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tooth loss, the transmission of mechanical sensory sig-
nals from the periodontal ligament disappears, which
affects the deep sensory signals of muscle spindle and 
temporomandibular joint proprioceptors and interrupts 
the sensory feedback pathway1. Thus, the complete
reconstruction of the same shape, structure, function 
and sensory perception as normal natural teeth is con-
sidered the ultimate goal of dental prostheses2. Dental
implants have innovated traditional restoration methods,
offering satisfactory rehabilitation effects approximate 
to the appearance of natural teeth3,4. In clinical appli-
cation, however, the tactile sensory ability of implant-
supported dentures has been found to be far less than
that of natural teeth, only 1/50 to 1/10 of the latter5. 
Consequently, there have been clinical cases of unsuc-

1 Department of Prosthodontics, Peking University School and 
Hospital of Stomatology, National Clinical Research Centre for Oral
Diseases, National Engineering Laboratory for Digital and Material 
Technology of Stomatology, Beijing Key Laboratory of Digital
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Features of the Sensorimotor Cortex Altered after Tooth Loss
and Subsequent Implant Placement in the Maxilla of Rats
Sheng Hao XUE1#, Jian LI1#, Jing Wen YANG1, Zhong Ning LIU1, Ting JIANG1

Objective: To investigate the synergistic changes of the astrocytes and neurons in the sen-
sorimotor cortex during the process of implant osseointegration after insertion. 
Methods: A total of 75 rats were allocated into three groups (n = 25): non-operated, extrac-
tion and implant. The rats in the latter two groups underwent extraction surgery of three 
maxillary right molars. One month later, the implant group received one titanium implant in 
the healed extraction socket. The rats were sacrificed on days 1, 3, 7, 14 and 28 after implant-
ation. The brain sections, including sensory centre S1 and motor centre M1, were selected for 
further immunofluorescence for measurement of the synergistic morphological and quantita-
tive changes of astrocytes and neurons.
Results: In layer IV of S1, the number of astrocytes in the implant group showed a descending 
trend with time; on days 1, 3, 7 and 14, the number of astrocytes in both the extraction group
and the implant group was significantly higher than that in the non-operated group, and there 
was no difference between the extraction group and the implant group; however, on day 28,
the number of astrocytes in the implant group was significantly lower than that in the extrac-
tion group. In layer V of M1, on days 7, 14 and 28, the number of astrocytes in the implant 
group was significantly lower than that in the extraction group; on days 14 and 28, the number 
of astrocytes in the extraction group was significantly higher than that in the non-operated 
group. In layer IV of S1 or layer V of M1, the number of neurons showed no significant changes 
between the three groups. 
Conclusion: The astrocytes in the face sensorimotor cortex were activated as a reaction to 
oral environment changes. This kind of neuroplasticity can be reversed by oral rehabilitation
with dental implants. The motor cortex may be intimately related to osseointegration and 
osseoperception.
Key words: motor cortex, neuroplasticity, oral implant, osseointegration, sensory cortex 
Chin J Dent Res 2022;25(3):169–177; doi: 10.3290/j.cjdr.b3317969

The sensory signal pathway of natural teeth starts from 
the Ruffini body in the periodontal ligament. After 
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cessful implants due to excessive bite force, with failure 
manifesting itself mainly as mechanical complications 
and early excessive vertical bone resorption. Thus, the
question of how to improve the tactile sensory ability of 
dental implants has become an urgent issue to be solved 
in clinical application.

In the 1990s, Brånemark proposed the concept of 
osseoperception, which was amended gradually before
a consensus was reached in academic circles in 20056: 
the sensation arising from mechanical stimulation of 
a bone-anchored prosthesis, transduced by mechano-
receptors that may include those located in muscle,
joint, mucosal, cutaneous and periosteal tissues, and a
change in central neural processing in maintaining sen-
sorimotor function. In other words, the osseoperception 
of dental implants encompasses not only the informa-
tion from the peripheral nervous system, but also the
perception of the central nervous system, namely the 
cerebral cortex7. However, it has not been fully clari-
fied whether this tactile sensation perceived by implants 
comes from the establishment of a specific feedback 
regulatory pathway from the peripheral to the central
nervous system. The clarification of this pathway will 
be of great significance to the strategies and methods 
to improve osseoperception; however, so far there has 
been little knowledge about the changes in the micro-
structure of the sensory conduction pathway at different 
stages of the implant osseointegration process due to a
lack of systematic observation.

Some studies have reported that changes in the oral 
environment would cause structural and functional 
neuroplasticity in the central cortex, including the 
reduction of the number of neurons8,9, the change of 
synaptic function9, the deformation of astrocytes10 and 
the reduction in the volume of the brain area control-
ling the oral and maxillofacial region11. Many studies 
have also shown that when degenerative changes occur 
in the oral cavity (such as chronic pain, dysfunction, 
noxious stimulus and cancer)10-12, they cause prolif-ff
eration or activation of astrocytes in the corresponding
sensory cortex. It has been reported that the number of 
astrocytes in the hippocampal region of rats increased 
significantly after tooth loss10.

At the same time, some studies have suggested that 
implants could partially reverse the neuroplastic chang-
es of the central nervous system caused by tooth loss. 
A study using functional magnetic resonance imaging
(fMRI) showed that electrical stimulation of implants
could activate the cortical somatosensory area corre-
sponding to natural teeth and a wide range of bilateral
external areas13. Some researchers compared the brain
fMRI among three groups of patients who underwent 

rehabilitation of an implant-supported fixed denture, 
implant-supported overdenture or mucosal-supported 
denture, respectively, and found that the blood oxy-
gen–related signals in the primary sensory centre (S1)/
motor centre (M1) of patients with implant-supported 
fixed dentures were significantly higher than those of 
the other two groups14. Another study found that after 
extraction of the right maxillary molars in rats, the acti-
vated area of M1 in the cerebral motor cortex decreased 
when the anterior abdomen of digastric muscle and 
genioglossus muscle contracted15. After restoration 
with implants, the changes in M1 were reversed and 
caused the activation of the wider cortical area, which 
suggested neuroplastic changes in M115; however, these
studies did not investigate the cellular or molecular 
changes in the cortex or observe the synergic linkage
between the osseointegration process and cortical neu-
rons or astrocytes, which would offer the possibility
of explaining how osseointegrated implants develop 
osseoperception. 

The oromaxillofacial sensory/motor centre (face-S1/
face-M1, hereinafter referred to as S1/M1) plays an im-
portant role in coordinating oromaxillofacial sensory/
motor function16. Many studies have shown that in sub-
primates and primates, S1 mainly undertakes oral and 
maxillofacial sensory function and partly participates
in the control of oral and maxillofacial movement. M1
mainly outputs motor information to brainstem motor 
neurons and receives many sensory inputs to assist its
role in motor behaviour17. Therefore, this study aimed 
to establish a time-axis animal model to explore the
changes in the morphology and number of neurons and 
astrocytes in S1/M1 region during osseointegration
to understand the difference in neuroplastic changes
between S1 and M1 and the changes' temporal and 
spatial linkage with the osseointegration process. This
research also aimed to provide indispensable basic data
to build up some neurogenic strategies to improve osse-
ointegration and osseoperception of dental implants.

Materials and methods 

Experimental animals and groups

The animal experiments were approved by the experi-
mental animal welfare ethics committee of Peking Uni-
versity (license no. LA2013-76). Seventy-five 6-week-
old Sprague Dawley male rats weighing 220 ± 15 g were
selected and provided by Beijing SPEF Experimental
Animal Technology (experimental animal production
license: SCXK [Beijing] 2019-001]). All specific path-



7171Chinese Journal of Dental Research

XUE et al

ogen free (SPF) rats were fed in the experimental ani-
mal room of Peking University Hospital and School of 
Stomatology. The feeding conditions were temperature
22 ± 1°C, humidity 50% ± 5%, daytime/night 12 hours
alternately, and they consumed a mashed chow diet and 
water ad libitum from the adaptation period. 

After the 7-day adaptation period, the rats were
randomly divided into three groups: non-operated,
extraction and implant (25 rats per group). The rats in
the extraction and implant groups underwent extraction 
of the three right maxillary molars under anaesthesia, 
and the masticatory function of the left maxillary and 
mandibular teeth was retained. One month after tooth 
extraction, the rats in the implant group received one 
titanium implant in the healed extraction socket of the
maxillary right first molar. Since osseointegration of 
implants in the maxilla of rodents has been confirmed 
to complete in around 28 days after implantation18, the
rats were sacrificed on days 1, 3, 7, 14 and 28 after im-
plantation (taking the day of implantation as baseline, 
five rats in each subgroup were sacrificed on day 1, five 
on day 3, five on day 7, five on day 14 and five on day 
28) (Fig 1).

Surgical protocol 

The molar extraction and implant surgery were carried 
out under aseptic conditions. The gingival tissue around 
three maxillary right molars was detached with a probe
and the teeth were luxated using Ventura forceps (Bele-
vor, Shenzhen, China). One month later, prior to implant 
surgery, the extraction sites were evaluated through 
gross examination for adequate soft tissue healing. Then, 
in the rats in the implant group, the healed edentulous 
alveolar crest was surgically exposed with a scalpel, 
then a bone cavity was prepared with a low-speed drill
into the healed extraction site of the maxillary right first 
molar, and a titanium miniscrew implant (MCTBIO,
Gyeonggi-do, South Korea; 1.2 mm diameter, 3.0 mm
length) was inserted in the cavity (Fig 2). Primary im-
plant stability (a prerequisite for successful bone healing
around dental implants) was confirmed manually. The
implant head remained non-submerged and was occlud-
ed with the mandibular first molar. Bilateral occlusion 
was checked to verify the existence of occlusal contacts
between the implant and the opposing tooth, as well as
between the opposing teeth on the contralateral side. 
Since an increased occlusal load would interfere with
bone healing around the implants, maxillomandibular 
occlusal contact was checked clinically every other day
after insertion to ensure no excessive occlusal loading 
occurred on the implants. 

The previous literature pointed out that the mesial
root of the maxillary molars in rats was the thickest 
and was a suitable site for implant placement19. The
recommended diameter of the drill hole was 1.5 mm
and intraosseous length was 2.0 mm19. The bone–im-
plant contact rate reached 55.1% ± 8.9% 28 days after 
implantation, and there was no significant difference 
in the osseointegration rate between 28 and 56 days19.

Execution of animals and tissue handling 

The rats were sacrificed by intraperitoneal injection of 
an excess of 1% sodium pentobarbital solution and then
placed on an ice table. The head skin was quickly peeled 
off and the skull was separated. The brain was taken out 
intact and put in 4% paraformaldehyde to be fixed for 
24 hours, then transferred to 30% sucrose solution for 
at least 2 days. After the specimens sank to the bottom,
they were transferred to 0.01 mol/L phosphate-buffered 
saline (PBS) solution and placed on the prepared freez-
ing table. After the tissue was frozen, serial frozen slic-
es 
CM1950 Cryostats (Leica, Wetzlar, Germany).

Immunofluorescence

Referring to the rat brain stereotactic map20, the cor-
onal slices at a distance of 2.0 mm from the anterior 
bregma were selected (Fig 3); the first and second of 
every three consecutive slices were used for neurons and 
astrocytes, and the third slice was discarded. Five slices

Fig 1  Groups of experimental animals. The implant group 
(n = 25) underwent both extraction and implant insertion sur-rr
gery while the extraction group only underwent the former. 
Baseline was set as the day of implant placement, and the five
time points for animal euthanasia and sampling were on days
1, 3, 7, 14 and 28 after implant surgery. Samp, sample.
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were obtained for neurons and astrocytes for free-float-
ing immunofluorescence staining. NeuN (1:1000; Pro-
teintech, Rosemont, IL, USA) was used as the marker for 
neurons and GFAP (1:1000; Proteintech) was the marker 
for astrocytes. Nonspecific antigens were blocked using
goat serum. The sections were placed in the primary 
antibody and incubated overnight in a refrigerator at 
4°C. The fluorescent secondary antibody corresponding 
to the source species of the primary antibody was diluted 
with PBS according to the instructions and incubated at 
room temperature for 3 hours, then the mounting was 
completed using mounting medium with 4’,6-diami-
dino-2-phenylindole (DAPI) to stain the nucleus. The
target proteins were observed with green fluorescence
(fluorescein isothiocyanate, FITC) or red fluorescence 
(tetramethylrhodamine, TRITC) and the nucleus with
blue fluorescence (DAPI) (Fig 4).

The neurons and astrocytes could be observed in the 
same slice at the same time, then two areas of interest 
(AOI) under the 200-fold lens were selected: one was 
layer IV of S1 (orofacial sensory centre) and the other 
was layer V of M1 (orofacial motor centre). After that, 

were randomly selected in the AOI. The morphology of 
neurons and astrocytes was observed, and the number 
was calculated using Image-Pro Plus software (version 
6.0, Media Cybernetics, Rockville, MD, USA).

Tissue staining around the implant 

In the implant group, a specimen block containing 3 to
5 mm thick bone around the implant was separated from 
the maxilla and immersed in 10% formalin at 4°C for 24 
hours. It was then immersed in 20% ethylenediamine-
tetraacetic acid (EDTA) and decalcified at 37°C for 2 
months until the implant could be removed easily from 
the specimen with surgical forceps. Continuous coronal 

of the implant were prepared after gradient dehydra-
tion and paraffin embedding. Masson staining was used 
to observe the bone remodelling around the implant 
(Fig 5). The BioQuant Osteo Bone Biology Research
System (Biosan, Brussels, Belgium) was used to meas-
ure the outline of the screw surface on one side of the 

Fig 2  Implantation model in rats’ maxilla. (a and b) Three maxillary right molars were luxated using a modified dental instrument.
(c) A titanium miniscrew implant (1.2 mm diameter, 3.0 mm length) was inserted to restore the maxillary right first molar after 1 month
of healing from extraction.

Fig 3 Schematic dia-
grams of S1/M1 in coronal 
sections. (a and b) S1/M1 
in coronal sections of rats’
brain. (c) Staining of neu-
rons in layer IV of S1 and
layer V of M1. (d) Staining of 
astrocytes in layer IV of S1 
and layer V of M1.



73173Chinese Journal of Dental Research

XUE et al

implant and the length of the contacted bone, then the
ratio of the aforementioned two values was calculated 
and expressed as the percentage of the bone–implant 
outline contact (BIOC) rate in this experiment.

Statistical analyses 

All data were expressed as mean ± standard deviation. 
The differences in the numbers of neurons and astrocytes
were assessed among three groups at the same time point 
and among different time points within each group. The 
differences in BIOC were also assessed among different 
time points in the implant group. First, the homogeneity 
of variance was tested using a Bartlett test. If the variance
was homogeneous, an analysis of variance (ANOVA)
was performed using SPSS 27.0 (IBM, Armonk, NY,
USA); otherwise, a Kruskal-Wallis (rank-sum) test was 
employed. The differences in the variables between two
time points or two groups were tested using the Student-

Neuman-Keuls method. The level of significance was 
set at P < 0.05.P

Results

Under red fluorescence, the neurons were quasicircular, 
separated from each other and had a certain orientation, 
and protrusions could be seen in the cell bodies. Under 
green fluorescence, the astrocytes were stellate, emit-
ting long and branched processes from the bodies. In 
the merged images, the processes of astrocytes extended 
and filled between the bodies and processes of neurons,
separating the latter.

In layer IV of S1, there was no significant differ-
ence in the morphology or number of neurons among 
the implant group, extraction group and non-operated 
group at five different time points (days 1, 3, 7, 14 and 
28). The manifestation of astrocytes was significantly 
different. Firstly, at the five time points, the morphology

Fig 4 Images of neurons, astrocytes, DAPI and their merger observed using a laser confocal microscope. Neurons were stained
as irregular circles, separated from each other (red fluorescence); the astrocytes were star-shaped, with many long and branched
protrusions from the cell bodies; DAPI staining showed the nucleus. When neuron staining marked by NeuN and astrocyte staining
marked by GFAP were merged, it showed the protrusions of astrocytes were stretched and filled among the cell bodies of neurons 
and their protrusions.

Fig 5 Implant osseointe-
gration on days 1, 3, 7, 14 
and 28 by Masson staining. 
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of astrocytes in the extraction group was different from 
that in the non-operated group, with increased volume,
antennae and swelling morphology, and the number was
significantly higher too (P((  < 0.01). As for the implant P
group, the number of astrocytes was also significantly
higher than that of the non-operated group on days 1, 3,
7 and 14 (P(  < 0.01), but significantly lower than that of P
the extraction group on day 28 (P(  = 0.03). No signifiP -
cant difference was found between the implant group
and the non-operated group on day 28 (P((  > 0.05); theP
neurons and astrocytes showed a similar morphology 
and swelling was significantly reduced compared with 
the extraction group (Figs 6 and 7).

There was no significant difference in the morph-
ology and number of neurons in layer V of M1 among 
the three groups at the five time points. The number 
of astrocytes in the extraction group was significantly
higher than that in the non-operated group on days 14 
and 28, whereas in the implant group it was significant-
ly lower than that of the extraction group on days 7, 14
and 28. Unlike layer IV of S1, the number of astrocytes
in the implant group was even slightly lower than that 
of the non-operated group on day 28 (Figs 8 and 9).

In layer IV of S1 and layer V of M1, the number of 
astrocytes in the implant group showed a downward 

trend with time. In layer IV of S1, the number of astro-
cytes on day 28 was significantly lower than that on 
days 1, 3 and 7 (Figs 6 and 7); in layer V of M1, the 
number of astrocytes on day 28 was significantly lower 
than that on days 1 and 3 (Figs 8 and 9). However, the 
BIOC rate showed an obvious upward trend with time,
from 36.52% ± 11.17% on day 1 to 85.11% ± 4.02% 
on day 28. On day 1, the original bone trabeculae were 
found to have been destroyed due to implant surgery.
On days 3 and 7, the early stages of bone remodelling, 
the inflammatory fibrous tissue began to transform into 
cartilage callus until the hard callus formed on day 14, 
and finally the bone remodelling matured further on
day 28 (Fig 5). The number of astrocytes in S1 and M1
changed inversely with the BIOC rate (Fig 10).

Fig 6 Staining of astrocytes (green fluorescence) and neu-
rons (red fluorescence) in layer IV of S1 on days 1, 3, 7, 14
and 28.

Fig 7 Comparison of the number of astrocytes and neurons 
in layer IV of S1 among groups. (a) On days 1, 3, 7 and 14, the 
number of astrocytes in both the extraction group and implant
group was significantly higher than that in the non-operated
group; however, on day 28, the number of astrocytes in the 
implant group was significantly lower than that in the extraction 
group. (b) There was no significant change in the number of 
neurons among the three groups. *P < 0.01,P **P < 0.05.P
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Discussion

In this study, a randomised controlled animal model
was established. The synergistic changes of neurons and 
astrocytes in the sensory motor cortex were observed 
to explore the cortical neuroplasticity in the process of 
implant osseointegration. The selected observation areas
were S1 and M1, which were responsible for the regula-
tion of oral and maxillofacial sensation and movement.
The study drilled further down into specific layers: layer 
IV of S1, which was the main cortex receiving sensory
input from the thalamic somatosensory nucleus and 
some spherical endothelial layers, and layer V of M1, 
which was the main output layer, relaying signals to
affect the brainstem motor neurons21. By analysing the
phenomenon of cortical neuroplasticity, this experiment 
hoped to explore the origin of osseoperception and lay 
a foundation to promote the tactile sensory ability of 
implants in future clinical practice. In addition, the basic 
data obtained in this experiment seeks to have guiding 
significance for follow-up experiments.

First, the results of this study suggested that tooth 
loss caused the neuroplastic changes in S1 and M1,
which were manifested in the morphological and quan-
titative changes of astrocytes. In this study, compared 
with the non-operated group, astrocytes in the extrac-

tion group showed “activation”22 on days 1, 3, 7, 14
and 28 in layer IV of S1 and on days 14 and 28 in layer 
V of M1. Studies have shown that when degenerative 
stimuli (such as chronic pain, dysfunction and cancer) 
were transmitted into the central nervous system, they 
caused the proliferation and activation of astrocytes in 
the corresponding sensory cortex, which was regarded 
as the defensive change of astrocytes10-12,23,24. The
astrocytes in the hippocampus increased significantly 
following loss of molar teeth in SAMP8 mice10. In the 
present study, the functional degeneration caused by
tooth loss was speculated to be the defensive change of 
astrocytes to the change of oral environment.

Second, the restoration of masticatory function by 
osseointegrated implants can partially reverse the plas-
tic changes of S1 and M1 related to tooth loss. On day 
28, there was no significant difference in the number 

Fig 8 Staining of astrocytes (green fluorescence) and neurons
(red fluorescence) in layer V of M1 on days 1, 3, 7, 14 and 28.

Fig 9 Comparison of the number of astrocytes and neurons 
in layer V of M1. (a) On days 7, 14 and 28, the number of astro-
cytes in the implant group was significantly lower than that in 
the extraction group, and on days 14 and 28, the number of 
astrocytes in the extraction group was significantly higher than
in the non-operated group. (b) There was a lack of an obvious
change in the number of neurons among the three groups. 
*P < 0.01, P **P < 0.05.P
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of astrocytes between the implant group and the non-
operated group in layer IV of S1, and even in layer V of 
M1, the number of astrocytes in the implant group was
less than that in the non-operated group. 

Compared with the extraction group, the number of 
astrocytes in S1 and M1 in the implant group decreased,
and the morphology of cell swelling was reversed. The 
results also showed that the osseointegration was com-
pleted on day 28 after implantation, and the implant in 
the first maxillary molar area restored the masticatory 
function to a certain extent.

In addition, there was a slight difference between
S1 and M1. Although the number of astrocytes in S1 
in the implant group was significantly less than that in
the extraction group on day 28 (P((  = 0.03), theP P value P
was not as significant as that of M1 (P((  < 0.01). The P
number of astrocytes in M1 was even slightly less than 
that of the non-operated group, which showed more
obvious changes in the motor cortex after implantation. 
It is speculated that M1 has a closer relationship with
the establishment of implant osseoperception, but the 
internal mechanism still needs to be explored further.

