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Abstract

Purpose The outcome of Perthes’ disease in children over
8 years tends to be poor. It is unclear whether any treat-
ment modality alters the natural history. This study com-
pares the results of four treatment modalities for this group
of patients.

Methods A retrospective review was performed of pro-
spectively collected data for 44 children (48 hips) with
Catterall grade 2, 3 or 4 Perthes’ disease with onset age
8 years or older followed to maturity. Patients were divided
into four groups (a no-treatment group and three inter-
ventional groups). The interventional groups were demo-
graphically similar but the untreated patients were older
and had poorer indices for most modalities.

Results  Overall for all treatment modalities only 19% had
a satisfactory Stulberg grade II outcome. Poorer outcomes
(as assessed by center—edge angle and percentage femoral
head coverage) were associated with increasing age,
greater initial head deformity, and more head involvement.
Initial head deformity did not remodel for any group and
progressed despite plaster treatment or varus osteotomy but
not after acetabular augmentation. Acetabular augmenta-
tion gave better outcomes for C/B ratio and center—edge
angle.

Conclusions Whatever the treatment, the outcome is
poorer with increasing age. No treatment guarantees a good
result for significant head involvement or initial deformity
but acetabular augmentation improves C/B ratio and
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center—edge angle and prevents progressive femoral head
deformity compared with no treatment, varus osteotomy,
and plaster treatment.
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Introduction

The results for children presenting with Perthes’ disease
over the age of 8 years tend to be poor [1]. Nonoperative
treatment, which may be appropriate in younger patients, is
less successful in this age group. It has been suggested that
older children with more severe disease have a better
outcome when treated surgically [2]. Containment by
means of a varus femoral osteotomy is well described [3].
However, because there is less time for remodeling, par-
ticularly of the acetabulum in the older child, results may
be compromised in the longer term [4]. Furthermore a
femoral varus deformity often persists, which patients find
cosmetically unacceptable and which may require a cor-
rective valgus femoral osteotomy once head healing is
complete. With surgery to remove the metalwork used to
hold the osteotomies, the patient may need as many as four
procedures to achieve the desired outcome. More recently
shelf acetabuloplasty has been advocated, with an
improved outcome reported in several studies [5, 6]. This
involves a single surgical procedure.

We wished to determine whether the type of treatment
altered the natural history in these children. In particular, we
wished to know if deformity of the femoral head at pre-
sentation could be improved by treatment and to determine
which treatment method, if any, produced the best acetab-
ular remodeling. This paper reviews the management and
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outcomes for Perthes’ disease in children over the age of
8 years from a single center.

Materials and methods

Complete clinical and radiological data up to the age of
skeletal maturity were available for 44 patients (36 male,
including four bilateral, and 8 female) diagnosed between
1987 and 2003 with Perthes’ disease and aged 8 years or
older. All patients were treated in the same center by a total
of seven surgeons. Mean age at presentation was 9.75 years
(8-14.3 years). Mean follow-up was for 6.4 years (2.2—
20 years). All children were treated at The Royal Hospital
for Sick Children in Glasgow.

Full history and examination were recorded. Serial
anteroposterior and frog-lateral radiographs were graded
according to the Waldenstrom [7], Herring [8], and Catterall
[9] classifications. Bone age (assessed independently by the
Greulich and Pyle [10] method) was available for 20 of 44
patients.

Treatment was considered for patients aged over 8 years
at presentation with Catterall grade II, III or IV involvement
of the femoral head. For the intervention groups initial
management comprised a period in abduction casts to restore
hip motion, followed by an arthrogram or hip screening to
assess whether the femoral head could be contained. Before
1994, ongoing containment by means of abduction casting or
a varus femoral osteotomy was undertaken; the choice of
which option was left to the parents and child. Abduction
plasters were retained until healing was well established
radiologically, at which stage patients were mobilized
but remained on severely restricted activity for another
18-24 months until healing was well advanced.

