
91

ORIGINAL ARTICLE

   This is an open-access article distributed under the terms of the Creative 
Commons Attribution Non-Commercial License (http://creativecommons.org/
licenses/by-nc/4.0/), which permits unrestricted non-commercial use, distribution, 
and reproduction in any medium, provided the original work is properly cited.

CC

An experimental investigation of the effects of  
chronic stress on bone-to-implant contact

Serkan Dundar1, Alihan Bozoglan1, Ferhan Yaman2, Mustafa Kirtay3, Ozgur Bulmus4,  

Hacer Sahin Aydinyurt5, Murat Yavuz Solmaz6, Cenk Yanen6

1Department of Periodontology, Faculty of Dentistry, Firat University, Elazig, 2Private Practice, Oral and Maxillofacial Surgeon, 
Diyarbakir, Turkey, 3Private Practice, Oral and Maxillofacial Surgeon, Toronto, Canada, 4Department of Physiology, Faculty of 

Medicine, Firat University, Elazig, 5Department of Periodontology, Faculty of Dentistry, Yüzüncü Yıl University, Van, 6Department of 
Mechanical Engineering, Faculty of Engineering, Firat University, Elazig, Turkey

Abstract (J Korean Assoc Oral Maxillofac Surg 2019;45:91-96)

Objectives: This study aimed to investigate the effects of chronic restraint stress on the osseointegration of titanium implants. 
Materials and Methods: Twenty adult male Wistar albino rats were used in the study. After surgical insertion of titanium implants into the metaphy-
seal part of the tibial bone, rats were randomly divided into two groups: a control group (CNT group) and an experimental restraint stress group (RS 
group). In the CNT group, titanium implants were inserted surgically, and rats received no further treatment during the 47-day experimental period. 
In the RS group, restraint stress was applied for 3 hours per day for 45 days, beginning 2 days after implant surgery. Weight of the rats was measured 
prior to surgery and at the end of the study to analyze the effects of stress. At the end of the experimental period, rats were euthanized, and implants and 
surrounding bone tissues were used for undecalcified histological analysis. Serum cortisol levels were assessed in cardiac blood samples from the rats 
following centrifugation. 
Results: Average weight of rats in the RS group was lower than that of rats in the CNT group after the experimental protocol had been completed 
(P<0.05). Further, serum cortisol levels were higher in the RS group than in the CNT group (P<0.05). There were no significant differences in bone-
implant connection levels between the two groups (P>0.05). 
Conclusion: The data analyzed in this study suggest that chronic restraint stress did not adversely affect rats during a 45-day osseointegration period.
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I. Introduction

Stress significantly affects a large part of the popula-
tion worldwide, regardless of age, sex, or social class. The 
scientific community believes stress to be one of the most 
important risk factors for the onset of numerous diseases1-5. 
Indeed, chronic stress can negatively affect both physical 
and mental health. The impact of stress on the destruction of 

periodontal tissues in rats has previously been investigated by 
a number of researchers1-5. Stress activates the hypothalamic-
pituitary-adrenal pathway and thereby increases the amount 
of corticotrophin-releasing hormone secreted by the hypotha-
lamic paraventricular nucleus. This mechanism in turn stimu-
lates the release of adrenal corticosteroids by stimulating the 
secretion of adrenocorticotropin from the anterior pituitary 
gland6,7. 

Wound healing is known to be affected by various con-
ditions, including chronic and acute stress. Although the 
mechanisms that cause stress to disrupt the process of wound 
healing have not yet been fully elucidated, disruption may 
occur due to stress activating the hypothalamic-pituitary-
adrenal axis. In addition, some experimental animal studies 
have reported that glucocorticoids delay soft-tissue wound 
healing and thereby adversely affect the bone-to-implant con-
tact (BIC)8-10. Dental implant-supported prostheses are a com-
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monly used and scientifically accepted treatment option for 
both partial and complete edentulism. However, the systemic 
condition of the patient, the quality of the bone into which 
the implant is placed, the shape and surface characteristics of 
the implant, as well as whether or not the patient is a smoker 
are all important factors that determine the success of dental 
implant therapy11-13. Although there is a growing body of evi-
dence that chronic stress negatively affects wound healing, 
the effects of stress on the BIC have not yet been fully inves-
tigated in the literature and hence remain controversial14,15. 
Therefore, our aim in this study was to investigate the effects 
of chronic stress on the osseointegration of titanium implants 
in the tibial bones of rats. 

