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Background: Long-term studies have indicated good outcomes for most patients with Legg-Calvé-Perthes disease.
However, clinical experience suggests that less favorable outcomes are common. We sought to prospectively document
pain and function in a cohort of adults who had previously been treated nonoperatively for Legg-Calvé-Perthes disease.

Methods: Patients in our region with Legg-Calvé-Perthes disease were enrolled between 1984 and 1991 as part of a multi-
center prospective trial and were treated with hip range-of-motion exercises or bracing. Patients returned for physical examination,
radiographs, and completion of outcome measures including the Nonarthritic Hip Score (NAHS) and the lowa Hip Score (IHS).

Results: Fifty-six patients (fifty-eight hips) were examined at a mean of 20.4 years (range, 16.3 to 24.5 years) after
enroliment. The mean NAHS was 79 (range, 35 to 100), and the mean IHS was 74 (range, 43 to 100). Three patients had
required hip arthroplasty and one patient had required a pelvic osteotomy. Fourteen (26%) of the remaining hips had no hip
osteoarthritis, sixteen (30%) had mild osteoarthritis (Tonnis grade 1), and twenty-four (44%) had moderate or severe
osteoarthritic changes on radiographs (grade 2 or 3). Femoroacetabular impingement indicated by physical examination
was associated with pain and with poorer outcomes on the IHS and the NAHS (p = 0.0004, 0.0014, and 0.0007,
respectively). The Stulberg classification was significantly associated with impingement on physical examination (p =
0.0495), the NAHS (p = 0.003), and the Ténnis grade (p = 0.012). Multivariate logistic regression showed that only the
Stulberg classification was significantly associated with the NAHS (p = 0.0032); the odds ratio for a Stulberg type of | or Il
compared with IV or V in patients with a fair or poor NAHS was 0.101 (95% confidence interval, 0.018 to 0.573).

Conclusions: Pain, arthritis, and ongoing hip dysfunction are common in patients with Legg-Calvé-Perthes disease that
was treated nonoperatively. Hips rated as Stulberg type Ill or IV more frequently had poor or fair outcomes on the IHS and
NAHS (61% and 72% for type Ill and 77% and 60% for type 1V). Patients with a lateral pillar type of B, B/C, or C frequently
had pain and radiographic evidence of osteoarthritis. Clinical signs of femoroacetabular impingement were associated
with pain and with lower functional scores. This prospective study establishes a modern benchmark for outcomes
following nonoperative, weight-bearing treatment of Legg-Calvé-Perthes disease.

Level of Evidence: Prognostic Level Il. See Instructions for Authors for a complete description of levels of evidence.
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egg-Calvé-Perthes disease likely results from osteonecrosis

of the femoral head epiphysis in a skeletally immature

patient. The approach to treatment is controversial. Prior
to evaluating surgical intervention, it is necessary to have a clear
understanding of the disease prognosis following nonoperative
treatment.

Previous studies outlining the long-term outcomes of
nonoperative treatment of Legg-Calvé-Perthes disease have
been retrospective and have often included limited radio-
graphic information from the time of initial presentation'”.
Other prospective studies of both operative and nonoperative
treatment have not included follow-up past adolescence or
early adulthood™. Good long-term functional outcomes have
been reported despite persistent radiographic abnormalities'**.
However, clinical experience commonly reveals a subset of
patients in their second and third decades of life with sub-
stantial dysfunction and pain’.

The etiology of hip pain in young adults with a history of
Legg-Calvé-Perthes disease is unclear. Proposed pain genera-
tors in these patients include femoroacetabular impingement,
instability, labral disease, and early osteoarthritis. New surgical
techniques such as femoral osteochondroplasty and labral re-
pair have recently been introduced to treat the sequelae of Legg-
Calvé-Perthes disease'*". It is not known whether radiographic
and clinical findings of impingement in patients with Legg-
Calvé-Perthes disease are associated with patient-reported
symptoms and functional outcome measures.

We sought to carefully describe the clinical and radio-
graphic outcomes of nonoperatively treated Legg-Calvé-
Perthes disease in a cohort of patients in their third decade
of life. This study was designed to test several hypotheses: (1)
many adults with a history of Legg-Calvé-Perthes disease would
have hip dysfunction and symptoms consistent with femoro-
acetabular impingement; (2) the prevalence of osteoarthritis
in the affected hips would be high following the nonoperative
treatment of Legg-Calvé-Perthes disease; and (3) the lateral
pillar classification at the fragmentation stage and the Stulberg
classification at skeletal maturity would be associated with
impingement, the functional outcome scores, and osteoar-
thritis at the time of the latest follow-up.

