radiological parameters relevant for DDH 

were measured preoperatively, postoperatively before dis-
charge and at 3 months follow-up: lateral center edge angle 
(LCEA), Tönnis angle (TA) as well as femoral head extru-
sion index (FHEI). An example of the measurement of radio-
logical parameters is shown in Fig. 2. Osseous bone healing 
was determined through absence or presence of consolida-
tion across the osteotomies in a.p. and axial radiographs. All 
measurements were performed by two residents (VL, JC), 
both trained by the same senior orthopedic surgeon (SH). 
A loss of correction was defined as the difference between 
initial correction at immediate postoperative time and at 
3 months follow-up. A clinically significant loss of correc-
tion was defined as a loss of the acetabular fixation requiring 
revision surgery or a delta LCEA of more than 5° as meas-
ured in the radiological assessment.

Intra- and postoperative complications were reviewed. 
Minor complications were defined as soft tissue irritation 
requiring implant extraction surgery or implant migration 

Fig. 1  a Preoperative radiographic assessment for indication of PAO. b Correction and fixation with screws. c Correction and fixation with 
K-wires

Fig. 2  Radiological measurement of lateral center edge angle (LCEA), Tönnis angle (TA) and femoral head extrusion index (FHEI) on a preop-
erative and b postoperative a.p. pelvis X-rays
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of more than 5 mm. Major complications were defined 
as implant failure, intraarticular implant migration or 
non-union.

Statistical analysis

Intra- and interrater reliability was assessed using an intra-
class correlation coefficient (ICC) model. Kappa value was 
used to confirm intra- and interrater reliability. Frequency 
rates, means and range were utilized to describe baseline 
patient characteristics. Normal distribution was tested using 
the Shapiro–Wilk-test. T test was used to determine signifi-
cant differences between continuous data and Chi-square for 
categorical data. A p value of less than 0.05 was considered 
statistically significant. For documentation of the collected 
data, Microsoft Excel version 16.16.2 was used. The col-
lected data were analyzed using IBM SPSS 25.

Results

Radiological assessment

The inter- and intra-observer reliabilities for the measure-
ments of radiological parameters were excellent for all 
parameters, ranging from 0.974 to 0.989. For preoperative 
and postoperative measurements, see Table 2. The postop-
erative LCEA, TA and FHEI were improved significantly 
in both the K-wire and the screw group for all parameters 

(p = < 0.0001). The initial corrections for LCEA (p = 0.789), 
TA (p = 0.312) and FHEI (p = 0.786) were not significantly 
different between the K-wire group and the screw group. 
The final correction of the respective parameters was also 
not significantly different between both groups for LCEA 
(p = 0.551), TA (p = 0.307) and FHEI (p = 0.854). The loss 
of correction showed no significant difference between 
the K-wire and screw group for LCEA (p = 0.234), TA 
(p = 0.272) and FHEI (p = 0.854). An overview of the meas-
ured radiological parameters is shown in Table 2. Overall, 
no case with a clinically significant loss of correction as 
measured by the radiographs or leading to reoperation was 
observed in either group.

Operating time and complications

The operating time was significantly lower in the K-wire 
group 88.2 min (53–202) compared to the screw group 119.7 
(50–261) (p < 0.001).

A significant difference in the incidence of implant-
associated soft tissue irritation was observed between the 
investigated groups. In the K-wire group, 72 out of 99 hips 
had soft tissue irritation and were therefore admitted to 
implant extraction surgery compared to 36 out of 92 hips in 
the screw group (p < 0.0001). Implant migration as defined 
above was observed in 0 out of 99 hips in the screw-fixation 
group compared to 4 out of 92 hips in the K-wire fixation 
group showing no significant difference between both groups 

Table 2  Comparison of correction of LCE, TA and FHEI between the two groups; values are presented as mean, standard deviation (SD) and 
range (*unpaired t test)

