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Purpose: To analyzed the heavy metals [lead (Pb) and Cadmimum (Cd)] in the peripheral blood of 
the perthes disease patients and to correlate their blood concentration with the clinico-radiological 
profile of perthes disease.  
Materials and Methods: In this cohort study, total 41 cases were enrolled as per strict inclusion- 
exclusion parameters. Along withclinico-radiological examination severity of disease was done by 
then further further classifying them accordingly to Herring classification.  The heavy metals [Pb 
and Cd] estimation was done using Inductively Coupled Plasma-Optical Emission Spectrometer 
(ICP-OES) and there blood concentration were correlated with severity of disease. Result: Total 41 
patients with perthes disease patients were grouped into Group I [(with Hearing B) n=16], Group II 
[(with Hearing B/C) n=3] and Group III [(with Hearing C) n=22)] as per Herring lateral pillar 
classification. Total 30 patients (73%) showed abnormal Pb concentration while 11 (27%) patients 
showed normal Pb concentration. On other hand, 26 patients (63%) showed abnormal Cd 
concentration while 15 (37%) patients showed normal Cd concentration. Serum Pb level of 
42.81±24.33 in group C and serum Cd level of 0.04±0.07 in group B/C observed were maximum 
concentration. Statistical significant differences were found in Pb level between B and C 
(radiological parameter) and Abduction and Internal rotation (clinical parameter). Significant 
positive correlations were found Pb level with the clinico-radiological severity of perthes disease 
patients. 
Conclusion: Heavy metal [Lead (Pb)] blood concentration is positively correlated with clinico-
radiological severity of perthes disease. But to establish its causal role, further research is required.  
  

  
 

 
 
 

 
 

 
 
 
 

 
 
 
 
 

 
 
 

 
 

 
 

 

 
 

 
 

 

 
 

  
 
 
 

INTRODUCTION 
 

Perthes disease is the clinical manifestation of defective 
vascular supply of unknown etiology of femoral capital 
epiphysis having unknown etiology, primarily affecting 
children between 4-8 years of age. This happens when the 
lateral epiphyseal vessel which is the primary source vascular 
supply of the femoral capital epiphyseal region is affected 
(Bahmanyar et al., 2008; Singh et al., 2016(a)). The annual 
incidence of perthes disease in children below 15 years of age 
ranges from 0.2 to 19.1 per 100,000 (Boccia et al., 2008).   
Based on incidence study, it was noted that minimum incidence 
of perthes disease in Dupi Talukon western coastal plain of 
south India was 4.4/1,00,000 children aged 5-14 yrs, while the 
prevalence survey suggested that the incidence may be as high 
as 14.8/1,00,000 children. The some of the known risk factors 
are: children exposed to maternal smoking, low birth weight 

neonates, low socioeconomic groups and children of white 
ethnicity (Boccia et al., 2008; Catterall A, 1981; Campbell I.G, 
2002; Singh et al, 2016(b)). Exact pathogenetic mechanism of 
perthes disease is still unknown and it may probably be caused 
by a multifactorial etiology which is still remaining a 
controversy (De Inocencio J, 2004; Singh et al., 2014).  
Though few studies have suggested some association of 
environmental factors with this disease, but their role is not 
confirmed and causal relationship has not been established 
(Daniel et al., 2012).  
 

It is a known fact that several hazardous chemicals present in 
our surrounding environment, (either by natural process or by 
many anthropogenic activities) causing so many adverse effects 
on environment as well on human health. Even the household 
wastes that can be categorized as hazardous waste include 
disposed old batteries, shoepolish, paint tins, old medicines and 
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medicine bottles etc. Hospital waste contaminated by chemicals 
used in hospitals like formaldehyde, phenols or even mercury 
used in thermometers is considered as hazardous. India 
generates around 7 million tonnes of hazardous wastes every 
year (Rajput et al., 2009). Along with that the combustion of 
wood and other biomass, which also have qualitatively similar 
to the burning of tobacco in terms of emissions of particulate 
matter and gases, causes adverse health effects in humans are 
the serious problem at present (Balmes et al., 2015; Falfan et 
al., 2014). 
 