II. Materials and Methods

1. Animals and experimental design

All experimental and surgical procedures involved in this 
study were conducted at the Firat University Experimental 
Research Center in Elazig, Turkey. Approval for the study 
was granted by the Firat University Animal Experimental 
Ethics Council (No. 2016/60). Further, the recommendations 
of the Declaration of Helsinki regarding the protection of 
laboratory research animals were stringently followed. In this 
study, 20 healthy adult male Wistar albino rats aged 1 to 1.2 
years were used. On the first day of the experimental period, 
the average body weight of the rats was 400 to 440 g. Rats 
were kept in plastic cages, and the temperature of the cages 
was checked daily. Throughout the experimental period, the 
rats had free access to food and water, and they experienced a 
cycle of 12 hours of dark and 12 hours of light.

Titanium implants were surgically inserted into the tibial 
bones of the rats. After the surgical procedure, rats were ran-
domly divided into two groups with similar mean weights: 
a control group (CNT group) (n=10) and an experimental 
restraint stress group (RS group) (n=10). In the CNT group, 
titanium implants were inserted surgically, and rats received 
no further treatment during the 47-day experimental period. 
In the RS group, titanium implants were also inserted surgi-
cally, and then restraint stress was applied for 3 hours per day 
throughout the 45-day experimental period, beginning 2 days 
after the implant surgery14,15. 

2. Surgical procedures

Ketamine hydrochloride (35 mg/kg) and xylazine (5 mg/

kg) were intramuscularly injected into the rats to achieve gen-
eral anesthesia. All surgical procedures were performed under 
sterile conditions. After the rats were anesthetized, the surgi-
cal site was washed with povidone iodine and then shaved. 
A 15-mm-long incision was made to the right tibial crest, 
the soft tissues were dissected and incised, and the tibial me-
taphyseal bone was exposed. Implant sockets were created 
using appropriate drill sizes (point drill, 1.2 mm, 1.8 mm, 
and 2.2 mm diameter) with saline perfusion. Implants were 
then installed into the metaphyseal part of the tibial bone and 
primary stabilization was achieved. Titanium implants were 4 
mm in length and 2.5 mm in diameter.(Fig. 1) Following the 
placement of the titanium implant, the flap was returned to 
the original position, and the fascia, subcutaneous tissue, and 
skin were sutured using 4-0 polyglactin sutures. To prevent 
pain and infection, an antibiotic (50 mg/kg cefazolin sodium) 
and an analgesic (0.1 mg/kg tramadol hydrochloride) were 
intramuscularly injected into all rats for 3 days following the 
surgical procedures. All surgical procedures were performed 
atraumatically by the same researcher. During the experimen-
tal period, three rats from the CNT group and three rats from 
the RS group died. Hence, the study was completed with 
seven rats in each group.

3. Restrain stress application

Restraint stress was applied to the rats in the RS group us-
ing special devices. Rats were placed in polyvinylchloride 
tubing according to their size, and holes were drilled in the 
tubes at the level of the rats’ noses to allow them to breathe. 
This restraint procedure was performed for 3 hours per day 
throughout the experimental period14,15.

Fig. 1. Machined surfaced titanium implant installed in rat tibias.
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4. Biochemical analysis

Prior to sacrifice under general anesthesia, the final weight 
of each rat was measured. Then, blood samples were col-
lected by means of cardiac puncture without anticoagulant to 
measure cortisol levels. Blood cortisol levels were measured 
for each rat in the biochemistry laboratory of Faculty of Med-
icine at Firat University14.