Materials and Methods
Patient Population and Study Design

s part of a multicenter study, 337 patients (345 hips) with Legg-Calvé-

Perthes disease were enrolled between 1984 and 1991 and followed
prospectively. The methods and results of that study have been reported pre-
viously’. The treatment method was determined by the attending surgeon’s
enrollment in a prospective study in which only one of five treatment methods
was chosen for all patients whom that investigator would manage throughout
the study. The five methods were hip range-of-motion therapy, weight-bearing
abduction bracing, no treatment, femoral osteotomy, and innominate osteotomy.
For the duration of the study, each surgeon agreed to use only one treatment
method for all patients meeting the enrollment criteria. Our facility and a center
in a neighboring state were both nonoperative treatment sites for the multi-
center study. Thus, this paper focuses exclusively on the long-term outcomes of
patients in our region who were treated nonoperatively. Patients were enrolled
during the initial phases of the Legg-Calvé-Perthes disease, and treatment began
at the time of diagnosis. Patients who were younger than six years of age, who
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had undergone prior treatment, or who had known risk factors for osteo-
necrosis were excluded.

As part of the multicenter study, 206 hips underwent nonoperative
treatment with standardized hip motion exercises (seventy-seven hips) or
weight-bearing abduction bracing (129 hips). The choice between range-of-
motion exercises and bracing was based on the individual surgeon, who had
agreed to use one treatment method for Legg-Calvé-Perthes disease for the
duration of the study.

Seventy-four patients (seventy-eight hips) from the original study were
enrolled at our center; fifty-nine of these hips had been treated with bracing and
nineteen with range-of-motion exercises. Three of these patients had died and
two were incarcerated at the time of the present study. Thus, sixty-nine of the
patients initially enrolled at our center were potentially available for follow-up.
Forty-one (59%) of these patients returned for follow-up, and the remaining
twenty-eight patients were lost to follow-up. An additional fifteen patients from
the original study were recruited from an adjacent state for follow-up at our
center, and the total nonoperatively treated cohort in the present study was
therefore fifty-eight hips in fifty-six patients.

Range-of-motion treatment consisted of active exercises, traction, hip
adductor tendon releases, and abduction plaster casting as necessary to
maintain 230° of hip abduction. Weight-bearing was allowed as tolerated. Hip
motion was actively monitored by the treating physician at regular clinic visits.
Brace treatment involved prescribed full-time wear of the Atlanta Scottish Rite
orthosis to position the legs in 230° of hip abduction. If abduction to <30° was
noted at a clinic visit, plaster abduction casting was initiated. Six of the thirty-two
hips in the bracing group and ten of the twenty-six hips in the range-of-motion
treatment group lost range of motion and were treated in a weight-bearing Petri
cast for one month. Radiographs were obtained in the braces and Petri casts to
verify adequate abduction of the hip and appropriate positioning of the femoral
head. The lateral pillar classification was assessed at the fragmentation stage, and
the Stulberg classification was assessed at skeletal maturity”".

The patients who had been treated nonoperatively in our region were
invited to return for clinical examination, radiographs, and determination of
outcome measures including the Iowa Hip Score (IHS), the Short Form-36
(SE-36), and the Nonarthritic Hip Score (NAHS). The latter is a validated
instrument for young adults with hip disease and may detect hip dysfunction in
younger patientsm.

Clinical examination at the time of the latest follow-up included hip
range of motion, femoroacetabular impingement tests, and the presence of the
Trendelenburg sign. A positive impingement sign on physical examination has
been shown to be specific, but not sensitive, for femoroacetabular impinge-
ment'”. The anterior impingement test was considered positive if the patient
had pain with hip flexion to 90° (or a smaller angle as tolerated) in internal
rotation and if the pain was relieved by external rotation of the hip. The lateral
impingement test was considered positive if the patient had pain with lateral
abduction of the hip in a supine position with the pelvis stabilized. The pos-
terior impingement test was considered positive if the patient had pain with
extension and external rotation of the hip.

