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Background: Children with higher GMFCS level frequently suffer from progressive hip
displacement. A common consequence is pain affecting the ability to sit, compromising
care and thereby, impairing quality of life. While other treatments often fail, bony
reconstructive surgery is able to sufficiently ease pain and restore the range of motion.
Our study presents our experience with these bony procedures in our youngest patients.

Methods: 76 procedures (41 hip reconstructions, 35 femoral osteotomies) in 39
patients aged 2 to 8 years (median 5) were studied. Surgical procedure duration and blood
loss were recorded. Complication rates of the immediate postoperative course as well as
the radiological outcomes of this cohort in the short-term 4 to 13 months postoperatively
(median 9) are reported.

Results: The overall operation time per hip (median 100min) and blood loss per
procedure (median 10.4ml/kgBW) was satisfactory, however the complication rate was
in total 70% including mild and moderate complications (grades I-1II) in 66% (n=27) and
severe complications (grades [V and V) in 4% (n=2) of patients according to the modified
Clavien-Dindo classification. Radiographs confirmed a favourable reconstruction of bony
hip biomechanics especially in combined pelvic and femoral procedures.

Conclusions: Reconstructive hip surgery in young CP patients is challenging not only
in terms of the procedure but also concerning management in the peri- and postoperative
course. Management in an interdisciplinary setting including initial postoperative ICU
admission, a low threshold for blood transfusions and an experienced surgeon is required.

Abbreviations: CP: Cerebral Palsy; GMFCS: Gross Motor Function Classification System;
MCPHCS: Melbourne Cerebral Palsy Hip Classification System; BMI: Body Mass Index;
VDO: Varus Derotation Osteotomy; Al: Acetabular Index; ASA: American Society of
Anesthesiologists Physical Status Classification System; AVN: Avascular Necrosis; ICU:
Intensive Care Unit; MP: Migration Percentage

Introduction

As the leading cause of physical disability during childhood,

follow-up. But there are those cases where conservative treatment
regimens or procedures addressing the soft tissues cannot avoid

cerebral palsy (CP) has a high impact on healthcare costs [1,2]
and efficient management must therefore be a priority. This
includes keeping extensive and repetitive surgical procedures to a
minimum. Hip displacement is common in children with CP and is
directly related to gross motor function represented by the Gross
Motor Function Classification System (GMFCS)-level [3,4]. Rutz et
al. have shown that each one year decrease in patient age at surgery
corresponded to a 6.3% decrease in MCPHCS (Melbourne Cerebral
Palsy Hip Classification System) improvement [5,6] at the final

rapid progress, pain or early structural damage, which leads to
the necessity of open surgical treatment of displaced hips in early
childhood. Good long-term outcomes with these procedures in
younger children have been reported [7].

In contrast recent literature further shows doubtful outcomes
after conservative treatment: There is no proof for the benefit of
orthotic devices, while botulinum toxin is not effective [8], and
adductor surgery is effective in ambulant children only [9]. For this

Copyright@: Manuel Johannes Kraus | Biomed ] Sci & Tech Res| BJSTR. MS.ID.002946. 12523


https://biomedres.us/
http://dx.doi.org/10.26717/BJSTR.2019.17.002946

Volume 17- Issue 1

DOI: 10.26717/BJSTR.2019.17.002946

reason, early hip displacement especially in the severely affected
patient often with reduced general health compared to healthy
peers is inevitable and may force the orthopaedic surgeon toward
early intervention due to pain or functional loss. The objective of
this study was to evaluate the feasibility of bony procedures in our
youngest patients with early hip displacement. We analysed the
duration of the surgical procedure and blood loss. In addition, we
evaluated the complication rates of the immediate postoperative
course as well as the radiographic outcomes of this cohort.

