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Abstract

Background The etiology of Legg-Calvé-Perthes disease
(LCPD) remains unknown. A few studies have suggested
passive smoke inhalation may be a risk factor, although the
association is not confirmed and a causal relationship has
not been established.

Questions/purposes We therefore undertook this study to
confirm an association between environmental tobacco
smoke, firewood smoke, and socioeconomic status and the
risk of LCPD.

Methods We prospectively recruited 128 children
with LCPD and 384 children attending the hospital for
other orthopaedic complaints. The control subjects were
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frequency-matched with the cases by age and gender. Con-
ditional logistic regression was used to assess the association
between the exposures and risk of LCPD.

Results The main risk factors for LCPD were indoor use
of a wood stove (adjusted odds ratio [OR], 2.56) and
having a family member who smoked indoors (adjusted
OR, 2.07). Children from the middle socioeconomic group
appeared to be at a greater risk of developing LCPD
(adjusted OR, 3.60).

Conclusions This study provides further evidence that
environmental tobacco smoke is associated with an
increased risk of LCPD. Exposure to wood smoke also
appears to be a risk factor. However, it remains unclear
why there are profound differences in the incidence of the
disease between regions when the prevalence of smoking is
comparable and why bilateral involvement and familial
disease are infrequent.

Level of Evidence Level III, case-control study. See the
Guidelines for Authors for a complete description of levels
of evidence.

Introduction

Despite the fact that Legg-Calvé-Perthes disease (LCPD)
was recognized 100 years ago [6, 21, 27], the etiology of
the disease remains unclear. Although various theories on
the etiology of the disease have been tested, no causal
relationship has yet been established. One current theory on
the etiology of LCPD suggests passive smoke inhalation is
a risk factor [11, 12, 22] and a recent study demonstrated
an association between maternal smoking during preg-
nancy and development of LCPD [1]. However, because
most mothers who smoke during pregnancy may continue
smoking after the child is born, it would be difficult to
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determine to what extent passive smoke inhalation adds to
the risk of LCPD in these children. Smoking is more
common among the lower social classes in many societies
[3, 7-10, 28, 33]. If passive smoke inhalation is indeed a
predisposing factor for LCPD, the disease is likely to be
more prevalent among the lower social classes. Although
some studies do suggest LCPD is more common in the
underprivileged inner-city areas [13, 14], other studies
showed no greater predilection for the disease among the
socially deprived [12, 31].

In India, LCPD is common in the southwest coastal
plain among a predominantly rural community and is much
less frequently encountered in the rest of south India [17].
The prevalence of smoking in the southwest coastal plain,
however, is no higher than the rest of south India [8, 28].
Furthermore, smoking among women is uncommon in this
region [8]. The use of firewood stoves for cooking, how-
ever, is common in rural India [2, 5] and therefore could be
an added environmental factor for exposure to smoke
although this potential association has not been studied.

To confirm previous studies and to explore a new
association, we examined cases and control subjects for
associations of LCPD and (1) two forms of passive smoke
inhalation, namely tobacco smoke and smoke from wood
fires; and (2) socioeconomic factors.

Patients and Methods

We prospectively recruited 128 children with LCPD as
cases and 384 children attending the hospital for other
orthopaedic complaints as control subjects. Cases were
children younger than 12 years of age at the onset of
symptoms with hip pain and/or a limp with plain radio-
graphic features of LCPD and with no underlying
hemoglobinopathy (confirmed by hemoglobin electropho-
resis). We excluded children older than 12 years of age at
onset of symptoms because there is uncertainty as to
whether adolescent LCPD is a different clinical entity.
All newly diagnosed patients attending the hospital for
treatment and all patients attending the monthly Legg-
Calvé-Perthes followup clinics during a period of 8 months
were included in the study until the required sample size
was attained. Some children included from the followup
clinics were in the active stages of the disease, whereas in
some, the disease had healed. Because all children with
LCPD treated in this center are followed until skeletal
maturity, some children with healed disease were older
than 12 years of age at the time of the study. For control
subjects, we identified children attending the hospital for
other orthopaedic complaints with no previous or current
symptoms related to the hip and a normal hip radiograph (if
available) or no limitation of hip abduction and internal
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rotation (in children without hip radiographs). These hip
movements are characteristically reduced in children with
LCPD [29]. Absence of limitation of these specific hip
movements was used as a criterion to ensure that the
control subjects did not have LCPD. Limitation of hip
abduction and internal rotation was excluded by highly
sensitive screening tests described earlier [17]. Conditions
that the control subjects had included fractures of the upper
limb or their sequelae, osteomyelitis involving an upper
limb bone or its sequelae, congenital anomalies of the
upper limbs, congenital anomalies of the lower limbs
(involving the leg or foot and ankle), and cerebral palsy.
No patients were recalled specifically for this study; all
data apart from the responses to the questionnaire (outlined
subsequently) were obtained from medical records and
radiographs. Written informed consent was obtained from
all study participants or their parents as appropriate.