Now a day due to huge urbanization, heavy metals are one of 
the significant environmental pollutants that are inhaled / 
ingested by the human beings by mean of air or water pollution 
(Nagajyoti et al., 2010; Jaishanker et al., 2014). Heavy metals 
are generally referred to as those metals which possess a 
specific density of more than 5 g/cm3. Although, these metals 
in very low concentration are quit essential to maintain various 
biochemical and physiological functions in living organisms 
but they become noxious when they exceed certain threshold 
concentrations (Kim et al., 2012; Singh et al., 2016(c)). 
Although it is acknowledged that heavy metals have many 
adverse health effects which last for a long period of time, 
heavy metal exposure continues in daily life activities and risk 
is increasing dangerously in many parts of the world including 
India.  
 

In the present study we planned to analyze the heavy metals 
[lead (Pb) and Cadmimum (Cd)] in the peripheral blood of the 
patients with perthes disease and to correlate their blood 
concentration with the clinico-radiological profile of perthes 
disease.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Our research question was whether due to huge urbanization 
and pollution, the heavy metal toxicity which is on alarming 
phase is associated/correlated with clinico-radiological profile 
of perthes disease or not? Our research hypothesis was if heavy 
metals [especially lead (Pb) and Cadmimum (Cd)] are 
associated with vitals steps of perthes disease pathogenesis 
(namely vascularization, osteoblastogenesis, mineralization) 
then their excessive exposure may affect natural history (clinic-
radiological profile) of perthes disease.  
 

MATERIAL AND METHOD 
 

In this cohort study, out of total 55 patients presenting with hip 
lurch, total 41 cases were enrolled having perthes disease. The 
14 patients were excluded because of secondary causes. The 
whole of the study was carried out in the Department of 
Orthopaedic Surgery in collaboration with Department of 
Biochemistry of our institution. The Institutional Review Board 
and Ethics Committee approved this study which was carried 
out during January 2012 to May 2016. Before enrolment, each 
parent/guardian’s written informed consent was obtained.  
 

All children of either sex with age more than 4 years and less 
than 14 years diagnosed (clinical and radiological) as a case of 
perthes disease and parent / guardians are willing for inclusion 
were included in the study. The children of age less than 4 
years or more than 14 years, children suggestive of other 
causes of avascular necrosis such as sickle cell anaemia, steroid 
use, significant trauma hip (such as fracture & dislocation), 
DDH, previous hip surgery or multiple epiphyseal dysplasia, 
children/parents  not willing to be included, children on cancer 
chemotherapy, Immuno-compromised patients, clinical rickets 
with clinical deformities and children with different skeletal 
dysplasia were excluded. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Table 1 Patients Demographic Data 
 

 
Herring Lateral Pillar Classification p-value 

B 
(N=16) 

B/C 
(N=03) 

C 
(N=22) 

 

Age 8.75±2.64 8.33±1.52 9.22±2.59 p=0.7749 
 

Sex 
Male 13 (31.7) 2 (4.8) 16 (39.0) 

p=0.7768 
Female 3 (7.3) 1 (2.4) 6 (14.6) 

Socioeconomic Status 

Super Rich ≥ 12,00,000 0 0 0 

X2 =4.411 
p=0.8183 

 
 

Rich Class 2,40,000- 0 0 0 
Upper Class 60,000- 2 (4.8) 0 1 (2.4) 
Middle Class 20,000- 2 (4.8) 0 3 (7.3) 
Lower Class 12,000- 3 (7.3) 1 (2.4) 4 (9.7) 

Poor Class 6,000- 5 (12.1) 2 (4.8) 6 (14.6) 
Wretched Class ≤ 6,000 4 (9.7) 0 8 (19.5) 

 
Site 

Unilateral 
L 8 (19.5) 2 (4.8) 8 (19.5) 

X2 =1.949 
p=0.7451 R 6 (14.6) 1 (2.4) 9 (21.9) 

Bilateral 2 (4.8) 0 5 (12.1) 
Total No of family 

members 
1 to 2 6 (14.6) 2 (4.8) 7 (17.0) X2 =1.391 

p=0.4987 3 or more 10 (24.3) 1 (2.4) 15 (36.5) 

