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Introduction
The temporomandibular joint (TMJ) is the most 
commonly used joint in the human body.1 TMJ may 
undergo inflammation, trauma, infection, and congenital 
and advanced illnesses like other joints. However, the 
most prevalent impairment of TMJ and the masticatory 
system is functional disorders associated with pain.2

Approximately 5%‒6% of the world’s population suffers 
from painful experiences such as temporomandibular 
disorders (TMDs).1 TMD involves behavioral and 
biological changes, especially when followed by 
inflammation.2-4 TMJ inflammation can alter behavioral 
responses such as food intake and the release of stress 
hormones.5 It is conceivable that masticatory patterns 
will change during pain and joint inflammation.2-5 
Altering the masticatory pattern to prevent pain limits 
the dietary choice.3 Chewing disorder is an objective 
sign of masticatory system dysfunction.3,6 Harper et al6 
reported that dietary patterns could change following 

TMJ inflammation.
Diabetes is followed by musculoskeletal disorders 

(MSDs), which can be caused by joint inflammation.3,5 
Verhulst et al7 reported a relationship between diabetes 
and TMJ disorder and inflammation. Recent studies have 
shown pathologic associations between inflammation, 
diabetes, and atherosclerosis. The most important 
mediators and indicators of this mechanism include 
TNF-α, IL-6, calcitonin gene-related peptide (CGRP), 
and cytokines like TNF-α and IL-6 increase in patients 
with type II diabetes.8-10 Type II diabetes mellitus, one 
of the most common metabolic disorders, is caused by 
a combination of two primary factors: defective insulin 
secretion by pancreatic β-cells and the inability of insulin-
sensitive tissues to respond appropriately to insulin. 
Insulin resistance, the common underlying abnormality, 
results from an imbalance between energy intake 
and expenditure, favoring nutrient-storage pathways, 
which evolved to maximize energy utilization and 

TUOMS
PRE S S

 © 2023 The Author(s). This is an open access article distributed under the terms of the Creative Commons Attribution License 
(http://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and reproduction in any medium, provided the 
original work is properly cited.

*Corresponding author: Ali Peimani, Email: alipeimani2001@yahoo.com

ARTICLE INFO
Article History:
Received: September 27, 2023
Accepted: November 30, 2023
ePublished: December 30, 2023
 
Keywords:
Diabetes, Dietary pattern, 
Inflammation, TMJ

Abstract
Background. The temporomandibular joint (TMJ) is the most commonly used joint in the human 
body. Recent studies have shown pathologic relationships between inflammation, diabetes, 
and musculoskeletal disorders (MSDs). Chewing disorder is a significant sign of dysfunction 
in the masticatory system. This study investigated dietary pattern changes in response to TMJ 
inflammation in diabetic rats.
Methods. This experimental study was carried out on 30 male rats. The rats were fed concentrated 
20-mg dietary tablets. Complete Freund’s adjuvant (CFA) was used to induce TMJ inflammation 
and streptozotocin (STZ) was used to induce diabetes. The animals were randomly divided into 
three groups (n = 10), including group I (CFA + STZ), group II (healthy rats + CFA), and group III 
(healthy rats, no injection). Parameters such as overall food intake, food intake duration, food 
intake frequency, and the interval between meals were recorded in a checklist and analyzed by 
Mann-Whitney and Kruskal-Wallis tests (P < 0.05).
Results. The results showed no significant difference between groups in overall food intake and 
food intake frequency on days 0 and 1, but this difference was significant from day 2 to day 7. 
Regarding the time and end of food intake, there was a significant difference between the three 
groups from day 1 to day 7, but this difference was not significant on day zero.
Conclusion. Dietary pattern changes were similar in the diabetic TMJ inflammation and 
TMJ inflammation groups. These changes can be used as a behavioral marker for TMJ 
inflammation in rats.
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preserve adequate substrate supply to the brain. Initially, 
dysfunction of white adipose tissue and circulating 
metabolites modulate tissue communication and insulin 
signaling. However, when the energy imbalance is chronic, 
mechanisms such as inflammatory pathways accelerate 
these abnormalities.11

Analysis of dietary patterns can be a non-destructive 
biological marker to study TMJ in an animal model.12 
Changing the dietary pattern, such as changing the 
duration of food intake, is associated with inflammatory 
parameters such as external swelling, CGRP in the 
trigeminal ganglion, and level of substance P.13,14