After 1994 shelf acetabuloplasty was performed to
maintain containment. The shelf procedure was performed
as described by Staheli [11] except we did not repair the
reflected head of rectus femoris over the top of the shelf.
The nonintervention group comprised children presenting in
the healing phase when intervention could not alter the
outcome (though some had presented earlier to other hos-
pitals but had received no treatment until it was too late to
alter the outcome, by the time they were referred to our
center).

Both varus osteotomy and shelf acetabuloplasty are
contraindicated (though still sometimes done) in patients
with evidence with “hinge abduction” when a valgus
femoral osteotomy may be more appropriate [12]. Patients
who presented with a hinge abduction deformity were
managed by valgus osteotomy once healing was complete.

Details of all operative and nonoperative treatments
were recorded. Patients were regularly reviewed clinically
and radiologically up to and beyond skeletal maturity.

@ Springer

In an attempt to define head deformity both initially and
finally, presentation and final radiographs were assessed
using the method described by Mose [13]. Because the
children were over 8 years old, the femoral head was fully
ossified, allowing Mose assessment despite the technique
applying to the mature hip. The initial measurement was
performed on the first available film, whatever the Walden-
strom stage. In most patients this was in the sclerosis or early
fragmentation phase. Where the involved femoral head
showed equal curvature on both anteroposterior and lateral
views the result was rated as good or undeformed. A dif-
ference in radius of curvature of up to 2 mm in either view
was considered fair or with minor deformity. The result was
classed as poor or deformed if the outline of the femoral head
did not form the arc of a circle in either view (irregular) or if
the difference between the femoral head in the two views was
greater than 2 mm. Final radiographs were also classified by
the method of Stulberg et al. [14]. In an effort to define the
response of the acetabulum, the initial and final femoral
epiphyseal width, the initial and final center—edge angle of
Wiberg (CEA) [15], the initial and final C/B ratio [16], and
the initial and final percentage femoral head coverage [17]
were calculated. As for Mose the initial measurements were
performed on the earliest available radiograph.

We also assessed whether the acetabulum had a stable or
unstable configuration in three grades [18]. If the outer lip
of the acetabulum sloped upwards the configuration was
considered unstable (grade 3). If the slope of the outer lip
was downwards the acetabulum was labeled as stable
(grade 1), whilst a horizontal outer lip was described as
neutral (grade 2) (Table 1).

Statistical methods

All statistical analyses were performed using SPSS ver-
sion 12 (SPSS Inc., Chicago, IL). The Wilcoxon signed
rank sum test and Student’s T test were used to determine
significant differences between categorical and numeric
values, respectively. Spearman’s and Pearson’s rank cor-
relation coefficients were used to detect significant rela-
tionship between different values. The results were
considered to be significant for P < 0.05.

Results

We subdivided hips into groups according to their treat-
ment. The first group comprised 14 hips treated conserva-
tively with observation after presenting late. In group 2,
abduction casts were employed for 12 patients, being
retained until early healing was visible on X-ray. The four
patients in group 3 were treated by varus femoral
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Table 1 Demographic and

