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ABSTRACT

Objective — To compare the head/neck ratio on the con-
tralateral side of patients with a unilateral slipped capital
femoral epiphysis (SCFE) with control individuals. Me-
thods — Seventeen patients who were followed up at the
Department of Orthopedics and Traumatology, Federal
University of S@o Paulo, Brazil, between 1985 and 2007,
were assessed. The control group consisted of 34 indivi-
duals from the same place who were matched for gender
and age, with a history of trauma that necessitated pelvic
radiography. The femoral head height and femoral neck
measurements were made using simple pelvic radiography
in accordance with the criteria of Bleck (1983), on both

sides in the control group and on the contralateral hip in
the patients. Nonparametric statistics were used, with a
p-value < 0.05. Results — There was no difference in the
distribution of age, gender, body mass index and bone age
between the groups. The head/neck ratio on the right and
left side in the controls did not differ (p = 0.64). However,
the head/neck ratio from the contralateral hip of the pa-
tients with SCFE was significantly lower than that of the
control group (p = 0.00). Conclusion — The significantly
lower head/neck ratio in the patients with epiphysiolysis
could be indicative of a risk of SCFE.

Keywords — Epiphysis, Slipped; Femoral Head; Risk
Factors.

INTRODUCTION

Proximal epiphysiolysis of the femur (PEF) is the
commonest hip disease during preadolescence and
adolescence"?, It is more frequent among males and
in the presence of obesity or overweight®. Although
the etiology is unknown, it is related to biological and
mechanical factors!"®. Among the biological factors,

hormones, age, pubertal development and skeletal
maturation have been considered. Thus, increased le-
vels of FSH, LH or testosterone, or use of GH, have
been cited as factors favoring PEF®.

The initial presentation of epiphysiolysis is generally
unilateral, but involvement of the contralateral side
may occur in up to 80% of the cases, depending on
age, gender, hormonal disorders and bone maturation
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phase, among other factors”). This has caused much
polemic in the literature, with regard to whether or
not prophylactic contralateral epiphysiodesis should
be indicated. Both the dynamic parameters (bone
age, chronological age and hormone profile) and the
anatomical parameters (retroversion of the neck and
growth plate-neck angle) have been studied with the
objective of finding predictive determinants that might
provide the basis for a surgical approach to the hip, in
the absence of symptoms. Puylaert et al¥ demonstrated
that more than 60% of PEF cases were in Tanner’s
pubertal stage 1, with the triradiate cartilage open and
therefore in an opportune condition for contralateral
slippage. Staging of puberty is considered to be an
important parameter. Bidwell and Stott, among others,
considered that PEF before the age of 12 years was a
risk factor for contralateral slippage, independent of
the patient’s gender®. However, there are authors who
have not correlated the risk of PEF with age®. Data
on skeletal maturation as a protection factor (when
advanced) or a risk factor (when delayed) have been
highlighted. In 1996, Stasikelis et al'” evaluated
skeletal maturity using a modified Oxford method
among a group of patients with PEF, and concluded
that there was a linear correlation between the risk of
new slippage and bone maturation. When the Oxford
score was less than 16, there was an 85% risk of a
second episode of PEF; however, if the score was 21,
the risk was 11%, and if it was more than 22, PEF
would not occur'?. Recently, Loder et al!'" assessed
the difference between chronological age and bone
age among patients with PEF, using the modified
Oxford method, and concluded that the interval of
bone age within which epiphysiolysis occurred was
only 15 months. Among the anatomical indices so
far evaluated, we did not find any studies on the
relationship between femoral head height and neck
length. Thus, the aim of the study was to compare the
head/neck ratio in the contralateral hip of patients with
epiphysiolysis, with a control group.

OBJECTIVES OF THE STUDY

To compare the head/neck ratio of the contra-
lateral side of patients with unilateral epiphysio-
lysis, with a control group matched according to
age and gender.
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SAMPLE AND METHODS
Type of study

This was a retrospective cross-sectional non-
-randomized study with a control group. This study
was approved by the Research Ethics Committee of
Unifesp, under the number 0361/07.

The study group (group 1) was formed by all the pa-
tients with a diagnosis of unilateral PEF followed up at
Hospital Sao Paulo between 1985 and 2007. Only the
patients with an asymptomatic contralateral hip who
did not present radiographic signs of PEF on this side
were included. The data on each patient were obtained
from the medical files and from radiographs.

The control group (group 2) was formed by indi-
viduals attended at Hospital Sdo Paulo during 2007,
with a history of trauma or a complaint of pain in the
hip or pelvis that justified producing a radiograph of
the pelvis, but without finding any abnormalities at
the end of the assessment. These individuals were
selected in accordance with the age and gender of
the study group patients, at a ratio of two controls
for every case in group 1.