Complete Freund’s adjuvant (CFA) is a solution 
of antigens emulsified in mineral oil and consists of 
inactivated and dried mycobacteria. CFA injection is 
simple and reproducibly induces TMJ inflammation.15 

Despite the evidence of the association between diabetes 
and joint inflammation, including TMJ, and dietary pattern 
changes after TMJ inflammation in previous studies, no 
study has specifically investigated the changes in dietary 
patterns in diabetic mice with TMD. Therefore, no strong 
evidence can be provided on this subject. Additionally, 
this study compares the dietary pattern changes between 
two groups of diabetic and non-diabetic rats with TMJ 
inflammation and a control group. This comparison 
can examine the difference in the impact of diabetes on 
dietary pattern changes. Also, if this relationship exists, 
dietary pattern changes can be investigated as a possible 
parameter for TMJ disorders.

Methods 
This experimental study placed 30 Sprague-Dawley rats 
with a 220-250-g weight range and equal age in cages 
equipped with a smart feeding system (Figure 1). The 
animals were kept in standard conditions in a 12:12 light-
dark (LD) cycle in a room with controlled temperature 
(23 °C) and sound insulation. They were fed concentrated 
20-mg food tablets (Complete, Bruges, Belgium) with free 
access to water. The rats were placed in specially designed 
cages three days before the experiment to get used to the 

new environment and learn to take their food through the 
smart feeding system.

The designed cages were made of 3-mm Plexiglas 
and chloroform solvent, with a lever installed. The rats 
pressed the lever to get their food through a window by 
a feeding system installed within the cage (Figure 1). 
The feeding system included a food source, a tube, and a 
touch-sensitive food cup. When the rats took their food 
through the window by touching the food cup, a message 
was sent to the operator by a reporting system, including 
the date, the accurate time, and the number of food tablets 
consumed. 

The recorded reports determined the time of food 
intake, overall food intake, frequency, and the interval 
between meals. The end of food intake was not completely 
defined in rats; therefore, three separate periods (5, 10, and 
15 minutes) were considered for the end of food intake to 
measure the duration of food intake.6

The reporting system consisted of a remote control unit 
(AM 643, Tak Electric, Tehran, Iran) with four outputs 
to report four cages. Each output was connected to a 
touch-sensitive sensor. One day before the experiment, 
the rats’ food intake level, water intake level, and weight 
were measured. CFA (Sigma, St. Louis, America) was used 
to induce TMJ inflammation, and streptozotocin (STZ) 
(Sigma) was used to induce diabetes. 

The samples were randomly divided into three groups, 
with 10 in each group. The first group received CFA plus 
STZ, the second group received CFA, and the third group 
received nothing (control group). One week before placing 
the rats in cages, the STZ dissolved in 0.1% citrate buffer 
(55 mg/kg) was administered intraperitoneally. One week 
after STZ administration, blood glucose was measured by 
a glucometer (Roche, Mannheim, Germany) to confirm 
that the rats were diabetic. Blood glucose above 250 mg/
dL confirmed diabetes. Blood glucose was tested once 
during the experiment,3 and rats with lower blood glucose 
were excluded from the study. 

On the day of the experiment, the rats were anesthetized 
intraperitoneally after aspiration with ketamine (52 mg/

Figure 1. Smart feeding system
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kg) (Yasin Daru, Tehran, Iran) and xylazine (0.9 mg/
kg) (Yasin Daru), which is 60% of normal dosage for 
anesthesia, using an insulin syringe (Ava Pezeshk, Tehran, 
Iran). A bilateral CFA injection into TMJ was performed. 
In groups I and II, 30 μg CFA in a 6-μL volume was 
injected. In the base group, no injection was performed. 
Dietary pattern changes were recorded one day before 
bilateral TMJ injection and seven days after injection.6 

The overall food intake, food intake duration, food 
intake frequency, and the interval between meals were 
recorded in a checklist. 

Data were statistically analyzed using SPSS 21 (SPSS Inc, 
Chicago, IL, USA). The normal distribution of the data 
was not confirmed using the Shapiro-Wilk test (P < 0.05). 
Therefore, Kruskal-Wallis and Mann-Whitney U tests 
were used. Quantitative data were reported as mean and 
standard deviation (mean ± SD), and qualitative data 
were reported as numbers (%). A P value of < 0.05 was 
considered statistically significant.

