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Aim: The aim of the study is to describe the mandible of children with 

protein energy malnutrition.  

Methods: This study was conducted by rapid review using online 

databases such as Pubmed, ScienceDirect, and Google Scholar reffered 

to PRISMA diagram which was carried out within the month February 

to May 2021. The inclusion criteria for this study were articles in 

English published between 2010-2021, and discussing the effects of 

protein energy malnutrition to the growth of the mandible.  

Results: Five articles with cross sectional study design were screened 

in this study from a total of 97 articles identified. Mandibular size in 

individuals with protein energy malnutrition is smaller than in 

individuals with adequate nutrition. 

Conclusions: Mandible of children with protein energy malnutrition is 

smaller than mandible of children with normal nutrition status. 
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Introduction:- 
Protein-energy malnutrition (PEM) or also known as protein-energy under-nourishment (PEU) according to WHO is 

a nutritional disease in which a person experiences malnutrition caused by a lack of energy or protein intake. The 

severity and clinical picture of PEM show food deficiency in the form of marasmus and kwashiorkor[1]. PEM is a 

global issue that is still being suffered by many people in developing countries with varying degrees of severity in 

each country[2]. From research conducted by UNICEF in 2006, It was found that the number of children under five 

suffering from PEM in Africa is 35 million, while in South Asia it is 78 million[3]. In Indonesia, Basic Health 

Research Data (Riskesdas, 2010) reported the prevalence of PEM in Indonesia based on measurements of body 

weight for age is 17.9%, categorically, consisting of 13%  undernutrition and 4.9%  malnutrition respectively[4]. 

 

Chronic PEM, as well as low absorption of bone-forming minerals such as calcium and zinc, can cause bone growth 

retardation which is a determinant of body height[5]. In addition, PEM will also affect the growth of the jaw bones. 

This was proven by Garat's research (2007) whose results showed that there were differences in the length of the 

mandible, the length of the condylar processes, and the angular processes in research rats[6]. Mice with PEM have 

smaller jaws compared to normal rats[4]. The results of a study by Ahmed (2017) proved that children who suffer 

from malnutrition have different lengths, arch, and jaw widths compared to normal children[7]. This condition 

occurs because PEM has a very large influence on the speed of hard tissue development so it will cause a reduction 

in bone width and slow down the process of ossification in the center of bone growth[8]. Zaid and Ban conducted a 
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study on 78 children with PEM compared to 80 children with normal nutrition, the results obtained were that the 

average mandibular posterior arch length of children with PEM was 21.1 mm meanwhile children with the normal 

condition were 22.4 mm. This indicates a significant difference in the length of the arches of the two groups of 

research subjects[9]. 

 

The mandibular bone is the place where the lower teeth are attached so that the disruption of mandibular growth can 

interfere with the mastication process[10]. This study aims to identify mandibular features in children with PEM so 

that they can be used as a basis for the prevention of mandibular growth disorders due to protein energy 

malnutrition. 

 

Materials AndMethods:-  
This research was a literature review, which is a systematic method for identifying, evaluating, and interpreting 

articles, research, and others. The method used in this research wass Rapid Review, which is a method of 

synthesizing evidence in a short time, generally carried out in under 5 weeks, concerning the Preferred Reporting 

Items for Systematic Review and Meta-analysis (PRISMA) guidelines[11,12]. Article searching was conducted 

through Pubmed, ScienceDirect, and Google Scholar in the last 15 years. The keyword combinations used in 

Pubmed are ('protein energi malnutrition' AND 'jaw) OR ('malnutrition' AND 'jaw) OR ('protein energi malnutrition' 

AND 'bone growth') OR ('protein energi malnutrition' AND 'mandible '). Whereas on Google Scholar and 

ScienceDirect, it is done using a combination of the keywords "Protein Energy Malnutrition", "Jaw", "Growth and 

Development", and "Mandible". Additional searching was carried out by selecting manually, namely by looking at 

the references to the articles that have been found. 

 

The inclusion criteria in this study were articles that discussed the relationship between PEM and mandibular bone 

growth, research was conducted on humans, and was in English. On the other hand, articles that were incomplete 

and discussed other malnutrition that affected mandibular bone growth were included in the exclusion criteria. 

Furthermore, articles that fit the inclusion criteria were then selected for analysis. The research was conducted for 

approximately 5 months, starting from January to May 2021. The data extracted from the articles consisted of the 

author's name, year of publication, journal name, research title, type of study design, study population, study results, 

and conclusions from the study were then analyzed descriptively. 