Radiographic parameters evaluated include the T6nnis grade, femoral
head-neck offset, articular-trochanteric distance, head size ratio, and sourcil
type (normal or dysplastic)'®. We also attempted to measure joint space
narrowing and the alpha angle but found these measurements to have poor
reliability because of the lack of joint congruency and the asphericity of the
femoral head. The head-neck offset ratio could be measured reliably but was
not necessarily reflective of impingement, since the impingement in Legg-
Calvé-Perthes disease results from contact of the large femoral head with
the acetabulum rather than from the presence of a lesion at the femoral head-
neck junction'’. The head size ratio was calculated as the size of the unaffected
femoral head divided by that of the affected femoral head, with a ratio of <0.9
representing coxa magna'. The articular-trochanteric distance was defined as
the distance between two lines, one at the top of the femoral head and one at the
top of the trochanter, that were perpendicular to the Perkins line®. This distance
was considered negative if the trochanter extended more proximally than the
femoral head did.
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TABLE | Correlates of Poor Outcome Scores*

Nonarthritic Hip Score lowa Hip Score
Poor or Fairt P Value¥ 95% ClI of Difference§ Poor or Fairt P Value¥ 95% ClI of Difference§
Physical examination
Impingement 0.0008 24%, 76% 0.0040 18%, 67%
Yes 67% (22/33) 76% (25/33)
No 19% (4/21) 33% (7/21)
Trendelenburg sign 0.0165 12%, 64% 0.0070 17%, 63%
Yes 75% (12/16) 88% (14/16)
No 38% (14/38) 47% (18/38)
Radiographic measures
Tonnis grade 0.58 -37%, 15% 1.00 —24%, 28%
Oorl 43% (13/30) 60% (18/30)
2o0r3 54% (13/24) 58% (14/24)
Coxa magna# 0.37 -14%, 44% 0.033 4%, 61%
Yes 49% (17/35) 66% (23/35)
No 33% (5/15) 33% (5/15)
*Excluding hips that required reconstructive surgery (pelvic osteotomy or arthroplasty). TA score of <80. FCalculated with the Fisher test. §Cl =
confidence interval. #A head size ratio of <0.9. Four hips in which the ratio could not be measured accurately because of extremely distorted
hip anatomy were also excluded.

Informed consent was obtained from all families and patients. Initial
enrollment in the study was performed prior to the availability of the institu-
tional review board process. However, institutional review board approval for
the return visits and radiographs was obtained in 2007.

Statistical Analysis

Categorical data were analyzed with use of standard chi-square methods and
two-way contingency tables. Continuous variables were analyzed with use of
the Student t test. A p value of <0.05 was considered significant. No Bonferroni
correction was utilized, although this may increase the risk of reporting a false
positive result as significant'’. A lack of significance should be interpreted as
meaning that the sample size was too small to detect a possible difference
between the groups rather than that there was no difference. Multivariate lo-
gistic regression was utilized to test which combination of factors affected the
probability of a particular outcome as measured with the IHS and the NAHS.
The factors that were considered were chronologic age at presentation, physi-
ologic age at presentation (based on osseous development), bilateral Legg-
Calvé-Perthes disease, treatment type, sex, lateral pillar classification, Stulberg
classification, and duration of follow-up. A backward elimination process was
used to remove any nonsignificant factors. Where appropriate, the difference
and its 95% confidence interval were reported.

Source of Funding

No external funding source was used in this study.

Results

Demographics

Fifty—six patients (fifty-eight hips) from the original cohort
of patients treated nonoperatively in our region returned

for follow-up evaluation and radiographs (see Appendix). No

differences in functional outcomes were detected between the

patients treated with bracing and those treated with range-of-

motion exercises, although the duration of follow-up was sig-

nificantly longer in the range-of-motion group (see Appendix).
Compared with the nonoperatively treated patients from the
original cohort who did not return for follow-up, our study
cohort had a similar distribution of age at diagnosis, sex, bi-
lateral disease, lateral pillar classification, and Stulberg classi-
fication (see Appendix). This indicates that the fifty-six patients
who participated in our study were similar to the 145 patients
who did not return.

Additional Surgery

Four patients required surgical reconstruction (see Appendix)
and were excluded from the analysis of clinical and radio-
graphic outcomes. Kaplan-Meier survivorship analysis indi-
cated that this represented a 7% rate of reconstructive surgery
(either total hip arthroplasty or periacetabular osteotomy) at
twenty years following nonoperative treatment. One additional
patient underwent hip arthroscopy and was included in the
outcomes analysis. We did not find a significant association
between reconstructive surgery (total hip arthroplasty or peri-
acetabular osteotomy) and lateral pillar classification or age at
symptom onset.