outcome data Treatment Age diagnosed Sex Waldenstrom Mose Herripg ' Stulberg ' Follow-up
group (years) stage group classification classification (years)
No treatment 10 F 2 Poor B 1 6
12.8 M 1 Poor C v 2.7
9.8 M 1 Fair B 1 4.6
11.9* M 2 Poor C v 6.4
11.9 M 1 Poor B v 6.4
9 M 3 Poor C 111 5.9
8.6 M 3 Poor C I 5.2
12.4 F 3 Poor C A\ 20
9.2¢ M 3 Poor C v 14.5
8 M 3 Fair C 1I 53
9.2¢ M 3 Poor C \% 6.9
10.5 F 3 Fair B 1 34
10 F 4 Poor C \% 8.3
14.3* M 3 Poor C \% 37
Abduction cast 8 F 3 Poor C I 54
8.6 M 2 Fair B 1I 14.1
8 M 1 Fair B 1 6
8 M 3 Poor B 1 23
9.5 M 2 Fair B 1I 6.8
9.9 M 3 Fair B 1 7.10
8.5 M 3 Poor B v 12.8
8 M 1 Fair B I 53
8.8 M 2 Fair B 1 4.6
9.2 M 3 Poor C v 16.1
11.8 M 1 Poor C v 4.9
12.1 M 1 Fair B 1 2.11
Varus osteotomy 8.5 M 2 Poor C 11T 6.9
9.9 M 2 Poor B 1 13.8
8 F 3 Fair B 1 6.5
9.5 M 3 Poor B I 2.6
Shelf 10.8 M 2 Fair B 1I 5.7
acetabuloplasty ¢ M 2 Poor C I 7
9 M 3 Fair B 1I 5.8
12.10 M 4 Poor B v 32
8.4 M 3 Poor C 1 44
9.11 F 2 Poor B III 10.10
10.1 M 2 Poor C I 5.1
8.9 M 2 Fair A 1I 4.11
11.1 M 2 Fair B 1 4.9
9.10 M 3 Poor B 1 6
10.8 F 2 Poor C 1 4.5
8! M 3 Poor B il 5.10
10.2 M 3 Poor C 1 5.2
12.1 M 3 Poor C v 8
10.5 M 1 Fair B I 2.2
8.1 M 3 Fair B I 6.5
10.1 M 3 Fair B 1 4.1
9.3 M 1 Fair C 1I 9.5

? Valgus osteotomy
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osteotomy after an initial period in abduction casts until
full movement was regained. Statistical analysis showed no
significant difference between groups 2 and 3 in demo-
graphic profile or for any outcome measures. We consid-
ered that varus osteotomy and abduction casting achieved
the same containment by different methods. Group 4
comprised 18 patients who underwent shelf acetabulo-
plasty. Five patients who presented with hinge abduction
(confirmed by dynamic arthrogram) underwent a valgus
osteotomy but were grouped with their initial treatment
modality. For these five the measurements taken immedi-
ately before the valgus osteotomy were used though there
was no significant change to the indices following surgery.

As is almost invariably the case, none of our children
had significant symptoms in the form of pain after the end
of healing. Hip rotation was restricted in children with
Stulberg grade IV and V outcomes. Hip abduction was
reduced in patients with hinge abduction but following
valgus osteotomy surgery their abduction was restored to
normal.

Patient demographics for plaster/varus osteotomy versus
shelf acetabuloplasty with regard to age at presentation,
Catterall grade, Herring grade, initial Mose group, initial
CEA, and initial percentage of femoral head cover were
not significantly different, indicating comparable groups.
However, these indices between the no-treatment group and
the other groups were significantly different. The no-treat-
ment group contained some patients who presented too late
for the outcome to be altered by treatment and others,
managed in other hospitals by observation. The indices were
skewed by the late presenters who demonstrate the true
untreated natural history of the condition. If the no-treatment
group was truly different from the plaster/varus osteotomy
patients the outcome measures should have been worse for
the no-treatment group. However there were no significant
differences in outcomes between the combined group
(plaster/varus osteotomy) and the no-treatment group with
respect to final Stulberg evaluation, percentage femoral head
coverage, or C/B ratio. Therefore, we believe that the no-
treatment group, which was skewed by the late presenters,
was probably comparable to the combined group and that the
initial indices would also have been comparable had it been
possible to obtain them earlier in their history.

However, there were significant differences in outcome
for these same variables (final Stulberg evaluation, per-
centage femoral head coverage, and C/B ratio) between the
shelf acetabuloplasty and no-treatment group, between
the shelf acetabuloplasty and abduction POP, and between
the shelf acetabuloplasty and the varus osteotomy groups,
which probably represent true differences.