Bold values indicate significance

K-wire group (99 hips) Screw group (92 hips) p values

LCEA (°)
 Preoperative 15.24 (SD 6.44; range − 3 to 26) 17.58 (SD 6.08; range − 11 to 26) 0.011*
 Postoperative 28.89 (SD 6.33; range 8 to 43 30.84 (SD 6.18; range 7 to 42) 0.040*
 Initial correction 13.70 (SD 6.65; range 0 to 34) 13.45 (SD 6.29; range − 2 to 39) 0.789*
 Final correction 14.50 (SD 6.69; range 1 to 30) 13.62 (SD 6.97; range − 4 to 43) 0.551*
 Loss of correction − 0.20 (SD 2.15; range − 4 to 4) − 0.48 (SD 2.92; range − 6 to 9) 0.234*

Tönnis angle (°)
 Preoperative 14.81 (SD 7.21; range 2 to 37) 11.62 (SD 6.32; range − 2 to 32) 0.001*
 Postoperative 3.68 (SD 7.73; range − 19 to 26) − 0.67 (SD 6.19; range − 14 to 13) 0.001*
 Initial correction − 11.12 (SD 7.03; range − 32 to 14) − 12.16 (SD 7.13; range − 31 to 7) 0.312*
 Final correction − 10.94 (SD 7.43; range − 25 to 12) − 12.51 (SD 7.02; range − 31 to 7) 0.307*
 Loss of correction − 0.08 (SD 2.46; range − 5 to 6) − 0.66 (SD 2.44; range − 7 to 7) 0.272*

FHEI (%)
 Preoperative 25.02 (SD 10.16; range 4.87 to 54.14) 21.59 (SD 8.39; range 0.13 to 59.24) 0.012*
 Postoperative 10.02 (SD 9.48; range − 7.27 to 53.91) 8.27 (SD 7.52; range − 8.38 to 27.90) 0.162*
 Initial correction − 14.99 (SD 7.84; range − 48.07 to 0.15) − 13.31 (SD 7.15; range − 40.32 to 1.81) 0.125*
 Final correction − 13.60 (SD 10.96; range − 39.02.− 4.10) − 13.04 (SD 8.64; range − 40.32 to 17.69) 0.786 *
 Loss of correction − 0.95 (SD 4.88; range − 10 to 15) 0.73 (SD 6.06; range − 18.90 to 21.55) 0.854*
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(p = 0.121). Both groups showed no case of non-union, 
implant failure or intraarticular implant migration.

Discussion

DDH is a complex pathology of the hip and the leading 
cause of secondary osteoarthritis of the hip [15]. If diag-
nosed in time and correctly indicated, PAO is a good option 
in operative therapy of DDH in the adult showing good to 
excellent outcomes [2, 4, 16–18].

Through three-dimensional reorientation and fixation 
of the acetabulum, better coverage of the femoral head is 
provided. So far, most previous studies described the use 
of screw fixation. It is assumed that this rigid fixation is 
necessary to provide and maintain stability and thus secure 
consolidation of the osteotomies [1, 4, 18, 19]. The idea 
behind fragment fixation with K-wires is that combining a 
semi-rigid fixation with a stable press-fit allograft allows 
minimal movement of the acetabulum, yet still provides 
enough stability to prevent a loss of correction.

To our knowledge, this is the first study to compare the 
stability of K-wire- and screw fixation in PAO.

The most important finding of the presented study is that 
there is no clinically significant loss of correction with the 
investigated modified technique using K-wire fixation com-
pared to screw fixation. It can therefore be assumed that even 
if semi-rigid fixation is used, sufficient stability is achieved 
to obtain the correction result. Even a more restrictive post-
operative treatment in the sense of prolonged partial weight-
bearing did not seem necessary according to the results of 
our cohort, since all patients were mobilized according to 
the same postoperative mobilization regimen.

A previous study investigated the occurrence of non-
unions in PAO with K-wire fixation. However, detailed 
radiological evaluation of loss of correction was not reported 
in that study [6]. Other studies comparing different screw-
fixation techniques and their stability have been published 
numerously. These studies involved the biomechanical com-
parison of different fixation models in PAO. [20–23]. For 
example, Babis et al. were able to show higher stability in 
more rigid fixation constructs in an in vitro model [23]. Wid-
mer et al. were also able to show higher stability for more 
rigid fixations [21]. However, these studies were in vitro 
models with simulated forces similar to or even exceeding 
those of full weight-bearing. Furthermore, none of these 
studies investigated the stability of K-wire fixation in PAO.

