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Abstract
Introduction Hip reconstruction is an established procedure in pediatric patients with neurogenic hip dislocation. An open 
triradiate cartilage provides the advantage of a high plasticity of the bone which prevents an intraarticular fracture and post-
operative adaptation of shape. Some patients with dislocated hips, however, arrive late. A hip reconstruction is still feasible 
as shown earlier but the long-term risk for osteoarthritis, and recurrence of dislocation, and functional outcome is unknown. 
It is the aim of our investigation to evaluate long-term clinical and radiological outcomes of hip reconstruction by Dega 
type pelvic osteotomy performed after fusion of the triradiate epiphyseal cartilage in patients suffering from cerebral palsy.
Material and methods We retrospectively analyzed 43 hips in 37 patients with a hip reconstruction for correction of hip 
dislocation or subluxation. In all patients, the triradiate cartilage was fused before surgery. Age at surgery was 15 years and 
2 months on average and follow-up time was mean 13 years 5 months.
Results Mean Kellgren Lawrence score at final follow-up was significantly higher than at preoperative investigation 
(P < 0.00001). At long-term follow-up 3 of 43 hips had developed pain, and 1 of them required arthroplasty. Reimers´ 
migration index was stable over the years and was not higher at last follow-up compared to the index observed shortly after 
surgery (P = 0.857), so was the Sharp angle (P = 0.962). We found no significant reduction in the range of motion of the hip 
in the sagittal plane.
Conclusion We noted mild radiological signs of osteoarthritis which possibly occur due to an intraarticular acetabulum 
fracture during bending down the acetabulum. Nevertheless, hip reconstruction in patients with cerebral palsy and closed 
triradiate cartilage remains a valuable option as it results in a stable, painless hip for more than a decade.
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Abbreviations
CP  Cerebral palsy
GMFCS  Gross Motor Function Classification System
OA  Osteoarthritis
MP  Reimers migration percentage
ROM  Range of motion

Introduction

In patients with neurologic movement disorders such as cer-
ebral palsy hip dislocation is a frequently observed prob-
lem. The risk of hip dislocation is known to be associated 
with higher Gross Motor Function Classification System 
(GMFCS) levels (levels 4 and 5). Different options for sur-
gical correction have been reported such as isolated femoral 
varus osteotomy, a hip reconstruction, soft tissue procedures, 
or salvage procedures such as a valgus osteotomy, hip fusion 
and proximal femoral resection. Salvage procedures can lead 
to a reduction of pain, but not often a complete relief of pain. 
Such procedures are accompanied by numerous complica-
tions and should be used only for selected patients [1, 2]. 
Total hip arthroplasty seems to provide similar results as in 
matched normal developing population concerning compli-
cations, pain relief and function [3]. In normal developing 
population, a total hip arthroplasty at a young age carries 

Thomas Schlemmer and Reinald Brunner shared first authorship.

 * Erich Rutz 
 erich_rutz@hotmail.com

1 University Children’s Hospital Basel (UKBB), University 
of Basel, Basel, Switzerland

2 Praxis Zeppelin, St. Gallen, Switzerland
3 University of Basel, Basel, Switzerland
4 Department of Orthopaedics, The Royal Children’s Hospital, 

The University of Melbourne, MCRI, 50 Flemington Road 
Parkville Victoria 3052, Melbourne, Australia

http://orcid.org/0000-0002-2292-0946
http://crossmark.crossref.org/dialog/?doi=10.1007/s00402-021-03970-5&domain=pdf


