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ABSTRACT 

Previous studies have shown that patients with Juvenile 
Diabetes have growth retardation. Also, previous researches have also 
that there is relationship between the general body growth and 
craniofacial maturation. The purpose of this study was to evaluate 
the craniofacial morphology and to relate it to the degree of diabetes 
in children with Juvenile Diabetes. Thirty growing children (age 
range 14-16 year) who had Juvenile Diabetes (JD) for 3-5 years and 
that were been treated by daily administration with insulin were 
studied. Another healthy thirty children with no familial history of 
any endocrinal disorders or Juvenile Diabetes and who attend the 
orthodontic /Pedodontic clinics of KAAU seeking orthodontic 
treatment were chosen. Lateral cephalomteric radiographs were taken 
for each patient after consenting patients to participate in this study. 
All cephalometric radiographs were corrected for magnification 
distortion and analyzed to evaluate their craniofacial growth status. 
The results showed that JD patients are underdeveloped in most of 
the craniofacial skeletal and soft tissue parameters when compared 
with the control group. 

INTRODUCTION 

 Diabetes mellitus (DM) is described as a clinical syndrome characterized by 

inappropriately elevated fasting and /or post-prandial blood glucose, and by the 

development of long-term microvascular, macrovascular and neuropathic 
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changes.1 It is a disturbance of energy metabolism due to deficiency of insulin or 

its action. It is characterized by altered homeostasis of carbohydrates, proteins 

and fats.2  

Insulin-dependent diabetes mellitus (IDDM) is the most frequent 

endocrinal metabolic disorder of childhood, and is characterized by severe 

insulinopenia, requiring exogenous insulin to prevent ketosis and to preserve 

life.2 According to the National Diabetes Data Group (1979) 3, the typical 

manifestations IDDM are glucosuria, ketonuria, and random PG (Plasma 

Glucose) >200. Juvenile diabetics are defined as patients in whom the onset of 

the disease starts before the age of 15 years.4 In these patients, the disease is 

called juvenile diabetes (JD), Ketosis prone diabetes, or brittle diabetes. 5 

 The occurrence of the disease in the United States is reported as 

1.42/1000; 6 1.9/1000 among school age children with an estimated ratio of 

0.7/1000 at 5 years of age to 2.8/1000 at 16 years. 2 Males are more frequently 

diagnosed with the disease in early childhood, while females are more frequently 

diagnosed in late childhood.7 The overall prevalence of diabetes mellitus in 

Saudi Arabia was reported to be 9.7% and 7.0%, obesity 13.05% and 20.26%, 

overweight 27.23% and 25.20%, and hypertension 5.39% and 3.65% in the adult 

male and female populations respectively.8 In Egypt, the prevalence was 

estimated to be 0.33/1000 for females and 2/1000 for males.9 Patients with 

IDDM are subject to ketosis and are sensitive to insulin. Physical manifestations 

are absent in mild diabetes. In severe neglected IDDM, there is dehydration, 

ketosis, dry skin and mucous membrane, and hypotension. There may also be 

skin infections, peripheral neuropathy, peripheral vascular insufficiency, cataract 

and diminished visual power from retinopathy.5 Complications of Juvenile 

IDDM include osteolysis (diabetic osteopathy), characterized by juxta-articular 

bone defects occurring in the feet, which may be self-healing.10 There is 

increased glycosylation of skin collagen in IDDM due to increased accumulation 

of stiff and less degradable collagen. Also, limited joint mobility is reported in 

92% of patients with IDDM between the ages of 10-20 years. It is postulated that 

IDDM is associated with growth retardation.11,12  Hand-wrist radiographs have 

been studied in juvenile diabetics.13 There is delayed appearance or delayed 

development of a center of ossification, usually of a carpal bone. These defects 

occur twice as frequently in boys than in girls, and the total incidence of juvenile 

diabetics with anomalies and developmental defects is 24.3%. There is also 

retardation of bone growth in 60% of diabetic males and 51% of diabetic 

females. The longer the duration of diabetes, the greater the tendency to bone 

growth retardation. The decreased bone mass in diabetics has been explained by 
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decreased proliferative capacity of the diabetic fibroblasts, and early senescence 

of all cells has been suggested as basic to the diabetic problem. This 

degeneration would lead to early osteopenia in bone.14  The yearly bone loss was 

reported to be 1.35% in patients with JD.15  In addition, the rate of bone mineral 

loss is significantly greater among patients with a deterioration of the metabolic 

state, despite increasing insulin dosage, when compared to patients with 

unchanged or improved insulin secretion. This may indicate that the exogenous 

insulin administration doesn’t fully compensate for the decrease in endogenous 

insulin secretion. These studies also showed increased bone resorption in JD 

patients with no signs of vitamin D deficiency associated with the disease. 

