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Background In Legg-Calvé-Perthes disease (LCPD), 4
major patterns (coxa plana, coxa magna, coxa vara, sub-
luxation) of the femoral head are commonly observed.
However, direct observation of pathological specimens
is rarely possible. An animal model of LCPD may clarify
the pathogenesis of femoral head deformity.

Animals and methods In 26 piglets, we interrupted
the vascular supply to the capital femoral epiphysis by
cutting the ligamentum teres and ligating the femoral
neck containing the epiphyseal artery. 6-7 piglets in
each experimental group were killed at early (2 and 4
weeks: P2 and P4), intermediate (12 weeks: P12), and
late (20 weeks: P20) periods. We examined the extracted
femoral heads macroscopically and radiographically.

Results The mean decrease in epiphyseal height was
1.5 mm, 4.1 mm, 5.0 mm, and 7.5 mm in P2, P4, P12
and P20, respectively (rs = 0.76, p = 0.002). The mean
increase of diameter was 4.1 mm, 6.9 mm, and 6.8 mm
in P4, P12 and P20, respectively. Decrease of the articu-
lotrochanteric distance was mild in P2 and P4, and
severe in P12 and P20. Subluxation of the femoral head
was observed only in P12 and P20 piglets.

Interpretation The piglet model of LCPD was useful
in the early stage of devascularization for investigation
of the developmental pattern of femoral head deformity.
However, when the piglets had grown to 20 weeks old
or more—that is, to full skeletal maturity—the femoral
head and acetabulum showed severe deformities that
were most likely caused by heavy body weight.

The clinical importance of Legg-Calvé-Perthes
disease (LCPD) lies in a deformity of the femoral
head which is related to the development of second-
ary arthritis (Shapiro 2001). Since surgery is rarely
performed on the diseased femoral head, direct
observation of pathological specimens is rarely
possible. For the experimental study of LCPD,
young growing rabbits and puppies have been
widely used (Sanchis et al. 1973, Rowe and Park
1986), but macroscopic and radiographic findings
in these animals cannot explain the pathogenesis
of femoral head deformity. Recently, piglets have
been shown to be the better LCPD model (Babyn
et al. 1998, Kim and Su 2002).

We used a piglet model of LCPD to determine
the pathoanatomical changes of the femoral head in
relation to macroscopic and radiographic findings.

Animals and methods

We used 30 crossbred (Yorkshire and Landrace)
piglets, 4-5 weeks old and weighing 7-9 kg. In
all piglets the left hip was experimented on and
the right hip served as control. The interruption of
the vascular supply to the capital femoral epiphy-
sis was accomplished by cutting the ligamentum
teres and ligating the femoral neck (containing the
epiphyseal artery) with a no. 2 Ethibond suture
(Babyn et al. 1998, Kim and Su 2002).

4 of the 30 piglets were excluded because of
early death in 2 cases and fractures of the operated
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Table 1. Categorization of 26 piglets according to postoperative periods

Postoperative Stage of human Number of  Femoral length (cm); Body weight (kg);
period (weeks) LCPD simulated piglets mean (SD) mean (SD)
Early period

2 weeks Avascular or early fragmentation 6 10.2 (0.7) 15 (2.9)

4 weeks 6 11.5(0.3) 22 (3.3)
Intermediate period

12 weeks Fragmentation or healing 7 15.8 (3.1) 62 (17)
Late period

20 weeks Skeletal maturity 7 18.8 (4.3) 107 (21)

Figure 1. Histological specimen of right (Rt) and left (Lt) femurs extracted from a piglet
killed at postoperative week 4. The left femoral head (Lt) showed avascular necrosis
of the capital femoral epiphysis. Marked reduction in size of ossific nucleus (*) and
considerable hyperplasia of articular cartilage (arrow) were seen in the operated femur.