Methods

We included patients undergoing reconstructive surgery of the
hip between August 2008 and June 2015 who met the following
inclusion criteria: confirmed diagnosis of cerebral palsy, age 2 to
8 years and at least one hip exceeding Reimer’s MP of 30% [10].
Patients with previous interventions on the same hip or incomplete
clinical datasets were excluded. Prospectively collected data of 39
patients (21 male/18 female) corresponding to 76 hips and 41 one-
stage surgeries could be included and analysed. Of the 39 patients
thirty-three (85%) were affected by spastic CP while four (10%)
suffered from hypotonic and two (5%) from dyskinetic types.
Looking at the distribution thirty-six (92%) had bilateral CP with
total body involvement and three (8%) bilateral CP with lower
limb involvement. Even though the GMFCS-levels ranged from I to
V the vast majority ranged in higher levels with ten (25%) being
classified as level IV and twenty-three (59%) as level V. Preoperative
judgement of the physical status by the responsible anaesthetists
resulted in an ASA-Score (American Society of Anesthesiologists
physical status classification system) [11] of Il in seventeen patients
(44%) and 11T in 22 patients (56%).

As a further parameter of the physical pre-condition the
bodyweight at the date of surgery ranged between 7 and 30kg.
The BMI (body mass index) [12] was only applicable in 31 patients
because of missing documentation of body height or length. The
range was BMI 10.4 to 19.3kg/m? with a median of 14.9kg/m?. As
the BMI in young people aged 2-20 years cannot be interpreted
like in adults, a closer inspection utilising age- and sex-related
percentiles is needed [13]. Of the aforementioned 31 patients ten
(32%) ranged below the 3™ percentile, three (10%) were between
the 5" and 10" and another three (10%) between the 10th and
25th percentile. Six (20%) reached the 25" to 50 percentile and
five (16%) the 50t to 75" percentile. Between 75% and 85" there
were two (6%) and between 85" and 90" as well as above the 97"
percentile just 1 (3%) patient. No patients were classified as 3™
to 10" or 90 to 97 percentile. As expected in this cohort almost
one third was underweight compared to peers and more than two
thirds ranged below the 50% percentile (Table 1).

Postoperative surveillance in ICU for at least one night is
standard in our hospital for these procedures. Patients who leave
theatre early and have a very good physical status may be admitted
to the ward the same day. Therefore, the range of nights in ICU of
the reported cohort is 0 to 35 nights with a median of 1 night. One
patient was admitted to ICU for the entire duration of the hospital
admission (35 nights) due to the complexity of required treatment.
This patient had respiratory insufficiency necessitating chronic
ventilation via tracheal cannula, nutrition via a gastric feeding

tube and observation because of frequent seizures. At discharge he
returned to his baseline function. He was noted to have developed
a sacral decubitus ulcer in the spica cast but this healed prior to
discharge while hip pain could be reduced by right-sided hip
reconstruction and contralateral varus derotation osteotomy
(VDO). None of the other patients had to stay in ICU for more than
5 nights with eight (20%) being admitted to the ward the same day
and twenty-four (59%) staying for 1 night as scheduled.

Table 1: Patient Demographics (n=39).

Median age at surgery (yr) 5(2to 8)
Sex 21M,18F
Cerebral palsy type 33 spastic, 4 hypotonic, 2

dyskinetic

Topographical distribution 36 total body, 3 bilateral lower

limb
Median GMFCS level V(ItoV)
ASA* status 22 ASATIL 17 ASA 11
Median bodyweight at surgery (kg) 16 (7 to 30)

*ASA: American Society of Anesthesiologists physical status
classification system

