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 Hypofunction teeth are a common problem in orthodontic clinics. This 

study aimed to determine the number of blood vessels in the tension and 

pressured side of hypofunction teeth during orthodontic tooth movement. 

Orthodontic tooth movement was done in the maxillary incisors of eighteen 

Male Wistar rats using a palatal coil spring of 0.012" stainless steel wire to 

deliver 35cN of orthodontic force for separating the maxillary incisors. The 

antagonist's tooth was reduced every two days by two mm to develop the 

upper left tooth's hypofunction. Rats were divided into the normal (N) and 

the hypofunction teeth orthodontic (H) groups and stained by Hematoxylin 

Eosin. The number of blood vessels in the tension and pressure side of 

ligament periodontal on day zero (D0), five (D5), and ten (D10) were 

analyzed using three-way ANOVA. The results showed that blood vessels 

in H groups were significantly lower than in the N groups (p < 0.05). There 

was no significant difference in the number of blood vessels between the 

tension and pressured side (p > 0.05). There was no significant difference 

in the number of blood vessels between days zero, five, and ten (p > 0.05). 

There was no significant difference in the number of blood vessels based 

on the interaction of all variables (p > 0.05). The number of blood vessels 

was affected by the hypofunction condition. During orthodontic tooth 

movement, the number of blood vessels in hypofunctional teeth is lower 

than in the normal teeth group. 

 

 

 

   

 

This work is licensed under a Creative Commons Attribution Non-Commercial 4.0 

International License. 

 

 

1. INTRODUCTION 

Tooth movement in orthodontic treatment is a process of physiological adaptation to mechanical stress on the 

periodontal tissue. Orthodontic tooth movement occurs as a bone remodeling process consisting of bone 

apposition in the tension side and resorption processes in the pressure side [1]. The orthodontic forces affect 

the blood flow to the periodontal ligament. The amount of oxygen in the bloodstream will decrease on the 

pressure side due to periodontal ligament stress. Low oxygen causes reduced Adenosine triphosphate (ATP) 

activity which directly or indirectly affects cellular activity and cell differentiation associated with tissue 

response to capillary blood pressure [2]. Hypofunction teeth are a problem that is often encountered in 

orthodontic clinics. Hypofunctional teeth such as open bite incisors, non-opposing teeth, high positioned 
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canines, and bucco-version or lingo-version teeth are some orthodontic problems that need to be corrected 

[3]. Hypofunction teeth occur in tooth loss, cases of malocclusion, and severe loss of tooth-supporting tissue. 

Loss of normal tooth function can result in changes in the periodontal ligament, namely the narrowing of the 

periodontal space, changes in the direction of collagen fibers, constriction of blood vessels, reduced number 

and volume of blood vessels [4], [5]. Constriction of blood vessels leads to the hypoxia condition of 

periodontal cells and enhances the expression of various cytokines and growth factors that may regulate 

angiogenesis [6], [7]. Vascular Endothelial Growth Factor (VEGF) regulates the formation of new blood 

vessels through VEGF receptors (VEGFRs) and is the key to angiogenesis in tooth movement [5]. 

 

Our objective was to determine the number of blood vessel on the tension and pressure side of hypofunctional 

teeth during orthodontic tooth movement in rats. 

 

2. Materials and Methods 

 

2.1 Animals 

The experimental procedures were performed based on the Institutional Animal Care and Usage Committee 

(ARRIVE guidelines). The Ethical clearance was accepted by the Ethical Committee of Faculty of Dentistry 

of Gadjah Mada University, Yogyakarta, Indonesia, with ethical clearance number 00564/KKEP/FKG-

UGM/EC/2020. The procedure involving rats was carried out using an anesthetic drug and euthanasia 

procedure during rat’s tissue collection as consideration to eliminate any suffering in the rats. Five-month-

old, male, healthy rats weighing ± 400 grams adapted beforehand for seven days on the standard diet. Rats 

were divided into normal occlusion orthodontic (n=9) and hypofunctional occlusion orthodontic groups 

(n=9). In the hypofunctional group, the mandibular left incisors were cut up to two millimeters from incisal 

every two days to obtain consistent hypofunctional conditions throughout the study. Each group consisted of 

three rats with three groups of observation days: day zero (d0), day five (d5), and day ten (d10). 

 

2.2 Experimental Tooth Movement 

Rats were anesthetized using 10% ketamine 35 mg/kg (KEPRO.BV production) and 2% xylazine 5 mg/kg 

(Xyla) intramuscularly during spring installation and reduction of the left lower incisor. The upper incisors 

were separated using a palatal coil spring of 0.012” stainless steel wire (Ortho Prime Inc. USA: 85021201; 

orthoshape SS 0.012”) connected to two metal bands (Dentaurum) with the arm length is five millimeter and 

the coil diameter is ten millimeters. The palatal coil spring was activated by deflecting the arm for 3.4 mm to 

deliver the orthodontic force of 17.5 CN per upper incisor before being cemented using GIC Fuji IX, as shown 

in Figure 1. Then the left lower incisor was cut. 