(Hematoxylin and eosin, x1).

femur in the other 2. Of the remaining 26 piglets,
6-7 in each experimental group were killed at early
(weeks 2 and 4), intermediate (week 12), and late
(week 20) periods (Table 1). The groups of piglets
were denoted P2, P4, P12 and P20, respectively.
The early group of piglets corresponds to the stage
of avascular or early fragmentation in human
LCPD, and was expected to demonstrate initial
deformities. The intermediate group was expected
to demonstrate deformities during the active stage
of the disease, corresponding to the fragmentation
and healing stages in human LCPD. The late group
was expected to demonstrate the residual deformi-
ties that can be observed after skeletal maturity.

Both femora and acetabula were extracted from
the killed piglets and they were examined macro-
scopically and radiographically, and stored there-
after in 10% formalin for histological confirmation
of the vascular infarct and its resulting deformities
(Figure 1).

Observations and measurements

At the macroscopic and radiographic examinations,
we evaluated 4 major patterns of response which
are commonly observed in human LCPD (Shapiro
2001): coxa plana, coxa magna, coxa vara, and lat-
eral subluxation of the femoral head. All measure-
ments were performed using a Digimatic Caliper
(Mitutoyo Co., Kawasaki, Japan).

Coxa plana was evaluated in 2 ways. Firstly,
the decrease in the epiphyseal height in the radio-
graph was measured. The height of the epiphysis
was the largest perpendicular distance between
the physeal line and the highest point of the
epiphysis. Coxa plana was defined as being when
the epiphyseal height of the affected femoral head
was 90% or less than the unaffected normal femo-
ral head. Secondly, the flattening of the articular
surface, as observed both grossly and radiograph-
ically, was divided into 2 groups: localized and
generalized.
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Figure 2. Gross (A) and radiographic (B) findings from extracted femurs from a piglet killed at postoperative week 20
showing (to the right) decreased epiphyseal height (44%), generalized flattening of the articular surface, coxa magna

(16%), and severe GT overgrowth.

Coxa magna was defined as being when the
widest measured diameter of the affected femoral
head was at least 10% larger than that of the unaf-
fected head.

Coxa vara was assessed by the overgrowth of
the greater trochanter. This overgrowth was mea-
sured by a modified Keret and MacEwen (1991)
method to determine the trochanter-head relation-
ship (articulotrochanteric distance, ATD). It was
compared quantitatively by measuring the vertical
epiphyseal-trochanteric distance on both sides, i.e.
from the level of the tip of the greater trochanter to
the level of the most proximal point of the epiphy-
sis (Leitch et al. 1991). Trochanter overgrowth
was considered to be present if the distance was
reduced by 20% or more compared to the unaf-
fected side. Trochanter overgrowth was considered
to be mild if the level of the affected trochanteric
tip was distal to the top of the epiphysis of the same
side, but severe if the level of the trochanteric tip
was proximal to the epiphysis.

The fourth pattern, lateral subluxation of the
femoral head, was evaluated by the acetabulum
head index (Heyman and Herndon 1950) on radio-
graphs.

The experiment was approved by the Chonnam
National University Committee for Animal Experi-
mentation.

Statistics

Correlations were determined by the Spearman’s
rank correlation test (correlation coefficient rs).
We used the SPSS software package (SPSS for

Windows release 10.0; SPSS Inc., Chicago, IL).
A p-value of less than 0.05 was considered to be
statistically significant.

Results (Table 2)

4 patterns of femoral head deformity were observed.
Coxa plana was first observed in 1 of the 6 P2 pig-
lets, and then in 4 of the 6 P4 piglets, in 4 of the 7
P12 piglets, and in all 7 P20 piglets (rs = 0.55, p =
0.004). The mean decrease in epiphyseal height
was 1.5 mm (14%), 4.1 mm (37%), 5.0 mm (33%),
and 7.5 mm (43%) in the P2, P4, P12 and P20
groups, respectively (Figure 2). The mean decrease
in the epiphyseal height gradually increased with
time (rs = 0.76, p = 0.002).

Flattening of the articular surface was first
observed in 1 of the 6 P2 piglets and became more
common with time: 2 in the 6 P4 piglets, 4 in the 7
P12 piglets, and in all 7 P20 piglets (rs = 0.62, p =
0.001). Flattening of the articular surface could be
divided into 2 patterns: localized and generalized.
Localized flattening was more common in the early
group, but in contrast, generalized flattening was
more common in the intermediate and late groups.