Finally, the results suggest that attention should 
be paid to the metabolic coupling between neurons
and astrocytes in the cerebral cortex when exploring 
osseoperception, which might be related to the estab-
lishment and development of the tactile sensibility
of dental implants. In this experiment, there was no 
significant change in the morphology and number of 
neurons of S1 and M1 among the three groups. It was
speculated that more microscopic changes might have 
taken place in neurons, such as changes in synaptic 
structure or number, cell branches or cell size, and this
needs to be confirmed by further research. Previous
studies mentioned that the signal changes in the S1/M1 
area of patients’ brain after implant restoration could be 

observed by fMRI13,14, which means neurons must play 
an indispensable role in the changes in haemodynamics
in this area. This study has proved that neuroplasticity
of neurons did not occur in the quantitative level, so it is 
particularly important to observe the microstructure of 
neurons further. Astrocytes play a key role in the main-
tenance of neuronal function. From the developmental
regulation of synapse formation to the maintenance of 
synapses in disease, astrocytes are key participants in
the homeostasis of the central nervous system, they can
act as a doorkeeper for water, ions (such as potassium 
and calcium), glutamate and the second messenger 
through their channels and receptors on the surface. At 
the same time, they can provide energy for neurons, 
shuttle lactic acid and amino acids to neurons through 
and maintain the energy metabolism of neurons25. The 
close supporting relationship between astrocytes and 
neurons may also partly explain the significant changes 
of astrocytes and no significant change of neurons in
the present study because astrocytes are more sensi-
tive to environmental changes. It is therefore necessary 
to further clarify the molecular mechanism of energy
metabolic coupling between neurons and astrocytes in 
the establishment of implant osseoperception.

Conclusion

In conclusion, after tooth loss, the astrocytes in the 
face sensorimotor cortex were activated as a reaction to
changes in the oral environment. This kind of neuroplas-
ticity can be reversed to some extent by oral rehabilita-
tion with a dental implant. With regard to the differences
in the response altered by implant placement between
the sensory cortex and motor cortex, the motor cortex 
might be more intimately related to osseointegration and 
osseoperception of dental implants. Further experiments 

Fig 10 Synergistic chang-
es of the number of astro-
cytes in S1/ M1 and BIOC 
rate. The number of astro-
cytes in layer V of M1 and 
layer IV of S1 showed a
decreasing trend from day 1 
to day 28 while the BIOC rate 
increased from 36.52% ± 
11.17% to 85.11% ± 4.02%.
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are required to elucidate the inner mechanism of energy
metabolic coupling between neurons and astrocytes in
the establishment of implant osseoperception.
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Comments on “Features of Sensorimotor 
Cortex Altered after Teeth Loss and Subsequent 
Implants Placement in the Maxilla of Rats”
Xu Liang DENG1,2

The study by Xue et al investigated neurological changes within the S1 and M1 areas of the 
sensorimotor cortex during the process of dental implant osseointegration to shed light on the 
establishment and development of tactile sensibility of dental implants. They found that tooth
extraction resulted in an increase in the number of astrocytes with no change to the number of neurons, and that osseoin-
tegration of dental implants reversed such histological changes within the S1 and M1 regions of the sensorimotor cortex. 
It was thus concluded that astrocytes within the sensorimotor cortex were activated in response to loss of masticatory
function after tooth extraction, and that restoration of masticatory function through implant osseointegration could 
reverse such pathological neurological changes. This study thus paves the way for further research into how ossteoin-
tegration and osseoperception of dental implants are affected by the interaction between astrocytes and neurons, and 
corresponding changes to neuron microstructure within the sensorimotor cortex. Other interesting aspects of this study
that can be further explored are how the observed neurological changes within the sensorimotor cortex are associated 
with detrimental changes that occur within the oral cavity when extracted teeth are not replaced by dental implants.
These include alveolar bone loss and the extrusion, tilting and shifting of other teeth into the space left behind by the
missing tooth. These could in turn lead to the development of new therapeutic strategies and prophylactic measures to 
prevent such detrimental changes from occurring within the oral cavity, particularly during the lengthy period between
tooth extraction and final osseointegration of dental implants. An even more interesting but speculative topic for fur-
ther research is the possible role that these observed neurological changes might play in the link between masticatory 
activity and glucose homeostasis, which may have implications for type II diabetes.
Chin J Dent Res 2022;25(3):178; doi: 10.3290/j.cjdr.b3317989
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Comparative Study of Temporomandibular Articular Fossa
Bone Surface and the Envelope Surface of the Condyle
Movement 
Ke Nan CHEN1#, Jing WANG1#, Jun Peng CHEN1, Jun Lin WANG1, Yu Chun SUN2, Xiang 
Liang XU1, Chuan Bin GUO1

Objective: To investigate the differences between temporomandibular articular fossa bone 
surface and the envelope surface of the mandibular condyle movement.
Methods: Thirty-four healthy adults underwent skull base and mandible scans using CBCT -
and performed mandibular border movement using the mandibular movement recording sys-
tem. Landmarks of the fossa and tubercle were indicated and distance and angle parameters 
were measured on the 3D models reconstructed from the CBCT. The condyle movement enve-
lope surfaces were formed according to models reconstructed from CBCT and the mandibular 
movement trajectory using computer simulation. The highest and lowest points of the envelope 
surface were indicated to create parameters. The data were analysed using a paired t test in 
SPSS (version 24.0, IBM, Armonk, NY, USA).
Results: The mandibular fossa bone surface was statistically different to the envelope surface
for the height of the first peak of the envelope surface (3.280 ± 1.319 mm) and depth of the 
mandibular fossa (6.338 ± 2.389 mm) (the ratio was 51.75%), the height of the second peak 
of the envelope surface (1.463 ± 0.745 mm) and the height of the tubercle (2.000 ± 0.968 mm)
(the ratio was 73.15%), and the downwards angle of the envelope surface (25.933 ± 7.539
degrees) and the posterior slope angle of the articular tubercle (35.059 ± 5.224 degrees) (the 
ratio was 73.97%).
Conclusion: The downwards angle of the envelope surface was statistically significantly
smaller than the posterior slope angle of the articular tubercle, suggesting that the condyle 
movement is flatter than the mandibular fossa bone surface. 

Key words: artificial fossa component, condyle movement, envelope surface, mandibular 
fossa bone surface, temporomandibular joint 
Chin J Dent Res 2022;25(3):179–187; doi: 10.3290/j.cjdr.b3317993
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The temporomandibular joint (TMJ) is one of the most 
complex joints in the human body and plays an import-
ant role in the functions of chewing, swallowing and 
speaking1-4. Although the TMJ is comprised of only two 
bones, McKay et al5 consider it as a double joint because
the articular disc covers the condyle and interposes
below the fossa, dividing the joint cavity into superior 
and inferior compartments. The movement of the TMJ 
is usually divided into translation and rotation: the upper 
compartment, the discotemporal compartment, in which
the condyle–disc complex translates on the posterior 
slope of the articular eminence, and the lower compart-
ment, the discomandibular compartment, in which the
mandibular condyle rotates on the lower aspect of the
articular disc6. The superior portion of the disc is in con-
tact with the posterior surface of the articular tubercle,
with the function of preventing the disc from slipping 
during mouth opening. The inferior portion has the task 
of avoiding excessive rotational movements of the disk 
relative to the mandibular condyle1.

The morphology of the TMJ7,8 and research about 
movement of the condyle have been well documented 
in some studies2,4,9,10. As the condyle moves out of 
centric relation, it descends along the posterior slope of 
the articular eminence of the mandibular fossa11. From 
an anatomical perspective, the articular facet of the TMJ
includes the mandibular fossa and anterior articular 
tubercle; however, from a functional perspective, the
anterior boundary of the TMJ is the front end of the an-
terior slope of the articular tubercle, where the border 
movement of the condyle can reach. The TMJ facet is 
the posterior aspect of the articular eminence (articular 
slope), the anterior slope of the mandibular condyle and 
the anterior segment (anterior to the Glaser fissure) of 
the mandibular fossa. It has been proposed that sagit-
tal guidance of the condyle is related to the height and 
slope of the posterior surface of the articular tubercle11. 
As cited in Singh et al11, glossary of prosthodontic
terms defines condylar guidance as “mandibular guid-
ance generated by the condyle and articular disc tra-
versing the contour of the glenoid fossae". Considering 
the articular discs and the bone cartilage between
the condyle and fossa bone are flexible and prone to
deformation when mastication or movement causes
compression, there should be a difference between the
path of condylar movement and the posterior slope of 
the articular tubercle.

Based on the anatomical structures of the TMJ and 
the relevant literature, it is hypothesised that the shape 
of the envelope surface is not significantly different 
from the mandibular fossa bone surface. Few arti-
cles have investigated the difference between condyle

movement and mandibular fossa bone surface quantita-
tively. One important reason for this is that movement 
data for the TMJ cannot be obtained directly. Most of 
the previous studies on the movement of the mandibu-
lar condylar process obtained the movement trajectory
of the condylar process through landmark points, but 
this method did not accurately reflect the 3D move-
ment shape of the condylar process12,13. In a previous 
study by the present authors, the 3D envelope surface 
of the condylar process movement was investigated 
and the concept of the condyle movement functional 
surface was identified, including a 3D motion range of 
the condylar process14. The condylar movement enve-
lope surface is a fusion of condylar digital models at 
different positions during mandibular movement that 
represents the 3D boundary range that the condylar pro-
cess can reach. The condylar envelope surface can be
measured quantitatively so that information on condylar 
movement can be obtained by measuring the envelope
surface. In addition, by measuring it quantitatively,
information on biological condyle movement can be
obtained. The envelope surface of condylar movement 
recorded from normal adults could be applied when
designing an artificial joint replacement system with
the help of 3D printing technology, resulting in a more
physiological design of the artificial TMJ.

The present study aims to preliminarily explore a
quantitative method for measuring the envelope surface
of condylar process movement and compare it with the 
mandibular fossa bone surface. This study provides a
reliable data basis for the above hypothesis and more
information on the movement of the condyle in the
physiological state.

Materials and methods 

Subjects

This study was approved by the Bioethics Committee of 
Peking University School and Hospital of Stomatology,
Beijing, China (no. Pkussirb-201947091). Twenty-five
women (aged 26.22 ± 1.922 years) and nine men (aged 
25.48 ± 2.95 years) were selected according to the fol-
lowing inclusion criteria:
• no systemic disease; 
• facial symmetry;
• no history of maxillofacial trauma or surgery;  
• no history of orthodontic treatment; 
• no TMJ discomfort, such as pain, clicking, limited 

mouth opening or any history of TMJ treatment;
• no abnormal habits, such as bruxism or clenching; 
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• full dentition and a Class I occlusal relationship.

Each volunteer underwent a clinical examination to 
assess TMJ function, occlusion and facial form. The
examination was carried out by three trained profes-
sional doctors separately and assessed whether the TMJ 
experienced clicking, pain or an opening restriction, as 
well as no obvious deviation and abnormality of the 
mandibular movement during opening. Informed con-
sent was obtained from all participants.

Imaging data collection 

All volunteers underwent skull base and mandible CBCT
scans (NewTom VG, NewTom, Imola, Italy; voxel size

position (ICP) to obtain DICOM data. The CBCT was 
imported into ProPlan CMF 3.0 (Materialise, Leuven, 
Belgium) in DICOM format. Separation of the maxilla 
and mandible was achieved by selecting the appropriate 
bone tissue threshold in the software, and the recon-
structed maxilla and mandible were exported in stereo-
lithography (STL) format.

Parameters of the mandibular fossa bone surface 

The CBCT of the ICP was imported into ProPlan CMF
3.0 in DICOM format to measure the parameters of 
the mandibular fossa bone surface. The landmarks of 
the articular facet were indicated and the direction was 
defined as perpendicular to the Frankfurt horizontal 
plane (FH plane) as the Y-axis. The distances from the 
indicated points and FH plane, the posterior slope of the 

and fossa depth (distance between point F and point T in 
the Y-axis direction, YF-T) and tubercle height (distance 
between point T and point Ta in Y-axis direction, YT-Ta) 
can be calculated as shown in Table 1 and Fig 1.

3D splint printing 

The 3D morphological data and relative position in 
intercuspal occlusion of the maxillary and mandibular 
dentition of volunteers were obtained using a TRIOS 3 
intraoral scanner (3Shape, Copenhagen, Denmark) in 
the ICP. Two splints were created to attach the maxillary 
and mandibular eight anterior teeth in Geomagic Studio

Table 1  Landmarks and parameters of the articular fossa bone surface.

Landmarks and parameters Abbreviation Definition

Orbitale O Lowest point on the lower edge of the cranial orbit
Porion P Highest point on the external auditory canal
Frankfurt horizontal plane FH plane Determined by left porion, right porion and the midpoint of orbitales
Fossa F Highest point of the articular fossa
Tubercle T Lowest point of the articular tubercle
Starting point of the articular tubercle Ta Anterior starting point of the articular tubercle

Posterior slope angle of the articular tubercle Angle 
Angle between the line passing through point F and point T and the FH
plane

Anterior slope angle of the articular tubercle Angle 
Angle between the line passing through point T and point Ta and the FH
plane

Fossa depth YF-T Distance between point F and point T in Y-axis direction
Tubercle height YT-Ta Distance between point T and point Ta in Y-axis direction

Fig 1  (a) Registration model and 
acquisition of the envelope sur-
face (blue part). (b) The FH plane 
(plane 1), the mandibular body 
plane (plane 2) and the line con-
necting the two peaks of the enve-
lope surface (line 1), the mandibu-
lar body angle and the MBP-ES 
angle (the angle between the en-
velope surface and the mandibular 
body plane) can be obtained; the 
angle between FH plane and line 1 
can be calculated.
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(3D Systems, Rock Hill, SC, USA) using the scanned 
dentition model. The splints were obtained using a 3D 
printer (SHINO I, SHINO, Beijing, China; nozzle diam-
eter 0.3 mm, thickness 0.1 mm).

Mandibular movement trajectory collection 

Volunteers performed border movements with a splint 
on their teeth with landmarks stuck to it. The movement 
trajectory of the target was measured at 120 HZ using the 
mandibular movement recording system PN300 (Geo-
Vision, Taipei, Taiwan) and the result was represented 
by the coordinate points in the coordinate system. The 
core binocular vision device in the PN300 system was
two digital cameras. Movement information data saved 
in a TXT file were opened in Geomagic Studio 2012, 
creating a point cloud of the maxillary dentition and 
mandibular trajectory. The curve present in the 3D coor-
dinated system was obtained by connecting the coordi-
nate points resulting from the movement trajectory of 
the mandibular movement. The coordinated point and 
3D curve were imported into Geomagic Studio 2012 
and transformed into STL format. The error in the 3D
real-time, computerised, binocular, tracking system was
0.1 mm15.

Obtaining the envelope surface

The models of the skull, mandible and mandibular move-
ment trajectories were registered in Geomagic Studio, as
shown in Fig 2a. The mandibular movement was simu-
lated according to the collected trajectory and the pos-
itions of the condyle at each moment were saved in the 
same 3D coordinated system. They were imported into 

Geomagic Studio in PLY format and merged to construct 
the envelope surface, as shown in Fig 2b.

Processing of the models

The envelope surface and maxillary and mandibular 
models were imported into Geomagic Studio in STL for-
mat in the same coordinated system, as shown in Fig 1a. 
The FH plane and Y-axis were the same as the models in
ProPlan CMF. The mandibular body angle was defined 
as the angle between the FH plane and the mandibular 
body plane, as shown in Fig 1b. The angle between the
mandibular body plane and the line crossing two peaks
of the envelope surface (MBP-ES angle) can be meas-
ured directly. The angle between the line crossing two
peaks of the envelope surface and the FH plane can be
calculated from the MBP-ES angle and mandibular body
angle. The calculation method involved comparing the
mandibular body plane with the line crossing two peaks; 
when the mandibular body plane is flatter, it equals man-
dibular body angle plus MBP-ES angle; when the man-
dibular plane is steeper, it equals mandibular body angle
minus MBP-ES angle. The landmarks of the envelope 
surface were indicated and parameters were measured 
and calculated as shown in Table 2 and Fig 3.

Results

Shape of the envelope surface 

All the envelope surfaces showed a ‘two-peak’ shape. 
The second peak was lower than the first, and the depres-
sion between the two peaks was roughly below the

Fig 2 (a) Registration models.
(b) The positions of the condyle 
at each moment were saved in 
the same 3D coordinated system 
merged to construct the envelope 
surface.
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articular tubercle in the registration model. The condyle 
moves forwards and downwards from the ICP forming 
the first peak and downwards surface, then crosses the
lowest point of the articular tubercle and moves upwards
slightly, forming the upwards surface and the second 
peak of the envelope surface4. 

Data analysis 

The results of the measurement of the above param-
eters are shown in Table 3. A paired t test analysis was t
performed, the results of which are shown in Table 4
and Fig 4.

Parameters of the mandibular fossa bone surface of 
the TMJ and the envelope surface were measured and 
analysed. A paired t test was performed between part -
ameters of the mandibular fossa bone surface and the
envelope surface. The statistical results showed that 

1, YF-T and YF1-T1, YT-Ta and YT1-Ta1

were statistically different with P = 0.000, P = 0.000 
and P = 0.007, respectively, which indicated signifiP -
cant differences between the envelope surface and the 

1, as well as the
vertical distances. There was no statistical difference

l. Statistically different 
parameters were further subjected to the following ratio 

1 F-T / YF1-T1
= 51.75%, YT-Ta / YT1-Ta1 = 73.15%. The ratio illus-
trated that the condyle moved half of the fossa depth in

1 was 10 degrees smaller than 

the mandibular fossa bone surface.

Discussion

The articular facet of the TMJ includes the mandibular 
fossa and articular tubercle. Corbett et al16 and Mack17

found that the condyle followed the surface of the man-

Table 2  Landmarks and parameters of the envelope surface.

Landmarks and parameters Abbreviation Definition

Condylion at ICP F1 Highest point of the first peak
Lowest point of the envelope surface T1 Lowest point between two peaks
Condylion of end position Ta1 Highest point of the second peak
Height of first peak YF1-T1 Distance between point F1 and T1 in the y-axis direction
Height of second peak YT1-Ta1 Distance between point T1 and Ta1 in the y-axis direction

Downwards angle of the envelope surface Angle 1 Angle between the line F1-T1 and FH plane

Upwards angle of the envelope surface Angle 1 Angle between the line T1-Ta1 and FH plane

Fig 3  Landmarks of the articular
fossa bone surface (a) and en-
velope surface (c); angles of the 
articular fossa bone surface (b) 

and envelope surface (d). F, high-
est point of the articular fossa; T,
lowest point of the articular tuber-rr
cle; Ta, the anterior starting point 
of the articular tubercle; angle ,
posterior slope angle of the articu-
lar tubercle; angle , anterior slope
angle of the articular tubercle; F1, 
highest point of the first peak; T1, 
lowest point between two peaks; 
Ta1, highest point of the second 
peak; angle 1, downwards angle
of the envelope surface; angle 1,
upwards angle of the envelope 
surface.
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dibular fossa closely during mandibular movement. It 
has been proposed that sagittal condylar guidance coin-
cides more or less with the posterior slope of the articu-
lar tubercle11; however, the physiological movement of 
the TMJ is also affected by the shape and deformation
of the articular disc, restrictions of capsule and liga-
ment, traction of muscles and other factors17. A more 
accurate assessment is as follows: the condylar path is 
determined by the bony fossa, the muscles responsible 
for mandibular movements and their nerve controls, the 
occlusal relationship, the shape and movements of the
disc and the limitations of ligaments11. Theoretically,
the condyle movement is related to the mandibular fossa
bone surface but not completely consistent. The differ-
ences between the fossa and the condyle movement path
are rarely studied. In the present study, these parameters
were measured and compared statistically.

The morphology of the TMJ has been measured with 
different landmarks and parameters7,8. Common param-
eters of the mandibular fossa bone surface include the
diameter and angle of the fossa and the height of the
articular tubercle. In the present study, several sagit-
tal landmarks and related parameters closely related 
to the movement of the condyle were selected. All the

envelope surfaces exhibited a ‘two-peak’ shape. The
second peak was lower than the first, and the depres-
sion between the two was roughly below the articular 
tubercle in the registration model. The highest point of 
the mandibular fossa (F) corresponds to the condylion 
in the centric relation position (F1), which is also the
first peak’s highest point of the envelope surface. The

1) is 
formed by the forwards and downwards movement of 
the condyle in the guidance of the posterior slope of 

-
dyle then moves across the lowest point of the articular 
tubercle (T) and upwards a little until it reaches the
maximum opening point, resulting in the formation of 
the second peak. Thus, the lowest point of the envelope
surface (T1) corresponds to point T. Fossa depth, articu-
lar tubercle height, the posterior slope of the articular 
tubercle and the anterior slope of the articular tubercle 
were measured through points F, T and Ta. The results
for fossa depth are consistent with previous studies7,8. 
The definition of tubercle height in the present study 
is different from that given in the previous literature 
because the FH plane was set as the reference plane for 
the measurement of the envelope surface and articular 

Table 3  Data analysis of the articular fossa bone surface of 
the TMJ and the envelope surface.

Parameters Min Max Mean ± SD 

Angle , degrees 23.40 45.30 35.059 ± 5.224

Angle , degrees 1.00 28.30 14.277 ± 6.679

YF-T, mm 2.70 10.90 6.338 ± 2.389
YT-Ta, mm 0.10 3.80 2.000 ± 0.968

Angle l, degrees 11.12 41.84 25.933 ± 7.539

Angle l, degrees 1.98 29.56 15.192 ± 6.178

YFl-Tl, mm 1.21 6.51 3.280 ± 1.319
YTl-Tal, mm 0.23 3.89 1.463 ± 0.745

Table 4 Paired t test between the parameters of the articulart
facet and envelope surface.

Parameters Mean ± SD t P value

Angle 1, degrees 25.933 ± 7.539
5.582 0.000

Angle , degrees 35.059 ± 5.224

Angle 1, degrees 15.192 ± 6.178
−0.722 0.475

Angle , degrees 14.277 ± 6.679

YF1-T1, mm 3.280 ± 1.319
6.395 0.000

YF-T, mm 6.338 ± 2.389
YT1-Ta1, mm 1.463 ± 0.745

2.869 0.007
YT-Ta, mm 2.000 ± 0.968

Fig 4  Parameters of the articu-
lar facet and envelope surface. 
**P < 0.01,P ***P < 0.001. NS, not sigP -
nificant
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measured in this study was relatively consistent with the
results of the previous literature18.

The method of using landmark points to study 
the condylar process or mandibular movement has
become more accurate as instruments have developed; 
however, the difference in the selection of landmark 
points causes differences in the results of the move-
ment trajectory12,13, and this method cannot reflect the 
influence of the 3D shape of the condylar process on
movement trajectory. Koolstra et al19 first introduced 
the concept of the envelope surface of the incisors and 
studied the incisor movement with the aim of evaluating
the influence of the temporomandibular ligaments and 
the passive tension muscles on the envelope surface.
Later, Huang et al14 took the 3D shape of the condyle
into consideration and analysed the 3D shape of the 
movement of the functional surface of the mandibu-
lar condyle. They found that the condylar movement 
envelope surface was the reachable range of the con-
dylar process during mandibular border movement14. 
Thirty-four healthy adults were included in the present 
study and the obtained envelope surfaces presented a
‘two-peak’ shape, which is consistent with Huang et 
al14 and may be influenced by the morphology of the 
articular tubercle. The first peak of the envelope surface
is formed when the condyle is in the centric position as 
the condyle moves forwards and downwards, crosses 
the lowest point of the articular tubercle and then moves 
upwards slightly4, forming the second peak of the en-
velope surface.

