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Relationship between protein deficiency accompanied by low
body mass index with the head shape and face type of 6-7
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ABSTRACT

Introduction: Environmental factors such as socio-economic and nutrients factor can affect the
dimensions and proportions of the body. Nutritional intake has a long-term effect on physical growth and
can be assessed through body mass index up to age. Children with a nutritional disorder are characterised
with low body mass index. This study was aimed to analyse the relationship of protein deficiency and low
body mass index on the head shape and facial type of 6-7 years old children. Methods: The research type
was descriptive correlative, and the research was conducted towards 16 subjects with low body mass
index. Protein deficiency was assessed from food intake for 3 x 24 hours through food recall method and
interview. The measurement of the cephalic and facial index was carried out to find out the head shape
and face type, and then to correlate with protein deficiency and body mass index. Data was analysed
using the chi-square test with the significance (p-value)<0.05. Results: There was a significant correlation
between protein deficiency and low body mass index with the head shape (p-value=0.007), and the facial
type of 6-7 years old children (p-value=0.027). There was a significant correlation between head shape
with facial type in protein-deficient children with low body mass index (p-value=0). Conclusion: Protein
deficiency accompanied by low body mass index influences the head shape and facial type of children.
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INTRODUCTION

Undernourishment is one of the common
problems found in Indonesia. Basic Health
Research (Riset Kesehatan Dasar; RISKESDAS)
recorded that the prevalence of underweight

school-age children is still high because it only
experiences a slight decrease from 12.1% to 11.2%
from 2007 to 2013. In 2010, there were 35.7%
Indonesian children with stunting. Other study in
Indonesia in 2013 found 18.2% children aged 5-12
years experienced stunted growth.'3
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Changes in body dimension and proportion
during growth is affected by several factors,
including genetics, hormone, environment and
behavior. Environmental factors such as socio-
economic and nutrition often became the causal
factor of disturbances in growth and development
as compared to other factors."*¢ Nutritional
intake has a long-term effect on physical growth
and can be assessed from body mass index to age.
Children with nutritional disorder is characterized
with low body mass index.

Several studies proved that the nutrition
which affects physical growth the most is protein,
all due to it being the basic component of cells and
has a crucial role in relation with the change of
body composition as well as tissue regeneration.”:
Thakur et al® correlated low body mass index
due to protein deficiency to cranium growth of
children aged 5 years and showed that 75% of boys
and girls had mesocephalic and dolichocephalic
with smaller head circumference.

The shape of the head and type of face can
be determined through some cephalic and facial
index using a simple tool. Studies in orthodontics
found that there was no correlation between head
shape and facial type. However, other studies
concluded that there was a correlation between
doliocephalic and leptoprospic face type to
facial profile of school-age children leading to
retrognatism.”' This study was aimed to analyse
the relationship of protein deficiency and low
body mass index on the head shape and facial type
of 6-7 years old children.

METHODS

This study was conducted using correlational
design, and also a part of previous study that
involved 300 subjects aged 6-7 years old from
several elementary school in Bandung, chosen by
Health Office according to low socio-economic
status and was suspected of undernourishment
based on data has collected, and was conducted
multidisciplinary with community health center,
doctors and specialist in Dentistry from Universitas
Padjadjaran. Previous research was conducted
through grouping body mass index, resulting in 42
children who were categorized to have low body
mass index.
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The subjects were determined using
purposive sampling method, and in result, there
were 16 children who fulfilled the inclusion
criteria, which included children who were willing
to be the object of research, children who were
diagnosed with protein deficiency, and children
with orofacial defects/mental retardation or
have a history of surgery in the craniofacial area.
Measurement of height and weight of children
who have a low body mass index based on age was
performed.

Children with low body mass index were
assessed for protein nutritional status by 3x24
hour food recall methods and interviews with
parents/guardians. The results of the assessment
of protein nutritional status were attuned to
the 2013 Nutritional Adequacy Rate and protein
energy adequacy of the Ministry of Health 1999.
Furthermore, measurement of head length and
head width were performed while the head shape
was determined based on calculation of cephalic
index. Measurement of face length and width
were also carried out, then the type of the face
was determined based on facial index. Ethical
clearance of this study was approved by Research
Ethics Committee Universitas Padjadjaran No.68/
UN6.KEP/EC/2018. The chi-square followed
by contingency coefficient test were used to
determine the percentage of relationship between
variables.