Vertebral bone density has been studied in IDDM children.16 It was found that 

diabetic children exhibited cortical bone density that was slightly, but significantly, 

lower than the controls. The decrease in cortical bone density in the diabetic 

group did not correlate with age, sex, duration of diabetes, or glycosylated 

hemoglobin levels. These results suggested that in children with uncomplicated 

IDDM, decreased vertebral bone density is a minor abnormality that affects only 

cortical bone. El-Bialy, et al., 2000 studied the craniofacial morphology and 

skeletal maturation in juvenile diabetics. 17 They concluded that the diabetic 

patients showed decreased skeletal maturation and decreased cephalometric 

linear and angular measurements when compared with the control group. 

However, there was no other reported data in Saudi Arabia that investigated this 

deficient craniofacial skeletal growth in JD patients. The aim of the study was to 

study the craniofacial morphology of JD. 

Material and Methods 

   The experimental group consisted of 30 patients with juvenile diabetes 

chosen from the Department of Pediatrics at King Abdul Aziz University 

hospital, Jeddah, KSA. The selection criteria were: 

1. Patient ages between 14-16 years  

2. Onset of diabetes was at least 5-6 years before enrollment in the study 

3. No display of any other systemic or local diseases that could affect the general 

body development or craniofacial morphology.  The control group consisted of 

30 nondiabetic normal individuals in the same age range (14-16 years) and 

paired with the JD patients. They were elected from the outpatient clinic of the 

Faculty of Dentistry, King Abdul Aziz University hospital, Jeddah, KSA. 

Selected patients were seeking routine dental treatment other than orthodontics 
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and were without recognized abnormalities. For each subject enrolled in this 

study, the following records were taken: 

1- Lateral cephalometric radiograph with the teeth in habitual occlusion; 

cephalometric landmarks and lines were identified (Figure1) 

2- Detailed medical and dental histories.   

All cephalometric tracings were corrected for magnification distortion. In 

order to minimize the error of measurements, two investigators working 

independently performed all linear and angular measurements. When their 

measurements were within 0.5 mm for the linear measurements, 0.5 degrees for 

the angular measurements, the average of the two measurements was used. If 

there was a greater disparity, each investigator performed two additional 

measurements and either the mean of the four measurements, or if there was an 

obvious misreading, the mean of the homogenous three measurements was used. 

To compare the samples, differences among the means were established 

using the student t-test which evaluated the difference in all parameters. The 

association between the craniofacial variables and those describing skeletal 

maturation were assessed by means of correlation coefficient test. 

RESULTS 

Figure 1 show templates of the cephalometric analyses for both JD and 

control groups. 
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Figure 1: Cephalometric landmarks 

Table 1. Comparison of skeletal cephalometric measurements for juvenile diabetic 

patients (S) and control group (C). 

Variables 
S 

X                 SD 

C 

X               SD 
P 

Linear measurements 

 

S-N 

S-Ba 

S-Go 

S-Ar 

S-GN 

A-PM 

CD-Go 

GO-Me 

N-Me 

N-ANS 

ANS-Me 

(S-Go) (N-Me) % 

(ANS-Me)(N-Me) % 

 

Angular measurements  

 

S-N-A 

S-N-B 

A-N-B 

S-N-Pg 

Facial angle 

Cranial base angle 

N-S-Ar 

Gonial angle 

SN-mand. PL. 

SN-Palatal PL. 

FH-mand.PL 

Y-Axis 

Pm-S-Ba 

 

 

70.5 

45.3 

72.3 

32.1 

124.2 

47.8 

50.2 

71.8 

115.7 

51.7 

64.9 

60.5 

54.1 

 

 

 

82.3 

77.2 

5.3 

78.4 

86.6 

124.7 

117.4 

113.4 

34.4 

9.2 

27.3 

59.5 

56.5 

 

 

3.2 

5.3 

4.1 

2.9 

5.9 

4.3 

3.1 

5.4 

5.8 

3.2 

3.9 

3.5 

3.1 

 

 

 

3.5 

3.1 

2.2 

2.7 

2.9 

3.8 

5.3 

4.3 

5.5 

2.8 

3.8 

3.7 

4.8 

 

 

73 

48.7 

77.4 

35.1 

128.7 

53.1 

56.3 

76.8 

124.8 

56.8 

69.6 

64.4 

55.2 

 

 

 

84.1 

78.6 

5.7 

78.7 

87.3 

129.2 

124.3 

115.6 

33.7 

12.6 

26.2 

62.7 

57.5 

 

 

3.1 

3.2 

4.8 

2.8 

5.2 

2.3 

2.9 

2.9 

6.2 

3.5 

4.6 

3.2 

2.9 

 

 

 

2.6 

2.9 

2.8 

3.2 

3.3 

2.9 

4.3 

3.9 

4.7 

3.4 

4.2 

2.5 

4.5 

 

 

< 0.05 

< 0.05 

< 0.001 

< 0.001 

< 0.01 

< 0.001 

< 0.001 

< 0.01 

< 0.001 

< 0.001 

< 0.01 

< 0.05 

> 0.05 

 

 

 

< 0.05 

> 0.05 

> 0.01 

> 0.05 

> 0.05 

< 0.05 

< 0.001 

> 0.05 

> 0.05 

< 0.01 

> 0.05 

< 0.01 

> 0.05 

Table 1 shows comparison of skeletal linear and angular measurements 

between JD and control groups. Table 2 shows comparison of soft tissue linear 
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and angular measurements between JD and control groups. It can be seen that JD 

patients are below average of all skeletal and sift tissue parameters than the 

control group. 