In order to analyse the addressed pathologies in a consistent
manner the expanded and revised MCPHCS [5, 14] was applied.
MCPHCS grade 1, defined by a migration percentage below 10%,
represents the normal hip. These hips were only addressed if a
coxa valga was present to restore symmetry in combination with
the more severely affected contralateral side. MCPHCS grades
2 (MP 210 to <15%) and 3 (MP >15 to <30%) were summarised
and termed hip displacements. Grades 4 (MP >30 to <60%) and
5 (MP 260 to <100%) were both described as hip subluxations
and grade 6 (MP 2100%) was termed hip dislocation. The cohort
consists of seventeen (22%) dislocations, forty (53%) subluxations,
sixteen (21%) displacements and three (4%) hips with coxa valga.
At the femur either a shortening VDO (71 cases, 93%) or a VDO
without additional shortening (5 cases, 7%) was performed. When
shortening was necessary for symmetry reasons or due to expected
high pressure after joint reduction, the shortening distance ranged
between 2 to 20mm (median 10mm). The femoral osteotomies
were fixed with Synthes® AO blade plates in 50 cases (66%) [15-
17], 3.5mm LCP pediatric hip plates in 25 cases (33%) and in 1 case
with the 2.7mm LCP pediatric hip plate (1%) [18].

If acetabular deformity was evident, pelvic Pemberton
osteotomies were carried out. This was required in 41 hips, of
which 18 hips were in 9 patients where bilateral treatment was
required. For the Pemberton osteotomy the wedge from the
femoral osteotomy was used and fixed by K-wires if necessary. The
combination of femoral and pelvic osteotomy is referred to as hip
reconstruction. In these 41 hips twenty-six (63%) required open
reduction. Of thirty-nine (51%) left-sided procedures twenty-
one (54%) were hip reconstructions and eighteen (46%) femoral
osteotomy only. The 37 (49%) right-sided interventions consisted
of twenty (54%) hip reconstructions and seventeen (46%) femoral
osteotomies. Six hips (8%) were additionally treated with adductor
lengthening because passive abduction of 220° was not reached
after hip reconstruction (Table 2). The 39 patients / 76 hips were
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treated with 41 one-stage surgeries, nineteen (46%) of which had
hip reconstruction on one side and contralateral femoral osteotomy.
Nine (22%) needed bilateral hip reconstructions and seven (17%)
bilateral femoral osteotomies.

Table 2: Procedures (n=76).

17 dislocations, 40 subluxations, 16

Pathology displacements, 3 coxae valga (indication:
symmetry)
Side 39 left: 21 hip reconstructions, 18 femur only
37 right: 20 hip reconstructions, 17 femur only
Pemberton 41 (9 bilateral cases, 26 open reduction)

Femoral osteotomy 71 shortening VDOs*, 5 VDOs

Median shortening

(mm) 10 (2 to 20)
Implants 50 AO-blade plate, 26 LCP pediatric hip plate
Soft tissue 6 adductor lengthenings
procedures

*VDO: varus derotation osteotomy

Table 3: One-stage surgeries (n=41).

Side 1 Side 2
19 Hip reconstruction Femoral osteotomy
9 Hip reconstruction Hip reconstruction
7 Femoral osteotomy Femoral osteotomy
4 Hip reconstruction -
2 Femoral osteotomy -
Spica cast (median, range/weeks) 25 cases (2, 1-6)

Table 4: Surgical Complications/ Clavien-Dindo (n=41).

1x prolonged severe vomiting 1x

Grade I 5% . .
skin mycosis

(n=2)

23x blood transfusion

2X pneumonia
2x rise of intensity and frequency
of seizures needing adjustment of

drug regimen

2x decubitus related to Spica
casting
1x severe desaturations
1x paralytic ileus

Grade 111 - “) -

Grade II 61% (n=25)

mechanical ileus caused by jejunal
feeding tube, requiring laparotomy
followed by sepsis

Grade IV 2%

severe pneumonia leading to
cardiopulmonary decompensation,
died 7 days postoperatively

Grade V 2% (n=1)