Results 
Animals with equal weight and age were included in this 
study, so they were not significantly different. The overall 
food intake (mg/d) is shown in Figure 2. The comparison 
of the overall food intake between the three groups from 
day three to day seven after induction of inflammation 
showed a significant difference (P < 0.05). There was 
also a significant difference between the diabetic and 
TMJ inflammation groups from day 1 to day 7 after 
induction of inflammation (P < 0.05). Furthermore, there 
was a significant difference between the control and 
TMJ inflammation groups from day 2 to day 7 after the 
induction of inflammation (P < 0.05). Moreover, there 
was a significant difference between the diabetic and TMJ 
inflammation groups from day 2 to day 7 after induction 
of inflammation (P < 0.05). 

The duration of food intake (day/min) is depicted in 
Figure 3. A comparison of food intake duration showed 
a significant difference between the three groups on day 
1 (P < 0.05). After inducing inflammation, no significant 
difference was found on days 0 to 2. However, this 

difference was significant between the diabetic and 
TMJ inflammation groups from day 3 to day 7 after the 
induction of inflammation (P < 0.05). 

The results showed a significant difference between 
TMJ inflammation and control groups on days 1 to 7 
after inducing inflammation (P < 0.05). Furthermore, a 
significant difference was found between the control and 
diabetic TMJ inflammation groups from day 1 after the 
induction of inflammation (P < 0.05). 

The frequency of daily food intake is shown in Figure 4. 
The results of the Kruskal-Wallis test showed a significant 
difference between the three groups from day 2 (P < 0.05). 
This comparison also showed a significant difference 
between diabetic and TMJ inflammation groups from day 
2 to day 5 and on day 7 after the induction of inflammation 
(P < 0.05). There was also a significant difference between 
the control and TMJ inflammation groups from day 3 
to day 7 after the induction of inflammation (P < 0.05) 
and between the diabetic, TMJ inflammation, and 
control groups from day 2 to day 7 after the induction of 
inflammation (P < 0.05). 

The interval between daily food intakes is indicated in 
Figure 5. The intervals between daily food intakes showed 
a significant difference between the three study groups 
(P < 0.05). This comparison also indicated a significant 
difference between the diabetic and TMJ inflammation 
groups from day 3 to day 7 after the induction of 
inflammation (P < 0.05). A significant difference was 

Figure 2. Comparison of overall daily food intake between different study 
groups

Figure 3. Comparison of daily food intake durations between different study 
groups

Figure 4. Comparison of daily food intake frequencies between different 
study groups
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found between the control and TMJ inflammation groups 
1‒7 days after the induction of inflammation (P < 0.05). 
Moreover, a significant difference was observed between 
the control and diabetic TMJ inflammation groups one 
day after the induction of inflammation (P < 0.05).

Discussion 
Recently, pathologic relationships have been reported 
between inflammation, diabetes, and atherosclerosis.16 
On the other hand, it has been demonstrated that diabetes 
could lead to MSDs.16-18 As a public health problem, 
MSDs contribute to pain and dysfunction, harming the 
healthcare system and disrupting the daily activities of 
individuals with diabetes through functional and activity 
limitations.19

A common effect of diabetes is “stiffness,” a 
musculoskeletal problem caused by connective tissue 
damage that leads to limited joint movement.20

The increased musculoskeletal problems in diabetics 
are related to neuropathy,21 vascular insufficiency,22 
decreased insulin-like growth factor 1, obesity, accelerated 
osteoporosis, and a sedentary lifestyle.23

The incidence of TMD among diabetic patients has been 
estimated to be 37%.14 TMJ disorders, especially when 
followed by inflammation, alter the chewing pattern12,13; 
changes in chewing behavior, frequency, and perception 
of mandibular limitation were observed in the presence of 
TMD.24 Hence, this study investigated the dietary pattern 
changes in response to TMJ inflammation in rats.

This study showed that the presence of TMJ 
inflammation changed the chewing pattern. Furthermore, 
the induction of TMJ inflammation in diabetic rats 
increased the dietary pattern changes, i.e., food intake, 
food intake duration, and intervals between meals, which 
were significantly different between the control and the 
other experimental groups from the first day. The diabetic 
and TMJ inflammation groups showed significant 
differences from day three onward.