Clinical Findings and Outcome Measures
Thirty-one patients had a positive anterior impingement test
on physical examination, eighteen had a positive lateral im-
pingement test, and fourteen had a positive posterior im-
pingement test. Sixteen patients had a Trendelenburg sign, and
four patients had a leg-length discrepancy of >2 cm.
Forty-one patients (76%) reported at least occasional
hip pain, although only four patients had severe or extreme
pain. Twenty-one patients (39%) had pain daily or several
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times weekly. Pain was most commonly reported in the groin
(twenty-six patients). Pain generators included prolonged
sitting (twenty-three patients), car rides (twenty-one), squatting
(nineteen), and standing (seventeen). Five patients took pain
medications (typically nonsteroidal anti-inflammatory drugs)
daily or weekly, and an additional eighteen took pain medica-
tions occasionally.

Femoroacetabular impingement was associated with groin
pain (p = 0.028), use of pain medication (p = 0.005), pain with
car rides (p = 0.02), pain with sitting (p = 0.047), and pain with
squatting (p = 0.018). Any impingement (anterior, lateral, or
posterior) was associated with the presence of pain, a lower
IHS, and a lower NAHS (p = 0.0004, 0.0014, and 0.0007, re-
spectively). Further results are shown in Table I.

The mean for the NAHS (which has a maximum score
of 100) was 79 (range, 35 to 100). Only twenty-seven hips
(50%) achieved a good or excellent score (=80). The mean for
the THS (which has a maximum score of 100) was 74 (range,
43 to 100). Only twenty-two hips (41%) achieved a good or
excellent score (>80). Poor or fair IHS results (a score of <80)
were found in 48% of Stulberg type I or II hips, 61% of type
III hips, and 77% of type IV hips. Poor or fair NAHS results
(a score of <80) were found in 22% of Stulberg type I or II
hips, 72% of type III hips, and 69% of type IV hips. The
majority of points lost on the ITHS and the NAHS were lost
because of poor pain scores. The mean SF-36 physical com-
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ponent summary score was 46 (range, 30 to 56) and the mean
mental component summary score was 42 (range, 27 to 51);
the mean value for these subscores in the adult population is
50. Limited abduction on physical examination was statistically
associated with a fair or poor IHS and NAHS (p = 0.0013 and
0.0024, respectively). Limited hip flexion was associated with a fair
or poor NAHS (p = 0.0087). A body mass index of >30 kg/m?
(obesity) was associated with a lower IHS and a lower NAHS (p =
0.02 and 0.0002, respectively).

Radiographic Findings

Excluding the four patients who had required reconstructive
surgery, follow-up radiographs were obtained for fifty-four
affected hips. The presence of coxa magna could only be as-
sessed in fifty hips, and thirty-five (70%) of these hips had coxa
magna. Twenty-seven hips (50%) had a decreased femoral
head-neck offset ratio (<0.17), although it is unclear whether
such a head-neck offset ratio is indicative of a cam impinge-
ment lesion in the setting of coxa magna and coxa breva
associated with Legg-Calvé-Perthes disease. Interestingly, thirty-
eight (76%) of the fifty unaffected contralateral hips also had
a decreased femoral head-neck offset ratio. There was no sig-
nificant association between the head-neck offset ratio and
impingement on physical examination, although the altered
anatomy of hips with sequelae of Legg-Calvé-Perthes disease
makes radiographic measurements of the head-neck offset

TABLE Il Demographics and Clinical Outcomes According to Lateral Pillar Type

Lateral Pillar Type
ANN=1) B (N = 39) B/C (N=7) C(N=11) P Value (Test*) Difference
At enrollment
Chronologic age of onset¥ (yr) 7.4 (7.4,7.4) 8.0 (6.1, 11.6) 7.5 (6.2, 10.3) 7.0 (6.0, 9.2) 0.147 (ANOVA)
Physiologic age of onset¥ (yr) Unknown 6.3 (3.5,11.5) 4.3(3.5,5.5) 6.4 (3.5, 12.0) 0.323 (ANOVA)
Stulberg type§ 0.0031 (Fisher) B better than
B/CorC
lorll 1 (100%) 21 (54%) 2 (29%) 0 (0%)
1l 0 (0%) 11 (28%) 2 (29%) 6 (55%)
IVorV 0 (0%) 7 (18%) 3 (42%) 5 (45%)
At final follow-up
Reconstructive surgery§ 1.00 (Fisher)
Yes 0 (0%) 4 (10%) 0 (0%) 0 (0%)
No 1 (100%) 35 (90%) 7 (100%) 11 (100%)
Nonarthritic Hip Scoret# 100 (100, 100) 80 (35, 100) 85 (61.3, 100) 68 (50, 95) 0.181 (ANOVA)
lowa Hip Scoret¥ 100 (100, 100) 80 (43, 99.7) 73 (51, 91) 72 (53, 95.3) 0.921 (ANOVA)
Impingement on exam.t§ 0.046 (Fisher) C has higher
rate
Yes 0 (0%) 20 (57%) 3 (43%) 10 (91%)
No 1 (100%) 15 (43%) 4 (57%) 1 (9%)
Pain in affected hipt§ 1.00 (Fisher)
Yes 0 (0%) 26 (74%) 4 (57%) 11 (100%)
No 1 (100%) 9 (26%) 3 (43%) 0 (0%)
*ANOVA = analysis of variance. TExcluding hips that required reconstructive surgery (pelvic osteotomy or arthroplasty). $Values for the lateral pillar
types are given as the mean (based on the number of patients for age and on the number of hips for all other parameters), with the range
in parentheses. §Values for the lateral pillar types are given as the number of hips, with the percentage in parentheses.
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TABLE Ill Demographics and Clinical Outcomes According to Stulberg Classification