3668 Archives of Orthopaedic and Trauma Surgery (2022) 142:3667–3674

1 3

the risk of multiple revision surgeries during a lifetime. Life 
expectancy in patients with cerebral palsy is still lower than 
in the average population but has to be considered to be 
several decades [4–6]. It is thus highly probable that revision 
surgery will be necessary ifor patients with cerebral palsy 
also, although there is no data in the literature yet. An alter-
native in pediatric patients is hip reconstruction consisting of 
a derotation, shortening, and varus osteotomy of the proxi-
mal femur and a modified Dega/Pemberton periacetabular 
osteotomy [7–9]. This procedure provides good clinical and 
radiological results at short- and mid-term follow-up [10]. 
Ideally, it is done before the closure of the triradiate cartilage 
since this area is the pivot point of the pelvic osteotomy. In 
patients with non-fused triradiate growth plate the osteocar-
tilagineous complex provides enough plasticity to prevent an 
intraarticular acetabular fracture which is considered a risk 
factor for premature osteoarthritis (OA). In some patients, 
however, hip dislocation is not recognized, neglected, or 
surgery is refused by care givers or parents. In these older 
patients, the mature pelvic bone adds the risk for an acetabu-
lar fracture during the modified Dega osteotomy. Conse-
quently, it is advised against such osteotomies in cases with 
closed triradiate physis [9, 11, 12]. Grudziak et al. stated 
that in these cases the triradiate cartilage as a hinge for the 
osteotomy may be replaced by other pivots points as the 
sciatic notch or the pubic symphysis [13]. Robb and Brun-
ner reported satisfactory short term results for Dega–type 
osteotomy performed after the closure of the triradiate phy-
sis in non-walking patients suffering from severe cerebral 
palsy [14].

The purpose of this study was to investigate the long-term 
clinical and radiological outcome of hip reconstructions in 
patients suffering from hip dislocation or subluxation of the 
hip due to cerebral palsy who underwent Dega-osteotomy 
after the fusion of the triradiate growth plate.

Patients and methods

We retrospectively evaluated the outcome of hip recon-
struction in patients suffering from cerebral palsy who 
were operated on by Dega osteotomy after skeletal matu-
rity. Skeletal maturity was defined by the fusion of the 

triradiate growth plate. This study was approved according 
to local ethics requirements (EKNZ 22/2007 and amendment 
PB_2018-00259).

Inclusion criteria comprised a closed triradiate cartilage 
and physis of the proximal femur on plain radiographs at the 
time of surgery and a follow-up interval of at least 5 years. A 
complete chart with clinical findings and pre- and postopera-
tive anteroposterior pelvic X-ray images were mandatory.

We evaluated the degree of OA using Kellgren Lawrence 
score [15] and the displacement of the femoral head was 
rated using Reimers migration percentage (MP) [16] by 
analysis of standardized plain anteroposterior radiographs 
(Table 1).

Sharps angle was measured on the same radiographs as 
originally described by Sharp [17]. This method was found 
to be not inferior to more modern measurement techniques 
[18]. All radiographs were analyzed by the first and last 
authors. Hip pain and range of motion (ROM) in the sagit-
tal plane were chosen for primary and secondary outcome 
parameters. Sagittal ROM was measured in a supine position 
using the Thomas test [19, 20]. Simultaneously performed 
soft tissue surgeries were also recorded.

We also assessed the sphericity of the femoral head 
(Fig. 1). For this purpose, a template with circles was over-
laid on the plain hip radiograph to measure femoral head 
morphology. The largest and the smallest fitting circles were 
placed over the femoral head and the difference between the 
radii of these two circles was calculated. Since the contour 
of the femoral head changes in the plain radiograph with 
the altered femoral anteversion after derotation osteotomy 
of the proximal femur we only addressed the postoperative 
radiographs.

Operative technique

In all patients, a femoral derotation, shortening, and varus 
osteotomy were performed to achieve a neck-shaft angle of 
about 120–125 degrees and a physiological femoral ante-
version of 15 to 25 degrees. We applied a lateral approach. 
The pelvic osteotomy and, if necessary, the open reduction 
were performed via a Smith-Petersen approach [21]. The 
necessity of an open reduction was evaluated with intra-
operative arthrography. In the case of a medial pooling an 

Table 1  Kellgren Lawrence 
scoring system [15]

Grade Description

0 Normal
1 Unlikely narrowing of joint space, doubtful osteophytes
2 Possible narrowing of joint space, small osteophytes
3 Multiple moderate osteophytes, clear joint space narrowing. Sclerotic subchondral bone. 