K-wire fixation as an alternative to screw fixation has 
previously been reported in pelvic surgery. It is success-
fully used for fixation of pelvic osteotomies in children and 
adolescents and also, for example, in pelvic osteotomies for 
Perthes disease [24]. However, the conditions in these cases 
can only be applied to the biomechanical conditions in PAO 

in adults to a limited extent. Biomechanical studies compar-
ing fixation with K-wires and screws in complex multidi-
mensional pelvic osteotomies are lacking.

Our study involved in vivo conditions using a mobili-
zation regimen with postoperative partial weight-bearing. 
Postoperative mobilization with partial weight-bearing is 
regularly used after PAO and is also described in the litera-
ture by the first describers of PAO [1, 5].

In terms of complications, the K-wire group showed 
significantly more implant-associated soft tissue irritations 
requiring implant removal compared to the screw-fixation 
group. In our opinion, this is caused by the relatively big-
ger portion of osteosynthesis material protruding from the 
bone of the iliac crest in an area with relatively little soft tis-
sue coverage. A previous study found similar complication 
potential in their study without further quantifying or com-
paring it [11]. Thawrani et al. described a similar incidence 
of soft tissue irritation in their study of complications of the 
established technique with screw fixation [25], similar to 
the screw group investigated in this study. On the one hand, 
retained implants may pose a problem for MRIs that may be 
necessary in the future, as metal implants cause artifacts and 
thus reduce the quality of the imaging [26].

On the other hand, retained implants may pose a chal-
lenge for conversion to THA, which is still necessary in a 
relevant proportion of patients [4].

There was no significant difference in implant failure 
between the two groups. No major complications such as 
non-union or intraarticular implant migration were found in 
either group. Even though in our study little minor and no 
major complications can be reported, PAO is still a surgical 
method in which higher complication rates were frequently 
described. Overall complication rates in previous studies 
vary between 1 and 86% for major complications and 11 
and 100% for minor complications [11, 25].

The K-wire group had significantly reduced surgery time 
compared to the screw group. The fact that the two surgeons 
each used one of the fixation techniques results in a certain 
bias and the reduced operation time cannot be attributed with 
certainty to the choice of fixation. However, from our point of 
view it seems logical that the operation time can be reduced if 
the intermediate step of changing the temporary fixation with 
K-wires to the definitive fixation with screws is omitted if no 
screws are used, whereas in screw fixation this intermediate 
step is regularly performed [1]. This could be an advantage 
insofar as various studies have shown that prolonged duration 
of surgery is a risk factor for perioperative complications in 
orthopedic surgery as well as in other surgical fields [27, 28]. 
Tahwrani et al. found that prolonged surgery time in PAO is 
a risk factor for major complications as well as blood loss in 
PAO and therefore needs to be avoided as much as possible 
[25].
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This study has several limitations. First, it has a retrospec-
tive study design. Second, preoperative measurements of the 
relevant radiological parameters show more dysplastic values 
in the K-wire group. However, both groups were corrected to 
almost the same extent and the desired correction was achieved 
as shown in the postoperative measurements in both groups. 
Third, in our cohort the procedure was performed by two dif-
ferent surgeons. Fourth, 3 months follow-up is relatively short. 
However, we believe that with painless full weight-bearing and 
radiologically proven bony consolidation already achieved at 
this time, further loss of correction thereafter seems unlikely.

This study demonstrated that K-wire fixation is a viable 
and safe option in fragment fixation in PAO with similar sta-
bility and complication rates compared to screw fixation. An 
advantage of the method is the significantly reduced operating 
time. A disadvantage is the significantly higher rate of implant-
associated soft tissue irritation requiring implant extraction. 
Further studies are needed to examine the presented surgical 
technique at a long-term follow-up. Furthermore, biomechani-
cal studies could provide further information about the stabil-
ity of the investigated method. These findings can be taken into 
account by surgeons when choosing the form of fixation of the 
acetabular fragment in PAO.

Take home message 

K-Wire fixation is a viable and safe option for frag-
ment fixation in PAO with comparableresults regarding 
fixation stability and complication rates. An advantage 
of the investigatedmethod is the significantly reduced 
operative time. A disadvantage is the significantly 
higherrate of implant-associated soft-tissue irritation 
necessitating implant removal.
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