Coxa magna was observed in 12 of the 26 piglets
and was first observed in 1 of the 6 P4 piglets, and
then in 5 of the 7 P12 piglets and in 6 of the 7 P20
piglets (rs = 0.70, p < 0.001). The mean increase in
diameter in each postoperative group was 4.1 mm
(16% of normal femoral head), 6.9 mm (21%), and
6.8 mm (18%) in P4, P12 and P20, respectively
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Table 2. Responses of the femoral head in 26 piglets with vascular infarct

Postoperative weeks 2 4 12 20 rs@ P-value
Experimented animal number 6 6 7 7
Coxa plana
Decrease in epiphyseal height (=10%)
Appearance rate, number 1 4 4 7 0.55 0.004
Mean height, mm (95% CI)
Operated side 9.5 6.9 (3.1-11) 10 (8.3-12) 9.7 (8.7-11)
Normal side 11 11 (10-12) 15 (14-17) 17 (16-18)
Mean decrease (95% CI), mm 1.5 4.1 (0.4-7.8) 5.0 (3.4-6.6) 7.5 (5.6-9.4) 0.76 0.002
% 14 37 (4-71) 33 (23-44) 43 (34-53) 0.42 0.1
Flattening of articular surface
Appearance rate, number 1 2 4 7 0.62 0.001
Extent, number
Localized 1 1 1 2
Generalized 0 1 3 5
Coxa magna (=10%)
Appearance rate, number 0 1 5 6 0.70 <0.001
Mean diameter, mm (95% CI)
Operated side - 29 40 (36 —44) 43 (40-47)
Normal side - 25 33 (31-35) 37 (35-39)
Mean increase, mm (95% Cl) - 41 6.9 (3.2-11) 6.8 (3.9-9.6) 0.22 0.5
% - 16 21 (10-32) 18 (11-26) 0.02 0.9
Greater trochanter overgrowth (= 20%)
Appearance rate, number 4 4 6 7 0.34 0.09
Grade, number
Mild 4 2 2 0
Severe 0 2 4 7
Lateral subluxation
Appearance rate, number 0 0 5) 7 0.84 <0.001
ars: Spearman’s correlation coefficient.
(rs = 0.22, p = 0.5). There was no increase of coxa ] ]
Discussion

magna from P12 (6.9 mm increase) to P20 (6.8 mm
increase). According to both the radiographic and
the histological findings, coxa magna at P4 was the
result of hyperplasia of the articular cartilage cov-
ering the femoral head (Figure 1). In contrast, coxa
magna in the intermediate and late groups (P12 and
P20) was the result of remarkable flattening and
broadening of the epiphysis.

Decrease of ATD appeared from the early post-
operative period and gradually increased to the
final follow-up in P20. It was first observed in 4 of
the 6 P2 piglets, and then in 4 of the 6 P4 piglets, in
6 of the 7 P12 piglets, and in all 7 P20 piglets (rs =
0.34, p = 0.09). The grade of reduction was mild
in all 4 P2 piglets, mild in 2 and severe in 2 in P4,
mild in 2 and severe in 4 in P12, and severe in all
7 P20 piglets.

Subluxation of the femoral head was observed
only in P12 and P20 piglets (Figure 3). Sublux-
ation was observed in 5 of the 7 P12 piglets and in
all 7 P20 piglets (rs = 0.84, p < 0.001).

In our piglet model, coxa plana developed by two
mechanisms: decrease of the epiphyseal height and
flattening of the articular surface. Devascularization
of the femoral head causes necrosis. Subsequently,
the necrotized femoral head ceases to grow and
becomes fragile. As the piglet continues to bear
its body weight, the ossific nucleus may collapse.
With continued walking, there can be flattening of
the articular surface. In a piglet model, Kim and Su
(2002) observed mild femoral head flattening at 4
weeks after the induction of ischemia, and severe
flattening at 8 weeks, but they did not describe
changes after 8 weeks and until the full growth of
the piglet. We found earlier development of coxa
plana: both decrease in epiphyseal height and flat-
tening of the articular surface in 1 of the 6 P2 pig-
lets (i.e. 2 weeks after operation). The incidence
and severity of coxa plana gradually increased with
time. The mean decrease in epiphyseal height at
skeletal maturity was 7.5 mm—almost one-half of
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in its diameter. A compression
force applied to the plastic epiph-
ysis might cause these changes.
Reactive hypertrophy of the car-
tilaginous part and also mechan-
ical compression play an impor-
tant role in early onset of coxa
magna. A compensating growth
process of the femoral neck, in
order to maintain normal sphe-
ricity despite epiphyseal flatten-
ing, is a contributory factor in
the late remodeling stage of the
disease.

