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Abstract

Background: Mental retardation, an incomplete development of mental capacities, and associated
behavioral abnormalities caused by a variety of genetic as well as environmental reasons where non-
syndromic or idiopathic cases account for 30-50%. Owing to the different applications, anthropometry
has turned out to be an excellent tool in the medical field. In the present study baseline, facial and
cephalometric measurements are used to assess mental retardation.

Methods: In the present study parameters such as body height, body weight, occipito-frontal diameter,
anterio-posterior dimension, biparietal diameter, cranial height, facial height, bi-zygomatic distance,
nasal length, nasal breadth, inner canthal distance, outer canthal distance, inter-pupillary distance are
measured to identify the variation in mentally retarded children. Cranial capacity, Cephalic index,
Cephalic length-height index, Transverse cranio-facial index, and facial and nasal indices were also
calculated. All the data obtained are statistically analyzed using SPSS version 22.0.

Results: A significant change in the height was noted in males in the study groups | and 111 (p<0.05).
Significant changes were noted in the Cephalic Index, Cephalic Length Height Index, Cranial Capacity,
and Nasal Index in some of the study subjects when compared to the normal subjects. The cephalic index
of the study subjects was found to be significantly lesser than that of normal children.

Conclusion: The present study has clearly explicated the association between mental ability and
cephalometric indices, in idiopathic mentally retarded children.

Keywords: Cephalometric indices, cranial capacity, nasal index, anthropometry.

Introduction

Mental retardation is stated as the incomplete development of mental capacities and associated
behavioral abnormalities. It is regarded as the “sub-average intellectual functioning which originates
during the developmental period and is associated with impairment in adaptive behaviour". The Mentally
Retarded children will have very low 1Qs due to developmental period insufficiency and also it is
coherent with adjustment behavioral problems M. Mental healthcare professionals in the United States
have classified Mental Disorders as Mild, Moderate, Severe and Profound based on the functioning level
of a person [, It can be either associated with other syndromes such as Down Syndrome, Hydrocephalus,
Cerebral Palsy, Lead Poisoning, Fanconi Anemia, Phenylketonuria, Muscular Dystrophy,
Homocystinuria, Tuberous Sclerosis, Basal Cell Nervous Syndrome or it can also occur as an isolated
finding such as problems during pregnancy, during child birth and illness or any injury. Among mentally
retarded individuals, non-syndromic or idiopathic cases account for 30-50% of cases as described in the
Gale Encyclopedia of Medicine. About 5% of idiopathic cases are inherited from a person's parents and
other causes such as prenatal illness, childhood illness, and environmental factors, etc. . Idiopathic
mental retardation is often missed by clinicians as it's not associated with any other syndromes.
Diagnosis mainly includes family history a close physical examination and careful developmental
assessment of the child. Anthropometry study can be used widely and also it plays a vital role in the
application of human measurement. Being the most portable, universally applicable, less expensive, and
noninvasive technique for assessing the size, proportions, and composition of the human body
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anthropometry has more practical applications principally in areas of genetic research and work place
ergonomics in the modern era [, Anthropometry is a tool to assess mental retardation through a series of
measurements like facial — head parameters and their relation to other body measurements. Cephalometry
is a specialized area of anthropometry, which deals with the quantitative study of the head. Higher
incidence of malocclusion in mentally retarded children compared with control children 1, malocclusion
in children affected with Down syndrome [ increase in the head circumference due to an abnormal
pattern of Brain development in autism [ etc. could be effectively studied by Cephalometry. In the light
of above the present study used parameters such as body height, body weight, occipitofrontal diameter,
anterior-posterior dimension, biparietal diameter, cranial height, facial height, bi-zygomatic distance,
nasal length, nasal breadth, inner canthal distance, outer canthal distance, inter-pupillary distance to
identify the variation in mentally retarded children.

Methods

Study population

One hundred and seventy-three children with pure idiopathic mental retardation in between 4 and 9 years
were selected from the various institutions for mentally retarded children viz Santhi Nilayam, at
Nagercoil, Anugraha at Nithravilla and other small institutions in and around south Tamil Nadu.