Results of measurements for parameters of the man-
dibular fossa bone surface of the TMJ and the envelope
surface in this study quantitatively verified our hypoth-
esis that the shape of the envelope surface is not signifi-
cantly different from the mandibular fossa bone surface.
Paired t test results and mean values showed that the t
parameters of the envelope surface are significantly 
smaller than the mandibular fossa bone surface, with a
ratio between 50% and 75%. The data showed signifi-
cant differences between the envelope surface and the
articular facet with the vertical distance of the condyle
moving only 51% of the fossa depth. The downwards
angle of the envelope surface was 10 degrees smaller 
than the posterior slope angle of the articular tubercle,
which is nearly 30% smaller than the mandibular fossa.

These results indicate that the tissue between the 
condyle and the mandibular fossa has a very important 
influence on the movement of the condyle. During the
forwards and downwards movement of the condyle, the 
posterior slope of the articular tubercle still played a 
guiding role; however, the articular disc and other flex-

ible tissues influenced the shape of the upper functional
surface of the condyle movement, resulting in smaller 
downwards angles of the envelope surface than the 
bony slope angles of the mandibular fossa. This differ-
ence reflected the cushioning function of the structures 
between the mandibular fossa bone surface and the con-
dyle process. The mismatches between the mandibular 
fossa and the mandibular condyle are mitigated by the
articular disc, which also has the role of ensuring the 
congruence of the articular surfaces. The result between 

l was not significantly different (P(
= 0.475 > 0.05). From a physiological and anatomical 
perspective, this part of the bone structure had little 
effect on the movement of the condyle because the
condyle could not reach the anterior starting point of 
the tubercle in the physiological status.

At present, the design of an artificial TMJ replace-
ment system, consisting of two rigid prosthetic com-
ponents, rarely includes reconstruction of the articular 
disc and other tissues20. The present results indicated 
that the articular disc played a highly important role in
the process of condyle movement, which affected the
design of the artificial TMJ. The mandibular fossa bone
surface cannot replicate the envelope surface of condyle
movement in the physiological status21. Given that the
TMJR system could not replicate the reconstruction and 
simulation of soft tissues, such as the joint disc, at this
stage, it is important to consider how the TMJR system
mimics the movement of a healthy TMJ. The results
of clinical trials of the TMJ system by Yang's team22

which was designed based on the bony shape of healthy 
Chinese adults also suggested that artificial joints that 
conform to anatomical shapes still cannot still simulate 
the movement of a healthy TMJ23. Although a finite 
element analysis study of a custom-made temporal
component that fitted the mandibular fossa bone sur-
face showed that the geometry of the fossa promoted 
better load transfer of the condyle distally, this study 
mentioned that the design according to the fossa surface
did not correspond to joint physiological movements24. 

Based on the current design of the TMJR system and 
the present results, it is suggested that the mandibular 
fossa should act as a guide for the movement of the arti-
ficial joint head. Previous studies pointed out that the 
3D morphology of condylar movement could be used 
for the design of an artificial TMJ fossa14,25. Xu et al25

designed a TMJ prosthesis that obtained the condylar 
movement surface of a canine as the articular surface
of the fossa component, with a good result for strain 
distribution in the finite element analysis. The artifi-
cial TMJR system, based on the design of the condyle
movement envelope surface, is more suitable for the 
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rigid artificial prosthesis design without flexible tissue 
repair, such as the joint disc, at present. The purpose 
of the envelope surface is to provide a theoretical basis
for the functional surface of the artificial joint fossa. It 
is hoped that the movement of the artificial joint head 
can be guided and supported by the reconstructed con-
dyle movement envelope surface after the removal of 
the articular disc to achieve physiological mandibular 
movement.

Conclusion

The downwards angle of the envelope surface was stat-
istically significantly smaller than the posterior slope 
angle of the articular tubercle, suggesting that the con-
dyle movement is gentler than the mandibular fossa bone
surface of the TMJ. The envelope surface of condylar 
movement could be helpful for the geometrical design of 
the fossa component in an artificial TMJR system, which 
may play a role in guiding the movement of the condyle 
component in a manner similar to that of a healthy joint.
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that may occur due to early loss of deciduous tooth can
be considered as acquired anomalies2.

Dental anomalies may occur due to various factors,
which are generally expressed as genetic, epigenetic and 
environmental3. Complex interactions between these 
factors during dental development can lead to abnormal
changes, which in turn cause dental anomalies. It has
been stated that genetic factors such as multifactorial
inheritance and environmental factors such as trauma,
radiation, infection and hormonal factors may play a
significant role in the formation of dental anomalies4.

Dental anomalies can be seen in simple isolat-
ed defects or symptoms of specific syndromes and 
can result in various problems. While developmental
anomalies of enamel can cause problems such as tooth 
sensitivity and susceptibility to caries, situations such
as impacted, supernumerary and missing teeth may lead 
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Prevalence of Dental Anomalies Assessed Using Panoramic
Radiographs in a Sample of the Turkish Population
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Objective: To determine the prevalence, frequency and distribution of dental anomalies that 
were detectable on panoramic radiographs in a large sample Turkish population, and the
associations among the anomalies.
Methods: This study was conducted retrospectively on panoramic radiographs of 43,880 
patients who were admitted to the Faculty of Dentistry at Trakya University, Edirne, Turkey. 
Patients’ files were examined by two observers and radiographic images of 2265 patients with
at least one dental anomaly were included. Dental anomalies were classified as anomalies in
the number, structure, position and shape of teeth. The interactions between the groups were 
analysed using chi-square tests.
Results: The study group consisted of 1336 women (59%) and 929 men (41%) with a mean age
of 33.3 ± 14.4 years. A total of 2265 patients, with a prevalence of 5.2% (2265/43880), had at 
least one dental anomaly. The most frequent anomalies were in position (2.7%) and number 
(2.1%). Structure anomalies were least common, affecting 0.02% of patients. Among the study 
group of patients with dental anomalies, 12.2% presented more than one kind of anomaly. 
Conclusion: Position anomalies were the most common dental anomaly, whereas struc-
tural anomalies were least common in a Turkish sample. The prevalence of anomalies varies
between populations, confirming the role of racial factors.

Key words: fused teeth, impacted tooth, panoramic radiography, supernumerary tooth, tooth
abnormalities.
Chin J Dent Res 2022;25(3):189–196; doi: 10.3290/j.cjdr.b3317997

Dental anomalies are defined as deviations from the
expected number, shape, position and structure of teeth,
and can be congenital, developmental or acquired. Con-
genital types are inherited and have a genetic basis,
developmental types occur at the tooth formation stage,
and acquired anomalies occur after tooth development1.
Anomalies in number, morphology and size are included 
in developmental anomalies while eruption anomalies 
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to orthodontic problems by affecting occlusion5. These
problems, especially those related to the anterior region,
may cause aesthetic issues and also lead to psychologic-
al problems6.

Detailed investigation of dental anomalies is essen-
tial to prevent further complications such as malocclu-
sion, aesthetic deformities, periodontal problems, caries
lesions and difficulties during extraction and root canal
treatment7. Thus, radiographic observations play an im-
portant role in the differential diagnoses of anomalies
as well as clinical examinations. Panoramic radiographs
are frequently used in oral examination for diagnostic 
purposes and can also be used to diagnose dental anom-
alies8. Radiographic evaluation is the most effective
method to detect many different anomalies that cannot 
be noticed only through clinical examination.

Many studies have examined the prevalence of dental 
anomalies, but the results show inconsistencies for dif-ff
ferent populations9-12. Incidence and degree of expres-
sion of dental anomalies in different population groups
can provide important information for phylogenic and 
genetic studies and may assist understanding of vari-
ations within and between the different populations13. 
Thus, population-specific prevalence studies are required 
to provide physicians with information about anomalies
that can affect oral health and thereby quality of life.
Studies with a large sample size make it possible to detect 
the rarest types as well as variable types in a specific pop-
ulation in terms of genetic predisposition. Early diagno-
sis can therefore guide effective management of personal
preventive dentistry and dental treatment programmes.

The present study aims to determine the frequency 
and distribution of dental anomalies that are detect-
able on panoramic radiographs in a large sample of the
Turkish population, and the associations among them.

Materials and methods 

The ethical permissions necessary for this study were 
obtained from the Scientific Research Ethics Commit-
tee of Trakya University, Edirne, Turkey (TÜTF-BAEK 
2020/243). This cross-sectional study was planned retro-
spectively on routine panoramic radiographs of 43,880 
patients who were admitted to the Faculty of Dentistry
at the university between 2015 and 2020. The files of 
43,880 patients were examined by two observers, and 
panoramic radiographs of 2265 patients aged between
12 and 60 years and with at least one dental anomaly
who met the inclusion criteria were included. The radio-
graphs examined in this study were taken with the same 
panoramic radiograph device (PaX-Flex3D, Vatech, 
Hwaseong, South Korea) at the Department of Radiol-

ogy at Trakya University. None of the radiographs were
exposed specifically for this study.

After examining the anamnesis in the patient files,
individuals with systemic diseases, syndromes, tooth 
extraction due to caries lesions, trauma or orthodontic 
reasons, large restorations that prevent the observation 
of crown morphology and insufficient radiograph qual-
ity for optimal evaluation that could negatively affect 
the study were excluded. In addition, third molars, due 
to their wide morphology and position variations, were 
also excluded. 

The radiographic images were evaluated indepen-
dently by two different observers on the computer 
monitor with subdued ambient lighting and anomalies 
were classified as number (including hypodontia, oli-
godontia and hyperdontia), structure (including amelo-
genesis imperfecta, dentinogenesis imperfecta, den-
tine dysplasia and regional odontodysplasia), position 
(including transposition, ectopia, impaction and inver-
sion) and shape (including microdontia, macrodontia, 
fusion, talon cusp, dens invaginatus and taurodontism).

To estimate the reproducibility of the diagnosis, 
100 randomly selected radiographs were examined 
separately by two observers once again and the interob-
server agreement was determined. Parameters such as 
patients’ age, sex, type and region of dental anomalies 
were recorded.

Statistical analysis was performed using SPSS 
Statistics for Windows, version 23.0 (IBM, Armonk, 
NY, USA). Descriptive statistics such as frequency 
distributions and percentages were calculated for the 
categorical data. Chi-square and Fisher exact tests were
used to determine potential differences in the distribu-
tion of dental anomalies stratified by sex and age vari-
ables and to determine the interaction between different 
dental anomalies. The correlation coefficient was also 
used to evaluate the relationship between the number 
of detected dental anomalies and age. A Cohen kappa 
statistic was used between the two observers to test the 
reproducibility of the diagnosis. The level of signifi-
cance was set at P < 0.05 was considered significant.P

Results

The distributions of different types and subtypes of dental 
anomalies are shown in Table 1. The Cohen kappa analysis
demonstrated substantial interexaminer agreement (Kap-
pa 0.892). Of the 43,880 panoramic radiographs, 2265 
patients had at least one dental anomaly, with a preva-
lence rate of 5.2%. The study group of patients with den-
tal anomalies consisted of 1336 women (59%) and 929 
men (41%) with a mean age of 33.3 ± 14.4 ears.
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The most frequent anomalies were impacted teeth
(2.5%), hypodontia (1.5%) and microdontia (0.9%).
Structural anomalies, affecting 0.02% of patients, 
were the least common anomaly observed, followed 
by shape anomalies (1.1%). Among the study group 
patients, 12.2% presented more than one dental anom-
aly. A negative correlation was observed between age

P = 0.004). P
As patients got older, the number of anomalies encoun-
tered decreased. The occurrence of dental anoma-
lies was statistically significantly higher in women
(P = 0.00).

The occurrence of missing central incisors was stat-
istically significantly higher in the mandible than the
maxilla (P((  = 0.01) and occurred bilaterally (P P((  = 0.00).P

The most common anomaly relating to number was
missing lateral incisors (0.7%) and presented statistic-
ally significantly frequently in the maxilla (P((  = 0.00).P
In contrast to missing premolars, missing canines 
were found to occur statistically significantly more
frequently in the maxilla (P = 0.00). No cases of agen-
esis of the maxillary or mandibular first molars were 
observed. Supernumerary central and lateral incisors
were all located in the maxilla. Although the frequency 
of supernumerary canines in the maxilla and mandible 
were similar, supernumerary premolars were signifi-
cantly more common in the mandible (P((  = 0.00). While P
mesiodens was statistically significantly higher in 
women (P(( = 0.005), there was no correlation between 
paramolar presence and sex.

Table 1 Distribution of different dental anomalies and subtypes.

Type and subtypes of 

anomalies

Frequency, n (%) Prevalence, %

Number

Hypodontia

Total 655 (29.0) 1.5
Missing central incisor 18 (0.9) 0.04
Missing lateral incisor 307 (13.5) 0.7
Missing canine 91 (4) 0.2
Missing premolar 239 (10.6) 0.5
Missing molar 0 (0.0) 0.0

Oligodontia 18 (0.9) 0.04

Hyperdontia

Total 254 (11.0) 0.6
Supernumerary central incisior 8 (0.4) 0.02
Supernumerary lateral incisor 14 (0.6) 0.03
Supernumerary canine 10 (0.4) 0.02
Supernumerary premolar 82 (3.6) 0.2
Supernumerary molar 0 (0.0) 0.0
Mesiodens 54 (2.4) 0.1
Paramolar 86 (3.8) 0.2

Total 927 (41.1) 2.1

Position

Transposition 13 (0.6) 0.03
Ectopia 62 (2.7) 0.1

Impaction

Total 1077 (47.6) 2.5
Impacted central incisor 15 (0.7) 0.03
Impacted lateral incisor 8 (0.4) 0.02
Impacted canine 853 (37.7) 1.9
Impacted premolar 130 (5.7) 0.3
Impacted molar 71 (3.1) 0.2

Inversion 20 (0.9) 0.05
Total 1172 (51.8) 2.7

Shape

Microdontia 404 (17.8) 0.9
Macrodontia 2 (0.1) 0.004
Fusion-gemination 2 (0.09) 0.004
Talon cusp 14 (0.6) 0.03
Dens invaginatus 8 (0.4) 0.02
Taurodontism 48 (2.1) 0.1
Total 478 (21.1) 1.1

Structure Amelogenesis imperfecta 8 (0.4) 0.02
Total 2265 (100.0) 5.2
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Impacted canines were the most common pos-
itional anomaly (1.9%) and the maxilla was more often 
affected than the mandible (P((  = 0.00). The incidence P
of impaction was rather unilateral (P(  = 0.00); both theP
right and left sides were affected similarly. On the other 
hand, impacted premolars were often present in the
mandible (P(  = 0.00).P

Only five patients (0.005%) presented kissing molar 
teeth (Fig 1). No statistically significant correlation 
was detected between inversion (Fig 2), transposition
(Fig 3) and sex (P((  = 0.147 and P P = 0.111, respectively). P
A positive correlation was detected between inversion
and ectopia (P(  = 0.016).P

The most common shape anomaly was microdontia
(0.9%) and 86.4% of microdontia cases involved the 
maxillary lateral incisors and were significantly higher 
in women (P((  = 0.00). Only two patients exhibited macP -
rodontia (0.004%), and all were in mandibular molars.

The most common shape anomaly following micro-
dontia was taurodontism (0.1%). The distribution of 

taurodontism was similar between arches and all cases 
were in molars. Fourteen patients (0.03%) had talon 
cusps and all were in the maxillary lateral incisors. 
Similarly, all cases exhibiting dens invaginatus were 
in maxillary lateral incisors. No statistically signifi-
cant correlation was found between the occurrence of 
talon cusps, taurodontism, dens invaginatus and sex 
(P( = 0.454, P = 0.063 and P P = 0.993, respectively).P

Eight patients with evident amelogenesis imperfecta 
(0.02%) (Fig 4) were detected. No cases of dentinogen-
esis imperfecta, dentin dysplasia or regional odontodys-
plasia were observed.

Discussion

The present study investigated the prevalence and as-
sociation between different dental anomalies in a large 
sample. Due to the differences in the reported preva-
lence of anomalies in various racial and ethnic groups,
the authors planned to investigate the frequencies

Fig 1  Radiograph of a case displaying kissing molars.

Fig 2  Representative radiograph of a supernumerary man-
dibular microdontic canine with inversion.

Fig 4  Panoramic radiograph of a case displaying amelogen-
esis imperfecta. Note the generalised crown abnormalities,
such as flat occlusal surfaces and the presence of hypoplastic 
enamel with more radiodensity in contrast to dentine.

Fig 3  Radiograph of a case involving complete transposition 
of the upper left permanent canine and premolar.
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in a sample of Turkish patients in the Thrace region.
Although there have been several studies investigating
the prevalence of various dental anomalies10,13-15, only
a few studies considered all types and subtypes of dental 
anomalies, and none have been conducted with such a 
large randomised sample group. 

It has been reported in various studies that the 
prevalence of dental anomalies is between 1.73% and 
74%1,5,16. The highest prevalence in the literature was 
74.78% as reported by Tongudomporn and Freer17 and 
this finding, which was higher than those of previous 
random sample studies, was explained as a result of 
orthodontic patients’ tendency to have more dental
anomalies than the general population. In non-ortho-
dontic patient groups, the prevalence of dental anoma-
lies was reported to be 40.8% by Ezoddini et al18 in
2007, 34.28% by Gupta et al19 in 2011, 29% by Shokri 
et al20 in 2014, 4.75% by Aren et al12 in 2015 and 1.8% 
by Almaz et al3 in 2017. These conflicting results can be
explained primarily by racial differences and sampling 
techniques, and also by local environmental influences
and nutrition. Additionally, with the exception of the
differences in the sampled population, other influential
factors are the diagnostic methods and the criteria used 
in the studies. In the present study, the prevalence of 
dental anomalies diagnosed by panoramic radiographs
was approximately 5.2%. This result was consistent 

Atac and Erdem15. The fact that the prevalence rates
were almost equal indicates that the results of studies 
conducted in the same ethnic groups will be similar 
even if the sample groups are different.

Diagnostic methods could affect study results.
Developmental dental anomalies can be diagnosed clin-
ically as well as radiographically. When clinical exam-
ination and radiographic examination were performed 
together, as in the study by Gupta et al19, a higher 
prevalence rate (34.28%) than in the present study was 
reported; however, many studies in the literature have
shown that most anomalies can be detected by careful 
radiographic examination8,18,19. In addition, a larger 
sample group can be reached by examining routine
panoramic radiographs, and more reliable results can 
be obtained with a larger sample. Thus, in the present 
study, anomalies were evaluated by using panoramic
radiographs, as in most studies in the literature.

The inclusion of third molars may also increase the
prevalence of anomalies. The prevalence was reported 
to be 36.7% by Patil et al13 and 45.1% by Afify and 
Zawawi21 when third molars were included. Since
third molars show more variations than other teeth, the
prevalence of anomalies was reported to be higher when

they were included. Consequently, third molars were 
not included in the present study in order not to affect 
the results.

Studies investigating types and prevalence of dental
anomalies reported that the most common anomaly
types were position and number7,13,22, corresponding 
to the results of this study. In the present study, 12.2% 
of the study group presented more than one dental
anomaly, similar to the rate of 10% reported by Bilge et 
al1; however, these values were lower than the 21.27%
reported by Shokri et al20.

Several studies indicated that dental anomalies were
statistically independent of sex10,14,19. In contrast, the 
present study found that women were statistically sig-
nificantly more prone to exhibiting dental anomalies,
as in a study by Pallikaraki et al22. Similarly, reports 
suggest that women display a higher incidence of dental 
agenesis23,24. 

In the present study, the prevalence of anomalies in 
terms of number was 2.1%, and the most common of 
these was hypodontia (1.5%). The reported prevalence
of congenitally missing third molars varies between 
5% and 37%25. When third molars are excluded, the
prevalence ranges between 0.15% and 16.2%25-27. In
line with the results of the present study, it has been
reported that in many populations, the most frequently
missing teeth, with the exception of the third molars,
are the maxillary lateral incisors and mandibular pre-
molars26. It is believed that the reduction in the number 
of teeth and the size of the jaw are part of human evo-
lution and will continue and become more frequent in
years to come19. 

In previous studies, it was reported that the preva-
lence of supernumerary teeth ranges from 0.1% to
3%8,15. Similarly, the prevalence reported in the present 
study was 0.6%. Supernumerary teeth affect the maxilla 
more than the mandible (8:1)28, as in the present study. 
In previous studies, the majority of detected super-
numerary teeth were mesiodens22,29. Cases involving
supernumerary teeth most commonly affect the anterior 
maxilla, followed by the mandibular premolar region30; 
however, the most common supernumerary teeth in the 
present study were paramolars (0.2%) and supernumer-
ary premolars (0.2%), followed by mesiodens (0.1%). 
This suggests that supernumerary teeth may not be
depicted clearly in panoramic radiographs due to the 
narrow focal trough in the anterior maxilla31. 

Transposition is a rare position anomaly that involves 
the permanent dentition (prevalence 0.3% to 0.4%) and 
is more frequently seen in the maxilla32. In the present 
study, the prevalence of transpositions was 0.03% and 
even although it was more commonly detected in the
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maxilla, there was no significant difference between the
arches. Transposition is commonly encountered with 
other anomalies, such as aplasia and peg-shaped lateral 
incisors33; however, no relationship was observed in
the present study. It has been reported that transposition
usually involves the canines, along with either the inci-
sors or premolars34. Likewise, in the present study, the
canines were involved in most cases. There was also a
significant relationship between impacted canines and 
transposition (P(  = 0.000). Canines affected by transpoP -
sition tended to remain impacted.

The prevalence of ectopic eruption has been reported 
to range from 0.01% to 8.9%7,19,21. In the present study, 
the prevalence was determined to be 0.1%, which was
in accordance with the findings of Uslu et al14 and Afify
et al21. On the other hand, the prevalence of ectopic 
eruption was considerably lower compared to other 
studies19,35. Although it has been reported in the litera-
ture that transpositions constitute a significant part of 
ectopia, no correlation was found between transposition 
and ectopia in the present study; however, there was a 
significant relationship between ectopia and inversion.
Inverted teeth were commonly in ectopic positions.

The prevalence of impacted teeth was 2.5%, which
was much lower than in the study of Pallikaraki et 
al22 who reported a prevalence of 5.4% in Greece. 
Maxillary canines were found to be the most impacted 
tooth excluding third molars, supporting previous find-
ings14,19,22. It is not surprising that canines, the last 
erupted teeth in the arches, are most frequently remain
impacted due to a lack of space.