Stulberg Type

lowa Hip Score$§
Any impingement

75.5 (53.0, 99.7) 74.1(43.0, 99.3)

on exam.¥#
Yes 9 (39%) 12 (67%)
No 14 (61%) 6 (33%)
Pain in affected
hipF#
Yes 14 (61%) 16 (89%)
No 9 (39%) 2 (11%)

lorll (N=24) Il (N = 19) IVorV (N=15) P Value (Test*) Differencet
At enrollment§
Chronologic age at 7.4 (6.1, 9.9) 7.8 (6.3, 9.8) 8.1 (6.0, 11.6) 0.22 (ANOVA)
onset (yr)
Physiologic age at 5.0 (3.5, 6.8) 5.8 (3.5, 7.0) 7.6 (4.0, 12.0) 0.03 (ANOVA) 95% Cl: (0.45, 4.89) for
onset (yr) (IV+V)=(+1)
At final follow-up
Reconstructive 0.54 (Pearson)
surgery#
Yes 1 (4%) 1 (5%) 2 (13%)
No 23 (96%) 18 (95%) 13 (87%)
Nonarthritic Hip 88.2 (35.0, 100.0) 72.1(35.0, 100.0) 68.5 (36.3, 95.0) 0.016 (ANOVA) 95% Cl: (-34.7,-4.73)
Score¥§ for (IV + V)= (I + 1I),

and (2.52, 29.7) for

(r+1m-1m
70.5 (51.0, 95.3) 0.609 (ANOVA)
0.006 (Pearson) (IV+V)y>(+1)
12 (92%)
1 (8%)
0.04 (Fisher 2-way)
11 (85%)
2 (15%)

*ANOVA = analysis of variance. TCI = confidence interval. $¥Excluding hips that required reconstructive surgery (pelvic osteotomy or arthroplasty).
§Values for the Stulberg types are given as the mean (based on the number of patients for age and on the number of hips for all other parameters),
with the range in parentheses. #Values for the Stulberg types are given as the number of hips, with the percentage in parentheses.

ratio difficult to interpret. A dysplastic sourcil was present in
nineteen affected hips (35%) compared with eight unaffected
hips (15). The mean articular-trochanteric distance was 8 mm
on the affected side (range, —10 to 33 mm) compared with
22 mm on the unaffected side (range, —5 to 36 mm).
Degenerative changes were common. Fourteen hips
(26%) had no osteoarthritic changes, sixteen hips (30%) had
mild changes (Tonnis grade 1), twelve (22%) had moderate
changes (grade 2), and twelve (22%) had severe osteoarthritic
changes (grade 3). Two unaffected hips had mild osteoarthritis
consistent with Tonnis grade 1 (4%), three (6%) had severe
osteoarthritic changes consistent with grade 3, and the re-
maining unaffected hips had no osteoarthritic changes.

Association of Classifications with Adult Outcomes

We next sought to determine whether the lateral pillar classi-
fication measured at the fragmentation stage predicted clinical
outcomes in adulthood (Table II). The lateral pillar classifica-
tion was closely associated with the Stulberg classification (p =
0.0063). Impingement on examination was associated with a
high lateral pillar classification (p = 0.041). We did not find
other factors at the latest follow-up that were associated with
the lateral pillar classification.

We also evaluated whether the Stulberg classification
as determined at skeletal maturity was associated with im-
pingement, hip pain, or osteoarthritis in adulthood (Table
III). A more severe Stulberg classification was associated with
impingement on physical examination (p = 0.0495). The
Stulberg classification was associated with the NAHS but not with
the THS. The Stulberg classification was also associated with the
Tonnis grade (p = 0.012), with a worse Stulberg classification
being associated with greater osteoarthritic changes (Fig. 1).