Control subjects were frequency-matched to cases on
age and gender with three control subjects for every case;
control subjects were recruited successively until the
required number was obtained. The cases and control
subjects were comparable with respect to birth order and
maternal age at delivery (Table 1).

Sample size power analysis was based on the formula
for case-control study design with 1:3 matching. The pri-
mary exposure variable was considered as exposure to
indoor wood smoke; we did not consider indoor exposure
to tobacco smoke as the primary exposure variable because

Table 1. Characteristics of cases and control subjects

Variable Cases Control subjects p value
(n = 128) (n = 384)

Gender*
Female 25 (19.5%) 75 (19.5%) NA
Male 103 (80.5%) 309 (80.5%)

Age (years)*
< 5 years 2 (1.6%) 6 (1.6%) NA
5-9.9 years 52 (40.6%) 156 (40.6%)
10-14.9 years 55 (43.0%) 165 (43.0%)
> 15 years 19 (14.8%) 57 (14.8%)

Birth order
1 57 (44.5%) 207 (54%) 0.066
2 57 (44.5%) 123 (32.0%)
>3 14 (11%) 53 (14%)

Maternal age 24.66 (4.09) 24.59 (4.75) 0.732

at delivery’

Number of family members smoking in the same household

0 75 (58.6%) 296 (77.1%) 0.002
1 44 (34.4%) 81 (21.1%)

2 6 (4.7%) 5 (1.3%)

3 3 (2.3%) 2 (0.5%)

* Matched on age and gender; mean (SD); NA = not applicable.
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there are no published data from this country on indoor
tobacco smoke. It was assumed that the proportion of
control subjects exposed to wood smoke would be 29.4%
on the basis of national family health survey reports [15].
With an anticipated odds ratio of 2 or more as significant
and an allocation ratio of three control subjects per case, a
minimum sample size of 126 cases was required for a
power of 90% and a level of significance of 5%.

Sociodemographic information as well as details on
exposure to passive smoke inhalation and indoor wood
smoke of both cases and control subjects was collected by
the same investigator (ABD) who personally interviewed
the parents with the help of a structured questionnaire when
they reported to the clinic. Socioeconomic status was
assessed with the help of the modified Pareek scale [26]
that is applicable in rural India. The scale has 10 items to be
scored taking into account the type of house, land holding,
livestock and belongings, occupation, and educational
status. Data concerning disease onset and family history
were obtained from the patients’ case records.

We used univariate conditional logistic regression
analysis and calculated unadjusted odds ratios (ORs) to
identify potential risk factors for LCPD from among the
following variables: passive smoke inhalation (number of
family members smoking in the household, maternal
tobacco use during pregnancy, indoor use of a wood stove)
and socioeconomic factors (the economic status of the
family, birth order, maternal age at delivery, overcrowding
at home, and religion). The variables identified as signifi-
cant in the univariate analysis were included in the
multivariate analysis. Conditional logistic regression for
multiple variables with 1:3 case-control matching was used
to compute adjusted ORs and their 95% ClIs. Statistical
analysis was carried out using Stata Version 9.2 (Stata-
Corp, College Station, TX, USA).

Results

The presence of a family member smoking indoors and
indoor use of a wood stove were variables that showed an
association with a risk for LCPD in the univariate analysis
(Table 2). Both of these variables were confirmed as risk
factors for LCPD on the multivariate regression analysis
with adjusted OR of 2.07 and 2.56, respectively (Table 3).