House 

Pukka 
House 

Room with separate kitchen 4 (9.7) 1 (2.4) 4 (9.7) X2 =0.7259 
p=0.6956 Room without separate kitchen 2 (4.8) 0 3 (7.3) 

Kucha 
House 

Room with separate kitchen 2 (4.8) 1 (2.4) 2 (4.8) X2 =1.595 
p=0.4504 Room without separate kitchen 8 (19.5) 1 (2.4) 13 (31.7) 

Occupation of guardian 

Professional 0 0 1 (2.4) 
 

X2 =7.11 
p=0.8502 

Semi professional 1 (2.4) 0 3 (7.3) 
Clinical/Shop Owner/Farm 

Owner 
3 (7.3) 0 1 (2.4) 

Skilled Worker 4 (9.7) 1 (2.4) 6 (14.6) 
Semi Skilled Worker 6 (14.6) 1 (2.4) 5 (12.1) 

 Unskilled Worker 2 (4.8) 1 (2.4) 4 (9.7) 
Unemployed 0 0 2 (4.8) 

Occupational Hazardous 
activity 

At Home 4 (9.7) 1 (2.4) 5 (12.1) X2 =0.8296 
p=0.6605 At Office 2 (4.8) 0 4 (9.7) 
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After the demographic data recording, the diagnosis of perthes 
was established as per standard clinico-radiological parameters. 
The cinical parameters were: onset of groin pain or discomfort 
with abductor lurch, limitation of hip joint movements 
(especially abduction and internal rotation). The radiographic 
signs considered for establishing diagnosis of perthesinclude 
condensation or fragmentation of the epiphyseal ossification 
center with or without loss of femoral head height with or 
without sphericity. 
 

These patients were subjected to uniform institutional standard 
protocol (Multiple drilling of head with or without derotation 
osteotomy). The clinico-radiological examination was done and 
the patients were categorized accordingly based on their X-ray 
findings (Lateral pillar classification) [Fig-1]. In Clinical 
examination, parameters such as presence or absence of 
Trendelenburg sign, range of motion (Abduction, Int. rotation) 
were done. Venous blood (2ml) was collected in plain vials and 
estimation of Lead (Pb) and Cadmium (Cd) were done using 
Inductively Coupled Plasma-Optical Emission Spectrometer 
(ICP-OES) as per standard protocol. Furthermore, the serum 
heavy metal (Pb& Cd) concentrations were correlated with 
clinico-radiological profile of perthes groups classified as per 
lateral pillar classification. Also the comparative analyses were 
made to these perthes groups with the exclusive demographic 
data. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

RESULTS 
 

In our study we analysed 41 patients with perthes disease out of 
which 31 (75.6%) were males and 10 (24.3%) were females. 
The mean age of all the patients was 8.9± 2.54 range (4-14) 
years. All patients were grouped into Group I [(with Hearing 
B) n=16], Group II [(with Hearing B/C) n=3] and Group III 
[(with Hearing C) n=22)] as per Herring lateral pillar 

classification.  The mean age of the patients of group B, B/C 
and C were 8.75±2.64, 8.33±1.52 and 9.22±2.59 respectively. 
 

Demographic parameters shown in table-1 & 2 showing no 
significant association. However while analyzing 
socioeconomic status, most of the patients were from the poor 
class. We  found that twenty six patients were having 3 or more 
family members. Most of the perthes disease patients were 
from rural areas, residing in Kucha house without any separate 
kitchen (n=22). Most of the perthes disease patient’s guardians 
are semi-skilled workers (n=12) and skilled workers (n=11), in 
which n=10 attendants doing the occupational hazardous 
activity at home. Also, most of the perthes disease patients 
were using the non-municipal water (n=25), were exposed to 
passive smoking (n=19) by any mean and were non-vegetarian 
(n=23).  
 
 
 
 
 
 
 

 
 
 
 
 
However all these demographic characteristics of patients were 
statistically non-significant [Table 1 &2]. 
 