Simple radiographs of the pelvis in anteroposte-
rior and Lauenstein views were used, along with the
data from the initial consultation that appeared in the
medical files: gender, age, color, side affected by the
epiphysiolysis, weight and height.

Radiographic evaluation

On a radiograph of the pelvis in anteroposterior
view with the limbs in the neutral position, the length
of the femoral neck, the height and the diameter of
the proximal epiphysis of the femur were measured
on the hip contralateral to the epiphysiolysis, and
in both hips of the controls, based on the method
described by Bleck!?.

Method for measurements

By means of Mose concentric circles, the center
of the femoral head and the center of the neck were
determined. A straight line (“AB”’) was drawn through
these two points and was extended from the lateral
cortical bone of the femur to the proximal joint ex-
tremity of the head. Next, a straight line (“CD”) was
drawn, joining the two ends of the epiphyseal plate
of the femoral neck. This line represented the width
of the head. It interested with the straight line AB at
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point C, thus cutting it into two parts: segment “a”,
going from the lateral cortex of the diaphysis to point
C, which corresponded to the length of the femoral
neck; and segment “b”, going from point C to the
proximal joint end of the head, which was taken to
be the head height (Figure 1).

Figure 1 — Diagram showing measurement of segments a and b.

DETERMINATION OF BMI AND BONE
AGE ACCORDING TO OXFORD

From the weight and height measurements, the
body mass index (BMI) was calculated. The BMI va-
lues were classified in accordance with the standar-
dization of Must et al'®. According to these authors,
individuals with BMI values lower than the 5 per-
centile are considered to be malnourished; between
the 5™ and 85™ percentiles, they are normal; between
the 85" and 95" percentiles, they are overweight;
and greater than or equal to the 95" percentile, they
are obese.

Bone age was assessed using the initial radio-
graphs on the pelvis, in accordance with the mo-
dified Oxford method'¥. This method uses simple
radiographs of the pelvis, in anteroposterior view,
including the iliac crest and the proximal thirds of
the femurs. Nine radiographic parameters are scored,
which vary according to the individual’s stage of ma-

turation!?. In analyzing the Oxford scores, the normal
values for each age group and gender were taken to be
the mean + one standard deviation, similarly to what
was done in the study by Ishida et al!®.

COMPARISON OF MEASUREMENTS

The absolute values obtained after measuring
the lengths of the segments a and b, and the ratio
b/a (head height/neck length measurement), were
analyzed comparatively between groups 1 and 2.

STATISTICAL ANALYSIS

To compare between the groups, the Mann-Whit-
ney U test was used. For comparisons within the same
group, the nonparametric Wilcoxon test was used. For
all the tests, the p value was 0.05.

RESULTS

Seventeen patients and 34 controls were studied.
Their general characteristics are presented in Tables
1 and 2.

Table 1 — General characteristics of the group of patients with
proximal epiphysiolysis of the femur.

Patignts’ Age . Degree of
serial Gender (years) Side epiphysiolysis Oxford score

numbers
1 M 11.00 R Il 30.00
2 M 12.00 R 1]l 33.00
3 M 14.00 L Il 32.00
4 F 12.00 L 1]l 32.00
5 M 15.00 L | 32.00
6 M 11.00 L I 33.00
7 F 9.00 L | 31.00
8 F 13.00 L | 31.00
9 F 12.00 L | 30.00
10 F 10.00 L | 33.00
11 M 15.00 L I 32.00
12 M 12.00 L | 31.00
13 F 11.00 L 1]l 32.00
14 F 11.00 R I} 31.00
15 M 15.00 L Il 33.00
16 F 10.00 R | 32.00
17 F 10.00 L | 29.00

MESAé“ * 13_‘25* 3158+ 1.17
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Table 2 — General characteristics of the control group.