RESULTS

The results of the study presented in incorporated
subject characteristics, which was determined
based on protein deficiency, cephalic and facial
index such as in Table 1. Subject characteristics in
Table 1 showed that out of 16 subjects, 14 of them
had severe protein deficiency and two children had
moderate protein deficiency with average protein
intake value of 55.24% per day or equivalent to
28.3 gram.

Table 2 showed a significant correlation
between protein deficiency and head shape.
In severe protein deficiency, two subjects had
doliocephalic, 11 subjects had mesocephalic, and
one child had brachycephalic.

The correlation between protein deficiency
followed by low body mass index with facial type
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represented by facial index measurement can
be seen in Table 3. Table 3 showed the results of
correlation analysis between protein deficiency
and facial type. In severe protein deficiency, it
was shown that three children had euryprosopic,
nine children had mesoprosopic, and two children
had leptoprosopic.

The correlation between head shape and
facial shape of children with protein deficiency
followed by low body mass index can be seen
in Table 4. Table 4 showed the correlation

between head shape and facial shape in children
with protein deficiency followed by low body
mass index. The results of correlation analsis
showed that two children with doliocephalic
head had leptoprosopic face, two children with
mesocephalic head had euryprosopic and nine
children mesoprosopic, and one child with
brachycephalic head had hypereuryprosopic
face and two children with euryprosopic face.
Statistical test results showed p value = 0.000
(< 0.0005). Therefore, it can be concluded that

Table 1. Subject characteristic based on protein deficiency, head shape, and facial type

Variable N X
Protein deficiency 16 55.24
Mild deficiency
Moderate deficiency 2
Severe deficiency 14
Head shape (Cephalic index) 16 78.28
Dolicocephalic 2
Mesocephalic 11
Brachycephalic 3
Hiperbrachycephalic
Facial type (Facial index) 16 86.06
Hypereuryprosopic 1
Euryprosopic 4
Mesoprosopic 9
Leptoprosopic 2

Hyperleptoprosopic

Table 2. Correlation between protein deficiency and head shape

Head shape

Protein - - Contingency P-val
deficiency Dolico Meso Brachy Hiperbrachy coefficient -value
cephalic cephalic cephalic cephalic
Mild 0 0 0 0
Moderate 0 0 2 0
61.8% 0.007"
Severe 2 11 1 0
Total 2 11 3 0
Notes: p-value was determined from the chi-square test
") = significant
Table 3. Correlation between protein deficiency and facial type
Facial type
Protein Contingency P-val
deficiency Hyperegry Eury' Meso. Lepto_ HyperlePto coefficient value
prosopic prosopic prosopic prosopic prosopic
Mild 0 0 0 0 0
Moderate 1 1 0 0 0
60.3% 0.027*
Severe 0 3 9 2 0
Total 1 4 9 2 0

Notes: p-value was determined from the chi-square test
" = significant
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Table 4. Correlation between head shape and facial shape in 6-7 years children with protein deficiency accompanied by low
body mass index

Facial type
Contingency
Head shape  Hypereury Eury Meso Lepto Hyperlepto coefficient P-value
prosopic prosopic prosopic prosopic prosopic
Dolico 0 0 0 2 0
cephalic
Meso 0 2 9 0 0
cephalic
Brachy 1 2 0 0 0 78.2% 0.00*
cephalic
Hypebrachi 0 0 0 0 0
cephalic
Total 1 4 9 2 0
Notes: p-value was determined from the chi-square test
" = significant

head shape had significant correlation with facial
type, with correlation power of 78.2%. This means
that mesocephalic head shape correlated with
mesoprosopic facial type.

DISCUSSION

Protein intake that should be consumed by 6-7
years children according to Nutrient Adequacy
Ratio in 2013 was 36-49 gram or 90-119% per
day."3 The results of this study showed that all
subjects aged 6-7 years followed by low body mass
index experienced protein deficiency. Other study
in 6-24 months children with low body mass index
showed protein deficiency. Jati and Nindya’s study
in twins aged 36-60 months with high body mass
index showed excess protein. Low body mass index
is linked with the role of protein as development
and body regulation substances required for bone
and muscle growth.™