Children from the middle and low socioeconomic
groups appeared to be at a greater risk of developing LCPD
in the univariate analysis. However, only the middle
socioeconomic group showed an association (adjusted OR,
3.60) in the multivariate analysis (Table 3).

Among the 128 children with LCPD recruited for this
study, only one had another sibling affected by the disease.

Discussion

The etiology of LCPD is still not known and until now no
causal associations with any risk factor have been identi-
fied. A few recent studies suggest that passive tobacco
smoke inhalation may be a risk factor for it to develop [11,
12, 22]. There has also been a suggestion that LCPD is
more prevalent among children of underprivileged families
[13, 14] although this has not been confirmed in other
studies [12, 31]. We set out to test the associations between
passive inhalation of tobacco and firewood smoke and
socioeconomic status and the risk of developing LCPD in a
region that has one of the highest incidence rates of the
disease in the country [17].

Our study has some important limitations. First, some of
the control subjects included in the study did not have
radiographs of the pelvis to conclusively demonstrate that
they had no stigmata of LCPD. Although this raises the

Table 2. Results of univariate analysis for identifying variables associated with a risk of Legg-Calvé-Perthes disease

Variable Cases Control subjects Unadjusted odds ratio
(n = 128) (n = 384) (95% CI)
Family member smokes indoors 53 (41.4%) 88 (22.9%) 2.53 (1.53-3.61)
Socioeconomic status
Low 27 (21.1%) 58 (15.1%) 6.14 (1.75-21)
Middle 98 (76.6%) 285 (74.2%) 4.56 (1.38-14)
High 03 (2.3%) 41 (10.7%) 1
Indoor use of wood stove 106 (82.8%) 233 (60.7%) 3.03 (1.84-5)
Maternal tobacco use in pregnancy 3 (2.3%) 10 (2.6%) 1 (0.28-3.45)
Overcrowding at home (> 2 people per room) 31 (24.2%) 68 (17.7%) 1.48 (0.91-2.42)
Religion
Hindu 70 (54.7%) 264 (68.9%) 1
Muslim 50 (39.1%) 91 (23.8%) 1.96 (1.29-2.98)
Christian 8 (6.3%) 28 (7.3%) 1.06 (0.46-2.45)
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Table 3. Risk factors for Legg-Calvé-Perthes disease identified in
the multivariable conditional logistic regression analysis model

Exposure variable Adjusted 95% CI p value
odds ratio

Family member smokes 2.07 1.3-3.27 0.002
indoors

Socioeconomic status
Low 3.47 0.88-12.7 0.08
Middle 3.60 1.03-12.59 0.045
High 1

Indoor use of wood stove 2.56 1.5-4.38 0.001

Religion
Hindu 1
Muslim 1.83 1.14-2.92 0.011
Christian 1.32 0.52-3.32 0.55

possibility that some of the control subjects may have had
asymptomatic disease, this is unlikely because none of the
control subjects had limitation of hip motion, which is
characteristically seen in LCPD. Second, the responses of
mothers to questions about tobacco use in pregnancy may
have been influenced by recall bias. However, because
tobacco use among mothers of both cases and control
subjects was low, the results of the study are unlikely to
have been affected appreciably. Third, we did not attempt
to determine if the risk of LCPD increases with increased
exposure to passive smoke because it was impossible to
accurately estimate the quantity of passive smoke to which
the child was exposed. We suspect family members who
smoked might underreport the number of cigarettes
smoked indoors each day and it would also be difficult to
ascertain the nature of ventilation of the house; both of
these factors would certainly influence the actual exposure
to tobacco smoke. On the other hand, the population we
studied was unique in that none of the mothers of the cases
or control subjects smoked, although a very small propor-
tion (2.3% and 2.6% of mothers of cases and control
subjects, respectively) chewed tobacco during pregnancy.
This enabled us to study the association of exposure to
passive tobacco smoke and the risk of LCPD without the
confounding effect of prenatal maternal smoking.