5. Histological analysis

After blood samples had been taken, titanium implants and 
the surrounding bones were stored in 10% formalin solution 
for histological analysis. These procedures were performed 
in the research laboratory of Faculty of Dentistry at Univer-
sity of Erciyes, Kayseri, Turkey. For histological analyses, 
specimens were embedded in 2-hydroxyetylmetacrylate 
resin to enable cutting of undecalcified bone and titanium 
using an Exakt microtome (Exakt Apparatebau, Norderstedt, 
Germany). For the histological BIC analyses, each section 
was ground using an Exakt grinder (Exakt Apparatebau), 
and a 50-µm-thick section was obtained for light microscopy 
analysis. Toluidine blue stain was used for all histological 
analyses. Following these procedures, further histological 
analyses were performed to quantify the bone tissue response 
in the peri-implant bone12,16,17. Histological analyses of BIC 
level were then performed using an image analyzer in the De-
partment of Microbiology Laboratory, Faculty of Medicine, 
Firat University. The BIC level was defined as the ratio of the 
length of the implant surface directly touching the bone to the 

total length of the implant surface12,16,17.

6. Statistical analysis

IBM SPSS Statistics 22.0 (IBM Corp., Armonk, NY, USA) 
was used for all statistical analyses in the present study. Mean 
value±standard deviation for each group were calculated. 
Student’s t-test was used to analyze the data, and P-values 
<0.05 were considered to indicate statistical significance.

III. Results

During the period in which restraint stress was applied, rats 
in the CNT group exhibited an increase in body weight, while 
stressed animals (RS group) exhibited significant weight loss 
(P<0.05).(Table 1) 

In biochemical analysis of blood cortisol levels, those sam-
ples determined to be below 0.5 μg/dL were accepted to be 0 
μg/dL. The detected cortisol level was significantly higher in 
the RS group than in the CNT group (P<0.05).(Table 2) 

After 47 days, there were no significant differences in BIC 
levels between the two groups. However, the mean level of 
BIC in the CNT group was numerically higher than that in 
the RS group (P>0.05).(Table 3, Fig. 2, 3) 

IV. Discussion

Despite the lack of prior studies investigating the effects 
of stress on bone healing, the harmful effects of stress on 
soft-tissue wound healing are well established in the medical 
literature. A comprehensive search of medical literature data-
bases revealed only a few studies concerning the relationship 
between osseointegration and chronic stress14,15. In the pres-
ent study, we found that chronic stress, as applied by means 
of restriction, did not have any adverse effects on the osseo-
integration of titanium implants. 

Siqueira et al.14 reported that chronic stress may impair os-
seointegration by affecting the initial phase of bone healing 
in the rat mandible. In their study, during the early stages of 

Table 1. Day 1 and day 47 weight measurements of the two 
groups

Group Day No. of rats Weight (g) P-value

Control 1 10 417.40±8.88 0.220
47 7 427.14±6.74

Restraint stress 1 10 429.70±6.11 <0.001
47 7 416.57±5.35

Values are presented as number only or mean±standard deviation.
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Table 2.  Cortisol levels of the groups at the end of the study

Group No. of rats 
Cortisol level  

(µg/dL)
P-value

Control 7 0
Restraint stress 7 0.33±0.31 0.031

Values are presented as number only or mean±standard deviation.
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Table 3. Bone-to-implant contact (BIC) ratio of the groups at the 
end of the study