served that, among the patients with epiphysiolysis,

Controls'serial | oo | 0 e Oxtord score 7/17 presented a normal bone age and 10/17 pre-
numbers sented advanced bone age (greater than the mean +
1 F 14.00 42.00 one standard deviation). In the control group, 17/34
5 M 11.00 31.00 presented normal bone age and the other half pre-
3 = 9.00 26.00 sented advanced bone age, without any significant
4 M 10.00 23.00 difference (p = 0.38). However, in both groups, the
5 M 12.00 25.00 bone age was significantly greater than the chrono-
6 M 12.00 25.00 logical age (p = 0.000).
7 M 11.00 23.00 The evaluation on the BMI showed that the mean
8 F 11.00 29.00 value in group 1 was 21.59 + 3.9 and in group 2, it
9 M 14.00 31.00 was 21.05 £ 5.8, without any significant differen-
10 F 10.00 26.00 ce between the groups (p = 0.765), or in relation to
11 F 10.00 26.00 gender (p = 0.46). Nonetheless, greater frequency of
12 F 11.00 25.00 overweight and obese cases was observed in group 1
13 F 12.00 36.00 (50% vs. 25.3%).
14 F 12.00 32.00
15 F 9.00 33.00 FEMORAL HEAD HEIGHT/NECK RATIO
16 M 13.00 29.00 .
17 M 14.00 30.00 The absolute values of the neck and head height
18 F 12.00 32.00 measurements are presented in Tables 3 and 4.
19 M 12.00 30.00 The head height measurements did not present any
20 M 13.00 28.00
21 M 10.00 27.00 Table 3 — Absolute values of the head height and neck measu-
22 M 12.00 30.00 rements on the femur contralateral to the epiphysiolysis, and the
23 F 12.00 30.00 head/neck ratio, in the patient group.
24 F 11.00 31.00 I
5 Patle_nts Femoral head Femoral Head/neck
5 M 14.00 31.00 serial hei .
bers eight (mm) neck (mm) ratio
26 F 15.00 32.00 num
27 F 13.00 33.00 1 2.35 8.00 0.294
28 M 13.00 34.00 2 2.40 8.40 0.286
29 F 11.00 32.00 3 2.60 9.40 0.277
30 M 11.00 29.00 4 1.90 8.40 0.226
31 M 14.00 35.00 5 2.30 9.30 0.247
32 F 9.00 31.00 6 2.45 8.45 0.290
33 M 10.00 27.00 7 2.10 7.60 0.276
34 M 13.00 38.00 8 217 8.55 0.955
Mean + SD 11.7 £ 0.28 30.05 + 4.15 9 200 8.70 0.230
10 2.00 7.50 0.267
The ages did not differ significantly between i 2.00 9.50 0.211
groups 1 and 2, with means of 11.9 + 0.45 years and 12 2.25 8.70 0.259
11.7 £ 0.28 years, respectively (p = 0.63). The gender 13 LA i 0202
distribution also did not differ significantly, with eight 14 235 8.35 0.281
male patients and 19 male controls (p = 0.423). 15 220 9.40 0.234
The mean bone age in group 1 was 13.41 + 0.32, 16 180 920 0.196
. . o 17 2.35 8.00 0.294
and in group 2, 12.92 £+ 0.29, without any significant
difference between the groups (p = 0.43). It was ob- _Mean=SD 217+025 | 855+066 | 0255003
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Table 4 — Absolute values for the femoral head height and neck measurements, on the right and on the left in the control group,

and the head/neck ratio.

Controls’ serial Righ? head Right neck Right he?dlneck Left.head Left neck Left hea_d/neck Mean .of the

numbers height ratio height ratio ratios
1 2.30 8.20 0.28 2.30 8.10 0.28 0.28
2 2.00 9.10 0.22 2.20 8.70 0.25 0.24
3 2.20 7.00 0.31 2.10 7.10 0.30 0.31
4 1.80 6.10 0.30 1.80 6.10 0.30 0.30
5 2.30 8.30 0.28 2.40 8.40 0.29 0.28
6 2.20 7.20 0.31 2.20 7.20 0.31 0.31
7 2.40 7.70 0.31 2.40 7.80 0.31 0.31
8 2.10 7.30 0.29 2.10 7.10 0.30 0.29
9 2.00 8.30 0.24 2.00 8.30 0.24 0.24
10 2.30 7.80 0.29 2.30 7.80 0.29 0.29
11 2.30 8.30 0.28 2.30 8.30 0.28 0.28
12 1.85 7.50 0.25 1.80 7.40 0.24 0.24
13 2.20 8.30 0.27 2.30 8.00 0.29 0.28
14 2.50 8.10 0.31 2.50 8.10 0.31 0.31
15 2.30 7.90 0.29 2.30 7.70 0.30 0.29
16 2.40 8.10 0.30 2.30 8.30 0.28 0.29
17 2.40 8.30 0.29 2.40 8.40 0.29 0.29
18 2.50 7.40 0.34 2.50 7.80 0.32 0.33
19 2.30 7.70 0.30 2.30 8.90 0.26 0.28
20 2.20 7.80 0.28 2.20 7.80 0.28 0.28
21 2.30 8.40 0.27 2.40 8.30 0.29 0.28
22 2.40 7.90 0.30 2.60 7.90 0.33 0.32
23 2.60 8.70 0.30 2.60 8.40 0.31 0.30
24 2.00 6.50 0.31 2.00 6.40 0.31 0.31
25 2.10 8.90 0.24 2.10 8.90 0.24 0.24
26 1.90 8.80 0.22 1.80 9.00 0.20 0.21
27 2.40 9.00 0.27 2.40 8.70 0.28 0.27
28 2.60 9.60 0.27 2.40 9.50 0.25 0.26
29 2.20 9.80 0.22 2.20 9.70 0.23 0.23
30 1.90 8.20 0.23 1.90 8.30 0.23 0.23
31 2.40 8.30 0.29 2.40 9.80 0.24 0.27
32 2.20 7.60 0.29 2.20 7.10 0.31 0.30
33 2.30 8.20 0.28 2.30 8.10 0.28 0.33
34 2.00 9.10 0.22 2.20 8.70 0.25 0.32