Control group

The control group consists of 200 school-going children who did not exhibit any mental deficiency and
were selected by the respective teachers on the basis of average intelligence in studies and behavior,
indicating normal mental development.

Group I: 4 &5 years

Group I1: 6 & 7 years

Group I1l: 8 & 9 years

Anthropometry
Apart from general parameters like height and weight, Cephalometric parameters were also measured [,

Height

The subject was asked to stand bare foot on the floor with heels, buttocks, back, and head touching the
upright wall. The feet were placed parallel to each other, the head held straight, the shoulders held
comfortably and arms hung to the maximum with palms touching the thighs. The height was measured
using an anthropometer and was recorded to the nearest of a millimeter.

Weight

The subject was asked to stand barefoot in the center of the platform of a standardized weighing machine
exerting equal pressure on both feet without any movement. The weight was recorded as one-tenth of a
kilogram.

Cephalometry
All the measurements were taken with the subject sitting in a chair, in a relaxed condition & the head in
the anatomical position.

Head Circumference (Occipito frontal Circumference OFC)

Using flexible centimeter taps the circumference was noted at the level of external occipital protuberance
and glabella, the midpoint of the portion of the frontal bone above the nasal root between the supraorbital
ridges.

Anteroposterior Dimension (APD)
The maximum length of the cranial diameter from the glabella to the external occipital protuberance was
measured using a spreading caliper.

Biparietal Dimension (BPD)
Using a spreading caliper, the greatest horizontal and transverse diameter above the supra mastoid region
on the head was measured.

Cranial Height
The distance between the vertex superiorly and the superior border of the auditory opening inferiorly was
measured by spreading the caliper.

Facial Height
The distance between the glabella and the symphysis menti was measured using a sliding caliper.
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Bi-zygomatic Breadth
The distance between the midpoints of two zygomatic arches was measured using a spreading caliper.

Nasal Length
The distance from nasion to tip of the nose was measured by using sliding caliper.

Nasal Breadth
The distance between the alae of the nose is measured using a spreading caliper.

Inner canthal distance (ICD)
Distance between the medial angles of the eyes was measured with a sliding caliper.

Outer Canthal Distance (OCD)
Distance between the lateral angles of the eyes was measured using a sliding caliper.

Inter-Pupillary Distance (IPD)
Distance between the two pupils was calculated by Pryor’s (9) formula:

IPD=0CD-ICD/2 +ICD

Calculation of the Indices

1. Cranial Capacity

Cranial capacity is an indirect approach to evaluate the size of the brain. Cranial capacity can be
calculated as per the formula suggested by Hrdlicka and Montagu given below (10).

Male Cranial Capacity=0.000337 (L-11) (B-11) (H-11) + 406.01cc.

Female Cranial capacity = 0.000400 (L-11) (B-11) (H-11) + 206.60 cc.

L: Length of the cranium.

B: Breadth of the cranium.

H: Height of the cranium.

2. Cephalic index
Cephalic index = (Bi-parietal distance/ Cephalic height) x 100.

3. Cephalic length-height index
Cephalic length-height index = (Cranial height/Cranial length) x 100.

4. Transverse craniofacial index
Transverse cranio-facial index = (Bizygomatic distance/ Biparietal distance) x 100.

5. Facial index
Facial index = (Bizygomatic distance/Facial height) x 100.

6. Nasal index
Nasal index = (Nasal breadth/ Nasal length) x 100.

7. Head shapes
The cephalic index is categorized into different classes to find the head shapes. The categories of head
shapes are shown in Table 4.

Statistical analysis

Statistical analysis was performed using SPSS version 22.0. Quantitative Variables were expressed as
mean + standard deviation. Qualitative variables were expressed as frequency and percentage.
Differences between groups of quantitative variables were evaluated by unpaired t-test. Between groups,
comparisons of qualitative variables were analyzed by Chi-square test. A p-value obtained > 0.05 was
considered statistically significant.