Group No. of rats BIC (%) P-value

Control 7 37.86±3.49 0.164
Restraint stress 7 35.29±2.98

Values are presented as number only or mean±standard deviation.
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bone healing, they detected less osseointegration of titanium 
implants in the stressed group than in the control group. 
Siqueira et al.14 further found that stress could inhibit the 
bone matrix and bone-forming cells, as well as the formation 
of collagenous fibers. They reported that 18 days of high-
intensity chronic stress destroyed the healing ability of imma-
ture tissues. At the end of the 18-day experimental period, the 
osseointegration level was significantly lower in the stressed 
group than in the control group14. However, there was no dif-
ference in osseointegration between the two groups at the end 
of the 33-day study period14. In a 28-day experimental osseo-
integration study, Conte Neto et al.15 detected an impairment 
in bone metabolism, as represented by low levels of bone-
specific alkaline phosphatase and low bone area fraction oc-
cupancy values, in the chronic stress group. We examined the 
BIC level some 45 days after surgery was performed, and did 
not detect any statistically significant difference in BIC level 
between the two groups. The longer experimental period of 
our study than the above-mentioned studies may explain why 
we did not find a statistically significant difference in the BIC 
between the two investigated groups.

The pathophysiological relationship between stress and 

wound healing might be related to an increase in glucocorti-
coid levels. Cortisol is the most abundant glucocorticoid in 
rats, and it is thought to be a useful marker of rodents’ stress 
levels12,18. In this study, the detection of high levels of plasma 
cortisol and lower body weights in stressed rats than control 
group rats indicates the importance of stress management. 
These results also show that, during the osseointegration 
period, rats in the experimental RS group did not adapt to 
the stress protocol12,15,18. Elevated cortisol levels can serve 
as physiological evidence of the presence of stress, and this 
study showed that the utilized experimental stress model in-
creased the level of cortisol in the bloodstream of rats12,15,18. 
Stress can suppress or stimulate the immune system, and it 
also activates the hypothalamic-pituitary-adrenal pathway. 
Activation of this pathway results in the secretion of neu-
roendocrine and adrenal corticosteroid hormones, thereby 
rendering people susceptible to disease5,6,12,15,18. The immuno-
inflammatory response is a key contributor to periodontitis, 
peri-implantitis, and bone tissue health15,19,20.

Prior research concerning the relationship between bone 
tissue and stress has shown that the long-term administration 
of glucocorticoids increases osteoclast activity, suppresses 

A B

Fig. 2. Non-decalcified histologic im-
ages of the groups (toluidine blue stain-
ing, ×2). (A) Control group. (B) Restraint 
stress group. 
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Fig. 3. Non-decalcified histologic im-
ages of the groups (toluidine blue stain-
ing, ×4). (A) Control group. (B) Restraint 
stress group. 
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osteoblastic activity, decreases bone mineral density, and is 
associated with the development of osteonecrosis12,15,21-23.
Conte Neto et al.15 found that stressed rats in their experi-
mental study exhibited more empty osteocyte lacunae areas 
than control rats. The association between glucocorticoids 
and osteonecrosis induction pathways may explain these 
findings21-23. However, the effects of experimental stress as 
initiated through the administration of exogenous steroids are 
thought to be different for two main reasons. First, stress can 
cause changes in behavioral responses and other physiologi-
cal processes, including catecholamine release, which in turn 
reduces wound healing12,15,24. Second, the average potency of 
synthetic steroids is significantly lower than that of endog-
enous steroids, which means that the physiological effects of 
these hormones may also differ significantly in terms of their 
strength25.

It is important to recognize that this study had a number 
of limitations. First, the molecular pathways underlying the 
relationship between chronic stress and the BIC could not be 
fully explored due to the methodology used in this study. Sec-
ond, although animal studies are indispensable with regard 
to elucidating the mechanisms of stress-induced pathologies, 
estimates must then be made for humans based on the results 
obtained from animal models15. Third, we did not evaluate 
the implant survival rate or the long-term success of implants 
in this experimental study.

V. Conclusion

While acknowledging the limitations of this study, we 
found that chronic restraint stress did not affect the osseoin-
tegration of titanium implants in rats’ tibial bones during a 
45-day osseointegration period. Further studies are needed to 
clarify whether stress affects the osseointegration process as-
sociated with titanium implants.
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