 

Results:-  
From searching through Pubmed, we found 20 articles, 18 articles from ScienceDirect, and 59 articles from Google 

Scholar searches. The total number of articles identified was 97 articles. The first screening was done by removing 

duplicate articles, then followed by reading the title and abstract of the article. The subsequent screening was carried 

out by adjusting the inclusion criteria, such as checking the year of publication and the language used, then the 

bibliography of each article was searched for manual selection. The final screening was done by reading the ent ire 

text. The screening process resulted in five articles that match with the criteria for review (Fig.1). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 1:- Prisma flow chart of article search results. 

20 articles had been 

identified via Pubmed 

18 articles had been 

identified via ScienceDirect 

59 articles had been 

identified via Google Scholar 

 

97 articles have been 

identified 

94 articles were obtained after eliminating duplicate 

articles 

18 articles were obtained after screening title and abstract 

 

5 articles were obtained after adjustment with the inclusion 

criteria 

 5 articles were obtained according to the 

topic  
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Articles that fit the inclusion criteria are presented in Table 1. All articles that fit the inclusion criteria used the 

cross-sectional method, with the following description; one article discusses malnutrition accompanied by the 

presence or absence of crowding, two articles discuss malnutrition through comparison of jaw size, and two articles 

discuss the presence or absence of malocclusion. 

 

Table 1:- Articles used in research. 

N

o 

Auth

or 

Y

ea

r 

Journal Title Study 

Design 

1 EsraaS

etal 

201

6 

IraqiOrthodo

ntic 

Journal 

TheAssociationbetween 

MalocclusionandNutritional 

Statusamong9-11YearsOld 

Children 

CrossSec

tional 

2 ZaidSa

adi 

Hasan 

Ahmed

etal 

201

5 

InternationalJ

ournal 

OfScienceand 

Research(IJS

R) 

TheEffectofNutritionalStatus 

onArchWidthandLengthofPermanentTeethamongFifteenY

earsOldStudents 

CrossSec

tional 

3 ZaidSa

adi 

Hasan 

Ahmed

etal 

201

5 

JournalofBag

hdad 

CollegeofDen

tistry 

TheEffectofNutritionalStatus 

onArchWidthandLengthofPrimaryTeethamoungFiveYears

OldKindergartenChildren 

CrossSec

tional 

4 ErikaB

etal 

201

0 

InternationalJ

ournal 

OfEnvironme

ntal 

Researchand

Public 

Health 

IsMalnutritionAssociatedwithCrowdinginPermanent 

Dentition? 

CrossSec

tional 

5 SaeedH

etal 

201

4 

DentalColl

ege 

Journal 

IsthereanyrelationshipBetweenmalocclusionand 

Nutritionalpatternofchildren 

CrossSec

tional 

 

The results of data extraction from each article are presented in Table 2. Three of the five articles used in this study 

used 1,385 children as samples. The other two articles used 2,227 teenagers as samples. The PEM group identified 

in this study were individuals who had a BMI z-score < –2SD and a BMI growth chart according to the Centers of 

Disease Control. 

 

Table 2:- The analysis results of the articles used in the study. 

No Author, 

Year 

The study aim The study 

population 

Relationship between 

PEM and mandible 

Conclusion 

1. EsraaS, et 

al. 2016 

To evaluated the 

relationship 

between 

malocclusion and 

nutritional status of 

children aged 9-11 

1. Gender 

 Males: 312 

 Femlaes: 288 

2. BMI 

 Normal  

Males: 184  

Females: 164  

 Obesity 

Males: 128  

Females: 110  

 PEM 

Females:14  

1. There was no 

anterior cross bite in 

PEM children 

2. Posterior crossbite 

was found in 2 girls 

with PEM 

3. Crowded teeth were 

found in 4girls with 

PEM 

1. The small number 

of crossbite cases 

in children with 

PEM is caused by a 

change in the size 

of the maxilla and 

mandible. 