Possible bone deformation
4 Multiple large osteophytes, severe joint space narrowing, marked sclerosis, bony deformation
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open reduction with debridement of the acetabulum was per-
formed. The lateral aspect of the ilium was exposed, and the 
sciatic nerve was protected by a retractor in the sciatic notch. 
The modified Dega osteotomy consisted of a monocortical 
osteotomy of the external cortex around the acetabulum 
down to the posterior column of the acetabulum stopping 
before the sciatic notch with a swan neck chisel controlled 
by the use of an image intensifier. It was accomplished by a 
short bicortical osteotomy at the level of the anterior inferior 
iliac spine. The acetabular side of the osteotomy was bent 
down and hinged caudal to provide maximum hip coverage. 
The resected bone wedge resulting from the femoral short-
ening was adjusted and interposed in the osteotomy gap. In 
all of the patients, a postoperative spica cast was applied 
for an average duration of 3.3 weeks (SD 0.93; range 1 to 
6 weeks), depending on bone quality. After cast removal 
sitting was allowed as soon as 90 degree of hip flexion was 
achieved easily. In ambulating patients standing and sitting 
were allowed after 6 weeks when a first plain hip X-ray 
image showed callus formation and stable implant fitting. 
The procedure was described in detail by Brunner and Bau-
mann [22].

Demographics

In total, 133 reconstructed hips with closed triradiate 
cartilage at the time of surgery were retrieved from our 
database. Overall, 90 hips had to be excluded due to an 
insufficient follow-up interval (N = 12), other neurologic 
diseases than cerebral palsy (CP; N = 12) or incomplete 
chart due to missing radiographs in one of the follow-up 

periods or missing clinical follow-up data (N = 66). Thus, 
43 hips in 37 patients were finally included in the study. 
Operations were performed between 1989 and 2011 in a 
single institution. In total, 20 patients were female and 17 
male. Mean age at surgery was 15.2 years (SD 2.78; range 
9.4–25.1 years), mean follow-up time was 13.4 years (SD 
5.7; range 5.1–25.6 years). Table 2 demonstrates the dis-
tribution of included hips of each GMFCS level.

Statistics

Since the range of follow-up was long we grouped the 
follow-up results in findings obtained at 5 year inter-
vals (period A: 1–5 years, period B: 6–10 years, period 
C: 11–15 years, period D: more than 16 years) to dem-
onstrate the course of the development of OA and MP. 
Table 3 demonstrates length of follow-up of patients. In 
each period the radiographs were evaluated concerning the 
degree of OA and the MP. The ROM was evaluated before 
surgery and at the last follow-up, and pain was evaluated at 
last follow-up. The Kolmogorov–Smirnov test was used to 
check normal distribution of data. For comparison of the 
Kellgren Lawrence score, the MP, the ROM and sphericity 
of the femoral head a two-tailed paired t test was used in 
normally distributed data. In not normally distributed data 
the Mann–Whitney U test was used. The 95% confidence 
interval (CI) was calculated additionally. For comparison 
of pre- and postoperative GMFCS levels the Wilcoxon 
rank-sum test was applied. Logistic regression was used 
to calculate correlations. The cutoff for significance was 
defined as P < 0.05 (Fig. 2). 

Fig. 1  Measurement technique for sphericity

Table 2  Number of included 
hips of each GMFCS level 
(N = 43 hips)

GMFCS level Number of 
included hips

I 1
II 1
III 2
IV 17
V 22

Table 3  demonstrates the follow-up intervals of included hips (43 
hips in 37 patients)

Follow-up 
interval

 > 5–10 years
period B

11–15 years
period C

16–20 years
period D

 > 20 years
period D

N 14 13 11 5
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Results

Osteoarthritis

Mean Kellgren Lawrence score was 0.88 out of 4 (SD 
0.59; range 0–3) preoperatively. This was mainly due to the 
deformity of the femoral head which occurred already in 
the dislocation process preoperatively. In period A Kellgren 
Lawrence score increased to 1.50 (SD 0.78; range 0–3), in 
period B to 1.86 (SD 0.75; range 0–3) and in period C to 
2.0 (SD 0.87; range 0–4). In period D it was 1.75 (SD 0.68; 
range 0–4). Calculating the score at last follow-up of each 
patient Kellgren Lawrence score was 1.95 out of 4 (SD 0.79; 
range 0–4). There was a statistically significant difference 
between the Kellgren Lawrence score obtained preopera-
tively and at the score obtained at last follow-up (score 1.07 
points; CI 0.75–1.39). The difference between the scores 
in the follow-up period A compared to the last follow-up 
period D, however, did not differ significantly (score 0.45 
points; CI 0.05–0.85) (Fig. 3) (P = 0.232). In 7 of 43 hips 
an intraarticular fracture of the acetabulum was visible on 
the postoperative X-ray. Median Kellgren Lawrence score 
of these 7 hips was 2.0 (SD 0.58; range 1–3).