Total 70% 29

Four (10%) patients had one-sided hip reconstructions and 2
(5%) had one-sided femoral osteotomies only. Twenty-five (61%)
of these one-stage procedures had after-care in a Spica cast for
1-6 weeks (median 2 weeks). (Table 3) Procedure duration was

recorded in minutes (min) from the first incision and ending with
the last wound suture on the same side. Blood loss was recorded in
millilitres (ml) for the whole procedure be it one-sided or bilateral
and adjusted to the patient’s bodyweight (millilitres per kilogram
bodyweight = ml/kgBW). Complications were documented during
the postoperative course and graded according to the modified
Clavien-Dindo classification of surgical complications [19]. Just
recently Zhou et al. have shown that this system has a high level
of reliability even if applied for children with CP who are known to
have more frequent adverse events as well as a different profile of
complications [20]. Five hips had to be excluded due to inadequate
post-operative radiographic follow up. In 4 cases the radiologic
documentation was not applicable and 1 patient died 7 days
postoperatively due to cardiopulmonary decompensation (Table
4).

The MCPHCS was applied preoperatively and at an early follow-
up 4 to 13 months postoperatively (median 9 months) based on
AP pelvic radiographs. According to MCPHCS the parameters
Reimer’s MP, femoral head deformity and acetabular deformity
were evaluated. In addition, Rutz’ head shape classification [2] and
the age- and sex-related percentiles of the acetabular index (Al)
as recommended by Tonnis [21] were registered. For evaluation
of the head shape one hip had to be excluded (n=70) and for the
measurement of the acetabular index two more hips were excluded
(n=69). These three patients had insufficient radiographs either
preoperatively or at follow-up preventing assessment. JMP®
version 13.1.0 was used for statistical analysis and visualisation. A
representative case example of a 5 years and 5 months old boy who
had a hip reconstruction right and VDO left is provided in Figure
1 (preoperative) as well as for the short-term (Figure 2) and mid-
term follow up (Figure 3).

Figure 1: 5 year old boy, hip reconstruction right/ VDO
left, 1 day preoperative.
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Figure 2: 5 year old boy, hip reconstruction right/ VDO left, 3 months postoperative.

Figure 3: 5 year old boy, hip reconstruction right/ VDO left, 30 months postoperative.

Results
Surgical Data

The total operation time per hip ranged between 45 and 200min
(median 100min).As expected, hipreconstructionstooksignificantly
longer compared to isolated femoral osteotomies with durations
of 75 to 200min (median 115min) and 45 to 130min (median
70min), respectively. There was a trend to shorter operation-times
on the right side with 45 to 180min (median 90min) compared
to 60 to 200min (median 105min) on the left side (Figure 4). The

total blood loss per one-stage surgery ranged from 0.9 to 31.8ml/
kgBW (median 10.4ml/kgBW). Grouped by the complexity of the
procedures the unilateral femoral osteotomies had the least blood
loss (range 0.9-1.7, median 1.3ml/kgBW) followed by the bilateral
femoral osteotomies (range 1.4-16.0, median 5.0ml/kgBW) while
all procedures including a pelvic osteotomy showed a similar blood
loss (unilateral hip reconstruction range 6.3-20.0, median 9.9ml/
kgBW; hip reconstruction/contralateral femoral osteotomy range
6.0-29.8, median 11.2ml/kgBW; bilateral hip reconstruction range
8.3-31.8, median 11.4ml/kgBW).
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Figure 4: Operation time femoral osteotomies vs. hip reconstructions.

Blood transfusion was performed intraoperatively or during
the early postoperative course in 23 of the 41 one-stage procedures
(56%). Those patients who received blood had a significantly higher
blood loss than those not requiring blood transfusion (transfused
6.3-29.8, median 13.3ml/kgBW; not transfused 0.9-20.0, median
6.6ml/kgBW) (Figure 5). The total complication rate of the cohort
according to the Clavien-Dindo classification was 70%. A closer
look at this tremendous rate shows that only two patients (5%)
were classified as grade I while twenty-five (61%) reached grade

30

25

II mostly due to the necessity of blood transfusions. One patient
(2%) scored grade IV because of a complicated mechanical ileus
and unfortunately one patient died 7 days postoperatively suffering
from severe pneumonia, which has to be classified as grade V (Table
4). Concerning radiological data, we analysed the distribution of the
MCPHCS grades pre- and postoperatively (Figure 6). Preoperatively
three hips (4%) were classified as grade 1, one hip (1%) as grade
2, fourteen hips (20%) as grade 3, thirty hips (42%) as grade 4, six
hips (9%) as grade 5 and seventeen hips (24%) as grade 6.