 

All rats in day zero, day five, and day ten groups were euthanized using overdose the same anesthetic solution 

(lethal dose: ketamine 300 mg/kg BW and xylazine 30 mg/kg BW) intraperitoneally. Cross-sectional slices 

were taken at five millimeter s from the free gingival margin of the upper incisor. 

 

https://www.teikyomedicaljournal.com/


   ISSN: 03875547 

Volume 45, Issue 01, February, 2022 

  

4325 
 

 
Figure 1. Installation of palatal coil spring on rat incisors accompanied by reduction of lower incisors. 

 

2.3 Histological Preparation 

The histological preparations were stained by hematoxylin-eosin. First, the jaw specimen and teeth were 

soaked in 10% formalin acid solution for 24 hours, rinsed with water. Due to the high calcium content, 

decalcification was carried out. The maxilla was then cut and immersed in the same fixation solution for two 

hours at 40C and decalcified using 5% EDTA, pH 7.4 for two weeks at 40C. The decalcified specimen was 

excised to reveal the region of the alveolar bone and the upper incisor of the Wistar rat. Specimens were 

planted in liquid paraffin at a temperature of 70oC, to make paraffin blocks. The specimens in paraffin blocks 

were then sliced with a microtome thickness of five millimeters in the transverse direction. The sliced 

specimens were put in a paraffin water bath at 50oC to remove wrinkles and folds of the slices. Slices of 

specimens were taken and placed on a Lysin Poly L glass object. Deparaffinization was carried out with xylol 

for three minutes then rinsed with running water. Specimens were rehydrated with 100%, 95%, 80%, and 

70% alcohol for 2 minutes, respectively. Residual alcohol was removed by washing the specimen slices under 

running water. Hematoxylin dyeing for two minutes, one-time dyeing in acid alcohol, rinsed under running 

water for two minutes. Eosin dyeing for one minute, then dehydrates with alcohol 70%, 80%, 90% for 30 

seconds each, and purifies with xylol five minutes each after the specimens were dry. 

 

2.4 Histological Study 

The number of blood vessels were counted on the tension and pressure side under an optical microscope 

(Olympus CX33) with 400-time magnification in six fields of view every slide. Magnification was 

photographed using a camera (Sigma) integrated with Image J software. Blood vessels appeared as a lumen 

surrounded by flattened endothelial cells filled with red blood cells and counted by two observers. 

 

2.5 Statistical Analysis 

Bland Altman Test showed only three from 36 observations that were out of the limit of agreement. The 

suitability of the measurement from the two observers were very good (91.7%). All data were normally 

distributed and homogeneous. The data were analyzed using the three-way ANOVA test followed by the Post 

Hoc test, Multiple Comparison (LSD). 

 

3. Finding and Discussion 

The highest number of blood vessels on the tension side was the day 5 normal teeth group as it was shown in 

table 1, figure 2. The lowest number of blood vessels was the pressured side of the day five hypofunction 

teeth group. 

 

The number of blood vessels on normal teeth increased until day five then decreased until day ten, both on 

the pressure and tension side. The number of blood vessels in hypofunctional teeth tended to decrease until 
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day five and then increase up to day ten, both on the pressured and tension side. 

 

Table 1. The mean and Standard deviation of the number of blood vessels in the normal and hypofunctional 

group of teeth in orthodontic tooth movement 

The Number of Blood Vessels 

   d1  d5 d10 

  
Mean 

Standard 

Deviation 
Mean 

Standard 

Deviation 
Mean 

Standard 

Deviation 

N Tension 16.33 3.21 33 21 17 14.11 

 Pressure 14 4 17.33 10.69 15.33 2.52 

H Tension 15.67 6.81 10.33 7.51 11 7.21 

 Pressure 12 7 10 5.29 14.67 5.03 

 

 
Figure 2. Comparison of the number of pressure and tension side blood vessels in the normal and 

hypofunction teeth days 0, 5, and 10. The three-way ANOVA analysis followed by post hoc showed that in 

the tension side normal teeth group, day 5 was higher than in day 0 and day 10, as well as in day 0 and day 

10 of the pressure side group (P<0,05) and all the intra and inter hypofunction groups are not significantly 

different (P<0,05). d0 = day zero, d5= day five, d10= day ten. 