On the basis of heavy metal blood concentration, these patients 
were divided into two groups (as per heavy metal 
concentration) in two group-one with normal and other with 
abnormal concentration group. Total 30 patients (73.1%) 
showed abnormal Pb concentration while 26 patients (63.4%) 
showed abnormal Cadmium (Cd) level in serum. Serum Pb 
level of 42.81±24.33 in group C and serum Cd level of 
0.04±0.07 in group B/C observed to be maximum [Table-3 & 
4; Fig-2]. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Statistical significant differences were found in Pb level 
between B and C (radiological parameter) and Abduction and 
Internal rotation (clinical parameter). Significant positive 
correlations were found Pb level with the clinico-radiological 
severity of perthes disease patients.  

Table 2 Patients general environmental exposure 
 

 
 

Herring Lateral Pillar 
Classification 

 
B 

(N=16) 
B/C 

(N=03) 
C 

(N=22) 
 

Locality 
Urban 5 (12.1) 0 7 (17.0) X2 =1.341 

p=0.5115 Rural 11 (26.8) 3 (7.3) 15 (36.5) 
 

Water 
Intake 

Municipal 7 (17.0) 1 (2.4) 8 (19.5) 
X2 =0.2564 
p=0.8797 Non Municipal 9 (21.9) 2 (4.8) 14 (34.1) 

 
Smoking 

Active 0 0 0 
-- 

Passive 5 (12.1) 1 (2.4) 13 (31.7) 
 

Food Habit 
Vegetarian 6 (14.6) 2 (4.8) 10 (24.3) X2 =0.9191 

p=0.6316 Non-Vegetarian 10 (24.3) 1 (2.4) 12 (29.2) 
 

 

 
Figure 1 Flowchart of Methodology 

 

Table 3 Number of patients with serum Lead and Cadmium 
levels 

 

Heavy 
Metals 

Range 
(µg/dl) 

B 
(n=16) 

B/C 
(n=03) 

C 
(n=22) 

 
Pb 

Normal (10-20) 04 (25%) 00 07 (39%) 
Abnormal 12 (74%) 03 (100%) 15 (61%) 

 
Cd 

Normal (0.05-0.2) 05 (31%) 01 (33%) 09 (41%) 
Abnormal 11 (69%) 02 (67%) 13 (59%) 

 

Table 4 Serum Lead and Cadmium level in patients. 
 

 
 

Herring Lateral Pillar Classification 
B 

(N=16) 
B/C 

(N=03) 
C 

(N=22) 
Lead (µg/dl) 

 
27.18±18.88 32.66±22.18 42.81±24.33 

Cadmium 
(µg/dl) 

0.03±0.04 0.04±0.07 0.04±0.05 
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However, no statistical significant observations were founded 
in Cd level between the groups [Table-5, 6 & 7; Fig-3a, &3b]. 
No patients showed any other skeletal manifestation (like 
osteoporosis, teeth abnormalities, angular deformities, kyphosis 
etc.) of heavy metal toxicity. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
DISCUSSION 
 

Pollution has reached an alarming stage age worldwide 
including in India. One can escape from the hazardous 
pollutant and may inhale or ingested by several different 
means. Different anthropogenic activities carried out due to 
various reasons are the major cause of environmental pollution 
(Jaishankar et al., 2014). As far as humans are concerned, 
pollution may bethe one of the main reason for serious 
illnesses. Various pollutants with their different chemical 
composition, reaction emission, properties, persistence in the 
environment, ability to be transported in long or short distances 
and their eventual impacts on human health have been reported. 
Among these pollutants different gaseous (SO2, NOx, CO etc.) 
and organic pollutants (dioxins etc.), heavy metals (Pb, Cd, Hg 
etc.)in air and/or water are the major areas of concern.  
Industrial activities lead to considerable generation of 
hazardous waste especially in developing countries like in 
India. 
 