Figure 5: Blood loss by complexity of procedure and necessity of blood transfusions.
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Figure 6: MCPHCS grades pre- vs. postoperative (n=71).

Postoperative MCPHCS grades showed evident improvement.
At follow-up forty-three hips (61%) were grade 1, sixteen hips
(22%) grade 2, eight hips (11%) grade 3 and four hips (6%) grade 4.
Referring to our preoperative distribution of pathologies this means
that postoperatively four hips (6%) maintained a mild subluxation,
twenty-four hips (33%) had a residual displacement and a majority
of forty-three hips (61%) could be judged as normal. The acetabular
deformity was characterised according to the four categories
proposed in the appendix of the MCPHCS classification (Figure 7).

40

é 36
g 30
20 18
) -
1]
51
50
40
= 20
) -
g AD Al

postoperative
=2

AZ
acetabular deformity (MCPHCS grade)

Preoperatively eighteen hips (25%) had a normal acetabulum (A0),
thirty-six (51%) appeared dysplastic (A1), eleven (16%) showed
a small “gothic arch” (A2), and six hips (8%) had a large “gothic
arch” (A3). Postoperatively there were no hips classified as A2 or
A3. Twenty (28%) stayed dysplastic while fifty-one (72%) showed
a normal acetabulum. When differentiating between those hips
without (n=33) and those who underwent pelvic osteotomy (n=38)
the effect of correction was even more impressive (Figure 8).

11
- ==

Figure 7: MCPHCS acetabular deformity pre- vs. postoperative (n=71).
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Figure 8: MCPHCS acetabular deformity related to pelvic osteotomy (no n=33 / yes n=38).

Eighteen (55%) of those hips that were not addressed by pelvic
osteotomy were classified as A0 preoperatively having a normal
acetabulum. Fifteen (45%) were Al. Postoperatively twenty-two
of these hips (67%) were AO and eleven (33%) Al. In contrast to
this rather discreet improvement the hips with pelvic osteotomy
showed an impressive correction of the deformity. Preoperatively
twenty-one (55%) had to be classified A1, eleven (29%) A2, and six
(16%) A3. Postoperatively twenty-nine (76%) were normal (AO)
while nine (24%) stayed dysplastic (A1). To allow an additional

40

30

preoperative

20

10

40

30

20

postoperative

5
2
o v [
<3 310 10-50

numeric understanding of the acetabular configuration and the
changes from pre- to postoperative the age- and sex-related Al-
percentiles were applied. Six categories were defined: <3P, 3-10P,
10-50P, 50-90P, 90-97P, and >97P. Concerning the preoperative
distribution within our cohort there were five hips (7%) ranging
between 10-50P, eleven (16%) 50-90P, eight (12%) 90-97P, and
forty-five (65%) >97P (Figure 9). Postoperatively two hips (3%)
reached <3P, five (7%) 3-10P, nineteen (28%) 10-50P, twenty-three
(33%) 50-90P, nine (13%) 90-97P, and 11 (16%) were still >97P.

45

11
8
= 1 =
- =

23

50-90 90-97 >97

acetabular index percentiles

Figure 9: Al percentiles pre- vs. postoperative (n=69).