Comparing the initial femoral head deformity by Mose
against the final outcome showed no deterioration in this
modality for shelf acetabuloplasty or no treatment. For the
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no-treatment group this was because the femoral head was
already maximally deformed at the time of presentation for
most patients, whereas for shelf acetabuloplasty the treat-
ment appears to have prevented significant progression of
femoral head deformity. Plaster or varus osteotomy man-
agement showed a statistically worse outcome for Mose at
the end of treatment, indicating that these treatments did
not prevent progressive deformation of the femoral head in
our patients. Treatment also had no effect on outcome with
regard to initial versus final percentage femoral head cov-
erage or initial versus final CEA for the no treatment,
abduction POP, and varus osteotomy groups. The shelf
acetabuloplasty procedure, as might be expected, produced
a significant improvement in the CEA and C/B ratio,
though surprisingly the percentage head cover just failed to
achieve significance (P = 0.068) (Table 2).

At final follow-up, nine hips were classified as Stulberg 11
and were considered satisfactory. Twenty-five hips were
assessed as Stulberg III, nine were rated as Stulberg IV, and

Table 2 Effect of different treatments on femoral head containment
(initial versus final)

Significance
No treatment
Initial % head cover NS
Final % head cover
Initial CE angle NS
Final CE angle
Initial C/B ratio NS
Final C/B ratio
Abduction plaster
Initial % head cover Sig. 0.05 (final better)
Final % head cover
Initial CE angle NS
Final CE angle
Initial C/B ratio Sig. 0.05 (final worse)
Final C/B ratio
Varus osteotomy
Initial % head cover Sig. 0.05 (final better)
Final % head cover
Initial CE angle NS
Final CE angle
Initial C/B ratio Sig. 0.05 (final worse)
Final C/B ratio
Shelf acetabuloplasty
Initial % head cover NS
Final % head cover
Initial CE angle Sig. 0.05 (final better)
Final CE angle
Initial C/B ratio Sig. 0.01 (final better)

Final C/B ratio
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four as Stulberg V; all of these groups were considered
unsatisfactory. The average Stulberg grade was III for
boys and IV for girls. This difference was significant
(P = 0.0075).

The Herring classification has been shown to accurately
predict the final degree of head deformity. This was cer-
tainly confirmed in our series where a worse Herring class
produced a worse Stulberg outcome (P = 0.002). This
would be expected because our Mose measurements
demonstrated that head deformity, once present, did not
remodel so a poor Herring initially indicates irreversible
head deformity and therefore a poor final outcome.

Older patient age at presentation and greater head
involvement (Catterall grading) proved to be the leading
causes for poorer acetabular remodeling and consequently
higher Stulberg grading for all groups. Lower percentage of
femoral head coverage and poorer final Mose outline for
the femoral head were significantly correlated with poorer
Stulberg grades.

The mean bone age at presentation was the 35th centile
(95% confidence interval: 27th—43rd centile). A significant
correlation was found between both the chronological and
the corrected ages and Stulberg outcome (P = 0.004). The
four patients with the worst outcome (Stulberg V) were
aged 10 years or over at presentation. All treatment groups
developed a similar degree of coxa magna (as assessed by
comparative epiphyseal width).

Discussion

It is generally accepted that Stulberg grade I and II results
are satisfactory such that 0% and 16% of hips in these

Fig. 1 Stulberg outcomes for
all treatment modalities, with
better outcome in patients
treated by acetabuloplasty

No treatment group

groups subsequently developed osteoarthritis. Stulberg
grade III outcomes can be called fair, though 58% subse-
quently developed osteoarthritis. Grades IV and V gener-
ally have a poor outcome, with 75% and 78%, respectively,
developing osteoarthritis [14]. Our results confirm that the
outcome for Perthes’ presenting over 8 years of age is
generally worse than that reported in younger children,
with only 19% of our patients (for all treatment modalities)
having a satisfactory radiological appearance (Stulberg II)
at skeletal maturity. The Stulberg outcomes for each
treatment modality are shown in Fig. 1. Questions have
been raised regarding the reliability of the Stulberg clas-
sification [19] but it remains the most widely used means of
predicting the onset of degenerative joint disease in
Perthes’. The classification recognizes the prognostic
importance of both femoral head deformity and acetabular
remodeling for long-term outcomes. Sphericity and con-
gruence are clearly important. It is not surprising that
patients with the worst outcome tend to be those in whom
there is less growth time available for remodeling [20],
such that they develop a “square peg in a round hole”
deformity [14] (Fig. 2). This problem may be compounded
in girls, where skeletal maturity occurs at an earlier chro-
nological age. This probably explains the poorer outcome
for girls in our study, though there were only 8 females out
of 44 patients.