Coxavarais a frequent residual
deformity of the femoral neck in
patients with LCPD. Salter and
Thompson (1984) stated that
pathogenesis of femoral neck
deformity is a result of ischemia
of the physeal plate. Diminished
growth and premature fusion of
the physis of the capital femo-
ral epiphysis in association with
continued normal growth of the
greater trochanteric  epiphy-

Figure 3. Gross (A) and radiographic (B) findings from extracted femurs froma  Sis could change the relation
piglet sacrificed at postoperative week 20 showing (to the right) subluxation of ~ between the tip of the trochanter

the femoral head with severe collapse of head and dysplasia of the acetabu-

lum.

the normal unaffected epiphyseal height. The flat-
tening of the articular surface in the early period
was localized to the superolateral portion of the
articular surface, which was pressed by the acetab-
ular margin, and became generalized with time.
Many causes for coxa magna in LCPD have
been proposed: hyperplasia of the cartilaginous
part of the epiphysis (Abril et al. 2000, Yazici et al.
2002), increase in the local blood supply (Powers
and Bach 1977), or a compensating growth process
of the femoral neck (Meyer 1977). We observed
a decrease in epiphyseal height which occurred in
the early period after operation and became more
pronounced with time. Interestingly, this decrease
in the epiphyseal height was closely related to
coxa magna in terms of the time of appearance
and extent, which suggests that the decrease in the
epiphyseal height may in part explain the increase

and the most superior portion of
the femoral head, such that the
trochanter is found to be at the
level of, or higher than, the articular cartilage of the
head (Shapiro 2001). In our study, the decrease in
ATD appeared from the early postoperative period
and became gradually more severe toward the final
week 20. Generally speaking, the decrease was
mild in the early period after surgery and became
severe in the intermediate and late periods after the
surgery.

Subluxation of the femoral head is a frequent
abnormal finding observed both in the early and
late stages of human LCPD. In the early stage of
the disease, subluxation develops because of hyper-
trophy of the synovium and hyperplasia of the car-
tilage. In the late stage, subluxation is caused by
the disproportion between the femoral head and
the acetabulum because of coxa magna (Shapiro
2001). In our experimental study, the cause of
subluxation was not found to be similar to that in
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human LCPD. Subluxation of the femoral head
was observed only in P12 and P20 piglets. The hips
with subluxation showed remarkable deformation
in both the acetabulum and the femoral head.

The body weight of the piglets was 7-9 kg when
the operation was done, and it increased to 15 kg
at P2, 22 kg at P4, 62 kg at P12, and 107 kg at
P20. This is a 13-fold increase in body weight over
the 20 weeks, whereas the length of the total femur
only doubled during this time.

The mean body weight of Korean children is
23 kg at the age of 7 years, which corresponds to
the mean age of disease onset, and 64 kg at age
20—only a 3-fold increase in body weight over
13 years (Lee et al. 2002). The greater increase in
body weight in piglets might cause a total collapse
in such a deformed hip, as was observed at P12
and P20.

In conclusion, we were able produce a pathoana-
tomical condition similar to human LCPD by dis-
rupting the vascular supply to the capital femoral
epiphysis in the piglet. The piglet model of human
LCPD may be useful for investigation of the
developmental pattern of femoral head deformity
following devascularization. However, it must be
remembered that the macroscopic and radiographic
simulation of pathoanatomy was satisfactory only
in the early stage of devascularization, when pig-
lets are not so heavy. When the piglets have grown
to skeletal maturity, the femoral head and acetabu-
lum become flattened and collapsed.
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