2. Cases of crowding 

teeth in girls with 

underweight are 

inconsistent with 

other studies,which 

state that there is 
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no relationship 

between PEM and 

crowding teeth 

3. Significant 

relationship 

between BMI and 

bad habits can be 

caused by 

symptoms of 

obesity such as 

respiratory 

problems and sleep 

apnea 

2. Zaid S, et 

al. 2015 

Estimating the 

effect of nutrition 

on arch width and 

length in a 15-year-

old child 

167 youth aged 15 

years: 

1. 83 people suffer 

from malnutrition 

2. 84 normal 

nutrition people 

1. The mandibular 

inter-canine 

distance was 

significantly shorter 

in subjects with 

PEM than in normal 

subjects 

2. The mandibular first 

inter-premolar 

distance was 

significantly shorter 

in subjects with 

PEM than in normal 

subjects 

3. The mandibular 

second inter-

premolar distance in 

subjects with PEM 

was significantly   

than in normal 

subjects shorter 

4. The mandibular first 

inter-molar distance 

in subjects with 

PEM was 

significantly shorter 

than in normal 

subjects 

5. The mandibular 

second inter-molar 

distance in subjects 

with PEM was 

significantly shorter 

than in normal 

subjects 

6. The size of the 

mandibular anterior 

arch in subjects 

with PEM is 

significantly smaller 

than in normal 

subjects 

7. The size of the 

1. The size of the 

mandible in 

subjects with PEM 

is smaller than in 

normal 

subjects,meanwhile

, the size of the 

maxilla is still 

larger than the 

mandible 

2. The effect of PEM 

is seen in the 

inhibition of hard 

tissue growth and 

development. 

3. PEM has the effect 

of reducing the 

width of the bones 

and slowing the 

emergence of 

ossification centers 

4. The mean values of 

the width and 

length of the arches 

and the distance 

between the teeth 

in the maxilla and 

mandible were 

smaller in subjects 

with PEM 

compared to 

normal subjects. 
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entire mandibular 

arch in subjects 

with PEM was 

significantly small 

compared to normal 

subjects 

3. Zaid S, et 

al. 2015 

Estimating the 

effect of nutrition 

on arch width and 

length in a 5-year-

old child 

158 children 

aged 5 years, 

consist of: 

1. 78 people suffer 

from 

malnutrition 

2. 80 normal 

nutrition people 

1. The mandibular 

inter-canine 

distance was 

significantly shorter 

in subjects with 

PEM than in normal 

subjects 

2. The mandibular 

inter-molar distance 

in subjects with 

PEM was 

significantly shorter 

than in normal 

subjects 

3. The size of the 

mandibular anterior 

arch in subjects 

with PEM is 

significantly smaller 

than in normal 

subjects. 

1. The mean values 

of the width and 

length of the 

arches for the 

maxilla and 

mandible in the 

PEM group were 

lower than those 

in the adequately 

nourished group 

in both genders. 

2. PEM affects 

inhibiting hard 

tissue growth and 

development by 

reducing the 

width of the bone 

and slowing the 

emergence of 

ossification 

centers. 

4 Erika B, 

et al. 

2010 

Investigate the 

relationship 

between nutritional 

status and the 

reduction space for 

the eruption of 

permanent teeth 

(tooth crowding) 

2060 youth aged 

12-15 years 

There is a relationship 

between crowding 

teeth with low height-

for-age and mouth-

breathing habits 

1. PEM affects 

mandibular size 

with or without 

oral bad habits 

2. Oral bad-habits 

along with PEM 

will cause 

crowding teeth. 

5 Saeed H, 

et al. 

2014 

Investigate the 

relationship 

between nutritional 

status and 

maloclusion 

627 children 

aged 7-15 years, 

consist of: 

1. 276 males 

2. 349 females 

 

There is a relationship 

between crowding 

teeth with low height-

for-age and sucking 

habit. 

1. PEM affects 

mandibular size 

with or without 

oral bad-habits 

2. Oral bad-habits 

along with PEM 

cause crowding 

teeth. 