 

The difference in the number of blood vessels on the pressured side of the tension side of a hypofunctional 

tooth can be seen in figure 3 and 4. It will appear that the number of blood vessels will tend to decrease to the 

fifth day and will increase until the 10th day. 
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Figure 3. Blood vessel (arrow) of hypofunctional group in pressured and tension side 

 

 
Figure 4. Blood vessel (arrow) of normal group in pressured and tension side 

 

The results in table 2 show that the number of blood vessels in the H group is significantly lower than the N 

group (p = 0.046). The number of blood vessels in the tension side of the N group on day five is significantly 

higher than H groups on both sides on days five and ten as seen in table 3. 
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Table 2. Three-way ANOVA of The number of blood vessel 

Factor F Sig. 

Hypofunction 4.446 .046* 

Side 1.149 .294 

Day .461 .636 

Hypofunction and side 1.074 .310 
Hypofunction and day 1.879 .175 

Side and day .701 .506 
Hypofunction, Side, and day .607 .553 

*significantly difference (p < 0.05) 

 

Table 3. Effect of hypofunction on the number of blood vessels after orthodontic treatment in wistar rats 

Group 
 

Sig 

  
P<0.05 

N, T, d5 > N, T, d0; N, T, d10; N, P, d0; N, P, d10; 
H, T, d10; H, P, d0; H, P, d5; H, P, d10 

Notes: Among all experimental groups, only the above group is significantly different (p<0,05) tested by 

three-way ANOVA, H = hypofunctional Teeth, N = Normal Teeth, P = Pressure side, T = Tension side, d0 = 

day zero, d5= day five, d10= day ten. 

 

The current study showed that the number of the blood vessels was affected by the hypofunctional condition 

during orthodontic tooth movement. During orthodontic tooth movement, the number of blood vessels in 

hypofunctional teeth was lower than the normal teeth group. This result was in line with Usumi-Fujita’s 

research [5]. The initiation of orthodontic tooth movement in hypofunctional teeth causes PDL and vascular 

endothelial cells apoptosis. Prolong hypofunction conditions induce the blockage of blood flow in the PDL, 

resulting in a decrease in the oxygen level. Hypoxic conditions cause VEGF-A to induce VEGFR-2 signaling, 

a receptor to suppress cell death and increase angiogenesis [8], [9]. The amount of VEGFR2 and VEGF-A in 

hypofunction teeth is less than in Normal teeth, so the angiogenesis process in hypofunction teeth is not as 

good as in normal teeth, causing fewer blood vessels in this study. 

 

The results showed no significant difference in the number of blood vessels between the tension side and the 

pressure side (p > 0.05) in both normal or hypofunction teeth. Indicate that the orthodontic force triggered an 

increase in blood vessels on all sides and restored the normal biological situation in hypofunction teeth. This 

is supported by a study conducted by [5]. In early orthodontic tooth movement, the immunopositivity for 

VEGF-A and VEGFR-2 was increased on the tension side in normal teeth so that this condition will increase 

angiogenic activity in ligament periodontal in the normal group. In Kawata's research [10], there is an increase 

in VEGF in orthodontically driven hypofunction teeth until day seven on both sides. The increase in the 

number of VEGF at the beginning of orthodontic force application in both groups made the number of blood 

vessels on the sides of both groups comparable. 

 

The study showed no significant difference in the number of blood vessels between days zero, five, and ten 

(p > 0.05). This result was in line with research that there is an increase in the amount of VEGF in 

orthodontically driven hypofunction teeth until day seven, which increased the angiogenesis process and 

suppressed cell death so that the number of blood vessels in hypofunction conditions would increase and 

approach the number of blood vessels in normal teeth [10]. 
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Both theories [5], [10] explain in the following post hoc test why the number of blood vessels within other 

days groups than in N, T, d5 were comparable between hypofunction and Normal groups. The vessels number 

in N T d5 was higher than N, T, d0 and N, P, d0. It means the orthodontic force starts to induce the vessel's 

formation on day five. On day 0, the groups were at the beginning of orthodontic force stimulation. The 

current research revealed that the baseline of vessel number on the tension side was 16,33 while 14 on the 

pressure side. After increasing on day five, the vessel number on both sides was reduced on day ten, indicating 

a reduction of the orthodontic force. 

 

The interaction of all variables of hypofunctional factors, sides, and days (p > 0.05) on the number of blood 

vessels were not significantly different, which means that the differences that occur are not due to the 

influence of the variables simultaneously but can occur as a result of each of these variables. 

 

4. Conclusion 

The blood vessel numbers decreased in the hypofunction group during orthodontic tooth movement using the 

Wistar rat model. There was no influence on the hypofunction duration, the pressure or the tension sides, or 

interaction between all the variables. The number of blood vessels in the tension side group of day five was 

higher than in day zero and day ten and in day zero and day ten of the pressure side group. The intra and inter-

hypofunction groups on both sides are not significantly different. 
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