Mean + SD 2.24 +0.22 8.02 + 0.82 0.283 + 0.032 2.24 £ 0.22 8.06 + 0.87 0.282 + 0.032 0.27 + 0.03

significant variation between the patients and the right
and left control values (p =0.31 and p = 0.33, respec-
tively). However, the absolute values for the femoral
neck (right and left) were significantly smaller in the
controls than in the patients (p = 0.019 and p = 0.045
respectively) (Figure 2).

The measurements for the head/neck ratio in the

control group, on the right and left sides, did not di-
ffer significantly from each other (0.283 + 0.032 vs.
0.282 + 0.032; p = 0.64). Thus, the values from both
sides could be compared with the measurements on
the patients. The values for group 1 were significantly
smaller than the values for group 2 (0,255 = 0.035 vs.
0.282 £+ 0.032; p = 0.004) (Figure 3).
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Figure 2 — Box plot presentation of the right and left femoral neck
measurement in controls and the femoral neck in patients with
epiphysiolysis and in controls.
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Figure 3 — Box plot presentation of the head height/neck ratio
among patients with epiphysiolysis and in controls.

DISCUSSION

This study assessed whether there was any diffe-
rence in the head height/neck length ratio of the femur
on the contralateral side of patients with unilateral
epiphysiolysis, in comparison with a control group.
The aim was to determine whether this index might
be an indicator for the risk that slippage of the contra-
lateral epiphysis of the femur might occur, given that

Rev Bras Ortop. 2011;46(1):57-63

early diagnosis of contralateral involvement is still a
matter of controversy and discussion in the literatu-
re(16-10.16-18) The factors involved in such occurrences
are still under investigation, in an attempt to obtain
parameters that might, more securely, identify patients
who should undergo prophylactic surgical treatment
on the contralateral hip, before the disease is manifes-
ted with greater morbidity and complications.

The control group seemed to be very adequate,
given that it did not differ from the study group. This
was not only with regard to age and gender (as inclu-
sion criteria), but also with regard to the profile of
the relationship between chronological age and bone
age, and in relation to the distribution of BMI, a va-
riable that has recently been included among the risk
factors for PEF®. In 2005, Manoff et al® reviewed
106 PEF cases and found that 81.6% were obese,
whereas the rate in the control group was 41.38%.
Bhatia et al'” presented the first study evaluating
BMI as a factor associated with PEF with bilateral
involvement. From studying 54 patients with PEF,
they concluded that the BMI was significantly grea-
ter in cases with bilateral involvement. On the other
hand, Santili et al®” demonstrated that obese patients
have a greater anteroposterior Southwick angle than
seen among non-obese controls. Although the pre-
sent study found high prevalence of overweight and
obesity, both among the patients and among the con-
trols (thus corroborating the vision of an “epidemic
of obesity” that has been widely cited in the scientific
and lay media), the mean BMI values in the study
group were not as high as in other references®!?.
This can perhaps be partly explained by the fact that
this sample was selected only from cases with unila-
teral involvement.

The existence of a discrepancy between the chro-
nological age and the bone age among children with
PEF has also been a matter discussed in the literature.
In the present study, attention was drawn to the fact
that the bone age in both groups (patients and con-
trols) was significantly greater than the chronologi-
cal age, but without any significant difference when
compared between each other. This finding suggests
that the study group had skeletal maturation that was
similar to that of the control group, and that under
this condition, occurrences of new slippage would
be practically impossible, considering that according
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to the Oxford scoring, the mean value for the study
group was 29.

Considering the adequacy of the control group,
the significantly different results regarding the fe-
moral head/neck ratio between the study and control
groups are important. The height of the epiphysis and
the length of the femoral neck were assessed using
radiographs of the proximal contralateral femur, in ac-
cordance with the method used by Bleck!?, modified.
Separately, it was observed that the head height did
not differ significantly between the groups, as might
be expected, thus indicating that there was no retro-
version or epiphysiolysis of the contralateral hip. On
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