 

 

Discussion:-  
Bone is a hard tissue of the body that functions to form the body, protect the organs of the body, as a means of 

movement, storage of body salts, and as a supply of new blood cells from the bone marrow.Bone growth requires 

minerals and nutrients, one of which is a protein that functions to regulate hormone production as well as growth 

factors,  and helps bone synthesis, so protein deficiency (protein malnutrition) can affect bone growth[13]. Protein-

energy malnutrition is a condition in which the body experiences malnutrition caused by lack of protein 

micronutrients[15]. The study of Heinrichs et al. states that a lack of protein consumption results in a reduction in 

the number of chondrocytes in hypertrophied and proliferative areas so that the height and length of the bones are 

reduced[16]. Several previous studies have proven that PEM affects reducing the width and length of the normal jaw 

arch[9,12]. This causes a narrowing of space for the teeth to erupt[17,18]. 
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Erika, et al. examined the relationship between nutritional status and reduced space in the mandible for the eruption 

of permanent teeth by observing whether there is crowding. From this study, it was found that there was crowding of 

permanent teeth in individuals with PEM, especially those with height-for-age disorders. On the other hand, research 

by Erika et al. did not find crowding of primary teeth in children under five years of age with PEM. The difference 

in the presence of crowded teeth in permanent and primary teeth is because children aged five years and under, have 

not experienced nutritional deficiencies for a long time which affect jaw size.The peak of jaw growth occurs at the 

age of 6-14 years in girls and 12-18 years in boys[19]. Erika et al. also concluded that there is a relationship between 

height-for-age and facial bone growth which can affect space for tooth eruption. Low height for age is closely 

related to the inhibition of facial bone growth. In addition, Erika et al found that crowding of teeth in individuals 

with PEM was accompanied by various other factors, such as mouth breathing habits, premature tooth loss, and 

socioeconomic status[20]. 

 

Saeed et al conducted a study by looking at the presence or absence of malocclusion caused by a narrowing of the 

jaw space in individual with PEM. Saeed et al had previously conducted literature observations which found that 

research animals suffering from PEM experienced reduced jaw size and space for teeth to erupt, causing crowding 

of teeth. [21]. However, further research by Saeed et al found no relationship between malnutrition and 

malocclusion in humans. In that study it was found that malnutrition can cause malocclusion only when it is 

accompanied by the habit of thumb sucking as a child[22].Based on the research of Erika et al and Saeed et al, it can 

be concluded that PEM can cause a smaller jaw arch size without causing crowding teeth/malocclusion. Thus, 

malocclusion will only occur if PEM sufferers have bad habits and other predisposing factors. 

 

Esraa S, et al. through their research on the relationship between malocclusion and nutritional status in children aged 

9-11 years which was conducted by investigating whether there is crowding due to jaw constriction and crossbite, 

proving that there is no significant relationship between BMI with anterior and posterior crossbite and almost no 

cases of anterior or posterior crossbite were found in children with PEM cases. Cases of crossbite detected in 

children with PEM are caused by a decrease in the size of the mandibular and maxillary arches that occur 

simultaneously, not only in the maxilla or mandible[23].Thus, this is relevant to the results of a study by Zaid, et al 

who concluded that the size of the mandible and maxilla in the PEM group was lower compared to the normal 

nutrition group[9,12]. 

 

Zaid et al conducted a study on 167 adolescents aged 15 years who were divided into groups of protein energy 

malnutrition and adequate nutrition groups based on BMI. The age of 15 years is a critical human phase where the 

influence and history of malnutrition can be seen[24,25]. In addition, this age is also a period when the growth of 

permanent teeth is complete and the peak of jaw growth takes place. In their research, Zaid et al took digital images 

of the mandible and maxilla to measure the distance between the incisor, canine, premolar, and molar teeth, as well 

as the width and length of the mandibular arch in the PEM group and the normal nutritional group.The results of 

their research concluded that the average spacing between teeth and the width of the arches in PEM patients were 

shorter than those of normal nutritional children. This reduction in the width and length of the arch occurs in the 

maxilla and mandible simultaneously. Furthermore, Zaid, et al found that although jaw size varies for each 

individual, in general, the maxillary arch is still larger than the mandible[12].  Differences in jaw size depend on the 

severity of malnutrition for each individual. PEM can affect the inhibition of the speed of growth and development 

of hard tissue, which will ultimately affect the size of the width of the bone and slow down the ossification 

center[25,26]. The same thing was obtained from the second study by Zaid et al on the mandible of 158 children 

aged 5 years. Zaid found that the distance between the canines and molars, as well as the maxillary and mandibular 

anterior arches was shorter in the group of children with PEM[9]. 

 

The conclusion of this study is that the width and arch of the mandible in children with PEM are smaller than 

children with normal nutrition.Changes in jaw size in children with PEM occur in the maxilla and mandible 

simultaneously. Smaller mandibular size in PEM children may be accompanied by crowding and malocclusion if 

they have oral bad habits such as thumb sucking or mouth breathing. 
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