The aim of treatment in Perthes’ disease is to maintain
hip motion whilst providing containment of the soft fem-
oral head. This may be accomplished by shelf acetabulo-
plasty, a varus osteotomy or abduction plasters. However,
even with a result of a satisfactory spherical femoral head
there is always enlargement of the epiphysis which also
requires remodeling of the acetabulum to provide adequate

Plaster group

@ Stubberg | (72%)

@ Stulberg lll (35.8%)
O Stuberg V(285%)
O Stulberg V (285%)

Varus osteotomy group

DSwibergll (0% )
BSbiberg Il (100%)
DSwiberg IV( 0% )

OSwibergV ( 0% )

DSuberg Il (25%)
@ Stiberg Il (50%)
OStuberg IV (25%)
OStbergV (0% )

Shelf acetabuloplasty group

s

@Stulberg I (27.7%)
@ Stuberg Il (81 2%)
O Stuberg V(11.1%)
OStuberg V { 0% )
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Fig. 2 Results of no-treatment group showing aspherical congruent
hip joint with early osteoarthritic changes

Fig. 3 Results of varus osteotomy showing oval head, deficient
lateral cover, and sloping unstable (grade 3) acetabular roof

lateral cover. Acetabular remodeling seems less effective
in older children Thus there is often a disparity in size
between the enlarged femoral head and the acetabulum at
maturity. However, partial acetabular remodeling may also
produce a sloping, unstable acetabular roof (Fig. 3). Shelf
acetabuloplasty appears more effective than varus femoral
osteotomy in providing lateral femoral head coverage,
thereby preventing lateral sublaxation even for a mush-
room-shaped femoral head. Increased lateral cover is likely
to reduce the joint reaction force and improve joint sta-
bility, thereby protecting against degenerative joint disease
in the longer term (Fig. 4). Furthermore a larger acetabu-
lum may allow more success for resurfacing arthroplasty
when hip replacement becomes necessary. Interestingly,
despite a significant improvement in lateral cover (=CEA)
with the shelf acetabuloplasty procedure the resulting
acetabulae were still smaller than the enlarged femoral
head as measured by percentage femoral head coverage.
However, the lack of deterioration of the C/B ratio suggests
this was not due to lateral migration of the head in the
acetabulum.

The study also confirms that femoral head deformity at
presentation does not remodel, though worse deformity
was prevented for the shelf acetabuloplasty group. This
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Fig. 4 Results of lateral acetabuloplasty demonstrating well-covered
(mushroom-shaped) femoral head and stable acetabulum

also explains why the Herring classification so accurately
predicts the final outcome because the classification mea-
sures deformity which does not later remodel. The ideal
classification would be one that predicts the likely outcome
before deformity has occurred in the hope that treatment
might prevent deformity and improve the outcome. The
Salter and Thompson classification meets this criterion but
a subchondral fracture is only visible in 15% of standard
view X-rays [21]. The subchondral fracture would be vis-
ible with multiplanar X-rays but this would expose children
to unacceptably high doses of irradiation. The Catterall
classification can often be applied before deformity occurs
but there are major problems with inter- and intra-observer
reliability. Furthermore the degree of head involvement
may increase as the disease progresses, which again affects
reliability.

The logic of the shelf acetabuloplasty in the presence of
significant hinge abduction must be questioned, since the
femoral head deformity will not remodel and greater lateral
cover may increase lateral pressure during hinging.