Concerning shape anomalies, macrodontia was
reported to be less common than microdontia in previ-
ous studies15-22. Likewise, only two cases of macrodon-
tia were detected in the present study (0.004%), and all
were in mandibular molars. The prevalence of micro-
dontia reported in the current study (0.9%) was similar 
to that reported by Uslu et al14 (0.7%) and Patil et al13

(1.0%). However, other authors reported higher preva-
lence rates of microdontia due to the inclusion of third 
molars. Consistent with studies in the literature13,15, the 
maxillary lateral incisors were the teeth most affected 
by microdontia in the present study.

The association between the unilateral agenesis of 
the maxillary lateral incisor and the microdontia of the 
contralateral incisor is often observed clinically, and a 
statistically significant relationship was detected in the
present study (P(  = 0.000). This situation was explained P
by the fact that the genetic defect that determined the
agenesis had an incomplete expression on the opposite
side of the dental arch, causing microdontia21. 

Only a few studies have reported the prevalence of tau-
rodontism, which varies between 0.02% and 46.4%12,19. 
Diagnosis of taurodontism can be difficult in permanent 
teeth with ongoing root development, and consequently, 
it has been reported that the prevalence of taurodontism
is lower in people aged under 20 years. The prevalence 
of taurodontism was 0.1% in the present study which was 
lower than that reported by Pillai et al36 (4.79%). On the 
other hand, the reported prevalence in the present study 
was higher than in the study by Laganà et al5.

In the literature, it was reported that the prevalence of 
fusion ranges from 0.0% to 0.8%1,7. Similarly, the prev-
alence of fusion, which affected both sexes equally (P(
= 0.652), was 0.004% in the present study. The preva-
lence of talon cusps ranges from 1% to 8% in permanent 
teeth, with a higher frequency in men than women37. 
However, the prevalence was 0.03% in the present 
study and they were more predominant in maxillary 
lateral incisors, which is consistent with results reported 
by Dash et al37. Dens invaginatus was also a rare dental
anomaly. Despite the reported prevalence ranging from
0.47% to 6.7%10, it was found to be lower (0.02%) in 
the present study.

Structural anomalies are reported to be very rare,
with a prevalence less than 5/100038. In fact, structural 
anomalies may be difficult to detect on radiographs 
and without a clinical observation (mostly in their less
severe forms). Nevertheless, eight prominent cases of 
generalised amelogenesis imperfecta (0.02%) were
identified in the present study. Dentinogenesis imper-
fecta, dentine dysplasia and regional odontodysplasia
were not observed, which is not surprising considering
the rarity of these anomalies.

Within the limitations of this study, treated anomalies 
could not be detected; thus, prevalence may be higher 
than reported. On the other hand, the lack of clinical 
examination was another limitation of the study. A 
prospective study with clinical examination would 
have allowed precise detection of dental anomalies and 
improved the sensitivity of the study, especially for the
detection of structural and positional anomalies.

Conclusion

The prevalence and type of dental anomalies seemingly
vary within and between populations, confirming the 
role played by racial factors. Genetic differences and 
the diagnostic criteria used may have led to differenc-
es between studies. Although the prevalence of dental 
anomalies varies within and between populations, the 
results of the present study were consistent with those of 
previous studies conducted into the same race.
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Early diagnosis and timely management of dental
anomalies can prevent further complications. It is 
therefore crucial to perform a careful radiographic
examination in addition to the clinical examination.
Population-specific studies will help clinicians to rec-
ognise the most common types of anomaly encountered 
in that region and enable patients to be informed about 
the effect and prognosis of dental anomalies as well as
the treatment plan.
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Most signs and symptoms of VRF are nonspecific, thus 
limiting the reliability of the available methods for VRF
detection2. CBCT has been suggested as a superior volu-
metric imaging system to periapical radiography in VRF 
diagnosis3-6; however, beam-hardening artefacts sub-
stantially reduce its performance7 by hampering visuali-
sation of or even mimicking the fracture line. 

Incomplete root fractures are particularly difficult 
to detect on both periapical radiographs and CBCT8. 
Previous studies have compared periapical radiography 
and CBCT in assessing VRF8-11 and revealed divergent 
and imprecise results for the two systems, thus hinder-
ing clear diagnosis of VRF and correct indication of 
the best system to use1,12. According to the American 
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Impact of Fracture Line Width on Radiographic Diagnosis 
of Vertical Root Fractures: Analysis of the Generalised
Estimating Equation Model
Kaique LEITE DE LIMA1, Lorena Rosa SILVA1, Mozar ANDRADE MOTA NETO2, Marcelo
GUSMÃO PARAÍSO CAVALCANTI3, Cláudio RODRIGUES LELES1, Maria ALVES GAR-
CIA SANTOS SILVA1, Carlos ESTRELA1, Brunno SANTOS DE FREITAS SILVA1, Fernanda P 
YAMAMOTO-SILVA1

Objective: To undertake a joint analysis of the influence of fracture width, dental thickness
and distance of the fracture from the cortical bone on the radiographic diagnosis of vertical 
root fractures. 
Methods: Thirty-six uniradicular bovine teeth were endodontically treated and distributed 
into three groups according to the remaining root dentine thickness: 1.2 mm, 1.5 mm and 1.8 
mm. Each group comprised 12 teeth, six with vertical root fracture and six without. Scan-
ning electron microscopy (SEM) images of the fractured tooth groups were obtained and the 
fracture lines were measured. All specimens were inserted into bone defects created in bovine
ribs, at different distances from the external cortical bone. Digital periapical radiographs were
randomly evaluated by three blinded examiners (presence or absence of fractures).
Results: The specificity for periapical radiography was found to be 89% and the accuracy
rate was 57.4%. The mixed-dd model regression using the generalised estimating equation (GEE) 
model showed that the width of the fracture line and the thickness of the dental remnant play an 
important role in radiographic detection of vertical root fractures. There is a lower chance of 
correct diagnosis with fracture line widths < 0.2 mm (odds ratio [OR] 0.294, 95% confidence
interval [CI] 0.103 to 0.836; P = 0.022) and tooth thicknesses < 1.2 mm (OR 0.342, 95% CI 
0.157 to 0.747; P = 0.007).
Conclusion:  Fracture line widths < 0.2 mm and smaller root thicknesses lead to a less
accurate diagnosis of vertical root fractures on periapical radiographs.

Key words: diagnosis, endodontically treated teeth, radiograph, vertical root fracture 
Chin J Dent Res 2022;25(3):197–204; doi: 10.3290/j.cjdr.b3317977

Vertical root fracture (VRF) is characterised by a lon-
gitudinally orientated fracture plane that begins at the 
root apex and extends to the coronal part of the tooth1.
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Academy of Oral and Maxillofacial Radiology, periapi-
cal radiography represents the initial imaging modality
of choice in evaluating the suspected fractures13 that 
may be observed on the root surface as a vertically ori-
entated radiolucent line8. In fact, a fracture can only be
visualised in radiographic examinations when the cen-
tral beam of the x-rays is parallel to the fracture plane 
or within ± 4 degrees variation of it. Thus, a comple-
mentary approach recommends a horizontal angulation 
variation in radiographic images15.

Several factors associated with image acquisition
have been investigated for radiographic diagnosis of 
VRF, including the influence of root filling materials16, 
the presence of metallic posts9,17, comparison of dif-ff
ferent digital and conventional systems18, the angula-
tion in obtaining the radiographic images15 and the 
influence of the fracture line width3,4,10. The results of 
these studies showed low accuracy of periapical radi-
ography, especially because of the sensitivity of this
examination method; however, these results should be
interpreted with caution owing to the methodological 
differences across studies and the lack of simultaneous
testing of the multiple predisposing factors that could 
influence the radiographic detection of VRF. For this
reason, considering that periapical radiography is the
main auxiliary method for diagnosing VRF and that 
current studies focus on individualised evaluation of the
factors influencing its diagnosis, and are thus not very
representative of clinical conditions, it is important to 
understand what dependent or joint factors are relevant 
to radiographic diagnosis of VRF. As such, this study 
aims to evaluate the influence of dental thickness, frac-
ture width and the distance of fracture from the cortical 
bone in the radiographic diagnosis of VRF, using a
methodology that considers the association of variables.

Materials and methods

This experimental study was approved by the Eth-
ics Committee on Animal Research of our university 
(protocol no. 129/17). 

Sample acquisition

Thirty-six single-rooted bovine teeth were acquired 
commercially from a specialist company (Mondelli 
Indústria de Alimentos, São Paulo, Brazil) for use as the 
study sample. The teeth were inspected microscopically
(OPMI, Zeiss, Oberkochen, Germany) to examine the 
external root surfaces. Teeth exhibiting cracks, fractured 
cusps, pre-existing fractures (split tooth, complete or 
incomplete vertical root fracture), external resorptions,

structural abnormalities or incomplete root formation 
were excluded.

Sample preparation

The crowns of the teeth were removed, leaving the 
remaining tooth at 15 mm in length. The samples were 
divided into three groups according to their visible dentine 
thickness: 1.2, 1.5 and 1.8 mm. These groups were based 
on the study by Katz and Tamse19, who used a final mean
thickness of 1.49 ± 0.16 mm after endodontic treatment.
CBCT images (Orthopantomograph OP300, KaVo Den-
tal, Tuusula, Finland) of the cervical, middle and apical
regions were acquired and their thickness was measured 
using CS3D imaging software (v 3.1, Carestream Dental,
Rochester, NY, USA). The final thickness of the dental
remnant was established by taking the arithmetic mean of 
the three regions.

After random allocation of the groups, the sample
units were worn using a #3 Peeso Reamer (Dentsply
Maillefer, Ballaigues, Switzerland) in a motor at low
rotation, guided by a digital caliper and periapical
transoperative radiographs according to the group
being studied. The root canals were then obturated 
using a thermoplastic technique with a McSpadden
0.50 condenser and gutta-percha cones (both Dentsply
Maillefer) with epoxy amine resin cement (AH Plus,
Dentsply Sirona, Charlotte, NC, USA).

Each group received 12 sample units, which were
later divided randomly into six fractured and six non-
fractured teeth. Simulation of the periodontal ligament 
for induction of VRF was performed according to the
methodology proposed by Soares et al20, after which 
fractures were induced using a universal test machine 
(Instron, TTDML, Canton, OH, USA) using a 2000 kg/
force load cell at a speed of 0.05 mm/min.

Performing scanning electron microscopy (SEM)

SEM images of the fractured teeth were acquired to
measure the fracture line (Figs 1 and 2). The teeth were
dried at room temperature and scanned with a JEOL 
JSM IT300LV microscope (JEOL USA, Peabody, MA,
USA) operating under a low vacuum, at a magnification

(National Institutes of Health, Bethesda, MD, USA),
using the linear measurement tool in the cervical, middle
and apical regions of the fracture tract. The final width
was defined as the highest value found. The maximum
fracture width in the sample ranged from 0.04 to 0.40 
mm, with a mean of 0.14 ± 0.07 mm.
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Phantom preparation

The cortical bone was simulated by using a bovine rib as 
a phantom. Bone defects were produced by simulating 
the dental alveoli (Fig 3). The phantom was prepared 
using a MaxiCut drill (American Burrs, Palhoça, Santa 
Catarina, Brazil) mounted on a low rotation motor to
perform the scoring, which occurred at 1 mm on the 
cortical bone, and at a distance of 1 and 3 mm from the
cortical bone.

Radiographic acquisition

Each tooth from each different group was radiographed 
individually in the three bovine rib bone defects being
studied, which were surrounded by a thin layer of wax to
simulate the attenuation of the x-ray beam. The images
were acquired by positioning a phantom on an acrylic 
platform coupled to a transferor, as previously described 
by Nascimento et al16.

All radiographic images were obtained using a Focus
periapical unit (KaVo Dental) operating at 70 kVp and 
7 mA and using size 2 phosphor plates (14.3 pl/mm,

Dental). The exposure time was 0.2 s and a sensor-focus
distance of 40 cm was used to obtain images at three
horizontal angles, namely orthoradial, mesioradial and 
distoradial, with a variation of 15 degrees.

The images were analysed by simultaneously exam-
ining the three radiographs at different angulations of 
each tooth. Three calibrated and independent exam-
iners, two radiologists and one endodontist, all with
at least 5 years of experience, classified the images
according to the evaluation presence of VRF using a
5-point scale: 1, VRF definitely present; 2, VRF prob-
ably present; 3, uncertain; 4, VRF probably absent; and 
5, VRF definitely absent. All the images were evaluated 
in a low-light environment on an XPS X8700 computer 
with an Intel 3.4 GHz processor, 12 GB memory, 2 TB
hard drive and a NVIDIA GeForce GTX 645 graphics

Fig 1 Dental remnant with fracture line < 0.2 mm. (a) Photo-
graph of the fractured dental element. (b) SEM with 15× mag-
nification, showing the fracture line. (c) Periapical radiograph 
with no evidence of VRF.

Fig 2  Dental remnant with fracture line > 0.2 mm. (a) Photo-
graph of the fractured dental element. (b) SEM with 15× mag-
nification, showing the fracture line. (c) Periapical radiograph 
with the radiolucent line on the proximal aspect compatible
with VRF (arrowhead). 
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card (Dell, Austin, TX, USA) and a 28-inch colour 
monitor (UltraHD, Dell).

Data analysis 

Data analysis was performed using SPSS software (ver-
sion 24.0, IBM, Armonk, NY, USA). Descriptive statis-
tics were used to summarise the data on VRF and inde-
pendent factors. The VRF data classified by the raters
were cross-tabulated with the dichotomous condition of 
the dental roots (whether fractured or not) to calculate 
the rates of the correct measures to be used in the overall
measures, and by each of the raters, whose performance
in the detection of VRF was expressed as accurate. 

The outcome variable was labelled as a correct rating 
– code = 1 (true positive [TP] and true negative [TN]
cases) or as an incorrect rating – code = 0 (false positive
[FP] and false negative [FN] cases). Since the measure-
ments were clustered among the raters and along the
different distances of the cortical bone, there was a vio-
lation of the assumption of independence of data. Thus,
correct identification of the root condition (fractured or 
not) was modelled by mixed-model regression using a 
generalised estimating equation (GEE). 

The original database was changed to a format that 
rearranged the groups of related columns into groups of 
rows in the new data file using the “restructure” com-
mand in the software. The analysis was specified as a
binomial distribution, and the Logit as the link function,
in order to run the GEE model for the binary outcome.
The independent factors in the regression model were 
the raters (three levels), the distance from the corti-
cal bone (proximal, central and distal positions), the
width of the fracture line (no fracture, < 0.2 mm and 

(three levels). All the predictors were entered into the
regression model using the forced entry method to test 

the main effects of each variable. GEE regression par-
ameters were expressed as the odds ratio (OR) at a 95%
confidence interval (CI). The significance of the model
effects was tested using Wald chi-square statistics, and 
the statistical significance was set at P < 0.05.P

Results

The sensitivity and specificity values, positive predict-
ive value, negative predictive value and accuracy values
for each examiner, in relation to the fracture diagnosed 
by periapical radiography, are presented in Table 1. The 
highest value found was for specificity, resulting in a
greater ability to diagnose non-fractured teeth correctly
according to 85% of all three evaluators. Periapical radi-
ography presented a correct VRF detection rate of 57%.

Use of the GEE made it possible to establish that 
there was no statistically significant relation between
the different evaluators or the distance of the cortical
bone and the correct diagnosis of VRF (Table 2), con-
sidering P < 0.05 for all the variables. The width of theP
fracture line and the thickness of the dental remnant 
played an important role in detecting VRF, and the
chance of correct diagnosis was lower when the fracture
width was reduced (< 0.2 mm: OR 0.294, 95% CI 0.103
to 0.836; P = 0.022) or the remaining tooth was reduced P
(lower: OR 0.342, 95% CI 0.157 to 0.74; P = 0.007), P
except in non-fractured cases (OR 12.052, 95% CI
5.923 to 24.526; P > 0.001), which presented a greater P

Poor agreement was observed between the examiners
in detecting VRF. Table 3 shows the interobserver kappa 
coefficients for VRF detection in periapical radiographs
for each examiner. The intraexaminer kappa calculation
indicated that substantial agreement was obtained in 
VRF detection, except for Examiner 1 (Table 4).

Discussion

In the present in vitro model, the width of the fracture 
line and the thickness of the dental remnant played im-
portant roles in VRF detection regardless of the distance 
from the tooth to the cortical bone. Fracture width seems
to be a more determining factor for detection than den-
tal remnant thickness, since larger fracture widths are
more easily detected when the fracture plane is parallel
to the central x-ray beam14. When the remaining tooth
was reduced in dentine thickness, there was a smaller 
chance of correct VRF. This is because greater force 
was required to produce VRF in thicker teeth with the
universal test machine, resulting in fractures with larger 
widths that favour their detection.  

Fig 3  Bovine rib phantom used to evaluate the distance from 
the cortical bone. (a) 1 mm wear of cortical bone, (b) 1 mm 
from cortical bone and (c) 3 mm from cortical bone.
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Several studies have investigated the accuracy of 
periapical radiographs in detecting an artificially made
VRF and reported similar results, with low sensitiv-
ity and high specificity values9-11. Our main objective
was not to confirm the difficulty of VRF radiographic 
detection, but rather to understand the impact of factors 
acting simultaneously to influence the formation/defini-
tion of the radiographic image in VRF diagnosis using 
a regression model. 

The present authors formed three experimental
groups composed of teeth with different thicknesses. 
The selection considered the influence of dentine thick-
ness in the development of VRF21 and the knowledge
that VRF is more prevalent in teeth with a reduced den-
tal structure, such as mandibular molars and maxillary
premolars22-24, often with endodontic treatment25 and/
or with intraradicular retainers26,27. The remaining tooth
thickness may vary according to the type of teeth, the 
endodontic instrumentation technique (manual, rotary, 

etc.)25,28 and the type of preparation made to receive an 
intraradicular retainer29. In this respect, reduced dental
structure is associated with greater susceptibility to
VRF30 and greater radiographic sharpness. A smaller 
thickness offers less resistance to x-ray attenuation
and may thus favour greater radiographic sharpness, 
facilitating radiographic detection of VRF31. Despite
the greater sharpness of the radiographic image of the
dental thickness, this did not facilitate correct diagnosis
of VRF in the present study.

We also hypothesised that the distance from the
tooth to the cortical bone would influence the radio-
graphic detection of VRF. This could be an important 
factor to study since the different dental groups have
distinctive positions in relation to the bone, e.g., an-
terior teeth are usually implanted closer to the cortical
bone compared to the posterior teeth32. This hypothesis
can be explained by the fact that superimposition of 
a thicker bone layer can make it difficult to visualise 

Table 1  Measurements taken from a 2 × 2 table applied to determine accuracy of assessment of teeth with possible VRF using 
periapical radiographs.

Rater Number of images Sensitivity Specificity Positive predictive value Negative predictive value Accuracy (%)

#1 108 0.51 0.61 0.57 0.55 0.56
#2 108 0.12 1.00 1.00 0.53 0.56
#3 108 0.22 0.96 0.85 0.55 0.59
Overall 324 0.29 0.85 0.67 0.54 0.57

Table 2  GEE parameters for the probability of correct diagnosis of VRF in radiographs.

Parameter OR 95% CI Significance 

Lower Upper

Intercept 1.301 0.473 3.581 0.610

Rater
#1 0.828 0.269 2.551 0.742
#2 0.828 0.555 1.235 0.354
#3 1.000 0.000 0.000 0.000

Distance to cortical bone
Proximal 0.647 0.355 1.177 0.154
Central 1.066 0.586 1.939 0.834
Distal 1.000 0.000 0.000 0.000

Width of fracture line
No fracture 12.052 5.923 24.526 > 0.001
< 0.2 mm 0.294 0.103 0.836 0.022
≥ 0.2 mm 1.000 0.000 0.000 0.000

Chance of correct diagnosis with remaining
root structure width

Lower 0.342 0.157 0.747 0.007
Intermediary 0.464 0.167 1.284 0.139
Higher 1.000 0.000 0.000 0.000

Table 3  Kappa values for interexaminer agreement in inter-rr
preting periapical radiographs for VRF diagnosis. 

K value

Examiner 1 × Examiner 2 0.036
Examiner 1 × Examiner 3 0.072
Examiner 2 × Examiner 3 0.531

Table 4 Kappa values for intraexaminer agreement of VRF 
diagnosis.

K value

Examiner 1 0.293
Examiner 2 0.730
Examiner 3 0.738
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radiolucent structures in radiographic images33 since
objects located along the long axis of an x-ray beam are
projected to the same spot on the radiographic receptor. 
Thus, the proximity of fractured teeth to the cortical
bone and the image receptor may increase the sharpness 
of the images, which could facilitate VRF diagnosis;
however, the present data show that the distance of the 
cortical bone from the VRF was not a factor associated 
with VRF detection.

Our model also included an analysis of fracture 
width. Brady et al10 compared the accuracy of periap-
ical radiography and CBCT in detecting both complete 
(when fragments are separated) and incomplete VRF
(when fragments are not separated) in endodontically
untreated teeth in an ex vivo model. Comparison of 
complete versus incomplete VRF revealed that the area 
under the receiver operating characteristic curve was
not significant, but that the sensitivity was significantly
higher in the group with complete fracture than that 
with incomplete fracture. In our study, the accuracy of 
periapical radiography was low, corroborating previous
studies8,10,11; however, our model of analysis did not 
separate the teeth into complete or incomplete fracture
groups, because it was believed that fracture width does 
not necessarily imply that fragments are separated, but 
does influence their detection. The fracture width must 
be great enough for the x-ray beam to cross it in order to
form a radiographic image12. Separated fragments would 
indeed aid in the diagnosis of VRF by revealing other 
radiographic signs, such as periradicular bone loss34.

Patel et al8 used a methodology similar to that of 
Brady et al10 to create fractures in endodontically
treated human teeth. They reported that no incom-
plete fracture (0.05 to 0.11 mm) was detected radio-
graphically, and that only 19% of complete fractures
(> 0.2 mm) were detected8. They also stated that both
radiographically and CBCT-generated area under the
curve values are inaccurate8. Özer3 compared the abil-
ity of both CBCT and digital periapical radiography to
diagnose VRF of different thicknesses (< 0.2 mm, 0.2 
mm and 0.4 mm) and concluded that radiographs pre-
sented better results, concurrently with larger fracture
thicknesses; moreover, 41.6% of the fractures < 0.2 mm
were correctly diagnosed, and 60% of all the fractures 
were 0.4 mm thick. Corroborating their findings, we
found that fractures > 0.2 mm were more likely to be 
diagnosed compared with fractures < 0.2 mm, regard-
less of the distance between the dental structure and the 
cortical bone or the thickness of the tooth. 