The determination of whether or not a substance poses a health 
risk to humans is based on clinical, epidemiological, and/or 
animal studies which demonstrate that exposure to a substance 
is associated with health effects. In the context of human health 
‘‘risk’’ is the probability that a noxious health effects may 
occur. In current scenario, due to huge urbanization and 
pollution, the heavy metal toxicity is on alarming phase. 
Therefore, author hypothesized that there may be an 
association/correlation of serum heavy metal concentration 
with the clinico-radiological profile of perthes disease in 
children. To prove above hypothesis, in this study author aims 

 

 
 

Figure 2 Number of patients with serum Lead and Cadmium levels 
 

Table 5 Difference in serum Lead and Cadmium level in 
patients categorized as per lateral  pillar classification 

 

 B  vs  B/C B/C  vs  C B  vs C ANOVA 
Lead (µg/dl) 

 
p=0.6576 
t= 0.4512 

p=0.50 
t= 0.6827 

p=0.03* 
t= 2.14 

p=0.1114 
F=2.32 

Cadmium 
(µg/dl) 

p=0.7951 
t= 0.2638 

p=0.8954 
t= 00.1329 

p=0.4540 
t= 0.757 

p=0.7631 
F= 0.2723 

 

*Significant 
 

Table 6 Difference in serum Lead and Cadmium level in 
patients categorized as per clinical parameters 

 

 
Clinical Parameters 

 

Serum Lead (Pb) Concentration 

P-value 
Normal Heavy 

Metal 
Concentration 

[n=11] 

Abnormal Heavy 
Metal 

Concentration 
[n=30] 

Trendelenburg 
sign 

+ive 7 24 
p=0.4132 

-ive 4 6 

Abduction 18.21±2.35 (11-25) 16.23±2.44 (09-18) 
t=2.324 

p=0.025* 

Internal rotation 08.47±1.13 (06-12) 06.25±1.07 (04-10) 
t=2.143 

p=0.038* 

 

Serum  Cadmium (Cd) Concentration 

 
Normal Heavy Metal 

Concentration 
[n=15] 

Abnormal Heavy 
Metal 

Concentration 
[n=26] 

Trendelenburg 
sign 

+ive 6 15 
p=0.3408 

-ive 9 11 

Abduction 19.55±2.61 (9-21) 18.23±2.13 (13-25) 
t= 1.760 
p=0.0863 

Internal rotation 07.09±1.36 (06-10) 07.82±1.07 (04-12) 
t= 1.191 

p= 0.2408 
 

*Significant 
 

Table 7 Correlation of serum Lead and Cadmium level 
with severity patients categorized as per clinico-radiological 

parameters. 
 

Pearson r 

Radiological 
Parameter 

Clinical Parameters 

Pillar 
Classification 

Trendelenburg 
sign 

Abduction Int. rotation 

Pb 
r2=0.1084; 
p=0.0356* 

r2=0.1632; 
p=0.0930 

r2=0.1902; 
p=0.0498* 

r2=0.1831; 
p=0.0590* 

Cd 
r2=0.0140; 
p=0.4603 

r2=0.1457; 
p=0.1342 

r2=0.1377; 
p=0.1574 

r2=0.1118; 
p=0.2515 

 

*Significant 

 

 
a 

 
b 

 

Figure 3 Serum (a) Pb & (b) Cd level in patients classified as per lateral  
pillar classification. 
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to analyzed the heavy metals [lead (Pb) and Cadmium (Cd)] in 
the peripheral blood of the perthes disease patients and to 
correlate these concentrations with the clinico-radiological 
profile of perthes disease. 
 

These observations, especially the heavy metal concentration to 
a toxic level, compel us to think about that by what mean we 
prone to heavy metal toxicity? Is the serum heavy metal metals 
concentration was the real culprit to alter the human physiology 
that leads to various disorders, especially to the bones? 
Whether our epidemiological life style/status affects our 
physiology? All these questions must be answered by us as this 
is really very important. 
 

Many of the previous studies reported that apoptosis of 
osteoblasts and osteoclasts is a strictly regulated process and 
plays vital role in physiological bone turnover and in the 
development of various pathological conditions in skeleton 
(Lechner et al., 2000), but none of the studies have questioned 
the association of these mechanism with the etiopathogenesis 
of perthes disease patients so far. Alteration in 
osteogenesis/bone remodeling is the one of the most important 
factor in the pathophysiology of perthes disease, which leads to 
development of severe deformity in the affected hip and thus 
affecting the clinical course of the disease (Molloy et al., 1996;  
Singh et al., 2016(d); Sanja et al., 2015; Tsai et al., 2015).  
 