A limitation of this study is that it is not a randomized
controlled trial (RCT) so it is possible that biases have
occurred despite the apparent close matching of the
demographic details in the four treatment groups. How-
ever, we are talking about a rare condition with a preva-
lence of between 1 in 5,000 and 1 in 125,000. It took
16 years to accrue 44 patients with Perthes’ onset over
8 years in a high-incidence area. It is virtually impossible
to perform a RCT for such a rare condition. This is aside
from the impossibility of persuading parents to allow a no-
treatment option for a highly emotive chronic condition
such as Perthes’, despite the genuine lack of knowledge as
to whether treatment alters the natural history of the dis-
ease. Careful prospective cohort observational population
studies, such as this one, are often the only way to inves-
tigate the outcomes for such rare conditions. Because our
patients come from a single center possible geographical
variations in the disease behavior are less likely than for
a multicenter investigation. Another limitation is the
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well-known inter- and intra-observer variability is classi-
fying Perthes’ hips by the Catterall and Stulberg systems.
This variability probably also applies to some extent with
the Mose, CEA, C/B ratio, and percentage femoral head
coverage assessments, though a random sample of these
assessments was repeated both by the initial assessor and
the senior author with greater than 80% agreement.

We have noted that the demographics of the no-treat-
ment group were different from the intervention groups in
that no-treatment patients were older and had greater head
involvement and head deformity. It might therefore be
expected that the outcomes for the no-treatment group
would be worse than the intervention groups solely for this
reason. The fact that there was no significant difference in
outcomes between the no-treatment and the abduction
plaster or varus osteotomy groups further reinforces the
argument that these interventions did not alter the natural
history for our patients.

It is useful to compare our results with those of Herring
and co-workers [2] in their multicenter examination of
Perthes’ outcomes for various treatment modalities.
Unfortunately they did not have the shelf group for direct
comparison. Like us they found much poorer results in
their over 8-year-old group, which comprised 141 patients.
Of these only one was Herring group A, 19 were Herring
group C, and 121 were Herring B or B/C. The Herring A
patient did well and all group C patients did badly what-
ever their treatment. Surgery, either varus osteotomy or
innominate osteotomy, significantly improved the outcome
in the B and B/C patients compared with nonoperative
treatment. They recommended no treatment for Herring
group C patients. They advised operation as early as pos-
sible, even if the Herring grade was not yet clear, for all B
and B/C patients to avoid increasing deformity which
would not be reversed by surgery. We agree entirely with
these recommendations which we feel are supported also
with respect to shelf acetabuloplasty. We had 21 Herring C
patients with only two Stulberg II, nine Stulberg III, six
Stulberg IV, and four Stulberg V outcomes. In agreement
with Herring, there was no difference in outcomes statis-
tically between any of our treatment groups for Herring C
patients. This confirms the poor outcome for Herring C
patients over 8 years at onset of their disease. For Her-
ring B children there was no statistical difference in out-
come between the shelf, abduction plaster, and varus
osteotomy groups (P = 0.91). Because of the small num-
bers, we also failed to show statistical improvement in
outcome between the no-treatment and abduction plaster,
varus osteotomy (P = 0.26) and between the no-treatment
and shelf groups (P = 0.25) though the trend was sug-
gestive of benefit.

In summary, for our patients presenting with Perthes’
over the age of 8 years, treatment by abduction plasters or

varus femoral osteotomy did not improve any outcome
measure compared with no treatment. Shelf acetabulo-
plasty did prevent further femoral head deformity and
produce better lateral cover (CEA) and C/B ratio but did
not improve percentage femoral head coverage or Stulberg
outcomes. These results support recent evidence suggesting
that shelf acetabuloplasty may offer the best chance of a
favorable result. To be effective, surgery should be done
before deformity develops [6, 22]. We believe this is the
most important message from this paper. Many patients
over 8 years with Perthes’ initially have minor symptoms
and good hip movement so they are observed until sud-
denly there is head collapse and severe pain. By this stage
it is no longer possible to prevent or reverse deformity and
a poor outcome is assured. Prolonged management in
abduction plasters is probably no longer socially accept-
able. Neither plaster treatment nor varus femoral osteotomy
prevented progressive femoral head deformity and the
degree of acetabular remodeling and lateral cover was
unsatisfactory. Furthermore, varus osteotomy patients may
need additional surgery to correct coxa vara and to remove
metalwork.
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