This in vitro model with bovine teeth allowed the
impact of cortical distance, tooth thickness and fracture
width to be evaluated jointly and controllably in per-

forming VRF diagnosis. Despite the limitations inher-
ent to an in vitro study, use of the bovine model allowed 
standardisation of the tooth length, shape and age, thus
reducing the bias related to these parameters. The chem-
ical composition and tensile strength and modulus of 
elasticity of bovine tooth enamel and dentine are mostly
similar to those of human teeth, making bovine alterna-
tives the first choice when replacing human teeth for 
research purposes35-37. Despite the morphological dif-ff
ferences between bovine and human teeth, studies with 
bovine teeth have presented results comparable to those 
obtained with extracted human teeth35.

This study used high resolution SEM images to deter-
mine the fracture line width accurately, thus allowing 
microstructural visualisation and high image magnifi-
cation23, which enabled assigned limits to be evaluated 
clearly. The quantitative analysis from SEM images is
a feasible technique conventionally performed with the
ImageJ image processing tool38.

Since periapical radiography is the first auxiliary
method to evaluate a suspected fracture, it is import-
ant to understand its limitations in order to be more
rational and specific in indicating the most suitable
imaging option. The present results corroborate those
of Özer3 and Patel et al8 and show that when the VRF 
cannot be identified radiographically, this is probably
due to its small width. In this case, CBCT with a voxel
size < 0.2 mm is indicated and increases the chance of 
VRF detection, even in the presence of artefacts.

Conclusion

In conclusion, diagnosis of VRF using digital periapical 
radiographs is influenced by the width of the fracture line.
A distance > 0.2 mm between dental fragments tends to
provide a greater number of correct diagnoses of VRF.
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isolation, modified the normal development of personal
activities and habits. In addition, the increase in financial 
uncertainty and instability and the risk of contagion trig-
gered, at a community level, a considerable increase in
the levels of psychological stress, which may have been
more prevalent in vulnerable groups such as women, 
unemployed people, individuals with a low socio-
economic status and young adults. COVID-19 is also 
linked to cardiovascular and gastrointestinal diseases
and depression1-4.
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Impact of Social Support on Perceived Stress in Latin 
American and Caribbean Dental Students and Dental
Practitioners during Mandatory Social Isolation within the
Coronavirus Pandemic in 2020
María Claudia GARCÉS-ELÍAS1, Roberto A LEÓN-MANCO1, Andrés A AGUDELO-SUÁREZ2

Objective: To determine the impact of social support on perceived stress in Latin American
and Caribbean dental students and dental practitioners during mandatory social isolation 
within the coronavirus (COVID-19) pandemic in 2020.
Methods: A cross-sectional study was conducted with a sample of 1812 dental students and 
dental practitioners from 21 Latin American and Caribbean countries. Perceived stress was
assessed using the perceived stress scale (PSS-SS 14), and the influence of social support was 
addressed using the Duke-UNC-CC 11. Additionally, sociodemographic variables, knowledge of 
and preventive behaviour against COVID-19 and health status were considered. A descriptive,
bivariate and multivariate analysis was performed through multiple linear regression. 
Results: In the multivariate analysis, model 4 presented R2% = 21.20 (P < 0.001), a constant 
of 40.049; within the model, the social support variable had a non-standardised regression 

concern regarding COVID-19 was b = 1.838 (95% confidence interval [CI] 0.887 to 2.790; 

Conclusion: An association was determined between perceived stress and social support, as 
well as the variables of concern about the disease, self-ff perceived health status, number of -
days and level of confinement, age, sex and economic income level, based on the experience 
of dental practitioners and dental students in mandatory isolation.

Key words: coronavirus, dental practitioners, dental students, psychological stress, social 
support 
Chin J Dent Res 2022;25(3):205–213; doi: 10.3290/j.cjdr.b3317983

The coronavirus (COVID-19) pandemic and the adop-
tion of restrictive policies to control its spread, such
as widespread quarantine, social distancing and self-
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On the other hand, factors such as sex, socioeconomic
level, self-acceptance, religious beliefs, culture and 
social support impact individuals’ mental health. Social 
support is defined as the care and support received from 
third parties during challenging situations that allow the
individual to modify their perception of the event; it is 
also an important strategy to facilitate stress reduction5. 
Likewise, during the health crisis, the population has had 
to experience physical distancing and faced low levels
of social support; a lack of the latter is linked to reduced 
satisfaction with life, anxiety and depression. Social
support helps to regulate stress levels and reduce work-
related stress6-8; however, when it is not readily avail-
able, this has a negative impact on individuals’ mental
health9. As in previous epidemics, health care workers 
have presented high levels of stress during the current 
pandemic, having to deal with an increased workload 
and a high risk of contagion, and continued exposure 
to these factors could have a greater impact on men-
tal health. As a mechanism for reducing work-related 
stress, social support is essential for health care workers, 
preventing psychological distress and psychiatric symp-
toms and improving their professional effectiveness10.

Dental practitioners were also affected by the situ-
ation; their activities were interrupted drastically in the
first months of the pandemic as they were restricted 
to performing urgent and emergency procedures to
minimise possible risks of contagion, and job losses
occurred; in addition, all academic and research activi-
ties were suspended; which resulted in situations of 
anxiety and psychological stress in this occupational 
group11-13. In contrast, in Latin America, there is little
scientific evidence describing how the dental commu-
nity is coping with the situation like other health profes-
sionals who have dealt with it throughout the pandemic.

As such, the objective of this study was to determine 
the impact of social support on perceived stress in Latin
American and Caribbean dental students and practi-
tioners during mandatory social isolation during the
COVID-19 pandemic in 2020.

Materials and methods

Study design and population

A cross-sectional study was carried out by means of 
an anonymous survey, provided virtually to a con-
venience sample of dental students and professionals
from 21 countries in Latin America and the Caribbean 
(Argentina, Bolivia, Brazil, Chile, Colombia, Costa 
Rica, Dominica, Dominican Republic, Ecuador, El Sal-

vador, Grenada, Guatemala, Honduras, Mexico, Nica-
ragua, Panama, Paraguay, Peru, Puerto Rico, Uruguay 
and Venezuela), constituting an initial sample of 2442
respondents. Surveys with errors in the recording of in-
formation were discarded, resulting in a final sample of 
1812 respondents (cooperation rate 83.4%).

Data collection techniques

Google Forms (Google, Mountain View, CA, USA) was
used to design the questionnaire; subsequently, a pilot 
test was carried out with a sample of 30 participants
to evaluate internal consistency and completion time.
The time period allowed for the fieldwork was from 
15 May to 26 August 2020. The online questionnaire 
was distributed through digital media such as Facebook 
groups, WhatsApp messages, emails and invitations sent 
to different dental schools. Additionally, the snowball 
technique was employed to increase the number of par-
ticipants. The questionnaire collected sociodemographic 
data and incorporated questions about the COVID-19
pandemic and social support.

Variables

For this study, in addition to the dependent variable, four 
dimensions were defined to group the independent vari-
ables present in the study. For the dependent variable,
the 14-item perceived stress scale (PSS-14) was applied 
to measure stress in participants14. This instrument com-
prises 14 items, seven of which are positive and seven
are negative, rated on a five-point Likert scale (0 = not 
at all/never, 1 = rarely, 2 = sometimes, 3 = quite often,
and 4 = very often). Positively worded statements were 
reverse scored prior to analysis. All items were aggre-
gated and the total score ranged from 0 to 56 with the
understanding that the higher the score, the higher the 
self-perceived stress.

The four dimensions for the independent variables
were as follows:
• Social support: The Duke-UNC-11 Functional Social 

Support Questionnaire was used to assess social sup-
port received by the participants. This self-adminis-
tered instrument is composed of 11 statements, using 
a five-point Likert-style response scale (1 = much
less than I want, 2 = less than I want, 3 = neither a
lot nor a little, 4 = almost as much as I want and 5 =
as much as I want). This quantitative questionnaire 
is made up of two dimensions: confidential social
support, when people receive information, advice or 
guidance or can share their concerns, and affective
social support, defined as expressions of appreciation, 
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sympathy or belonging to a group15. A cut-off point 
was established at the 32-point level, suggesting that 
a score lower than this refers to a low level of social
support whereas a score equal to or higher than this 
indicates an adequate level16.

• Sociodemographic characteristics: These include the 
variables age, sex, type of academic training, special-
ity (for those who did postgraduate studies), place of 
origin, number of people at home during quarantine,
children and older adults under responsibility during 
quarantine, work, academic and domestic respon-
sibilities during quarantine, and level of economic
income during quarantine.

• Knowledge and preventive behaviour variables: 
These comprised the number of days in mandatory 
isolation, level of confinement, knowledge of some-
one infected with COVID-19, self-perceived level of 
knowledge of COVID-19 and following of preventive
measures for COVID-19.

• Health variables: These are made up of the variables
body mass index (BMI)17, defined as the weight of 
the individual in kilograms divided by their height in 
metres squared (kg/m2

normal weight = BMI between 18.50 and 24.99, over-
weight = BMI between 25.00 and 29.99 and obese

concern about COVID-19 and self-perceived health
status.

Statistical analysis

A descriptive analysis was applied for the qualitative
and quantitative variables; subsequently, the normality 
of the distribution of the dependent variable and the 
other quantitative variables involved in the four dimen-
sions was determined using a Kolmogorov-Smirnov
test; additionally, a non-parametric Mann-Whitney U
test was applied in the case of dichotomous variables 
and a Kruskal-Wallis test for polytomous variables. On
the other hand, a hierarchical multiple regression was
developed to establish models between the independent 
variables and perceived stress, according to the dimen-
sions to be analysed. It should be noted that a logarith-
mic transformation was first performed for the PSS-14 
because it lacked a normal distribution. The confidence
level in the study was 95%, and P < 0.05 was considP -
ered an indicator of statistical significance in all tests.
SPSS v. 25.0 (IBM, Armonk, NY, USA) was used for 
the analysis.

Ethics

The study was approved by the Ethics Committee of 
the Faculty of Dentistry of the University of Antioquia, 
Medellin, Colombia (Act 9-2020). In accordance with 
international standards for online surveys, all partici-
pants in the survey completed an informed consent form
on the first page of the questionnaire and had the option
of declining to participate in the study. Confidential-
ity was assured throughout the entire research process,
in accordance with the Declaration of Helsinki and the
Council for International Organizations of Medical Sci-
ences (CIOMS) norms for health research.

Results

The mean perceived stress level of the sample was
24.59 (SD 7.46); an association was observed between
perceived stress level and age, biological sex, type of 
academic training, speciality, place of origin, number 
of people at home during quarantine, having children
and older adults in one’s care, level of work and aca-
demic responsibilities, and level of economic income
during obligatory social isolation (P((  < 0.05) (TableP 1).
In addition, an association was found between perceived 
stress level and some variables that made up each of 
the four established dimensions, such as social sup-
port, nutritional status, self-perceived level of concern 
about COVID-19, self-perceived health status, level of 
confinement, level of knowledge about COVID-19 and 
adherence to recommendations to prevent COVID-19
(P(( < 0.05) (Table 2).

A multiple linear regression analysis was performed,
hierarchically ordering the dimensions and their vari-
ables in four models, obtaining an R2% value of 8.00
in Model 1 (P((  < 0.001), an R2% of 15.50 in Model 2 P
(P(( < 0.001), an R2% of 17.20 in Model 3 (P((  < 0.001) P
and an R2% of 21.20 in Model 4 (P((  < 0.001); in this last P
model, the change in R2% was significant (P(  < 0.001)P
with a constant of 40.049; in addition, significance was
found in self-perception of the level of concern regard-
ing COVID-19 (unstandardised regression coefficient 
(b) of 1.838, 95% confidence interval (CI) 0.887 to
2.790, P < 0.001), self-perceived health status (b = P

P < 0.001), number P

P = 0.045), level of confinement P
(b = 0.923, 95% CI 0.106 to 1.740, P = 0.027), ageP

P < 0.001), sex P
(b = 1.324, 95% CI 0.311 to 2.337, P = 0.011) and level P

P = 0.001) (TableP 3).
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Discussion

The provisions put in place to control the spread of 
COVID-19 may have a negative impact on the mental
health of the population, especially where situations such
as loneliness and decreased social interaction are clear 
risk factors for some mental disorders. In addition, the 
emergence and persistence of concerns about one’s own 
and one’s family’s health, along with anxiety about the
future, could increase the risk of mental health patholo-
gies such as anxiety, panic, stress and obsessive-com-
pulsive disorder18. Health care workers are also directly
affected by work circumstances such as the consider-
able increase in the number of cases, shortage of human
resources, excessive workload and insufficient capacity
to control the spread through health systems19.

It is important to mention that the more variables 
incorporated into the present model, the more explana-

tory it was; in addition, it is evident that social support 
is significant in each of the models presented. A nega-
tive association was found between social support and 
perceived stress in dental practitioners and students dur-
ing quarantine in the COVID-19 pandemic. Similarly,
studies by Mak et al20 and Ye et al21 indicate that both
in the SARS epidemic and currently in the COVID-19 
pandemic, support from relatives, friends and health 
care workers plays a role in the ability to cope with 
stressful situations and the possible development of 
other conditions.

In relation to social support and health workers, a 
study conducted on paediatricians who experienced 
high levels of support during COVID-19 showed lower 
levels of stress compared to a second group22. With 
regard to the dental profession, evidence suggests that 
professionals who reported an excessive workload pre-

Table 1  Perceived stress according to sociodemographic variables (N = 1812).

Variable n (%) Perceived stress level (PSS-14 score)

Mean value Standard 

deviation

P value

Age, y

Mean ± standard deviation 32.44 ± 11.56
18–24 548 (30.24) 26.59 7.34

< 0.001*25–34 671 (37.03) 24.99 6.98
≥ 35 593 (32.73) 22.30 7.50

Sex
Male 557 (30.74) 23.36 7.32

< 0.001**
Female 1255 (69.26) 25.14 7.46

Type of academic training
Dental student 655 (36.15) 26.64 7.18

< 0.001**
Dental practitioner 1157 (63.85) 23.43 7.37

Speciality?
Yes 791 (68.37) 22.96 7.46

0.001**
No 366 (31.63) 24.47 7.06

Place of origin
Mexico, Central America and the Caribbean 151 (8.33) 22.99 8.13

0.003**
South America 1661 (91.67) 24.74 7.38

Number of people at home 
during social isolation

Mean ± standard deviation 3.00 (1.83)
≤ 3 1217 (67.20) 24.30 7.43

0.019**
> 3 594 (32.80) 25.20 7.50

Caring for children during 
social isolation?

Yes 612 (33.77) 24.63 7.44
0.958**

No 1200 (66.23) 24.57 7.47
Caring for older adults during 
social isolation?

Yes 1282 (70.75) 24.52 7.41
0.593**

No 530 (29.25) 24.76 7.60

Work responsibilities during 
social isolation

Decreased 654 (45.35) 23.43 7.58
< 0.001*Equal 271 (18.79) 24.28 6.74

Increased 517 (35.85) 25.12 7.14

Academic responsibilities 
during social isolation

Decreased 363 (23.93) 24.21 7.45
0.009*Equal 363 (23.93) 24.19 6.91

Increased 791 (52.14) 25.27 7.60

Domestic (home) responsibili-
ties during social isolation

Decreased 18 (1.00) 25.83 5.72
0.129*Equal 469 (26.10) 24.11 7.75

Increased 1310 (72.90) 24.80 7.35

Income level during social 
isolation

Decreased 1018 (68.97) 24.70 7.51
0.016*Equal 393 (26.63) 23.40 6.91

Increased 65 (4.40) 25.29 6.73
Total 1812 (100.00) 24.59 7.46

*Kruskal-Wallis test.

**Mann-Whitney U test.



09209Chinese Journal of Dental Research

GARCÉS-ELÍAS et al

sented low levels of social support; Marklund et al23

found that work-related responsibilities are key to the
development of stress; however, this can be buffered 
by certain strategies such as social support. They also 
found that the different roles in the dental profession 
can experience different levels of stress23.

It is evident that stress has an impact on personal
health status and vice versa, coinciding with the results
of the present study in which self-perceived health 
status and level of concern about COVID-19 show sig-
nificant differences for the association between social 
support and perceived stress level; likewise, León-
Manco et al24 found that poor self-reported health led 
to an increase in perceived stress as measured using the
PSS-14. In a study of nurses, Liao et al25 stated that 

both physical and mental health are affected by one’s
degree of perceived stress, which could be regulated 
by means of social support and self-efficacy, since both
variables are negatively correlated with stress.

Regarding knowledge of and adoption of preventive 
behaviour against COVID-19, the study showed that 
the number of days and level of isolation were factors 
to be considered in the association of perceived stress 
and social support. On the other hand, the concern and 
fear of infection felt by dental practitioners relegated to 
emergency work revealed high levels of stress in them,
particularly caused by the possibility of transmitting 
the infection to family members, thus causing them to
self-isolate for preventive reasons26. A previous study 
detailed the consequences of quarantines on the mental 

Table 2  Perceived stress level based on social support, health status and knowledge and preventive behaviours (N = 1812).

Variable n (%) Perceived stress level (PSS-14 score)

Mean 

value

Standard 

deviation

P value

Social support
Low 437 (24.12) 28.60 6.44

< 0.001**
Adequate 1375 (75.88) 23.32 7.31

Health status

BMI

Underweight 77 (4.25) 26.88 7.88

0.001*Normal 1123 (61.98) 24.90 7.44
Overweight 495 (27.32) 23.84 7.26
Obese 117 (6.46) 23.32 7.71

Self-perceived level of concern 
about COVID-19

Low 943 (52.04) 23.45 7.59
< 0.001**

High 869 (47.96) 25.83 7.11

Self-perceived health status

Very poor 5 (0.28) 39.60 5.86

< 0.001*
Poor 21 (1.16) 32.90 8.22
Fair 261 (14.40) 27.70 7.01
Good 1149 (63.41) 24.43 6.99
Excellent 376 (20.75) 22.26 7.87

Knowledge and 
preventive behav-
iour

Number of days in mandatory 
social isolation

Mean ± standard
deviation

60.80 ± 25.30

≤ 60 1010 (55.74) 24.77 7.17
0.259**

> 60 802 (44.26) 24.37 7.81

Confinement level

I did not go out any
day

200 (11.04) 26.16 7.61

0.016*I went out very little 1441 (79.53) 24.41 7.45
I went out frequently 95 (5.24) 24.23 7.64
I went out every day 76 (4.19) 24.47 6.65

Knowledge of someone infected 
with COVID-19

Yes 846 (46.69) 24.87 7.43
0.123**

No 966 (53.31) 24.35 7.48
Self-perceived level of know-
ledge of COVID-19

Low 1449 (79.97) 24.89 7.29
< 0.001**

High 363 (20.03) 23.39 8.02

Following of preventive meas-
ures for COVID-19

Never 2 (0.11) 29.00 0.00

< 0.001*
Rarely 6 (0.33) 23.50 9.16
Usually 493 (27.21) 25.68 6.64
Sometimes 42 (2.32) 26.81 7.53
Always 1269 (70.03) 24.09 7.70

*Kruskal-Wallis test.

**Mann-Whitney U test.
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Table 3 Hierarchical multiple regression models for the perceived stress scores in the study sample (N = 1812).

Variable Determination 

coefficient % 

(R2%)

Change 

of R2%

Model 1 Social support 8.00 8.00

Model 2

Social support

15.50 7.50
Health status variables

BMI
Self-perceived level of concern about COVID-19
Self-perceived health status

Model 3

Social support

17.20 1.60

Health status variables
BMI
Self-perceived level of concern about COVID-19
Self-perceived health status

Knowledge and preventive behav-
iours variables

Number of days in mandatory social isolation
Confinement level
Knowledge of someone infected with COVID-19
Self-perceived level of knowledge of COVID-19
Following of preventive measures for COVID-19

Model 4 

Social support

21.20 4.00

Health status variables
BMI
Self-perceived level of concern about COVID-19
Self-perceived health status

Knowledge and preventive behav-
iours variables

Number of days in mandatory social isolation
Confinement level
Knowledge of someone infected with COVID-19
Self-perceived level of knowledge of COVID-19
Following of preventive measures for COVID-19

Sociodemographic variables

Age 
Sex
Type of academic training
Speciality
Place of origin
Number of people at home during social isolation 
Children under care during social isolation
Older adults under care during social isolation
Work responsibilities during social isolation
Academic responsibilities during social isolation
Domestic (home) responsibilities during social isolation
Income level during social isolation

health of health workers, including acute stress reac-
tions, which also relate to isolation and a lack of contact 
with their family27.

On the other hand, the sociodemographic variables 
age, sex and level of economic income showed sig-
nificant differences between social support and stress,
suggesting that the more stable these factors are, the 
lower the perceived level of stress is. Mekhemar et 
al12 noted that female dentists aged between 50 and 59
years with chronic pathologies, who worked in a private

practice and who considered the COVID-19 pandemic
as a financial risk obtained higher values for conditions
such as depression, stress and anxiety.

Likewise, Massad et al28 state that sex, social support 
and age were associated with the level of psychological
stress in a sample evaluated in Jordan; because of the
first aspect, the number of cases of domestic violence
increased in women due to established governmental
guidelines. They also note that among the aspects to be
considered in the relationship between sex and anxiety,
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P value, 

change of R2%

Constant Non-standard-

ised regression 

coefficient (b)

Standardised 

regression coef-

ficient

95% confidence interval P value P value model

< 0.001 31.806 −4.840 −0.283 −5.994 to −3.685 < 0.001 < 0.001

< 0.001 40.015

−4.377 −0.256 −5.493 to −3.261 < 0.001

< 0.001
−0.805 −0.078 −1.477 to −0.134 0.019
1.925 0.135 0.991 to 2.860 < 0.001
−2.424 −0.215 −3.169 to −1.679 < 0.001

0.011 43.066

−4.327 −0.253 −5.444 to −3.210 < 0.001

< 0.001

−0.856 −0.083 −1.531 to −0.182 0.013
2.143 0.150 1.197 to 3.089 < 0.001
−2.340 −0.208 −3.095 to −1.586 < 0.001
−1.011 −0.071 −1.951 to −0.071 0.035
0.655 0.053 −0.165 to 1.475 0.117
−0.333 −0.023 −1.272 to 0.605 0.486
−0.411 −0.025 −1.524 to 0.702 0.469
−0.568 −0.067 −1.137 to 0.001 0.051

< 0.001 40.049

−4.527 −0.265 −5.646 to −3.408 < 0.001

< 0.001

−0.392 −0.038 −1.089 to 0.306 0.271
1.838 0.129 0.887 to 2.790 < 0.001
−2.191 −0.194 −2.944 to −1.437 < 0.001
−0.965 −0.067 −1.908 to −0.022 0.045
0.923 0.074 0.106 to 1.740 0.027
−0.09 −0.006 −1.028 to 0.848 0.851
−0.081 −0.005 −1.189 to 1.027 0.886
−0.401 −0.047 −0.966 to 0.164 0.164
−1.743 −0.137 −2.625 to −0.860 < 0.001

< 0.001

1.324 0.088 0.311 to 2.337 0.011
−1.385 −0.073 −2.158 to 0.348 0.071
−0.215 −0.013 −1.312 to 0.882 0.700
−0.466 −0.022 −1.882 to 0.950 0.518
0.716 0.044 −0.411 to 1.843 0.213
0.481 0.033 −0.530 to 1.492 0.350
0.368 0.023 −0.698 to 1.435 0.498
0.563 0.072 −0.037 to 1.162 0.066
−0.001 0.001 −0.641 to 0.640 0.998
0.692 0.040 −0.453 to 1.836 0.236
−1.539 −0.120 −2.434 to −0.644 0.001

social support is important, as the more members of a 
social network that a person has during social isolation,
the lower the degree of anxiety they experience; for 
age, also evaluated in the study, a correlation with stress
was observed during quarantine, suggesting that older 
people are less likely to be affected due to their greater 
economic and emotional stability28.