Result

The anthropometric analyses were carried out by measuring height, weight, cephalic dimensions, canthal
and pupillary measurements and craniometrical Indices and cephalic Indices were calculated. A
significant change in the height (Table 1) was noted in males in the study groups | and 111 (p<0.005).
Weech’s formula was applied to find out the expected height at different age groups; Age in years X 6 +
77. According to this formula, the expected heights are 107cm, 119 c¢cm, and 131 cm respectively for
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group |, group and group 111 respectively. In group | study groups showed a lesser value in both genders
as the controls subjects exhibited a higher value than the expected height. In group Il, only the females in
the control group exhibited higher values than the expected height while the height of all the subjects in
the control group of group I11 was greater than the expected value. No significant changes were observed
in the weight (Table 1) of the study groups when compared to that of the control groups in all age groups.
Expected weight of the subjects was calculated using Weech’s formula (Age in years X2 + 8, for age
group 1-6 years and Age in years X 7- 5/2, for age group 7-12 years) and was noted as 18 kg, 22 kg and
29 kg respectively for group I, Il and IIl. A significantly low occipito frontal dimension (p<0.001) and
high cranial height (p<0.001) values were noted in males in all study groups. Similarly, the female
subjects in the study groups were observed with significantly low (p<0.001) values in occipito frontal
dimension, anterio-posterior dimension, facial height, and nasal length. No significant differences were
found between the canthal and pupillary measurements of the study and control subjects (Fig. 1). (Table
3). Based on the observed cephalic indices all mentally retarded subjects were categorized under
ultradolichocephalic and hyperdolichocephalic.
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Fig 1: Comparitive analysis of inner canthal, outer canthal and interpupilary distance in mentally retarded and
normal children

Table 1: Comparison of height and weight in mentally retarded and normal children

A Male Female Male Female
%ee%rr(;;m Study arou Control Study Control Study Control Study Control
Y y group group group group group group group group
4&5 _'_11013;53* 116.40 £5.34 lgg'gl 112.03 £8.57 ﬂé% 17.60 £2.57 }_ggé 17.90 £3.34
6 &7 |125.33 £4.40/126.05 +9.91 1_'_158'1225 123.83£7.94 zggg 20.38 +4.61 42_%5 21.83 £5.34
126.73 144.19 128.28 131.07 3141 25.00
8&9 | igig~ | 41672 | 4554 | +13.04 | +10.27 [3840%17.01 1553 [29.00+10.98

Values are expressed as mean + S.D, Oneway ANNOVA followed by unpaired t test * p<0.001, ** p<0.05

Table 2: Comparisons of cephalic dimensions between control and mentally retarded children

Cranial Measurements (cm) Male Study Group Male Control Group

Group | Group Il | Group Il | Group | | Group Il | Group 111

Occipito frontal Dimension | 9.59+0.79* |9.95+0.51*| 10.07+0.77* |25.87+0.9527.73+0.8526.60 +5.41
Cephalic length 15.78 +1.12|16.95+1.22| 16.85 +0.75 |16.36+0.31f16.17+1.2316.87 +1.31
Bi-parietal Dimension 7.77+1.36 | 9.52+1.34 | 8.66+0.93 |9.71 +0.76|9.52+0.59|10.74 +0.77
Cranial Height 13.37+1.05*(16.00+0.93*14.89 +1.14 %11.85+0.5812.90+0.5313.18 +0.79
Facial height 10.04 +0.96 |10.60 £1.06| 10.90 +1.11 |10.54+0.67/10.77+0.4811.05 +0.42
Bi-zygomatic Distance 11.28 +0.79 |11.40 £0.49| 11.99 +0.92 |11.58+0.6311.92+0.5912.02 +0.8(
Nasal length 4.32+0.61 | 4.03+0.38 | 4.31 +0.66 |4.23 +0.29|4.35 +0.64|4.69 +0.32

Nasal Breadth 2.81+0.63 | 3.10 +0.16 | 3.17 +0.44 |2.73 +0.17|3.15 +0.29| 3.23 +0.38