Similar to the results of the present study, Li et al25 
reported that the analysis of eating patterns has been 
suggested to be a noninvasive biological marker of TMJ 
inflammation and nociceptive behaviors. They used the 

automated behavioral classification system LABORAS 
to detect changes in eating patterns, including feeding 
duration and frequency, in mouse models of TMD. 
Their results indicated that TMD mouse models showed 
significantly increased eating duration and decreased 
eating frequency, suggesting that nociceptive behavior, 
likely caused by the movement of the TMJ during the 
chewing process, resulted in slowed and reduced eating.

Harper et al6 reported a decrease in the overall food 
intake due to reduced food intake frequency.

The present study showed similar results for the overall 
food intake in TMJ inflammation and diabetic TMJ 
inflammation groups. However, this reduction was not 
due to decreased food intake frequency. However, based 
on the reduced overall food intake, it can be concluded 
that the amount of half-eaten food by rats has been higher. 
Another study by Harper et al13 showed that the amount 
of food intake remained unchanged, but the length of 
food intake increased. The duration of food intake in the 
present study increased in both TMJ inflammation and 
diabetic TMJ inflammation groups. 

Kramer et al14 evaluated TMJ inflammation in rats 
and two mice. They indicated that CFA injection did not 
significantly change the frequency of food intake, which is 
consistent with the present study. According to the results 
of Kramer et al, 20 mg of food is considered a big size 
for a rat. If the size of food is an important factor in food 
intake duration, the length of food intake will increase, 
according to which the present study showed similar 
results. However, the duration of food intake was reduced 
in the study of Kramer et al, which can be due to another 
factor affecting the duration of food intake in terms of the 
exact injection location. The TMJ is much smaller in mice 
than in rats, so finding the exact location of injection is 
difficult, which can influence the response induced by 
CFA injection.

Kerins et al3 investigated the dietary patterns in an 
animal model to determine TMJ pain and inflammation. 
They also evaluated the efficacy of dexamethasone use 
in treating TMJ inflammation and pain due to CFA 
injection. In this study, the overall food intake decreased 
in the group with CFA injection. However, the duration 
of food intake in the study of Kerins et al was normal and 
in contrast with the results of the present study, which 
can be due to the smaller size of food intake than that of 
the present study and higher frequency of food intake. 
In another study, Kerins et al12 investigated the analgesic 
effects of ibuprofen on dietary pattern changes and TMJ 
inflammation. They reported that food intake duration 
increased in the group receiving only CFA, but the results 
were normal in the group receiving ibuprofen. Similar to 
the present study, this study showed that dietary pattern 
changes could be used as a behavioral marker for TMJ 
pain and inflammation. 

According to this study and other studies,3,6,18 diabetes 
and TMJ inflammation can significantly affect the dietary 
pattern of rats. The present study indicated that dietary 

Figure 5. Comparison of the intervals between daily food intake between 
different study groups
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pattern changes in the diabetic TMJ inflammation group 
were the same as those of the TMJ inflammation group. 
These changes can be used as a behavioral marker for 
TMJ inflammation in rats. Moreover, further research 
on human samples is suggested in keeping with ethical 
principles. Physicians and dentists should also regard 
this issue as one of the main concerns of these patients to 
promote their living standards. 

A limitation of this study was the lack of accurate 
recording of the weight of rats before and after the study. 
Another limitation was the absence of pathologic analyses 
to study the amount of inflammation. Hence, future 
studies are suggested to record the weight of rats before 
and after the study to be taken as a variable. Further 
studies are also recommended to perform pathologic 
tests to evaluate the inflammatory cytokines to confirm 
inflammation. It is also suggested that another group be 
added to the samples and that the effect of diabetes on 
dietary pattern changes be evaluated separately because 
the interval between food intakes increased in the present 
study. On the other hand, the interval between meals 
was expected to reduce in diabetic rats. However, this 
study did not determine whether this increase was due to 
diabetes or inflammation.

Conclusion
The present study showed that dietary pattern changes 
were similar in the diabetic TMJ inflammation and 
TMJ inflammation groups and were different from TMJ 
inflammation-free rats. These changes can be used as a 
behavioral marker for TMJ inflammation in rats. 
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