With regard to the limitations of the present study,
the possible emergence of selection bias during the
recruitment of participants, carried out through digital

media such as email and social networks, is import-
ant. Likewise, the participants in the study came from
various different countries in Latin America and the
Caribbean, meaning that each of them had experi-
enced different cultural, economic and health contexts 
during the pandemic; these could have an impact on 
their responses to the surveys, and consequently on
the results of the study. Another aspect to consider is
that due to the cross-sectional nature of the study, it is
not possible to define a cause-and-effect relationship 
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between the variable studies; thus, the findings should 
not be extrapolated to the general population.

It is evident that during the COVID-19 health crisis,
dental practitioners and students faced complex circum-
stances that had an impact on their mental health, spe-
cifically on their perceived level of stress. The support, 
value and sense of belonging provided by those closest 
to them, translated as social support, which was scarce 
during this time due to the promotion of individualistic
behaviour to preserve collective health; all this within
Latin America and the Caribbean, regions that experi-
enced crisis situations both in the health system and at 
an economic level.

Conclusion

The findings of this study show that social support was 
a factor associated with perceived stress levels in den-
tal students and general dental practitioners during the 
COVID-19 quarantine period. In addition, variables 
such as concern about illness, self-perceived health sta-
tus, number of days and level of confinement, as well as 
age, sex and income level, had an impact on the findings.
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Scanning Accuracy of 10 Intraoral Scanners for Single-crown
and Three-unit Fixed Denture Preparations: An In Vitro Study
Xin Yue ZHANG1,2#, Yue CAO1,2,3#, Zhe Wen HU1,4, Yong WANG1,2, Hu CHEN1,2, Yu Chun SUN1,2

Objective: To evaluate the accuracy of 10 intraoral scanners for single-crown and three-unit 
preparation models. 
Methods: A maxillary partially edentulous model was fabricated. A dental cast scanner was 
used to obtain standard tessellation language (STL) data. Ten intraoral scanners, namely Trios
2 (TR2; 3Shape, Copenhagen, Denmark), True Definition (TD; 3M, Saint Paul, MN, USA), 
CEREC AC Omnicam (OM; Dentsply Sirona, Charlotte, NC, USA), Organical Scan Oral (OS; 
R+K, Berlin, Germany), PlanScan (PS; Planmeca, Helsinki, Finland), DWIOP (DW; Dental 
Wings, Montreal, Canada), Xianlin (XL; Hangzhou Xianlin, Hangzhou, China), DL-100 (DL;
Guangzhou Longcheng, Guangzhou, China), Trios 3 (TR3; 3Shape) and i500 (MD; MEDIT,
Seoul, South Korea) were used to obtain stereolithography data as test groups. Trueness, pre-
cision and surface accuracy were evaluated by deviation analysis using 3D image processing 
software. One tooth with a three-unit preparation for each test group was registered with the 
reference scan data, and the absolute distance from another tooth was calculated as the abso-
lute accuracy. The data were analysed using a Mann-Whitney U test and Dunn-Bonferroni 

Results: The best trueness, precision and surface accuracy of scanning single crown prepar-rr
-

between single- and multiple-unit preparations for any of the intraoral scanners (P > 0.05). A 
statistically significant difference in the surface accuracy between single and multiple prep-
arations was found for TR2, TD, OM, DW, XL, DL and MD (P < 0.05).
Conclusion: The trueness and precision of intraoral scanners for scanning three-unit prepar-rr
ations were nearly the same as those  for single-crown preparations; however, with the excep-
tion of OS, PS and TR3, the surface accuracy of single-crown preparations was significantly 
better than that for three-unit preparations.

Key words: intraoral scanner, scanning accuracy, single crown preparation, surface accur-rr
acy, three-unit fixed denture preparation 
Chin J Dent Res 2022;25(3):215–222; doi: 10.3290/j.cjdr.b3317959
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Digital dental technology has recently gained consider-
able popularity and is being incorporated into the work-
flow for fixed prosthodontics. The quality and accuracy 
of scanning data are crucial to digital dental restorations. 
Compared with dental cast scanners, intraoral scanners
need to be placed in the patient’s mouth. The range of 
scanning focal length is limited by the structure of the
scanning head and the adjacent teeth. The scanning blind 
zone decreases the scanning quality, and the number of 
images stitched together is much greater than that for 
dental cast scanners, which increases the number of data 
processing errors.

Evaluation of the accuracy of intraoral scanners is
often carried out using the scan data from the model 
scanner1-3. Previous related studies have often obtained 
trueness and precision by taking multiple scans of 
measured objects4-9. Accuracy consists of both preci-
sion and trueness; however, the trueness can only reflect 
the consistency of the scan data and the overall size of 
the scanned object but cannot reflect the consistency of 
the surface morphology. The consistency of the surface 
morphology is critical for accurate matching between 
the oral prosthesis and the remaining oral tissue, such 
as the fitness of the outer margin of the full crown prep-
aration shoulder and the corresponding area of the zir-
conia full crown margin. In the present study, scanning

accuracy was evaluated using three indexes: trueness, 
precision and surface accuracy. Trueness refers to the
degree of agreement between the mean and reference
values obtained from many test results, indicating the
systematic error of the measurement results; precision
refers to the degree of agreement between independ-
ent test results under specified conditions, indicating
the random error of the measurement process9,10; and 
surface accuracy refers to the degree of coincidence of 
the scanned data points with the surface morphology of 
the scanned object.

The present study sought to measure the scanning 
trueness, precision, surface accuracy and other indexes 
to evaluate the accuracy of 10 intraoral scanners for 
scanning single-crown preparations and three-unit fixed 
denture preparation models, ignoring the impact of the 
oral environment, to provide a reference for relevant 
research into evaluation criteria and clinical application.

Materials and methods 

Experimental materials, equipment and software 

A maxillary standard dentition plaster model (Stone, 
Heraeus Kulzer, Hanau, Germany) was selected to pre-

Fig 1  Multi-angle images of the partially edentulous maxillary model. The model can be regarded as eight single-crown prepar-rr
ations or six three-unit fixed denture preparations. (Single crown preparation: the left and right central incisors, canine, second pre-
molar and second molar were abutment preparations; three-unit fixed denture preparation: left and right second molar and second
premolar, second premolar and canine, canine and central incisor preparations.)
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pare the partially edentulous maxillary model; the left 
and right lateral incisors, first premolars and first molars
were missing and the left and right central incisors,
canines, second premolars and second molars were abut-

-
ity 880, SmartOptics, Bochum, Germany) was used to
obtain standard tessellation language (STL) data for 
the model, and computer-aided design (CAD) software
(Dental System 2013, 3Shape, Copenhagen, Denmark) 
was used to design the prototype, which was then printed 
using a high precision resin printer (VisiJet SL e-Stone, 
Projet 6000, 3D Systems, Rock Hill, SC, USA) to
obtain a reference model (Fig 1). The 10 intraoral scan-
ners used, namely Trios 2 (TR2), True Definition (TD),
CEREC AC Omnicam (OM), Organical Scan Oral (OS),
PlanScan (PS), DWIOP(DW), Xianlin (XL), DL-100
(DL), Trios 3 (TR3) and i500 (MD), and the dental cast 
scanner used in the study, are listed in Table 1.

Research methods

Obtain the STL scan data of the partially edentulous
maxillary model 

The dental cast scanner was used once to obtain STL 
data as a reference scan, then 10 intraoral scanners
were used three times to obtain STL data for test groups
by the same trained experimenter who was skilled in
use of all the intraoral scanners, under the same experi-
mental environment. The scanning path of the scanning 
head was a single optical path, that is, it scanned the
occlusal surface first and then the lingual side to the
buccal side.

Evaluation of scanning accuracy

With regard to trueness and precision, in Geomagic Stu-
dio 2013 software (3D Systems), the authors selected 
the surface of each preparation as a common area and 
registered the scan data with the reference data using the 
best-fit alignment command. The deviation analysis of 
the command was used to obtain the mean distance (For-
mula a), analysing the deviation of every point between
the test group and reference group. The average value 
for mean distance (absolute value) was calculated as 
trueness for scanning single-crown preparations and 
three-unit fixed denture preparations (Formula b), and 
the standard deviation of the trueness per group was 
calculated as precision (Formula c). 

Table 1 Characteristics of scanners used in the study.

Scanner type Model Manufacturer Software Country Imaging principle

Intraoral Trios 2 3Shape 1.3.4.3 Denmark Confocal microscopy
Intraoral True Definition 3M 4.2.1 United States Active wavefront sampling
Intraoral CEREC AC Omnicam Dentsply Sirona Cerec SW 4.4.1 Germany Triangulation
Intraoral Organical Scan Oral R+K Exocad DentalDB 2012.12 Germany Confocal microscopy
Intraoral PlanScan Planmeca 4.1.1.0 Finland Triangulation
Intraoral DWIOP Dental Wings 1.8.0.038 Canada Triangulation
Intraoral Xianlin Hangzhou Xianlin V1.1.2 China Triangulation

Intraoral DL-100
Guangzhou 
Longcheng

V1.1.3 China Triangulation

Intraoral Trios 3 3Shape 1.4.7.5 Denmark Confocal microscopy
Intraoral i500 MEDIT 2.0.3 South Korea Triangulation
Dental cast Activity880 Smart Optics 2.6 Germany Triangulation

m, number of subjects; md, mean distance; n, number 
of points of subjects; pr, precision; tr, trueness; xi, test 
value; xi-actual, reference value.

Surface accuracy

In Geomagic Studio, we used the deviation analysis of 
the software command to calculate the root mean square
(RMS) (Formula d) and calculated the mean value and 
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standard deviation (SD) of the RMS to obtain surface
accuracy (Formulae e and f).

greater negative deviation of the occlusal surface of the
posterior teeth and the lingual fossa of the anterior teeth. 
It also showed greater positive deviation of the incisal 
end of the anterior teeth and the cusp of the posterior 
teeth. Negative deviations may cause the manufactured 
restorations to not fit properly on the preparation, and 
positive deviations may lead to poor retention of the 
restorations.

An overview of the results and statistics is presented 
in Tables 2 to 4. The trueness of 10 scanners for scan-
ning single-crown preparations ranged from 2.9 to

-

best trueness for scanning single-crown preparations
and three-unit fixed denture preparations, TD and XL 
showed the best precision and TD showed the best 
accuracy in general. OS displayed the worst surface 
accuracy but was clinically acceptable. Absolute accur-

Absolute accuracy of scanning three-unit fixed denture 

that the suitability of the outer margin of the full crown
preparation may beyond the tolerance range.

The Dunn-Bonferroni test results showed that OS 
was significantly worse than the other groups in terms 
of mean distance for scanning single-crown and three-
unit fixed denture preparations (P((  < 0.05). XL was P
significantly better than the other groups except for TD 
and OM, whereas OS and PS were significant worse 
than the others in terms of surface accuracy for scanning
single-crown preparations (P(  < 0.05). TR3 was signifiP -
cantly better than TR2, OS, PS and DL, whereas OS 
was significantly worse than the other groups in surface
accuracy for scanning three-unit fixed denture prepar-
ations (P((  < 0.05). TR3 performed significantly better P
than the other groups except for MD, whereas PS and 
DW were significantly worse than the other groups in
absolute accuracy for scanning three-unit fixed denture 
preparations (P((  < 0.05). Statistical analysis showed that P
there was no significant difference in trueness between 
single-crown preparations and three-unit fixed denture 
preparations in any of the intraoral scanners (P(( > 0.05). 
For surface accuracy between the single-crown prepar-
ation and the three-unit fixed denture preparation, the 
differences for TR2, TD, OM, DW, XL, DL and MD 
were statistically significant (P(  < 0.05).P

m, number of subjects; n, number of points of subjects;
av sd, standard 

deviation of surface accuracy; xi, test value; xi-actual, ref-ff
erence value.

Absolute accuracy

The left second molar was selected as the common area, 
each test group was superimposed over the reference
scan data and deviation analysis was performed using
the best-fit method. We calculated the distance of the
occlusal surface, mesial surface, distal surface, buccal
side and lingual side of the left second premolar in the
test group from the reference scan data and obtained five
distances for each tooth preparation. The offset distance
of the faces was the absolute accuracy of scanning three-
unit fixed denture preparations.

Statistical methods

A Shapiro-Wilk normality test was performed, and some
data were abnormally distributed. A Dunn-Bonferroni 
test was used to compare ten groups in pairs. Statistical 
differences between the accuracy indexes of the single-
crown preparation and the three-unit fixed denture prep-
aration of 10 scanners were analysed using an independ-
ent samples Mann-Whitney U test. Statistical analyses
were conducted using SPSS (v20.0; IBM, Armonk, NY,

Results

The representative deviation patterns of single-crown
preparations and three-unit fixed denture preparations 
are presented in Figs 2 and 3. The colour distribution
showed the positive and negative distribution of devia-
tion; green represents the area with a small amount of 
deviation, red represents positive deviation and blue
represents negative deviation. The overall deviation of 
the 10 scanners was relatively small, but OS showed a 
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Discussion

The existing intraoral scanning technology is mainly a
non-contact measurement method, and the main work-
ing principles include confocal microscopy, active
wavefront sampling, triangulation, laser-based visual 
and optical coherence tomography technology11-13.
This study involved three scanning principles: confo-
cal microscopy for TR2, OS and TR3, active wavefront 
sampling for TD and triangulation for OM, PS, DW,
XL, DL and MD. No common law between scanning
principle and accuracy was found; OS performed worse
than the other two scanners with the same scanning prin-

ciple. The nominal scanning accuracy and evaluation 
methods given by different manufacturers are different. 
This study evaluated the accuracy of the scanners from 
single-crown and three-unit fixed denture preparations 
to the local microscopic data points, providing a more 
objective evaluation for clinical use. The trueness val-
ues were all smaller than those for surface accuracy. 
This was because when calculating trueness, the mean 
deviation between the test group and the reference group
was positive or negative, causing a certain positive and 
negative offset.

The results of the statistical analysis showed that 
there was no statistically significant difference in the 

Fig 2  Colour-coded deviation 
maps of single-crown prepar-rr
ation. The range of deviation is 
colour-coded from −200 mm
(blue) to 200 mm (red).

Fig 3  Colour-coded deviation 
maps of three-unit fixed den-
ture preparation. The range of 
deviation is colour-coded from 
−200 mm (blue) to 200 mm
(red).

Table 2 Accuracy indexes for scanning single-crown preparations and three-unit fixed denture preparations (micron).

Group TR2 TD OM OS PS DW XL DL TR3 MD

Intraoral scanner Trios 2
True 
Definiton 

CEREC AC 
Omnicam

Organical 
Scan Oral

PlanScan DWIOP Xianlin DL-100 Trios 3 i500

Single-
crown

Trueness (n = 24) 4.4 2.9 4.1 24.7 10.8 4.3 4.1 5.2 5.7 7.4
Precision (n = 24) 2.2 1.9 2.0 18.4 9.5 2.9 3.2 4.2 3.9 5.8
Surface accuracy 
(n = 24)

25.7 ±
4.2

22.0 ± 
5.0

22.3 ± 3.4
89.3 ± 
58.3

40.8 ± 9.9
24.8 ±
0.4

20.3 ±
2.9

36.4 ± 
39.5

24.7 ± 
4.2

24.9 ±
4.0

Three-
unit 
fixed 
denture

Trueness (n = 18) 4.3 2.6 3.6 19.2 6.8 3.7 3.0 3.4 4.8 5.6
Precision (n = 18) 2.2 2.0 2.2 15.1 7.5 2.8 1.9 2.1 3.4 4.3
Surface accuracy 
(n = 18)

36.8 ± 
8.0

31.3 ±
9.3

27.1 ± 5.2
102.6 ± 
41.6

46.1 ±
12.3

31.0 ± 
7.1

44.1 ± 
25.2

37.8 ±
20.4

27.8± 
4.8

31.0 ± 
5.0

Absolute accuracy 
(n = 15)

200.7 ± 
34.6

176.6 ±
49.3

135.7 ±
26.1

182.4 ± 
63.9

316.5 ±
19.9

333.9 ± 
68.7

131.8 ± 
29.1

164.1 ±
32.8

79.2 ± 
19.6

101.4 
± 41.4
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mean distance for scanning single-crown preparation 
and three-unit fixed denture preparations with 10 scan-
ners. This indicates that the trueness and precision of 
10 scanners can reach the same level as scanning a

single crown when scanning a three-unit fixed denture 
preparation.

The numerical comparison showed that the surface 
accuracy of three-unit fixed denture preparations was 

Table 3 A Dunn-Bonferroni test examined the differences among the ten groups. The first value for each group is the P value of P
mean distance for scanning single-crown preparations, the second is the P value of surface accuracy for scanning single-crown P
preparations, the third is the P value of mean distance for scanning three-unit fixed denture preparations, the fourth is the P P valueP
of surface accuracy for scanning three-unit fixed denture preparations and the last is the P value of absolute accuracy for scanningP
three-unit fixed denture preparations. 

Group TR2 TD OM OS PS DW XL DL TR3

TD

0.071, 
0.009*, 
0.037*, 
0.056, 
0.336

OM

0.720, 
0.015*, 
0.336, 
0.001*, 
0.000*

0.148, 
0.870, 
0.259, 
0.207, 
0.123

OS

0.000*, 
0.000*, 
0.001*, 
0.000*, 
0.365

0.000*, 
0.000*, 
0.000*, 
0.000*, 
0.955

0.000*, 
0.000*, 
0.000*, 
0.000*, 
0.110

PS

0.055, 
0.000*, 
0.873, 
0.170, 
0.017*

0.000*, 
0.000*, 
0.054, 
0.001*, 
0.001*

0.023*, 
0.000*, 
0.423, 
0.000*, 
0.000*

0.001*, 
0.225, 
0.000*, 
0.027*, 
0.001*

DW

0.633, 
0.563. 
0.352. 
0.051, 
0.011*

0.184, 
0.044*, 
0.247, 
0.968, 
0.000*

0.905, 
0.064, 
0.976, 
2.222, 
0.000*

0.000*, 
0.000*, 
0.000*, 
0.000*, 
0.001*

0.017*, 
0.000*, 
0.441, 
0.001*, 
0.876

XL

0.427, 
0.000*, 
0.117, 
0.285, 
0.006*

0.312, 
0.292, 
0.603, 
0.398, 
0.074

0.663, 
0.223, 
0.543, 
0.035*, 
0.807

0.000*, 
0.000*, 
0.000*, 
0.000*, 
0.065

0.007*, 
0.000*, 
0.159, 
0.015*, 
0.000*

0.752, 
0.002*, 
0.523, 
0.376, 
0.000*

DL

0.974,
0.565,
0.280,
0.409,
0.157

0.076, 
0.002*, 
0.313, 
0.276, 
0.651 

0.744, 
0.003*, 
0.906, 
0.019*, 
0.275

0.000*, 
0.000*, 
0.000*, 
0.000*, 
0.508

0.051,
0.001*, 
0.358, 
0.028*, 
0.000*

0.656, 
0.249, 
0.882, 
0.259, 
0.000*

0.446, 
0.000*, 
0.625, 
0.807, 
0.182

TR3

0.653,
0.466,
0.880,
0.003*, 
0.000*

0.024*, 
0.062, 
0.053, 
0.296, 
0.000*

0.419, 
0.089, 
0.417, 
0.828, 
0.012*

0.000*, 
0.000*, 
0.000*, 
0.000*, 
0.000*, 
0.000*

0.143, 
0.000*, 
0.992, 
0.000*, 
0.000*

0.353, 
0.879, 
0.435, 
0.315, 
0.000*

0.213, 
0.002*, 
0.156, 
0.059, 
0.024*

0.630, 
0.192, 
0.353, 
0.033*, 
0.000*

MD

0.325,
0.530,
0.863,
0.086,
0.000*

0.005*, 
0.049*, 
0.024*, 
0.843, 
0.002*

0.179, 
0.072, 
0.257, 
0.144, 
0.117

0.000*, 
0.000*, 
0.002*, 
0.000*, 
0.006*

0.352, 
0.000*, 
0.739, 
0.002*, 
0.000*

0.144, 
0.960, 
0.270, 
0.812, 
0.000*

0.075, 
0.000*, 
0.082, 
0.518, 
0.186

0.309, 
0.229, 
0.210, 
0.373,
0.008*

0.593, 
0.919, 
0.747, 
0.214, 
0.347

*P < 0.05.P
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larger than single-crown preparations. The differences 
between groups were statistically significant except for 
OS, PS and TR3. The calculation method for surface
accuracy avoids the offset of the scanning errors of the 
two abutments, indicating that the surface accuracy of 
the fixed bridge was inferior to that of the single crown,
which explains that surface accuracy is more repre-
sentative for the measurement of the overall surface
morphology.

At present, there is no uniform international standard 
for the evaluation of the accuracy of intraoral scanners.
To avoid the interference of intraoral factors, the ac-
curacy studies are usually performed in vitro2,6,8,14-16. 
Previous accuracy studies often used repeated meas-
urements to obtain systematic and random errors but 
ignored the floating degree of point cloud data relative 
to real data in a single scan2,8,15, which was the surface
accuracy proposed in the present study. This is espe-
cially important for the suitability of all digital restor-
ations based on this data (e.g., undercut area, shoulder 
margin). Thus, in the previous study, we evaluated two 
intraoral scanners and proposed the concept and evalu-
ation method of trueness of the scanner and precision of 
the scanned data3 and evaluated the data of the scanned 
single-crown preparation. In the present study, the same
method was used to evaluate the trueness and preci-
sion of scanning the single-crown preparation and the
three-unit fixed denture preparation with 10 intraoral
scanners. At the same time, the concept of surface ac-
curacy was proposed to represent the degree of consist-
ency between the scanned data points and the surface
morphology of the scanned object. For fixed dentures,
in addition to the aforementioned accuracy indexes,
absolute accuracy is closely related to clinical suitabil-
ity, that is, the suitability between the fixed retainer and 
the preparation after the fixed denture has been fully
seated on the one-sided abutment. It is closely related 
to inaccuracies such as warping that often occurs when
clinical fixed dentures are in place. Thus, it is also one 
of the indicators of this study.