Migration percentage

Mean MP was 64.76% (SD 23.6; range 15–100%) preopera-
tively. In follow-up period A it was reduced to 4.63% (SD 
7.70%; range 0–30%). We found a stable course over time 
with a MP of 5.13% (SD 8.12%; range 0–30%) in period B, 
6.11% (SD 9.94%; range 0–30%) in period C and 6.88% (SD 
9.30%; range 0–30%) in period D. At last follow-up of each 
patient MP was 5.70% (SD 8.56%; range 0–30%). There 
was a significant change between preoperative MP and MP 

in period A (59.1%; CI 52.4–67.8%) (P < 0.00001) but no 
significant increase of MP between follow-up period A und 
last follow-up in period D (1.07%; CI − 2.5–4.6%) (Fig. 4) 
(P = 0.857).

Sharp angle

Mean preoperative Sharp angle was 51.3° (SD 6.3°; range 
38–66°), in follow-up period A it reduced to 32.8° (SD 7.3°; 
range 21–50°), in period B it remained at 32.8° (SD 6.8°; 
range 21–49°), in period C it stayed at 32.6° (SD 7.0°; range 
24–47°) and increased to 33.75° (SD 6.2°; range 23–40°) in 
period D. There was a significant reduction between pre-
operatively measured mean Sharp angle and mean Sharp 
angle observed at first follow-up (18.5°; CI 15.7–21.5°) 
(P < 0.00001). We noted no significant loss of correc-
tion between first and last follow-up (0.1°; CI − 2.9–3.1°) 
(P = 0.962) (Fig. 5). The maximum deterioration of Sharp 
angle we observed in one hip was 9 degrees over a period 
of 10 years.

Summary of the results of each period concerning OA, 
MP and Sharp angle are presented in Table 4.
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Fig. 2  Number of hips evaluated in each follow-up period. 14 hips 
had a follow-up until period 5–10 years, 13 until 11–15 years, 11 until 
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Fig. 3  Course of the development of osteoarthritis before and after 
surgery (N = 43 hips in 37 patients)
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Sphericity

In the first postoperative radiograph mean difference of the 
smallest fitting to the largest fitting circle was 13.14% (SD 
10.16%; range 0–40.7%). At last follow-up the difference 
was 11.95% (SD 5.66%; range 2.1–22.4%). The difference 
of 1.19% (CI − 3.79–6.22%) was not statistically significant 
(P = 0.49).

Function

We evaluated the passive sagittal ROM in flexion and exten-
sion of the hip joint. The mean maximum flexion of the 
hip assessed preoperatively was 107° (SD 16.8°; range 
70–140°) compared to 96° postoperatively (SD 21.7°; range 
30–130°)10.8° (CI 2.2–19.5°) (P = 0.01).

The mean extension deficit decreased from 19° (SD 16.3°; 
range 0–60°) to 4° (SD 6.4°; range 0–30°) (CI 9.3–20.3°) 
(P < 0.0001).

Sagittal ROM of the hip joint was 91° (SD 24.3°; range 
40–120°) preoperatively, and 92° (SD 22.2°; range 30–120°) 
postoperatively, resulting in an increase of ROM of 1° 
(CI − 9.4–11.9°). Although flexion decreased there was no 

significant change in the ROM since the extension deficit 
decreased (P = 0.82).

In 3 of 43 (7%) hips pain was a problem at last follow-
up. One of the patients suffering from hip pain underwent 
arthroplasty 12.4 years after the hip reconstruction, which 
solved the pain problem. In the other two patients, pain was 
only mild and did not affect daily life. Of the 7 hips with a 
visible postoperative intraarticular acetabular fracture only 
one suffered from pain. The patient who underwent arthro-
plasty had no visible fracture of the acetabulum on plain 
radiograph. In total, 4 patients deteriorated in GMFCS level, 
whereas 7 improved.