Protein in the body will be digested and
broken down to lysine and arginine, which then
will be used for the growth of tissue and muscle,
especially in children with low body weight.™
Studies in children aged 24-59 months found
that children who rarely consume milk tend to
be shorter in height. Milk contains casein protein
which affects calcium absorption and phosphor
retention in the intestine. Disturbed calcium
absorption can cause low matrix mineralization
of new bone deposit and osteoblast dysfunction,
while prolonged phosphor deficiency will cause
the release of calcium from bone.'™' Other study
toward a rat with protein deficiency showed that
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it also had suffered from hypocalcemia caused
by disturbed intestine absorption due to lack of
albumin protein, which inevitably lead to the
impediment of the calcium to be distributed."”
Characteristic of subject based on head
shape and facial type in Table 1 showed average
cephalic index value of 78.28, which means that
the subjects were dominated with mesocephalic
head, and average facial index value of 86.06,
which means that the subjects were dominated
with mesoprosopic face. Gautam’s study about
five-year old children showed that 75% of boys
and girls had mesoprosopic and dolichocephalic
head shapes with smaller head circumferences.’
Rauten’s research in the South West Region of
Romania stated that the most common facial
shape was mesoprosopic type (57.14%), and the
most common head shape was mesocephalic
type (57.14%) in control group. Similarly, the
measurement done to the test group revealed
mesocephalic type (52.63%) and the mesoprosopic
type (56.57%).'"® Head and brain growth passed the
peak of growth for about 70-80% before the age of
5 to 6, began to grow slowly after, and then having
accelerated growth of once reaching puberty.'®
Correlation between moderate protein
deficiency and head shape showed that two
subjects had brachycephalic head (Table 2). The
results of statistical test showed p-value = 0.007,
which can be concluded that protein deficiency
followed by low body mass index had significant
correlation with head shape, with correlation
value of 61.8%. This indicates that the correlation
of protein deficiency followed by low body
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mass index to head shape was dominated with
mesocephalic. The results of this study were in
accordance with Miller and German?® to rat model
given low protein diet showed shorter and wider
cranium shape compared to control group. Tiwari
et al showed that children with low protein intake
had inhibited growth of brain and smaller cranium
size." The results of this study showed a correlation
between protein deficiencies to head growth which
then affects head shape. The hindrance occurred
due to the inadequacy of protein’s supposed role
as cell developing material, especially during the
first five years postnatal.'?° Thakur and Ghautam
showed that 5-18 years children with low body
mass index caused by protein deficiency had
mesocephalic and doliocephalic, with total of
42.6% girls and 33% boys with mesocephalic head,
and 43% boys and 26.6% girls had doliocephalic
head.® The results of this study showed that most
samples had mesocephalic head.

Facial type according to moderate
deficiency category showed one child had
hypereuryprosopic and one child euryprosopic.
The results of statistical test showed p-value =
0.027. It can be concluded that protein deficiency
followed by low body mass index had significant
correlation with facial type, with correlation
power of 60.3%, which means that the correlation
of protein deficiency followed by body mass index
was dominated by mesoprosopic face. Similar
results were reported in a study in rat model using
cephalometric radiograph and showed protein
deficiency during growing phase can inhibit the
development of mandibular condyle process,
thus affects changes in face shape.' Other study
assessed that the correlation between protein
deficiency to inhibition of growth of jaw length
in rats showed significant effect to facial growth
pattern.?' Jaw length was correlated with head
length growth through synchondrosis, which is
located at the base of cranium and connected the
jaw and cranium.?»?}

According to Franco et al through Hunter
Enlow theory stated that facial morphology
was determined by cranium base which acts
as a mold because it is stable and unchanged.
Meanwhile, cranium morphology is affected by
brain development. Tiwari et al. stated that brain
development can be affected by protein intake,

thus causing smaller cranium size. Facial growth
occurs due to maxilla attached to cranium base by
several sutures, thus the growth of cranium base
directly affects nasomaxillary growth.0.20

Dolichocephalic head had longer brain
shape in the anteroposterior direction and
narrower in transversal direction, resulting in
longer and flatter skull base and wider skull
base angle. The shape of dolichocephalic and
mesocephalic head supported the development of
facial morphology toward lengthier and showed
leptoprosopic and brachycephalic head shape
supported euryprosopic facial type.®'%?The result
of this study was dominated by mesocephalic head
with mesoprosopic facial type.

CONCLUSION

Protein deficiency accompanied by low body mass
index influences the head shape and facial type
of children. The head shape and facial type of 6-7
years children are dominated with mesocephalic
head shape and mesoprosopic facial type.
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