We further divided our cohort according to pelvic osteotomy
(n=37 with; n=32 without) (Figure 10). The group without a pelvic
intervention showed slight changes: preoperatively four hips
(12%) represented the 10-50 Al-percentile, eleven (34%) 50-90P,
five (16%) 90-97P, and twelve (38%) >97P. Postoperatively there
were still no hips below the 10th percentile: Nine (28%) were 10-

50P, ten (31%) 50-90P, six (19%) 90-97P, and seven (22%) >97P.
In contrast, the group with pelvic osteotomy experienced obvious
changes towards lower AC-percentiles. While preoperatively one
(3%) was 10-50P, three (8%) were 90-97P and the vast majority
of thirty-three (89%) were >97P, the postoperative distribution
showed a majority of 23 hips (62%) between the 10th and 90th
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percentile. There were two (5%) <3P, five (14%) 3-10P, ten (27%)
10-50P, thirteen (35%) 50-90P, three (8%) 90-97P, and four (11%)
>97P. These postoperative values are close to the age- and sex-

w
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(=]

preoperative

11 .12

NO pelvic osteotomy
=

30

20

NO pelvic osteotomy
postoperative

10 ]

0
; u B

<3 310 10-50 5090 9097 >97
acetabular index percentiles

pelvic osteotomy

pelvic osteotomy

related normal distribution. To evaluate the head deformity, we
applied the appropriate MCPHCS grades as well as the grading
according to Rutz et al. [2].

precperalive

20
13

postoperalive

10

5 4
3

310 1050 50-90 90-97 >97
acetabular index percentiles

10

&
0 <3

Figure 10: AI percentiles related to pelvic osteotomy (no n=32 / yes n=37).

While both classifications differentiate the normal head
(MCPHCS FHO / Rutz a) from a mild (FH1 / b), moderate (FH2 /
¢), and severe (FH3 / d) deformity, the MCPHCS-grading focuses on
the lateral aspect of the femoral head already with mild deformity
while Rutz applies this criterion within moderate deformities
for the first time. Instead, the medial flattening of the head is of
greater importance within Rutz’s classification. This explains
the differences within the pre- and postoperative distributions.
70 hips showed adequate x-ray quality and could be included.
Preoperative classification according MCPHCS resulted in fifty-nine
hips (84%) with FHO and eleven (16%) with FH1. Postoperatively
fifty-nine (84%) were still FHO while eight (12%) reached FHI.
Three hips (4%) showed avascular necrosis (AVN) at the early
follow up. Expressed according to Rutz’s classification this means
preoperatively thirty-three hips (47%) were grade a and thirty-
seven (53%) grade b. Postoperatively there were thirty-six (53%)
grade a, thirty-one (44%) grade b and again the aforementioned
three hips (4%) described as AVN. A closer look at these three hips
with AVN revealed that two were preoperatively graded as FHO/a
and one as FH1/b. All three hips were hip reconstructions, two of
which needed open reduction. The VDOs were performed with a
shortening of 15-17mm. At the last available follow up all three hips
showed recovery. Two of them could then be classified as FH1/b
(follow-up 39 and 62 months) and one hip reached FHO/a (follow-
up 31months). No further AVN occurred in this cohort until final
follow-up.

Conclusion

To our knowledge there are no comparable studies dealing
with the safety and feasibility of reconstructive hip surgery in
young children with CP especially with a focus on the perioperative
and early postoperative course including the duration of surgery,

blood loss, and complications. Furthermore, we evaluated the
radiological data to compare MCPHCS grades, acetabular deformity,
Al-percentiles, and head deformity at early follow-up. Safety is a
major concern in these patients who are undernourished and often
have other concomitant disease. One issue is duration of surgery
and blood loss. While a unilateral femoral osteotomy required 70
mins, the operation was prolonged by 45 mins when combined
with a pelvic osteotomy and open reduction. The data revealed low
volumes of blood loss even in one-stage surgeries with bilateral
pelvic osteotomies (median 11.4ml/kgBW). Looking at one-stage
surgeries with femoral interventions only, we found a median blood
loss of 3.2ml/kgBW. Summing up all uni- and bilateral pelvic one-
stage procedures the median blood loss was still as low as 10.8ml/
kgBW.