Table 2. Comparison of soft tissue cephalometric measurements for JD patients (S), and 

control group (C). 

Variables S C P 

Linear measurements 

 N-PRN 

 PRN ____ N-PGs. 

 PG-PGs 

Ricketts UL 

Ricketts LL 

Angular measurements 

S-N-PRN 

N-PRN-PG 

 

47.8 

21.6 

13.2 

- 2.1 

1.5 

 

117.3 

136.5 

 

5.6 

3.2 

2.1 

1.8 

1.3 

 

4.6 

5.3 

 

54.2 

26.7 

13.8 

-1.5 

2.2 

 

113.2 

130.6 

 

 

4.4 

2.5 

2.3 

1.8 

1.9 

 

4.2 

5.7 

 

< 0.001 

< 0.001 

> 0.05 

> 0.05 

> 0.05 

 

< 0.05 

< 0.01 

DISCUSSION 

Juvenile diabetes mellitus has been shown to affect the general growth of 

patients with earlier onset of the disease, especially onset before or around the 

circumpubertal growth spurts.13,14,18 Many investigators have reported that this 

growth impairment in JD patients is more significant in boys than in girls.19,20 

Males comprised the selected sample in order to obtain more representative data 

regarding skeletal maturation from hand-wrist radiographs. To see the effect of 

diabetes on the circumpubertal growth spurt, the selected sample ages ranged 

between 14 and 16 years. These patients had been diagnosed with diabetes at 

least 5 years before the study. The lateral cephalometric analysis showed that all 

linear measurements were decreased in JD patients. These linear measurements 

have been reported by many investigators as being craniofacial growth 

indicators.21,22 Study of the cephalometric angular measurements in JD patients 

revealed that there was decreased ANB angle, which may be due to a decreased 

SNA angle. This may indicate that JD may affect the forward growth of the 

maxilla. In addition, S-N-Ar angle was reported to increase during successive 

years of normal growth. JD patients showed a decreased S-N-Pg angle. Although 

this decrease is not significant, it may indicate that JD can affect chin 

prognathism, which was reported by Kerr23 to increase significantly between 5 
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and 15 years. Gonial angle showed slight but not significant increase in juvenile 

diabetic patients. This angle was reported by Broadbent21 to decrease during the 

successive years of normal growth of the mandible. The mandibular plane 

inclination to the anterior cranial base angle was increased, but not significantly 

in JD patients. This angle was reported by Broadbent21 and Kerr23 to decrease 

between 5 and 15 years in normal individuals. The inclination of the maxilla to 

the anterior cranial base (SN-palatal plane) showed a significant decrease in JD 

patients. This angle was also reported by Broadbent and Kerr to increase 

between 5 and 15 years in normal individuals. The inclination of the body of the 

mandible to the Frankfort horizontal plane shows slight but not significant 

increase in JD patients. This angle has been reported to show a slight decrease in 

a normal sample during successive years of growth up to puberty. The Y-axis, 

the downward and forward mandibular growth indicator, is significantly 

decreased in JD patients. The bony nasopharynx Pm-S-Ba 

showed a difference between the 2 groups; this may be due to a 

combination of many factors, such as decreased maxillary length and cranial 

base angle in JD patients. The percentage of posterior face height to total 

anterior face height is not significantly decreased in JD patients. In addition, the 

percentage of the lower anterior face height to the total anterior face height was 

not significantly decreased. This may be due to the decrease of all linear 

measurements in JD patients. Most of our results are in agreement with the 

results reported by El-Bialy, et. al 17 This may be due to similar etiological 

factors of the JD in the middle east, however, this speculation would require 

further investigation to validate it.  

Summary and Conclusion 

This study investigated the effects of juvenile diabetes mellitus on 

craniofacial morphology and growth as well as on skeletal maturation. The 

sample consisted of 30 male patients with ages between 14 and 16 years. All of 

these patients were diagnosed with diabetes not less than 5 years before the 

study, and none displayed any other diseases that could affect general body 

development or craniofacial morphology.  

The control group consisted of 20 normal males in the same age range (14 

to 16 years) without a display of any disease that could affect general body 

development or craniofacial morphology paired with the JD patients. Lateral 

cephalometric radiographs were taken for each subject. JD patients were shown 

to be underdeveloped in most of the parameters when compared with the control 

group. Although further studies are needed to confirm the findings of this study, 
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it appears that craniofacial morphology and skeletal maturation are affected by 

diabetes mellitus, especially before and during circumpubertal growth spurts. 

These findings should be considered when craniofacial orthopedic problems are 

diagnosed and treated injuvenile diabetic patients. 
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