The results showed that the deviation of absolute 
accuracy in the 10 intraoral scanners was higher than 
the surface accuracy. This was because surface accur-
acy considered the three-unit fixed denture preparation 
as a whole and there was an overall error cancellation 
phenomenon in the deviation analysis, whereas the 
absolute accuracy was based on one of the three-unit 
fixed denture preparations as the reference, and the 
mean distance of the other preparation from the refer-
ence group, therefore there was no error cancellation.

Conclusion

This study proved that 10 scanners can scan single-
crown preparations and three-unit fixed denture prep-
arations successfully and reach clinical requirements. 
TD, TR2, XL, TR3 and OM showed good scanning ac-
curacy, but OS and PS performed poorly. This study 
initially explored the accuracy evaluation methods of 
10 intraoral scanners scanning single-crown and three-
unit fixed denture preparations. In future studies, more 
units of preparation should be evaluated to explore the 
maximum unit span to meet clinical needs. The accuracy 
indicators of this study can correspond to different types 
of clinical significance and guide the clinical selection of 
appropriate scanning equipment to meet clinical needs.

Conflicts of interest

The authors declare no conflicts of interest related to 
this study.

Author contribution

Dr Xin Yue ZHANG contributed to the experiments, 
study design, data analyses and manuscript writing; Dr 
Yue CAO contributed to the data analyses, visualisa-
tion and manuscript writing; Dr Zhe Wen HU contrib-
uted to the data analyses and conceptualisation; Dr Hu 
CHEN and Prof Yu Chun SUN contributed to the study 

Table 4 A Mann-Whitney U test was used to examine the differences between the accuracy indexes of 10 scanners between scan-
ning single-crown preparations and three-unit fixed denture preparations.

TR2 TD OM OS PS DW XL DL TR3 MD

Mean 
distance

Z = −0.165, 
P > 0.05P

Z = −0.611,
P > 0.05P

Z = −0.776,
P > 0.05P

Z = −1.207,
P > 0.05P

Z = −1.627,
P > 0.05P

Z = −0.496,
P > 0.05P

Z = −0.789,
P > 0.05P

Z = −1.106,
P > 0.05P

Z = −0.572,
P > 0.05P

Z = −0.559, 
P > 0.05P

Surface 
accuracyy

Z = −4.500, 
P < 0.05P

Z = −3.482,
P < 0.05P

Z = −2.899,
P < 0.05P

Z = −1.906, 
P > 0.05P

Z = −1.081,
P > 0.05P

Z = −3.102,
P < 0.05P

Z = −4.844,
P < 0.05P

Z = −2.631,
P < 0.05P

Z = −1.691,
P > 0.05P

Z = −3.750,
P < 0.05P

Mean distance denotes the mean distance when scanning the single-crown preparation and the 3-unit fixed denture preparation; 
surface accuracy denotes the surface accuracy when scanning the single-crown preparation and the three-unit fixed denture prep-
aration.
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ferent from other movable joints in the body. It is the
only movable joint among those that make up the head 
and neck system. The TMJ is located between the hood 
of the mandible of the mandibular condyle and the man-
dibular fossa of the temporal bone and consists of the
condyle in the lower jawbone, the mandibular fossa in
the temporal bone, and the joint disc that separates these 
two bone surfaces from each other2,3.

Although there are several definitions of TMJ dys-
function, or temporomandibular disorder (TMD), it is 
commonly expressed as a combination of problems 
related to the masticatory muscles, the TMJ and related 
structures2,4-6. Malocclusion, trauma, bruxism, para-
functional habits, pathophysiology of the masticatory
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Comparison of the Relationship between Temporomandibular 
Disorder and Oral Habits or Quality of Life in Dentistry
Students in Different Years of Education
Ravza ERASLAN1, Taner OZTURK2

Objective: To evaluate the prevalence of temporomandibular disorder (TMD) in dental faculty 
students in different years of education and investigate the relationship between TMD and oral 
habits or quality of life. 
Methods: The Fonseca Anamnestic Index (FAI) questionnaire was used to determine the 
prevalence and severity of TMD, the Oral Behaviors Checklist (OBC) questionnaire served 
to determine the severity of harmful oral habits/parafunctions and the Oral Health Impact 
Profile-14 (OHIP-14) questionnaire was used to evaluate the quality of life in a total of 452
dentistry students (269 women and 183 men) in different years of education.
Results: With regard to incidence of TMD, a total of 215 women had TMD (215/269, 79.9%),
which was significantly higher than that in men (87/183, 47.5%) (P < 0.001). According to 
the OBC and OHIP-14 questionnaire results, harmful oral habits and quality of life showed a 
low to moderately significant correlation with TMD (P < 0.05).
Conclusion: The Fonseca, OHIP-14 and OBC questionnaires allow early and inexpensive 
determination of oral habits that increase the prevalence of TMD. The prevalence of TMD in
dentistry students at the clinical education stage is higher than those who have not progressed 
to the clinical education stage.

Key words: Fonseca questionnaire, oral behaviours checklist, oral health impact profile-14, 
temporomandibular disorder 
Chin J Dent Res 2022;25(3):223–232; doi: 10.3290/j.cjdr.b3317985

The temporomandibular joint (TMJ) is a part of the
chewing system, which fulfils important functions such 
as chewing, speaking, swallowing, tasting and breath-
ing1. The TMJ is anatomically and biomechanically dif-ff
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muscles, emotional stress, psychosocial factors, age and 
sex are implicated in the aetiologies of TMD4-10.

Symptoms indicative of TMD include TMJ pain
when chewing and clicking and popping sounds in the 
TMJ11,12. TMJ pain, one of the most common symp-
toms, limits jaw movements and causes joint sounds, 
as well as symptoms such as headache, earache, tin-
nitus, toothache and vertigo13. These symptoms can be 
observed alone or together9.

Results from different clinical trials have shown 
that more reliable tools are needed to determine the 
severity of TMD in the population. The determination
of aetiological factors and the role of several factors
in TMD help prevent the standardisation of samples6. 
Due to the need for widely valid and simple evaluation 
procedures that standardise research samples including
TMD patients, questionnaires have been developed that 
identify the main clinical findings of TMD and classify
patients according to their severity level14.

One of the indices used to diagnose TMD patients in 
the healthy population is the Fonseca Anamnestic Index 
(FAI). The low cost and easy applicability of the FAI
make it preferable for the diagnosis of TMD in patients. 
The FAI is a questionnaire consisting of 10 questions
that determine the presence of pain in the head and 
back regions, pain on chewing, parafunctional habits,
limitation of movement, clicking sounds, malocclusion
and emotional stress14. 

The Oral Behaviours Checklist (OBC) indicates oral
activities such as chewing, swallowing and speaking. 
Oral parafunctional habits, on the other hand, reflect 
other sorts of habits, such as gnashing teeth while 
awake or sleeping; activities like chewing gum or bit-
ing the lips, cheeks, nails or a pen; or playing a wind 
instrument, all of which create a load on the arches15,16.

Parafunctional habits affect the masticatory system
at various levels owing to repetitive trauma. These fac-
tors are considered critical during the onset of TMD 
strongly related to TMJ pain. Additionally, significant 
psychosocial stress can cause TMD, and it may be
related to chronic TMJ pain17,18.

This study evaluates the prevalence of TMD, oral 
habits and quality of life using the FAI, OBC and Oral 
Health Impact Profile-14 (OHIP-14) questionnaires
applied to dentistry students and revealing the relation-
ship between severity of TMD, oral habits and quality
of life.

Materials and methods

This observational cross-sectional study was conducted 
among students of the Faculty of Dentistry at Erciyes 

University, Kayseri, Turkey, and approved by the Erci-
yes University Clinical Research Ethics Committee
(approval no. 2021/87). Informed consent was obtained 
from all participants included in the study. At the begin-
ning of the study, 650 students were sent questionnaires,
120 could not be contacted and 78 declined to answer 
the questions. A total of 452 volunteer dentistry students 
(mean age 21.18 ± 2.08 years, mean height 169.40 ± 
12.50 m, mean weight 65.74 ± 13.68 kg, mean body 
mass index [BMI] 23.49 ± 7.09 kg/m2) participated in
the study. Of these, 103 were men (mean age 21.14 ± 
2.42 years, mean height 178.57 ± 6.35 m, mean weight 
77.03 ± 12.32 kg, mean BMI 24.11 ± 3.38 kg/m2) and 
269 were women (mean age 21.20 ± 1.82 years, mean 
height 169.78 ± 13.23 m, mean weight 58.05 ± 8.08 
kg, mean BMI 23.59 ± 3.70 kg/m2). The online ques-
tionnaire was created using Google Forms (Mountain
View, CA, USA) and emailed to the registered students
in the dentistry faculty student office database. Before
the questionnaire was administered, the purpose of the
study and the questions were explained, and informed 
consent was obtained from all participants.

FAI 

Various questionnaires have been conducted to date for 
the classification of TMD14. In the early 1990s, Fon-
seca et al developed a questionnaire that was easy to
apply and understand, thus allowing a simple classifi-
cation of TMD5. In the present study, a questionnaire
designed by Fonseca was used to classify the severity of 
TMD. This questionnaire was used due to its ability to
collect epidemiological data. It comprises 10 questions
that provide a versatile assessment of the presence of 
pain on chewing, parafunctional habits, limitation of 
movement, joint sounds, malocclusion and emotional
stress in the joint area, head and neck. The participants 
could only provide one of the following answers (with-
out any time limitation) to the questions: yes (10 points),
sometimes (5 points) and no (0 points). After adding up
the scores, the participants were classified into four cat-
egories: TMD-None (0 to 15 points), Mild-TMD (20 to
40 points), Moderate-TMD (45 to 60 points) and Severe-
TMD (70 to 100 points).

OBC

The OBC is a self-reporting questionnaire used to deter-
mine any parafunctional disorder of the oral structures
and associated muscles. Like in previous studies19,20, 
two questions on singing and playing a musical instru-
ment in the original 21-question OBC checklist were 
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removed, and the checklist was changed. Thus, a 
19-question questionnaire was used for evaluation19,20. 
The participants answered each item according to the
frequency of complaints (4 = always, 3 = most of the
time, 2 = sometimes, 1 = several times or 0 = none). The
total score for the OBC was used for analysis. The over-
all score can range from 0 to 76. A total of three groups
(0 points = none; 1 to 16 points = low; 17 to 76 points = 
high OBC group) were formed for all patients according
to the total score obtained from the OBC19.

OHIP-14

The OHIP is one of the instruments used to assess qual-
ity of life related to oral or dental health. The instrument 
was developed by Slade and Spencer21. Its validity and 
reliability have been demonstrated, and it is commonly 
used in dentistry.

The OHIP-14, which consists of 14 items (two for 
each of seven dimensions) and is shorter than the original
OHIP, was then developed. The answers to the items
were assessed on a Likert-type scale as follows: no = 0,
rarely = 1, occasionally = 2, often = 3 and always = 4.

Fourteen questions were asked regarding func-
tional activity, disability, pain, psychological state and 
physical dimension, as well as social insufficiency,
and the aim was to measure oral functional disorders
or limitations extensively22. The lowest score for the 
OHIP-14 was 0, whereas the highest was 56. As the
score reached the maximum, oral health and quality of 
life decreased23. 

To determine the awareness of the individuals par-
ticipating in the study about possible TMD or previous 
treatments they received, the following three questions
were asked by the researchers: “Do you think you have 
a problem with the jaw or jaw joint?” “Have you been 
to the dentist for jaw joint pain within the last year?” 
and “Have you had any treatment (mouthpiece, exer-
cise, medicine, etc.)?” They were asked to answer the
three questions with a “yes” or “no”.

Sample size calculation

According to the study by Karaman and Sapan24, con-
sidering the OHIP-14 scores that varied with different 
years of education and the power analysis performed,
using GPower software (v 3.1.9.4, Heinrich Heine Uni-
versität Düsseldorf, Düsseldorf, Germany)25 at 90%
power, for alpha = 0.05, d = 0.54 (large) effect value, it 
was determined that we should recruit 60 participants at 
least for each education year in the present study.

Statistical analysis

The data for the obtained results were stored and pro-
cessed using Microsoft Excel (Microsoft Office 365,
Microsoft, Redmond, WA, USA). Statistical analysis
of the data was carried out using SPSS (v 24.0, IBM, 
Armonk, NY, USA). Chi-square and Fisher exact tests
were used to examine the relationship between sex and 
classes of distribution of the TMD score, and a Mann-
Whitney U test was used to compare the OBC scores by
sex and class. A Kendall tau-b correlation test was used 
to evaluate the relationship between the OBC, OHIP-14
and FAI. The strengths of the correlation between the
variables were defined as follows: 0.00 to 0.10, negli-
gible; 0.10 to 0.39, weak; 0.40 to 0.69, medium; 0.70 to
0.89, strong; and 0.90 to 1.00, very strong26. P < 0.05 P
denoted statistical significance.

Results

It was determined that 66.8% of the students partici-
pating in the questionnaire had TMJ problems at any 
level (Table 1). The proportion was found to be 77.9% 
for women and 47.5% for men. The OBC questionnaire
scores and BMI values were more statistically signifi-
cant in women than men (Table 1).

The total score for the FAI was significantly higher 
in women than in men (Table 2; P < 0.001). The prevaP -
lence of TMD differed significantly in first-, second-, 
third-, fourth- and fifth-year students (P((  = 0.017). It P
was determined that the FAI scores for the individuals 
in the fourth (P((  = 0.027) and fifth (P P(  = 0.045) years P
were significantly higher than those for the individuals 
in the first year. At the same time, the OBC (P((  < 0.001) P
and OHIP-14 (P((  = 0.002) scores were found to be sigP -
nificantly higher in women than in men (Table 2). The
BMI scores did not have a statistically significant effect 
on the total scores obtained from the FAI (P((  = 0.52),P
OHIP-14 (P((  = 0.17) and OBC (P P(  = 0.85) questionnaires P
(Table 2). When the FAI scores were evaluated accord-
ing to year of education, there was a statistically signifi-
cant difference (Table 3; P = 0.008). A statistical relaP -
tionship could not be established between the groups
based on the OBC (P(( = 0.32) and BMI (P P(( = 0.61) scores P
as well as the years of education (Table 3).

A statistically significant relationship was estab-
lished between the groups based on the FAI results
and the groups based on the BMI scores (Table 4; 
P = 0.028). There was no statistically significant rela-
tionship between the groups based on the OBC and 
BMI scores (Table 4; P = 0.15).P
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Table 1  Distribution and comparison of FAI, OBC and BMI scores according to sex.

Score Female, n (%) Male, n (%) Total P value

FAI

TMD-None 54 (20.1) 96 (52.5) 150 (33.2)

< 0.001*TMD-Mild 149 (55.4) 74 (40.4) 223 (49.3)
TMD-Moderate 42 (15.6) 10 (5.5) 52 (11.5)
TMD-Severe 24 (8.9) 3 (1.6) 27 (6.0)

OBC
None 1 (0.4) 3 (1.6) 4 (0.9)

0.002**Low 42 (15.6) 50 (27.3) 92 (20.4)
High 226 (84.0) 130 (71.0) 352 (78.8)

BMI group

Underweight 29 (10.8) 4 (2.2) 33 (7.3)

< 0.001*Normal 210 (78.1) 117 (63.9) 327 (72.3)
Overweight 28 (10.4) 54 (29.5) 82 (18.1)
Obese 2 (0.7) 8 (4.4) 10 (2.2)

*Pearson chi-square test.
**Fisher exact test. 
The level of statistical significance was set at P < 0.05.P

Table 2  Comparison of FAI, OBC and OHIP-14 total scores among the education years and genders.

Group FAI total OBC total OHIP-14

Mean ± SD Mean ± SD Mean ± SD

Year of education

First year (n = 123) 24.59a ± 16.30 25.73 ± 10.45 8.22 ± 5.99
Second year (n = 60) 27.17a,b ± 16.03 25.20 ± 8.70 9.00 ± 6.72
Third year (n = 72) 29.93a,b ± 20.97 23.14 ± 9.68 9.31 ± 8.14
Fourth year (n = 88) 34.55b ± 24.10 25.72 ± 11.68 10.25 ± 7.34
Fifth year (n=109) 33.39b ± 21.99 26.22 ± 12.23 8.83 ± 6.80
P valueP * 0.017* 0.565* 0.421*

Sex
Female 35.54 ± 20.89 27.60 ± 10.58 9.77 ± 6.95
Male 21.48 ± 16.62 22.08 ± 10.38 7.97 ± 6.78
P valueP < 0.001** < 0.001** 0.002**

BMI group

Underweight (n = 33) 38.03 ± 28.67 27.97 ± 8.18 11.48 ± 10.78
Normal (n = 327) 29.13 ± 18.87 25.09 ± 10.55 8.92 ± 6.62
Overweight (n = 82) 29.33 ± 22.25 25.38 ± 12.63 8.51 ± 6.25
Obese (n = 10) 30.50 ± 20.61 25.70 ± 12.23 9.30 ± 5.60
P valueP 0.518* 0.165* 0.848*

Total 29.85 ± 20.46 25.36 ± 10.83 9.04 ± 6.93

*Kruskal–Wallis test.
**Mann-Whitney U test.
SD, standard deviation.
The level of statistical significance was set at P < 0.05.P

Table 3 Distribution and comparison of FAI, OBC and BMI scores according to education years.

Score Year group, n (%) P value

1 2 3 4 5 Total

FAI

TMD-None 49 (39.8) 19 (31.7) 23 (31.9) 28 (31.8) 31 (28.4) 150 (33.2)

0.008*TMD-Mild 66 (53.7) 34 (56.7) 37 (51.4) 36 (40.9) 50 (45.9) 223 (49.3)
TMD-Moderate 5 (4.1) 7 (11.7) 8 (11.1) 15 (17.0) 17 (15.6) 52 (11.5)
TMD-Severe 3 (2.4) 0 (0.0) 4 (5.6) 9 (10.2) 11 (10.1) 27 (6.0)

OBC
None 0 (0.0) 0 (0.0) 2 (2.8) 1 (1.1) 1 (0.9) 4 (0.9)

0.323**Low 22 (17.9) 8 (13.3) 18 (25.0) 21 (23.9) 23 (21.1) 92 (20.4)
High 101 (82.1) 52 (86.7) 52 (72.2) 66 (75.0) 85 (78.0) 352 (78.8)

BMI group

Underweight 5 (4.1) 6 (10.0) 6 (8.3) 11 (12.5) 5 (4.6) 33 (7.3)

0.614**Normal 93 (75.6) 41 (68.3) 50 (69.4) 61 (69.3) 82 (75.2) 327 (72.3)
Overweight 23 (18.7) 11 (18.3) 13 (18.1) 15 (17.0) 20 (18.3) 82 (18.1)
Obese 2 (1.6) 2 (3.3) 3 (4.2) 1 (1.1) 2 (1.8) 10 (2.2)

*Pearson chi-square test.
**Fisher exact test. 
The level of statistical significance was set at P < 0.05.P
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Significant correlations were found between the 
questions in the OBC (except for questions 10, 11, 12,
13, 18 and 19), as well as the FAI and OHIP-14 scores 
(Table 5). While moderate correlations were established 
between OBC questions 1, 2 and 6, as well as the FAI
questionnaire, a low-grade correlation with the OBC 
questionnaire was found (Table 5; P < 0.01).P

Various correlations were found between the 
responses to the questions in the OHIP-14 question-
naire, as well as the FAI and OBC scores. Notably, a
moderate correlation was found between the response to 

question 6 of the OHIP-14 and the FAI and OBC scores 
(Table 6; P < 0.01).P

When the bivariate correlations among the FAI, 
OHIP-14 and OBC questionnaire total scores were 
examined, a moderate correlation was found between
the FAI and OBC questionnaire scores, although there 
were significant correlations between them (Table 7; 
P < 0.01). When stratified by education, a moderate P
correlation was found between the FAI and OBC ques-
tionnaire scores, except for first-year students (Table 7; 
P < 0.05). In addition, only a moderate correlation was P

Table 4  Distribution and comparison of FAI and OBC scores according to BMI group.

Score BMI group, n (%) P value

Underweight Normal Overweight Obese Total

FAI

TMD-None 10 (30.3) 107 (32.7) 29 (35.4) 4 (40.0) 150 (33.2)

0.028*TMD-Mild 11 (33.3) 173 (52.9) 36 (43.9) 3 (30.0) 223 (49.3)
TMD-Moderate 6 (18.2) 32 (9.8) 11 (13.4) 3 (30.0) 52 (11.5)
TMD-Severe 6 (18.2) 15 (4.6) 6 (7.3) 0 (0.0) 27 (6.0)

OBC
None 0 (0.0) 2 (0.6) 2 (2.4) 0 (0.0) 4 (0.9)

0.149*Low 2 (6.1) 70 (21.4) 17 (20.7) 3 (30.0) 92 (20.4)
High 31 (93.9) 255 (78.0) 63 (76.8) 7 (70.0) 352 (78.8)

*Fisher exact test. 
The level of statistical significance was set at P < 0.05.P

Table 5  Scores for the individual OBC items and their Spearman rho correlations with the total FAI score and OHIP-14 score.