A standard blood volume of 70ml/kgBW is postulated for
healthy children older than 2 years [22]. Even if we assume that the
blood volume might be slightly diminished in our patients with CP
the blood loss remained comfortably lower than one third (23ml/
kgBW) in our cohort. Twenty-five to thirty percent blood loss can
be considered the threshold for transfusion of red cells to prevent
haemorrhagic shock [23]. Those patients who were indicated
for blood transfusion by our anesthesiologists showed a blood
loss of 13.3ml/kgBW while those without transfusion showed an
impressively lower blood loss of 6.6ml/kgBW. Considering all this
data we think that an early bony intervention for these patients is
acceptable. We set the limit for blood transfusion at a haemoglobin
concentration of 80 g/l for these patients. This results from our
clinical experience that other blood substitutes are poorly tolerated
by patients with low levels of physical activity. As a result, we now
have few pulmonary complications since we became more generous
with transfusions. In two patients, blood loss exceeded the critical
one third of total blood volume.
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However, estimation of intraoperative blood loss is unreliable,
and hence perioperative fluid management and transfusion is more
reliably guided by clinical examination, hemodynamics, hematocrit
and hemoglobin-levels. Therefore, we feel an ICU should be available
for management of these patients post-operatively. At first sight the
overall complication rate of 70% is quite high especially because
Clavien-Dindo Grades I and patients with blood transfusions
(Grade II) are included. Excluding these cases, the complication rate
is still 23% including one death from pneumonia (2.4%), quite high
compared to surgery in a healthy cohort. This is in accordance to
the higher risk estimation reflected by the distribution of the ASA
classification (17 status I, 22 status I1I) and the low body weight in
more than 30% of the cohort. Apart from pulmonary complications
a few gastroenterological complications occurred but we do not
view these as direct complications of the surgical procedure.
Postoperative surveillance on the ICU is additionally supportive of
these complex patients with optimization of respiratory function,
strict monitoring of nutrition and analgesia.

Pressure ulcers are a recognised complication of spica casts
however we find them beneficial in easing pain by reducing
uncontrolled movements in the early postoperative course. We
reduced the time in castalready to two weeks only ifatall. Evaluation
of pre- and postoperative MCPHCS grades showed correction of the
majority of hips to normal. For acetabular deformity, according to
the MCPHCS definition none of the hips were left with a gothic arch
but 28% stayed dysplastic. Expressed in age- and sex-related Al-
percentiles we found that eleven hips (16%) remained above the
97t percentile. Most of them (7 hips) were found in hips where
no pelvic osteotomy was performed. Those hips where a pelvic
osteotomy was performed showed a postoperative distribution
of percentiles near normal. This data probably suggests that
pelvic osteotomy should be performed more frequently. The last
parameter to discuss is the pre- and postoperative femoral head
deformity. Applying the MCPHCS grading and Rutz’s classification
we found that the latter was more sensitive in discreet deformities.
Whether this is relevant will stay a contentious issue.

However, no patient presented with a severe destruction of
the femoral head. As long as the deformity is minor a recovery of
the shape can be expected once the hip is centred. This does not
affect the description of AVNs, which occurred in 3 femoral heads.
In our opinion sufficient shortening during the proximal femoral
osteotomy is an essential part of early bony intervention to prevent
AVNs by minimising intraarticular pressure. Fortunately, at mid-
term follow-up all three of these hips showed sufficient recovery.
This retrospective study has some limitations. As shown in the
patient demographics and despite carefully applied inclusion
criteria the cohort is still quite heterogeneous due to the nature of
CP. A few hips had to be excluded from the radiologic evaluation
because of insufficient or absent radiographs at follow-up. Different
bony procedures were included as indicated. Only long-term
follow-up will show, however, in how far such early operations
are worthwhile. Earlier intervention is easier and faster as less
deformity is present, and therefore we expect a better outcome
compared to later intervention.

It further needs to be shown that these patients who present
hip problems already so early in life, have less problems and
complications when operated a few years later. We conclude that
young patients with cerebral palsy present a higher risk for surgery.
Blood transfusion should be considered and an ICU available. As the
complications mainly involve epilepsy, bowel and lung problems a
team of respective specialists should be available.
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