Female Study Group Female Control Group

Group | Group Il | Group Il | Group | | Group Il | Group 111
Occipito frontal Dimension |9.63 +0.47 *{9.95 +0.42*| 10.12+0.51* [25.95+1.07]25.80+1.3628.16 +0.81
Cephalic length 14.97 +1.27 %15.83 £1.44| 16.68 +1.40 |16.26+0.5216.00+0.9416.56 +0.58
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Bi-parietal Dimension 8.39+0.35 | 9.29 +0.46 | 13.37 +0.68 | 9.35 +0.4 {11.02+1.0913.19 +0.55
Cranial Height 13.63+0.25*|15.20+0.44* 13.35+0.92*|11.35+0.8413.80+0.7311.35 +0.60
Facial height 9.57 +0.21 *| 9.90 +0.58 | 10.68 +0.88 |10.2 +0.31|9.95 +0.70{10.69 +0.39
Bi-zygomatic Distance 11.13+1.3 |11.42 +0.78| 11.51 +0.41 |11.71+0.5711.65+1.2011.54 +0.30
Nasal length 3.77 £0.4* | 3.87 +0.27 | 4.13 +0.55* |4.36 +0.32|4.33 +0.50| 4.62 +0.26
Nasal Breadth 2.9+0.46 |2.97+0.26* 3.09+0.36 |2.78 +£0.13|2.63 +0.19| 3.00 +0.24

Values are expressed as mean + S.D, Oneway ANNOVA followed by unpaired t test * p<0.001, ** p<0.05

Table 3: Comparitive analyses of cephalometric indices innormal and mentally retarded children

Cephalometric Indices Male Study Groups Male Control Groups
Group | Group 1l Group 111 Group | Group 1l Group 111
Cephalic Index 58.16 +8.04% | 59.61 +5.34% | 59.53+3.88% | 81.56 +5.35| 77.76 +4.73 | 73.84+7.32
Cephalic Length Height Index| 84.73 +4.492 | 88.49 +5.18% | 94.39+6.18? [70.28 +3.75| 73.51+7.24 | 79.77+4.21
Cranial Capacity 406.01 +0° [406.01 +0.019/406.02 +0.019/406.02 +0.01/406.03 +0 4.31] 406.03 +0.01
Transverse Cranio-facial Index|145.17 +8.26°(127.51 +6.199] 119.74+5.79 | 119.25 +4 | 128.86 +1.8 | 125.21+4.48
Facial Index 112.92 +9.329/108.39 +£11.95] 110.59 +9.04 [ 110.23 +8.7| 110.84 +7.04 | 108.72 +5.95
Nasallndex 66.14 £15. 79| 77.25+3.36 | 74.4 +12.06 | 64.8 £5.87 | 73.41£9.44 | 68.87 £7.24
Body Mass Index 15.81 £2.489| 12.77 £2.049| 17.68 +4.73 | 12.96+1.4 | 1595+2.1 | 19.69 +6.86
Female Study Groups Female Control Groups
Group | Group Il Group 111 Group | Group Il Group 111
Cephalic Index 61.61 +4.149] 63.17 +3.61% | 61.16+3.44% [82.38 +11.82 77.17 +9.88 | 79.86+6.08
Cephalic Length Height Index| 91.04 +5.712 | 89.70 +6.687 | 96.09 +6.522 [ 70.38 +4.86| 80 +5.57 86.25 +5.01
Cranial Capacity 206.5 +0° | 206.61 +0.01| 206.6 +0.019|206.6 +0.01| 206.6 +0.01 [206.61 +0 2.97
Transverse Cranio-facial Index 132.67 +7.89| 127.31 +£5.15 | 122.92 +4.76 (125.24 +3.14 125.53 +2.07 | 105.71+3.02
Facial Index 116.36+13.26(115.92+13.62| 108.47 £9.97 |114.88 +6.27| 116.89 +4.37 | 108.04 +3.61
Nasallndex 76. 75+5.48° | 76.87 +6.53" | 76.18 +14.77 | 64.23 +6.77| 60.91 +3.41 | 65.02 +.73
Body Mass Index 14,91 £3.29 | 14.08 +2.42 | 16.69 £5.03 |14.18 +1.45| 14.95+2.37 | 15.22 +1.58

Values are expressed as mean = S.D, Oneway ANNOVA followed by unpaired t test a- p<0.001, b- p<0.05, ¢ -p
0.038, d- p< 0.05