We further examined specific radiographic findings to
see whether the lateral pillar classification or the Stulberg
classification was associated with radiographic abnormalities
in adulthood (Tables IV and V). The lateral pillar and Stulberg
classifications were associated with the articular-trochanteric
distance, with more trochanteric overgrowth in severely af-
fected hips (p = 0.0068 and 0.001, respectively). Greater lateral
pillar involvement was also associated with a dysplastic sourcil
(p = 0.0362).

A multivariate logistic regression analysis was performed
to evaluate associations among patient demographics, patient
outcomes, and the lateral pillar and Stulberg classifications.
Only the Stulberg classification was a significant contributor to
the NAHS (p = 0.032). The Stulberg type I and II hips had
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TABLE IV Radiographic Outcomes According to Lateral Pillar Type

Lateral Pillar Type
ANN=1) B (N =39) B/C(N=7) C(N=11) P Value (Test*) Differencet

Reconstructive 1.000 (Fisher)
surgeryf

Yes 0 (0%) 5 (13%) 0 (0%) 1 (9%)

No 1 (100%) 34 (87%) 7 (100%) 10 (91%)
Dysplastic sourcil$§ 0.0362 (Fisher) B>B/C,andB>C

No 0 (0%) 27 (77%) 3 (43%) 5 (45%)

Yes 1 (100%) 8 (23%) 4 (57%) 6 (55%)
Coxa magna$8§# 0.305 (Fisher)

Yes 0 (0%) 20 (65%) 6 (86%) 9 (82%)

No 1 (100%) 11 (35%) 1 (14%) 2 (18%)
Head-neck offset 1.000 (Fisher)
ratio¥§

<0.17, cam 1 (100%) 18 (51%) 3 (43%) 5 (45%)

deformity

>0.17 0 (0%) 17 (49%) 4 (57%) 6 (55%)
Articular-trochanteric 26.4 (26.4, 26.4) 9.9 (-10.2, 32.8) 8.8 (0, 19.6) 0.1 (-8.6, 14.9) 0.0068 (ANOVA) 95% Cl: (1.36, 51.3)
distance§**(mm) for (A - C), and

(1.30, 18.4) for
(B-0C)

Tonnis grade$§ 0.804 (Fisher)

Oor1l 1 (100%) 19 (54%) 3 (43%) 7 (64%)

20r3 0 (0%) 16 (46%) 4 (57%) 4 (36%)
*ANOVA = analysis of variance. 1Cl = confidence interval. ¥Values for the lateral pillar types are given as the number of hips, with the percentage in
parentheses. §Excluding hips that required reconstructive surgery (pelvic osteotomy or arthroplasty). #A head size ratio of <0.9. Four hips in which the ratio
could not be measured accurately because of extremely distorted hip anatomy were also excluded. **Values for the lateral pillar types are given as the
mean (based on the number of hips), with the range in parentheses.

better NAHS results, with an odds ratio of 0.101 for a fair or | was subsumed by the Stulberg classification in the final model.
poor NAHS in type I or II hips compared with type IVor V | Chronologic age at presentation, physiologic age at presenta-
hips. No variables were predictive of the IHS; the lateral pillar | tion, bilateral disease, treatment type (brace or range of mo-
classification was weakly predictive in the initial full model, but tion), sex, and duration of follow-up were not significant