Our data suggest there is an association between passive
smoke inhalation in childhood and the risk of development
of LCPD. Because only 2.3% of the mothers of affected
children exposed the unborn fetus to the effects of tobacco
chewing, the association points predominantly to the
effects of passive smoke inhalation. This observation
challenges the contention of Bahmanyar et al. [1] that
environmental tobacco smoke is not associated with a risk
of LCPD. Rather, our observations reinforce the earlier
reports of an association between passive smoke inhalation
and the risk of LCPD [12, 22] (Table 4). Although we
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found an association between smoking and LCPD, several
questions remain unanswered. If smoking is a causative
factor in LCPD, why are there profound differences in the
incidence of the disease between regions when the preva-
lence of smoking is comparable? The prevalence of
tobacco smoking in the southwest coastal plain is lower
than elsewhere in south India [7, 8, 28], yet the incidence
of LCPD in this region is 10 times higher than the eastern
region of south India [17]. If smoking is a causative factor
in LCPD, why is there such a profound predilection for
boys and why is bilateral and familial disease uncommon?
If smoking is a causative factor in LCPD, what is the
duration of exposure to passive tobacco smoke (the dose)
needed for the disease to develop? Further studies are
clearly needed to try to clarify how passive smoke inha-
lation predisposes to LCPD and to attempt to answer these
important questions.

One would have expected to see a stronger association
between social class and the risk of LCPD, because several
studies show smoking is more prevalent among the poor [3,
7-10, 28]. We could not demonstrate that predilection for
LCPD was greatest among the most socially deprived as
noted in previous studies [13, 14]. Compared with the
cases, a higher proportion of the control subjects belonged
to the high socioeconomic group, which may have resulted
in an overestimation of the risk for development of LCPD
among the cases. We cannot explain why the risk of LCPD
in this region was greater among Muslim children who are
not ethnically different; it is possible that more Muslims in
this region are from the lower socioeconomic strata but this
was not evident in this study. We considered religion as a
variable because lifestyles and food habits of the different
religious groups are likely to be different.

Because numerous households in rural India rely on
firewood stoves for cooking, smoke from these stoves too
would be inhaled by the occupants of the house. We were
interested to study whether smoke from firewood stoves
could also be associated with LCPD because biomass
smoke exposure is reportedly associated with a risk of
stillbirths [24] and respiratory diseases [19]. Our study also
shows exposure to wood smoke is associated with a higher
risk of developing LCPD. This association has not been
demonstrated earlier and this raises the possibility that
toxins in wood smoke other than nicotine may be respon-
sible for the predisposition to LCPD. It is unclear how
exposure to environmental tobacco and wood smoke leads
to LCPD. Several adverse effects of maternal smoking
during pregnancy on fetal development have been sug-
gested and they include impaired placental function and
reduced placental blood flow [30, 32]. These effects can
lead to intrauterine growth retardation and low birth
weight, which are known to have an association with
LCPD [1, 20, 25]. Interestingly, exposure to wood smoke is
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also associated with low birth weight [4, 23]. The effects of
environmental smoke may produce changes that predispose
to LCPD either in utero by affecting placental and fetal
development [16] or may act postnatally through direct
effects on the child’s vascular system [18]. It is unclear
whether the toxins in smoke are directly responsible for the
vascular changes in LCPD or whether they are simply
modifiers of an underlying genetic predisposition for the
disease that might not express itself in the absence of
exposure to these toxins.

We emphasize the patient population studied here is
very different from other societies where LCPD is com-
mon; the lifestyles are different and the disease pattern is
different. The patients are predominantly from rural or
semiurban communities and not from inner-city areas as
seen in the United Kingdom [13, 14, 31]. The mean age at
onset of LCPD is approximately 8 to 9 years; this is
approximately 2 years higher than the age at onset in white
children [17]. The pattern of tobacco use also differs quite
profoundly from some Western societies. For example,
52% of women in greater Glasgow smoked [31], whereas
none of the mothers included in this study smoked. One
study from this region [8] suggested women very seldom
smoke and the overall prevalence of smoking is low [7, 8,
28]. These differences make the results of this study all the
more important because the association between passive
smoke inhalation and LCPD does not seem to be unique to
the urban societies of the United Kingdom or the United
States.

We found associations between exposure to environ-
mental tobacco smoke and wood smoke and LCPD. Like
with other similar studies, we cannot identify a causal
relationship between environmental smoke and LCPD, but
our observations add to the evidence linking passive smoke
inhalation and LCPD and suggest a further association with
exposure to wood smoke from cooking fires.
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