Table 4: Classifications of headshapes according to cephalomatric indices

Percentage of occurrence

Shapes of head Cephalic index Stl?dy group Control group
Ultradolichocephalic <64.9 78 7.7
Hyperdolichocephalic 65.0 —69.9 22 5.8
Dolichocephalic 70.0-74.9 0 23.1
Mesocephalic 75.0- 79.9 0 26.9
Brachycephalic 80.0-84.0 0 154
Hyperbrachycephalic 85.0 - 89.0 0 154
Ultrabrachycephalic >90.0 0 5.8

Discussion

Though a slight reduction in the height of the subjects was noted in other groups, none was statistically
significant other than the males in the study group I. The present study partially agrees with the findings
of Sukinder 4, where growth in mentally challenged individuals is found retarded when compared to
normal individuals. Although the study subjects were observed to possess less weight and their
respective control groups exhibited a higher value than the expected weight, the differences were not
statistically significant. In contrast to the present findings, Sanjay and Nadgir reported a significant
reduction in height (p<0.001) and weight (p< 0.001) of mentally retarded subjects when compared to
normal individuals M 12, Obesity in mentally retarded adults was previously reported by Hoey %1, The
interlinkage of physical and mental retardation was clearly observed from the lower values in height and
weight in the study conducted by Hoadley in 1929 {14 The growth pattern not only depends on
malnutrition but also on the heredity of an individual. Mentally retarded children in the present study
groups are dependent and were assisted by parents or caretakers. If proper caring and assistance can be
given the level of malnutrition in any functionally dependent person can be reduced. The above quoted
findings of the study advocate that the study subjects were well cared for and were not malnourished.
Morphological changes in mentally challenged individuals have great importance and their quantitative
evaluation is being extensively done worldwide [*5%81. Significant changes were noted in the cranial and
facial measurements of the study subjects in all age groups. The finding of the present study also
coincides with the findings of Krogmanand Romi 1% 4. Where decreased values of cranial dimensions
were observed in the mentally retarded male and female subjects. Similar finding was also discussed by
many other researchers [% 2. 211 The cranial capacities of study subjects (all male and 161 females) were
significantly low when compared to the normal. Study groups were found to possess low transverse
cranio-facial index when compared to normal children. An interesting finding of the present study is that
most of the normal control subjects are brachycephalic i.e., cephalic index of more than 80, followed by
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mesocephalic and dolichocephalic, most of the mentally retarded subjects were ultra-dolichocephalic
followed by hyper dolichocephalic which is inconsistent with the findings of Shukla D et al. 22 where
the mean cephalic index of the mentally retarded group was 82% (brachycephalic head shape). In the
present study head size of the mentally retarded is smaller compared to the normal children. The size of
the brain indirectly corresponds to cranial capacity, and hence decreases in the cranial capacity of
mentally retarded children support the view that brain size is smaller in them 2% 23, The findings of the
presents study concur with the findings of Sunitha (2016) while researchers like Nagarkar, et al. 2! and
Shailaja et al., % suggest that dominant head shapes of mentally retarded are brachycephalic and normal
children are mesocephalic. Hyper brachycephalic subjects with mental retardation were also reported [25]
found. Microcephaly has been associated with mental retardation 1. Growth reduction of the brain can
also be evident by the decreased values of cranial index; length-height index and facial index putting
forward a slower growth of the cranium. The present study suggests that the smaller head size of the
idiopathic mentally retarded children reflects their brain size and hence cephalometric indices can be
used as an important tool to detect and measure mental retardation in children Anthropometry, being an
important tool to find out the level of intellectual functioning in children can pave way for finding out
and rehabilitation of underperforming children to improve motor function and to prevent body
deformities especially which occur during puberty.

Limitations of the study include the difficulty in availing case history as the family members abandoned
many of the subjects and some were reluctant to reveal the details. Inadequate cooperation of mentally
retarded children made the study time consuming.

Conclusion

The present study has clearly explicated the association between mental ability and cephalometric
indices, in mentally retarded children with pure idiopathic reasons. The study confirmed that the
anthropometric parameters used in the present study are well suited to indirectly analyze mental ability
and can be applied to sort out the under performers thereby they can be given more attention and thus the
mentally retarded can achieve milestones like normal children.
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