70 1
60 -
50 1
40 -
30 A
20 -
10 -

0 L T
lorll 1] IVorV

Stulberg Class

61% 62%

% of Patients

22%

Fig. 1
Percentage of hips with Tonnis grade 2 or 3 changes according to the Stulberg classification. At a mean of twenty years of follow-up, the rate of arthritis in the
Stulberg type Ill hips was similar to that in the type IV and V hips.
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TABLE V Radiographic Outcomes According to Stulberg Classification
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Stulberg Type
lorll (N=24) (N =19) IVorV (N=15) P Value (Test*) Differencet
Reconstructive surgery¥ 0.308 (Fisher)
Yes 1 (4%) 1 (5%) 2 (13%)
No 23 (96%) 18 (95%) 13 (87%)
Dysplastic sourcil¥§ 0.0502 (Fisher) Suggests (I + 1) >
(IV+V)
Yes 4 (17%) 8 (44%) 7 (54%)
No 19 (83%) 10 (56%) 6 (46%)
Coxa magna$8# 0.047 (Fisher) I+ 1>V +V)
No 10 (48%) 4 (24%) 1(8%)
Yes 11 (52%) 13 (76%) 11 (92%)
Unable to calculate 2 1 1
Head-neck offset ratiof§ 0.780 (Fisher)
<0.17, cam deformity 13 (57%) 8 (44%) 6 (46%)
>0.17 10 (43%) 10 (56%) 7 (54%)
Articular-trochanteric 13.4 (-10.2, 32.8) 5.6 (6.9, 14.3) 2.4 (-8.6, 14.9) 0.001 (ANOVA) 95% ClI: (1.0, 14.6)
distance§** (mm) for (I + 1) = llI, and
(3.7, 18.4) for
(I+1-v+Vv)
Tonnis gradet§ 0.012 (Fisher) (I+1)>1l,and
(I+1)y>v+Vv
Oor1l 18 (78%) 7 (39%) 5 (38%)
2o0r3 5 (22%) 11 (61%) 8 (62%)
*ANOVA = analysis of variance. 1CI = confidence interval. The Cl is given if p < 0.05. §Values for the Stulberg types are given as the number of
hips, with the percentage in parentheses. §Excluding hips that required reconstructive surgery (pelvic osteotomy or arthroplasty). #A head size
ratio of <0.9. The ratio could not be measured accurately in four hips because of extremely distorted hip anatomy. **Values for the Stulberg types
are given as the mean (based on the number of hips), with the range in parentheses.

contributors to the model. The residual chi-square had a p
value of 0.3870, indicating a satisfactory fit.

Discussion

his study found that a cohort of patients with Legg-Calvé-

Perthes disease evaluated twenty years after nonoperative
treatment (involving either range-of-motion exercises or
weight-bearing abduction bracing) commonly have hip pain
and dysfunction. Four patients had already undergone joint
replacement or periacetabular osteotomy, and 76% of the fifty-
four hips not requiring further surgery were at least occa-
sionally painful. At least half of the patients had a poor or fair
outcome according to the IHS and the NAHS. Hip pain was
associated with a positive impingement sign on physical exam-
ination. Although it is difficult to differentiate between im-
pingement and other intra-articular sources of hip pain, there
were associations among the presence of impingement signs,
hip pain, and a poor Stulberg classification.

In comparison to prior reports, this study indicated a high
prevalence of degenerative changes in hips with Legg-Calvé-
Perthes disease at twenty years of follow-up (see Appendix).
Previous retrospective studies have indicated the long-term

outcomes following nonoperative treatment of Legg-Calvé-
Perthes disease'™". Stulberg et al. categorized the radiographic
results of nonoperative treatment in 171 hips at skeletal maturity
as spherical congruency (types I and II), aspherical congruency
(III and IV), and aspherical incongruency (V). Ninety-nine
patients had thirty to forty years of follow-up. In these patients,
osteoarthritic changes were observed in 16% of Stulberg type I or
IT hips, 60% of type III hips, and 75% of type IV or V hips; 5%
of hips had undergone a fusion or arthroplasty procedure’. In
contrast, our study indicated similar results but at only twenty
years of follow-up; approximately 20% of Stulberg type II hips
had osteoarthritis; 60% of Stulberg type III, IV, and V hips had
osteoarthritis; and 7% of hips had required reconstructive sur-
gery. Gower and Johnston reviewed thirty-five patients who were
initially treated nonoperatively’. At a mean follow-up of thirty-
six years, five (14%) had undergone reconstructive surgery, with
three having required arthroplasty. Eighteen (60%) of the re-
maining thirty had activity-related pain, and thirteen (43%) had
joint space narrowing’. McAndrew and Weinstein provided an
update of the Gower and Johnston paper with a follow-up of
nearly fifty years'. By that time, eleven (39%) of twenty-eight
patients had required total joint arthroplasty, and six (21%) had
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an THS of <80. In our series with twenty years of follow-up, 7%
of patients had undergone reconstructive surgery, and approxi-
mately 60% had an THS of <80.