Discussion

The modified Dega osteotomy has become a standard proce-
dure in patients with neurologic hip dislocation. It reliably 
produces good results in patients with an open triradiate car-
tilage [10]. Our study showed that Dega osteotomy applied 
after the closure of the triradiate cartilage still resulted in 
stable and in most cases pain-free hips at the long run.

Average Kellgren Lawrence score preoperatively was 
0.86, mainly due to femoral head deformity. After surgery 
the degree of OA increased slowly, ending up at a stable 
value at follow-up of 10–15 years and more. To the best of 
our knowledge, OA was never assessed in patients after hip 
reconstruction performed after physeal closure of the trira-
diate cartilage. The impact of hip OA on quality of life in 
patients with neurologic movement disorders is not known. 
The risk of hip dislocation rises with increasing GMFCS lev-
els and decreased functionality. Our thesis is that especially 
in non-ambulatory patients with neurologic hip dislocation 
the acetabular bone may be flexible enough due to osteopo-
rosis caused by inactivity to allow bending of the cortical 
bone even after closure of the triradiate cartilage similar as 
in children. Most of the patients needing hip reconstruction 
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Fig. 5  Course of Sharp angle (N = 43 hips in 37 patients)

Table 4  Overview of the results 
of each period concerning OA, 
MP and Sharp angle (N = 43 
hips in 37 patients)

Preoperative 1–5 years 6–10 years 11–15 years  > 15 years Last follow-up

Kellgren Lawrence score
 Mean 0.88 1.50 1.86 2.0 1.75 1.95
 SD 0.59 0.78 0.75 0.87 0.68 0.79
 Range 0–3 0–3 0–3 0–4 0–4 0–4

Migration percentage
 Mean 64.76 4.63 5.13 6.11 6.88 5.70%
 SD 23.61 7.70 8.12 9.94 9.30 8.56
 Range 15–100 0–30 0–30 0–30 0–30 0–30

Sharp angle
 Mean 51.3 32.8 32.8 32.6 33.75 32.7
 SD 6.3 7.3 6.8 7.0 6.2 6.3
 Range 38–66 21–50 21–49 24–47 23–40 21–47
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thus have limited ambulatory capacity which might result in 
a lower load on the hip joints making radiological OA clini-
cally less important than in a normal developing population 
with higher functional demands. As an example, in one tetra-
plegic patient (GMFCS level IV) a hip reconstruction was 
performed on the right side only, whereas on the left, also 
subluxated side, the patient refused surgery. 16.5 years later 
the reconstructed hip was free of pain despite signs of OA 
but good function while on the opposite side with less signs 
of OA an arthroplasty was necessary due to immobilizing 
pain (for radiographs of this patient see Fig. 6).

In our patients, an intraarticular fracture of the acetab-
ulum visible on plain radiograph seemed to increase the 
severity of OA but not the intensity and frequency of pain. 
It was of low relevance for the clinical outcome. We are 
aware that most of our patients were not able to communi-
cate and the presence of pain could only be estimated and 
reported by caregivers. Nevertheless, the pain was not an 
obvious problem for these patients in daily life. Due to the 
difficult evaluation of the pain we abandoned to use any kind 
of measurement scale to grade pain intensity, but consid-
ered only presence or absence of pain. Inan et al. reported 
in a mid-term follow-up investigation (mean follow-up of 
3.3 years) 78% painless hips after hip reconstruction per-
formed after closure of the triradiate physis [23]. Miller et al. 
reported 82% painless hips after a mean follow-up interval of 
33 months in children who were operated before the closure 

of the triradiate physis [24]. Our result with 93.0% pain-free 
hips after a mean follow-up interval of 13.4 years compares 
well to these findings.

MP was stable over many years indicating that re-dislo-
cation was a minor problem in this population. However, we 
are aware of the low number of patients in our cohort which 
makes a comparison to patients with a hip reconstruction 
while the triradiate cartilage is still visible on plain X-ray 
images unreliable.

Since the triradiate cartilage was closed in all of our 
patients, we measured the Sharp angle instead of the AC 
angle which is commonly used in pediatric patients to meas-
ure the acetabular coverage of the femoral head. Sharp angle 
was stable postoperatively in physiological ranges. Only 
one patient showed a deterioration of more than 3 degree 
between the first and last follow-up, thus we conclude that 
with this surgical technique a stable Sharp angle can be 
achieved even if the triradiate physis is no longer visible on 
plain X-ray images at the time of hip reconstruction.