As no study was still conducted on perthes disease patients in 
relation to heavy metal, the present study was first to correlate 
the serum heavy metal analysis with the clinico-radiological 
progression of perthes disease along with epidemiological 
profiling of the enrolled patients via questionnaire.  
 

Carmouche et al. (2005), experimental animal’s exposed to Pb 
showed inhibition of fracture healing by showing a significant 
decrease in osteoprogenitor cell frequency, increased 
chondrogenesis, and delay in cartilage mineralization. Monir et 
al. (2010), also pointed that Pb suppressed the Wnt/β-catenin 
signaling in fracture repair which might cause delay in 
endochondral ossification and conversation of cartilage tissue 
to bone. Also Pb effectively reduced the overall size of the 
mineralized callus. In fact, Pb exposure has shown reduced 
bone mineral properties and bone strength in mice and rats 
(Monir et al., 2010). This may affect the regeneration phase of 
perthes disease. 
 

Several studies have revealed that bone is one of the target 
organs for Cd toxicity (Aoshima et al., 2003; Wang et al., 
2003; James et al., 2013; Sadeghi et al., 2014). It also had been 
noted that high concentrations of Cd (>10 µg/dl) inhibits the 
process of vascularization by inhibiting vascular endothelial 
growth factor (Aoshima et al., 2003). In separate studies by 
Wang et al (2003); Brzoska et al (2004) and Coonse (2007) it 
was observed that exposure of Cd leads to various bone 
pathologies like osteoporosis, osteopenia. Several studies 
(Wang et al., 2003; Brzoska et al., 2004; Coonse et al., 2007; 
Chen et al., 2011; Chen et al., 2013; Bhattacharyya MH, 2009; 
Wittman et al., 2002) revealed that Cd might affect the bone 
remodeling process by stimulating the differentiation and 
activity of osteoclasts, but inhibits osteoblast activity and 
differentiation, which may resulting in decreased bone mineral 
density and prone to fracture incidence.  Study by Chen et al. in 
2011and further in  2013 observed that even low-level 
exposure to Cd disturbs the bone metabolism and furthermore 

increased the urinary Ca excretion and subsequent skeletal 
demineralization, that may leads to major bone loss and 
increase bone fragility. Jin et al. (2004) and Martynowicz 
(2004)  in a study demonstrated the inhibitory effect of Cd on 
synthesis and/or release of endothelium derived vasoactive 
substances (e.g. nitric oxide - NO) that may also leads to 
increased superoxide anions as a result of Cd-induced oxidative 
stress. On the other hand, exposure of endothelial cells to Cd 
significantly increased the secretion of vasoconstrictors 
(angiotensin-II and endothelin-I)  (Bilgen et al., 2003). Cd can 
directly inhibit endothelial migration and tube formation. These 
aspects could supposed to contribute vascular (Haversian) 
canal constriction in the rats exposed to Cd (Bilgen et al., 
2003). These observations may be significant as these may 
affect the necrotic phase as well as regeneration in perthes 
disease. 
 

As per the above evidences, Pb as well as Cd toxicity may 
affect the bone remodeling and vascularization process. Thus 
we may conclude that although there are insufficient evidences 
that heavy metals contribute in the causation of ischemia of 
perthes disease but the evidences and also the present study 
observations do support the hypothesis that the heavy metal 
toxicity may affect the natural history of perthes disease. 
However, due to being a single centric study with a small 
sample size, we are unable to generalized our observation, 
which was the limitation of the study. The authors favour for 
more multi-centric studies with large sample sizeto establish 
the association of heavy metal with the clinic-radiological 
profile of perthes disease. This can help in opening new 
horizons in the diagnosis as well as management of perthes 
disease.   
 

CONCLUSION 
 

Now a day due to huge urbanization, heavy metals are 
considered as one of the significant environmental pollutants 
that are inhaled / ingested by the human beings by different 
means. In the present study, we observed that the 
epidemiological/environmental factors with special reference to 
heavy metals may contribute a significant role in natural 
history ofperthes disease.This is the first study to explore the 
role of heavy metal with clinico-radiological severity of perthes 
disease patient. And definitely this will open a new scope of 
research in the complex etiological process of perthes disease. 
However to establish the role of heavy metals in causation of 
perthes is still an area of future research. 
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