Thus, we found higher rates of reconstructive surgery,
patient-reported pain, and arthritis than those in the previous
studies. There are several possible explanations for our findings. It
may be that weight-bearing nonoperative treatment produces
inferior results compared with previous techniques of prolonged
bed rest and non-weight-bearing. Alternatively, patients in today’s
culture may have higher expectations following the treatment of
Legg-Calvé-Perthes disease. Stulberg type III, IV, and V hips are
known to develop radiographic signs of arthritis by mid- to late
adulthood’. Through hip arthroscopy and improved magnetic
resonance imaging, we now understand that radiographic changes
are the end-stage findings of long-standing structural hip abnor-
malities'”"”. Furthermore, new techniques are available for treat-
ment of hip pain in the young adult, including periacetabular
osteotomy for instability, hip arthroscopy or surgical hip dislo-
cation for labral repair, and head-neck osteochondroplasty for
impingement'*'>*. Although we focused on impingement rather
than instability in this study, one patient did require a peri-
acetabular osteotomy for symptoms of instability. Also, the more
severely affected hips commonly had a dysplastic sourcil.

The majority of unaffected contralateral hips had a de-
creased femoral head-neck offset ratio. It is possible that some of
the patients had a subclinical contralateral presentation of Legg-
Calvé-Perthes disease. Alternatively, there may be an underlying
structural hip abnormality seen bilaterally in children who de-
velop Legg-Calvé-Perthes disease. Other studies have documented
structural abnormalities of the unaffected hip and retroversion of
the acetabulum in patients with Legg-Calvé-Perthes disease™ ",

The Stulberg classification at skeletal maturity was as-
sociated with impingement on physical examination, pain, and
arthritis. A classification of Stulberg type IV or V was associated
with lower NAH scores even when age at presentation, time to
follow-up, and sex were considered as candidate variables in
the full multivariate regression model. The hips requiring re-
constructive surgery were all rated as having a lateral pillar type
of B and represented a variety of Stulberg types.

There are several limitations to this long-term, pro-
spective multicenter study. First, excluding deceased and in-
carcerated patients, only 59% of the nonoperatively treated
patients from our center and 47% from our region returned for
evaluation. At approximately twenty years after their initial
treatment, many patients had been lost to follow-up. Second, it
should be emphasized that this is not a population-based study,
and it is unclear whether the patients enrolled in the original
study are a representative cross-section of all patients with
Legg-Calvé-Perthes disease. The distribution of lateral pillar
and Stulberg types in the study cohort was similar to that in the
cohort of nonoperatively treated patients who did not return
for follow-up. In the original study design, there was an ex-
clusion provision for patients who had a seemingly benign
clinical course with minimal pain, full range of motion, and
limited radiographic involvement; these patients received
nonoperative treatment regardless of the treatment protocol at

A PROSPECTIVE MULTICENTER STUDY OF
LEGG-CALVE-PERTHES DISEASE

their study center and were not included in the study. Finally,
there could have been a selection bias because patients who were
more symptomatic may have been more likely to return for
follow-up in order to seek help; alternatively, patients who were
doing well may have been more likely to return and to report
better results than the patients in the cohort who did not return.

Furthermore, all patients initially underwent nonopera-
tive treatment, so these results do not reflect the natural history
of untreated Legg-Calvé-Perthes disease. In contrast to his-
torical studies"**", all children in this series were ambulatory
during disease treatment. Since initiation of the original mul-
ticenter study, the efficacy of the Atlanta Scottish Rite orthosis
for the treatment of Legg-Calvé-Perthes disease (particularly its
role in achieving hip containment) has been called into ques-
tion*?. The usage of this brace has been discontinued at our
center. It is possible that improved results would be seen in a
cohort treated with restricted weight-bearing or with alterna-
tive bracing strategies to achieve improved containment.

In summary, our patient population had a high preva-
lence of osteoarthritis and low clinical outcome scores at only
twenty years of follow-up. Approximately 20% of Stulberg type
IT hips and 60% of type III, IV, and V hips had radiographic
evidence of osteoarthritis. This prevalence is worse than in
previous long-term reports of the nonoperative treatment of
Legg-Calvé-Perthes disease. The behavior of the Stulberg type
III hips appeared to be more similar to that of the type IVor V
hips in previous reports. A severe Stulberg classification was
associated with pain, impingement on physical examination,
and arthritis. Although previous studies have shown only mild
radiographic changes in young adults with Legg-Calvé-Perthes
disease, in reality many patients are quite symptomatic. This
report on nonoperative treatment provides useful outcomes
data that can serve as a benchmark for future studies evaluating
the results of treatment of Legg-Calvé-Perthes disease.

Appendix
@ Tables showing patient demographic data, demographics
and outcomes according to treatment type, a comparison
of patients who did and did not return for follow-up, data on
the patients who required reconstructive surgery, and previ-
ously reported long-term results of nonoperative treatment of
Legg-Calvé-Perthes disease are available with the online version
of this article as a data supplement at jbjs.org. ®
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