We are aware that the measurement of the sphericity of 
the femoral head on plain radiographs is of limited value 
because we obtained images in a single plane and not three 
dimensionally. In the 1980s and 1990s a preoperative CT 
scan with 3D reconstruction which is established as a stand-
ard nowadays was not available in most patients. We also did 
not perform CT scans postoperatively on a regular basis to 
limit exposure to radiation, because at this time no low-dose 

Fig. 6  Tetraplegic patient 16.5 years after hip reconstruction on the right side with an intraarticular fracture. (A preoperative, B 1 year postop-
erative, C 3 years postoperative, D 13 years postoperative, E 16 years postoperative, F after arthroplasty left side 17 years postoperative)
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CT scans were available. Since femoral anteversion and val-
gus were changed with surgery we decided to compare the 
first postoperative plain hip X-ray image to the last avail-
able radiographic image of the hip since the contour of the 
femoral head in plain radiographs might change with the 
change of the femoral geometry. Mean deviation of the two 
measured circles was not different, nevertheless the standard 
deviation and the range differed. Preoperatively the standard 
deviation and the maximum amount of deviation was higher, 
indicating that preoperatively the femoral head was either in 
a quite round shape or very deformed while postoperatively 
the shape was adapted better to the shape of the acetabulum. 
However, our results indicate that a major reshaping of the 
femoral head after relocation can not be expected.

The passive sagittal ROM of the hip joint did not change 
significantly between the preoperative functional state to the 
values obtained at last follow-up. The preoperative extension 
deficit decreased while maximum flexion decreased also. 
Since mean flexion was still more than 90 degrees at last fol-
low-up this decrease was without functional importance. Sit-
ting in a wheelchair was still possible while lying in supine 
position in bed was achieved easier due to the decreased 
hip extension deficit. Besides the sagittal ROM the range of 
abduction of the hip was of importance in patients suffering 
from cerebral palsy.

Unfortunately, since our data were not collected in a 
prospective way, we were unable to provide ROM meas-
urements of abduction which represents a limitation of this 
study.

In about 50% of our patients, a Mustard iliopsoas trans-
fer [25] was performed. We gave up this procedure dur-
ing the study period due to increased risk for posterior re-
dislocation of the femoral head. The procedure, however, 
did not influence OA or MP. A possible explanation for the 
unchanged MP is the posterior direction of re-dislocation 
which is poorly depicted by the MP.

Study limitations

Our study was underpowered hindering us to conduct in 
depth statistical analyses. This was a retrospective study, 
only [26–28].

For calculation of possible confounders which might 
influence the development of OA or an increased MP the 
number of included patients was too small to get meaning-
ful results.

Most of our patients were not able to communicate and 
the presence of pain could only be estimated and reported 
by caregivers.

The MP only addresses the laterally directed component 
of the dislocation and thus may underestimate the number 
of re-dislocations especially in the Mustard patients. The 
surgical technique has changed in the last 30 years, with 

angular stable implants instead of blade plates the need of 
postoperative casting has decreased. Also, the number of 
open reductions decreased since the hip subluxation or luxa-
tion is detected earlier nowadays due to more awareness and 
patients with closed physis are operated less often. So we do 
not know if the results can be transferred to today’s patients.

Intraarticular fractures may be difficult to detect if they 
are not displaced, and in a plane parallel to the film. Thus, 
the number may be higher.

The number of the excluded patients is high but resulted 
from the requirements for a long follow-up period and loss 
of follow-up and data. This might compromise our results. 
The ROM was evaluated before surgery and at last follow-
up, and pain was evaluated at the last follow-up, only. One 
plane ROM was evaluated, there were no control group e.g. 
in children with other hip condictions.

Strength of study

We were able to follow 37 patients over more than 13 years, 
and present results which had not been described in the lit-
erature until now.

Conclusion

In spite of the risk of an intraarticular fracture of the acetab-
ulum with later osteoarthritis of the hip joint, hip reconstruc-
tion in patients suffering from neurogenic hip displacement 
performed after fusion of the triradiate cartilage is a valuable 
option to achieve stable and pain-free hips for many years in 
the majority of patients.
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