Item Score, mean ± SD FAI OHIP-14

Correlation 

coefficient

Correlation 

coefficient

1. Clench or grind teeth when asleep based on any information you may have 1.21 ± 1.27 0.513** 0.138**

2. Sleep in a position that puts pressure on the jaw 1.19 ± 1.23 0.483** 0.169**

3. Grind teeth during waking hours 0.55 ± 0.93 0.286** 0.105*

4. Clench teeth during waking hours 1.15 ± 1.08 0.382** 0.166*

5. Press, touch or hold teeth together other than while eating 1.83 ± 1.16 0.366** 0.146**

6. Hold, tighten or tense muscles without clenching or bringing teeth together 1.03 ± 1.16 0.555** 0.229**

7. Hold or jut jaw forward or to the side 0.59 ± 0.95 0.243** 0.176**

8. Press tongue forcibly against teeth 1.31 ± 1.22 0.186** 0.174**

9. Place tongue between teeth 0.86 ± 1.10 0.093* 0.093*

10. Bite, chew or play with your tongue, cheeks or lips 0.62 ± 0.92 0.093* 0.038
11. Hold jaw in rigid or tense position, such as to brace or protect the jaw 2.04 ± 1.28 0.091* 0.066
12. Hold between the teeth or bite objects such as hair, pipe, pencil, pens, fingers
or fingernails

0.89 ± 1.05 0.066 0.089

13. Use chewing gum 1.64 ± 1.02 0.060 0.001
14. Lean with your hand on the jaw, such as cupping or resting the chin in the hand 2.07 ± 1.17 0.312** 0.133**

15. Chew food on one side only 1.93 ± 1.11 0.321** 0.236**

16. Eating between meals (food that requires chewing) 2.31 ± 1.09 0.209** 0.185**

17. Sustained talking (for example teaching, sales or customer service) 0.98 ± 1.00 0.147** 0.146**

18. Yawning 2.23 ± 0.94 0.158** 0.089
19. Holding telephone between head and shoulders 0.95 ± 1.11 0.023 0.001

*Correlation is significant at the P < 0.05 level (2-tailed). P
**Correlation is significant at the P < 0.01 level (2-tailed).P
SD, standard deviation.
Correlation coefficients were Kendall tau-b correlation coefficients.



8228 Volume 25, Number 3, 2022

ERASLAN/OZTURK

found between the OHIP-14 and FAI for the third-year 
students (Table 7; P < 0.05). When evaluated accordP -
ing to BMI groups, strong correlations were observed 
between the Fonseca and OBC questionnaires in indi-
viduals whose scores were not within normal values
(Table 7; P < 0.05).P

Discussion

The present study assessed the impact of oral habits,
both in terms of the joints and quality of life, on TMD
in 452 dental students. With this cross-sectional study, it 
was determined that the prevalence of TMD in dentistry
students was 66.8%. One of the most important findings
was that all students had at least one oral parafunction
and 16 of the 19 questions correlated with their FAI
score.

The FAI provides valuable data for the early detec-
tion and low-cost evaluation of TMD. Ayali and 

Ramoglu27 conducted a study on 409 dentistry stu-
dents and found that 38.6% had mild TMD, 13.4%
had moderate TMD and 4.4% had severe TMD. Habib
et al28 administered the FAI to 400 people and found 
that 36.1% had mild TMD, 9.6% had moderate TMD 
and 1.1% had severe TMD. Among the 452 students in 
the present study, 33.2% did not have TMD, whereas 
49.3% had mild TMD, 11.5% had moderate TMD and 
6.0% had severe TMD. Considering the distribution of 
years of education, the fourth and fifth-year students’ 
average FAI TMD scores were significantly higher than 
those for other years (especially the first-year students). 
Similarly, Karaman and Sapan24 found that the preva-
lence of TMD was higher among senior students in the 
faculty of dentistry. 

The frequency of TMD detected by the FAI varies 
between 37% and 81% in similar studies conducted on 
students19,20,27-31. Mild TMD (49.3%) was the most 
prevalent level of TMD in the population assessed in

Table 6  Scores for the individual OHIP-14 items and their Spearman rho correlations with the total FAI score and OBC score.

Item Score, mean ± SD FAI OBC

Correlation 

coefficient

Correlation 

coefficient

1. Have you had trouble pronouncing any words because of problems with your
mouth or dentures?

0.31 ± 0.59 0.103* 0.100*

2. Have you felt that your sense of taste has worsened because of problems with
your mouth or dentures?

0.15 ± 0.45 0.015 0.084

3. Have you had painful aching in your mouth? 0.91 ± 0.97 0.337** 0.265**

4. Have you found it uncomfortable to eat any foods because of problems with your 
mouth or dentures?

0.67 ± 0.86 0.206** 0.171**

5. Have you felt self-conscious because of your mouth or dentures? 1.73 ± 1.18 0.018 0.012
6. Have you felt tense because of problems with your mouth or dentures? 1.12 ± 1.06 0.427** 0.322**

7. Has your diet been unsatisfactory because of problems with your mouth or
dentures?

0.49 ± 0.81 0.147** 0.073

8. Have you had to interrupt meals because of problems with your mouth or
dentures?

0.50 ± 0.74 0.083 0.039

9. Have you found it difficult to relax because of problems with your mouth or
dentures?

0.51 ± 0.78 0.330** 0.297**

10. Have you felt a bit embarrassed because of problems with your mouth or
dentures?

0.73 ± 0.99 0.039 0.046

11. Have you been a bit irritable with other people because of problems with your
mouth or dentures?

0.57 ± 0.84 0.241** 0.169**

12. Have you had difficulty doing your usual job because of problems with your
mouth or dentures?

0.53 ± 0.81 0.158** 0.156**

13. Have you felt that life in general was less satisfying because of problems with
your mouth or dentures?

0.66 ± 0.93 0.197** 0.141**

14. Have you been totally unable to function because of problems with your mouth
or dentures?

0.17 ± 0.44 0.096* 0.085

*Correlation is significant at the P < 0.05 level (2-tailed). P
**Correlation is significant at the P < 0.01 level (2-tailed).P
SD, standard deviation.
Correlation coefficients were Kendall tau-b correlation coefficients.
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the present study. This is in line with the results reported 
by Pedroni et al32 and Karthik et al33, all of whom used 
the FAI to evaluate TMD. In a Turkish population,
Özdinç et al31 and Emel Dervis34 reported a prevalence
similar to the current study (47.3%). On the other hand, 
Türken et al29 reported a higher prevalence of TMD
(79%) than that reported in the present study. These 
results may be due to differences in the populations, 
such as varying sex distribution or sociodemographic 
characteristics. In addition, since all the participants in
the present study were students, stress-related psycho-
logical factors caused by school-related factors like
busy class schedules and anxiety about the possibility
of failure may have caused variations in severity of 
TMD35.

A study conducted by Ahuja et al36 with 450 students 
studying at faculties of dentistry indicated that women 
suffer from joint disorders more than men. Minghelli
et al37 studied Portuguese children aged between 5
and 19 years and found that the prevalence of TMD
was higher in females. Karaman and Buyuk38 found 
that females’ mean FAI TMD scores were significantly
higher than males’. Hongxing et al39, Karibe et al40 and 
Kim et al41 found that symptoms of masticatory disor-
ders were more frequent among women in comparison 
to men. Wieckiewicz et al42 and Kim et al41 stated 
that this frequency arose from biological differences,
including hormonal and psychosocial factors. Poveda
et al43 and Nomura et al5 noted that this higher preva-
lence of TMD among women could be related to their 
physiological characteristics, hormonal variations and 
structures in connective tissues and muscles. Landi et 
al44 indicated that the serum value of 17-beta-estradiol
among TMD patients was higher than that in patients 
who did not suffer from TMD. This study indicated 

that the prevalence of TMD in women was significantly
higher than its prevalence in men (77.9% vs 47.5%)44, 
which was in line with the findings of previous studies.

Ingle et al45 reported that the OHIP-14 score was 
higher among women. Gonzales-Sullcahuamán et al46

found no statistically significant relationship between
OHIP-14 score and year of academic education, and no 
difference between the sexes. Karaman and Buyuk38

found that the mean OHIP-14 score for women was 
significantly higher than that for men. This study sug-
gests that the OHIP-14 score is higher in women than
men, and there was no statistically significant relation-
ship between years of education and OHIP-14 score38.

In the present study, the OBC was used to evaluate
oral parafunctions. The OBC is a self-administered 
tool designed to evaluate oral activities such as grind-
ing and other oral parafunctions during sleep or awake
hours47,48. Perrotta et al49 aimed to explain the rela-
tionships between parafunctional habits and TMD and 
reported a relationship between them. Van der Meulen
et al50 found no significant difference regarding total 
OBC scores between male and female participants. 
Chow and Cioffi51 reported that women’s OBC scores
were higher than those of men. Karaman and Buyuk38

stated that mean OBC scores were higher for women 
than men. Paduano et al52, meanwhile, found no rela-
tionship between sex and oral parafunctions. A mod-
erately significant relationship was found between the 
FAI questionnaire results and OBC scores52. The OBC
scores for female participants were statistically higher 
than those for male participants, and there was no sig-
nificant relationship between academic year and OBC 
score52.

According to Jordani et al53, obesity and a sedentary
lifestyle were not found to be associated with TMD pain 

Table 7 Relationship between FAI, OBC and OHIP-14 scores by year group, sex and BMI group.

Variable FAI–OBC FAI–OHIP-14 OBC–OHIP-14

Year group

First year 0.327** 0.146 0.192*

Second year 0.436** 0.282* 0.316*

Third year 0.505** 0.514** 0.352**

Fourth year 0.706** 0.348** 0.293**

Fifth year 0.567** 0.347** 0.185

Sex
Female 0.551** 0.327** 0.282**

Male 0.311** 0.249** 0.137

BMI group

Underweight 0.848** 0.759** 0.691**

Normal 0.428** 0.264** 0.211**

Overweight 0.691** 0.290** 0.292**

Obese 0.740* 0.022 0.061
Total 0.517** 0.318** 0.249**

*P < 0.05; **P P < 0.01.P
The data presented are Kendall tau-b correlation coefficients.
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in adolescents. Rhim et al54 found TMD to be associ-
ated with low BMI and abdominal obesity in women, 
whereas BMI was not associated with TMD in men, and 
they stated that further prospective studies are required 
to determine the causal relationship and mechanism 
between TMD and obesity. In Turkish society, indi-
viduals of normal weight have more joint problems55. 
The same was found to be true in the present study; it 
would therefore be incorrect to conclude that severity
of TMJ disorders increases in overweight and obese 
people. The reason for this may be because the number 
of people in those groups was fewer than the number of 
individuals of a normal weight.

The present study found that increasing oral para-
functional habits assessed with the OBC were associat-
ed with TMJ problems. In addition, a moderate correla-
tion was found between severity of TMD and responses 
to the following questions related to oral parafunctional
habits evaluated by the OBC questionnaire: “Do you
clench or grind your teeth while sleeping?”, “Do you 
put pressure on your jaw while sleeping?” and “Is there 
pain or tension in your jaw muscles while awake?”
These results are similar to those reported by Yeler et 
al30, who showed that TMD is associated with unilat-
eral chewing and bruxism. In addition, Karthik et al33

reported that TMD symptoms were more common in 
university students who defined themselves as tense.
Moreover, in a study on Nepalese students, Royaka
et al35 detected that 20% of the participants exhibited 
grinding. Similarly, Lövgren et al47 found that oral para-
functional habits were more prevalent in students diag-
nosed with TMD in a study involving dentistry students,
and they suggested that this result was associated with
bruxism, which was frequently observed in participants. 

A moderate correlation was found between the
response to question 6 in the OHIP-14 questionnaire 
(“Do you feel tension due to problems with your teeth,
mouth or prosthesis?”) and the FAI and OBC question-
naire scores. This shows that the high results obtained 
from the FAI and OBC questionnaires can be inter-
preted as representative of the high level of tension in
the person.

When evaluated according to BMI groups, there were
strong correlations between the FAI and OBC question-
naires in individuals whose scores were not normal. The
existence of problems, such as those related to eating
habits, in individuals whose scores were not normal 
may cause a difference between oral parafunction and 
an increase in TMD severity in these groups.

An early diagnosis of TMD and the factors that cause 
it (occlusal factors developed because of oral parafunc-

tions) is vital in dentistry. Early diagnosis and treatment 
of problems prevents them from progressing further and 
becoming complicated and thus improves individuals’ 
quality of life. These questionnaire studies, which seem
simple, will increase the chance of treating individuals
early by increasing the prevalence, awareness and early
diagnosis of TMD in this respect.

Limitations

An important limitation of this study is the use of ques-
tionnaires for the evaluation. Although objective meas-
urement tools would be more beneficial, this limitation 
can be ignored because the validity and reliability of 
all the questionnaires used in the present study have
been established. Only specific subclinical symptoms 
related to TMJ problems can be obtained when only one
questionnaire is used. Considering the data obtained, it 
is necessary to diagnose TMD precisely based on clin-
ical and radiological examination, followed by prompt 
treatment. This study involved only students in the den-
tistry faculty. The proportions of students differed by 
sex; however, the literature shows that the prevalence
of TMD is higher in women. This situation may have 
affected the results of the study and made it difficult to
generalise the results. It is therefore necessary to evalu-
ate TMJ problems and clinical and radiological examina-
tions in future studies with similar but more participants,
and various student populations should be involved.

Conclusion

This study revealed that the prevalence of TMD was
higher among fourth- and fifth-year students of the den-
tistry faculty, especially compared with the first-year 
students. Additionally, prevalence of TMD was higher 
among the female students than the male students. TMD, 
quality of life and oral habits were related to each other.
Necessary measures should be taken in the dental educa-
tion system to improve students’ quality of life, improve
joint disorders and eliminate detrimental oral habits.
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Several procedures have been used to fabricate 
an interim prosthesis immediately after surgery. The
conventional method involves a preliminary impres-
sion being made in the clinic, followed by fabrication 
of a stone cast and personalised impression copings
in the dental laboratory3. After splinting the impres-
sion copings in the mouth, a pickup impression with
rigid impression materials is taken to fabricate an
accurate final cast. This whole procedure is complex 
and time-consuming, and the fracture or distortion of 
the splint materials caused by polymerisation shrink-
age may affect accuracy in the definitive impression4. 
The interim prosthesis can also be fabricated by direct 
conversion of an existing complete denture or using an 
intraorally welded titanium framework5-6; however, the 
intraoral connection processes are skill dependent and 
uncomfortable for patients. The resin used for connec-
tion may have a negative impact on soft tissue healing 
and increase the risk of wound swelling and infection.
Moreover, with the development of CAD/CAM tech-
nology, a digital workflow has been considered an effi-
cient modality to fabricate precise prostheses. Taking
digital impressions using intraoral digitisers simplifies 

1 4th Division, Peking University School and Hospital of Stomatology,
National Clinical Research Centre for Oral Diseases, National
Engineering Laboratory for Digital and Material Technology of 
Stomatology, Beijing Key Laboratory of Digital Stomatology,
Beijing, P.R. China.

Corresponding author: Dr Juan WANG, 4th Division, Peking University
School and Hospital of Stomatology, #22 Zhongguancun South Avenue,
Haidian District, Beijing 100081, P.R. China. Tel: 86-10-85715955; Fax: 
86-10-62173402. E-mail: wangjkq@126.com

This work was supported by the Programme for New Clinical Techniques
and Therapies of Peking University School and Hospital of Stomatology
(PKUSSNCT-19B05) and the National Natural Science Foundation of 
China (no. 82001013).

A Single-Visit Technique for Fabricating Interim, Immediately
Loaded Implant-supported Full-arch Prostheses with
Prefabricated Rigid Connecting Bars: a Case Report
Yi Man TANG1, Hua Jie YU1, Li Xin QIU1, Juan WANG1

Traditional techniques for fabricating interim, immediately loaded implant-supported full-
arch prostheses are complex and time-consuming. The present study presents an efficient 
technique for fabricating interim prostheses with prefabricated multipurpose rigid connect-
ing bars. This technique can minimise the misfit attributed to the polymerisation shrinkage of 
resin and expansion of the working cast, and simultaneously facilitate impression taking and 
occlusal records in one visit, thus reducing laboratory and chair time. Due to its ease of use 
and clinical efficiency, the present technique is considered particularly beneficial for immedi-
ate loading rehabilitation.

Key words: dental implant, full-arch, immediate loading, implant impressions, interim pros-
theses
Chin J Dent Res 2022;25(3):233–239; doi: 10.3290/j.cjdr.b3317973

Immediate loading of implant-supported interim pros-
theses has become a reliable treatment modality for 
completely edentulous patients. The interim prosthesis 
splints the implants together, which allows for favour-
able force distribution in the peri-implant tissues and 
minimises the micromovement of the implants1,2. Pros-
thesis misfit is particularly risky in immediate loading 
rehabilitations in the first 2 to 3 weeks after implant 
insertion.
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the workflow greatly but presents disadvantages, name-
ly the high initial economic investment and the steep 
learning curve for clinicians7-8. Thus, due to the limita-
tions of conventional procedures, this article presents an
immediate loading technique to facilitate the same-day
adaptation of an implant-supported, screw-retained, 
full-arch prosthesis with prefabricated rigid connecting
bars. With this technique, the non-tray pickup impres-
sion and occlusal records can be made simultaneously,
reducing operative time and improving patient comfort.

Case report

A 64-year-old man presented with the chief complaint 
of difficulty chewing because he had lost most of his 
mandibular teeth. He had had diabetes for 5 years and 
was controlling it well with medication. Around 10 years
previously, he had received a removable partial den-
ture, but in recent years he had lost multiple teeth one 
after another and the old denture had come loose. On 
oral examination, the three remaining mandibular teeth,
namely the left canine and first and second premolars, 
were extremely loose, and the periodontal probing depth
was greater than 8 mm. A panoramic radiograph showed 
that the alveolar bone had been resorbed to the root apex 
(Fig 1a). In the maxilla, the left canine and first and sec-
ond premolars were missing, and there were soft tissue
and bone defects in both horizontal and vertical direc-
tions. The maxillary right second and third molars had 
hopeless residual crowns. A large cavity and periapical
inflammation could be observed on the maxillary right 
first premolar. The other maxillary teeth had moderate
periodontitis.

The patient was not satisfied with his old removable
partial denture for both aesthetic and functional rea-
sons and wanted a stable and functional outcome using
implant-supported fixed restorations. He also wanted a

denture to stay in place over the entire treatment period 
for professional reasons. Thus, a comprehensive treat-
ment plan was proposed, which comprised the follow-
ing steps: 
• removal of the mandibular left canine and first and 

second premolars and the maxillary right second and 
third molars and relining the old removable partial 
denture; 

• periodontal treatment of the remaining teeth and root 
canal treatment of the maxillary right first premolar;

• insertion of six implants (SPI Element RC; Thommen 
Medical, Grenchen, Switzerland) in the healed man-
dibular bone using the immediate loading technique; 

• fabrication of an implant-supported fixed final pros-
thesis for the mandibular edentulous arch and a 
removable partial denture for the maxillary partially 
edentulous arch.

The patient’s remaining mandibular teeth were extrac-
ted. After 3 months, a panoramic radiograph was taken to 
evaluate his residual alveolar bone (Fig 1b). Six implants
were placed in the patient’s edentulous mandible with a 
primary stability of 35 Ncm (Fig 2). The implants were
cylindrical in shape with ISO 9268 trapezoidal threads, 
moderately rough sandblasted and acid-etched (SLA) 
surfaces and a 1.0-mm smooth collar. A complete set of 
stainless-steel rigid connecting bars of standardised size
(thickness 1.5 mm, inner diameter 4.0 mm, outer diam-
eter 6.0 mm) and different lengths (6 to 30 mm) were 
designed to accommodate varying distances between 
implants (Fig 3).

After the surgery, the multiunit abutments were 
screwed onto the implants. The implant cylinders 
were tightened to the multiunit abutments (Fig 4a). If 
the height of the implant cylinders interfered with the 
patient closing fully into occlusion, the cylinders were 
shortened accordingly. The interimplant distance was 
measured and connecting bars of optimal lengths were 

Fig 1 (a) Pretreatment
panoramic radiograph;
(b) panoramic radiograph of 
the patient before surgery.
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selected (Figs 4b and c). A small amount of autopoly-
merising acrylic resin (Pattern Resin; GC Corporation,
Tokyo, Japan) was applied to connect the bars to the
implant cylinders using a powder/liquid brush applica-
tion technique (Fig 4d).

Light viscosity impression material (Express; 3M,
Saint Paul, MN, USA) was injected underneath the
splinting structure, and medium viscosity impression
material (Express; 3M) was dispensed into the patient’s
mouth to ensure adequate exposure of all the screw
channels (Fig 5a). Simutaneously, the patient’s mandi-
ble was guided to the occlusal vertical dimension and 
occlusal registration was recorded (Fig 5b) at the same 
visit. Thereafter, the implant cylinders were unscrewed 

so that the splinted bars remained in the impression
when it was removed (Fig 5c). Implant analogs were 
inserted into the impression and gingival mask material 
was injected around them (Fig 5d). The implant analogs 
were splinted with connecting bars and mounted on the
articulator (Fig 6).

The interim prosthesis was fabricated using the con-
ventional acrylic resin processing technique. The con-
necting bars were embedded as a reinforcing framework 
in the prosthesis (Fig 7). Three hours after surgery, the
interim prosthesis was screwed to the implants with a
torque of 15 Ncm (Fig 8a). A panoramic radiograph was 
taken to assess the passive fit of the prosthesis (Fig 8b). 
Denture base fracture was observed around 2 months

Fig 4 (a) Multiunit abut-
ments and implant cylinders 
screwed into the implants;
(b) measurement of the
inter-abutment distance;
(c) connecting bars of 
optimal lengths placed 
on the implant cylinders; 
(d) intraoral splinting of rigid 
connecting bars with a small
amount of autopolymerising 
acrylic resin.

Fig 2 Edentulous mandible with six implants. Fig 3  Prefabricated rigid connecting bars of various lengths.
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Fig 5 (a) Injection of 
impression material with no 
impression tray; (b) occlusal 
record of the patient over 
the splinting structure;
(c) intaglio surface of the
definitive impression with 
implant analogs inserted;
(d) impression with a gin-
gival mask and implant 
analogs splinted with rigid 
connecting bars.

Fig 7 (a) Interim pros-
thesis with connecting bars 
embedded; (b) interim fixed 
implant-supported full-arch
prosthesis.

Fig 6 Gypsum casts on the 
articulator.

after immediate restoration. The fracture occurred at 
the posterior edge of the denture rather than where
the rigid connecting bars were embedded (Fig 9). The 
restoration was repaired and the patient was recalled 6
months after surgery to receive a final prosthesis. A new 

maxillary removable partial denture and mandibular 
metal-ceramic fixed full-arch prosthesis were fabricated 
and delivered (Fig 10).
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Discussion

The present article describes a technique for fabricat-
ing interim, immediately loaded implant-supported 
full-arch prostheses with prefabricated rigid connect-
ing bars. The main advantage of the technique is that it 
can simplify the process and improve the efficiency of 
the workflow. The prefabricated bars eliminate the time
required for the fabrication of custom splinting struc-
tures and working cast preparation in the laboratory, 
reducing the waiting time and facilitating finishing of 
interim prostheses. In addition, edentulous patients who
have lost occlusal contact points of natural teeth need 

their interocclusal relationship to be recorded prior to
fabrication of the prosthesis. The technique described 
in this article makes it possible to take impressions and 
make occlusal records simultaneously, which can avoid 
the need to fabricate resin record bases in the labora-
tory and lower the risk of postoperative wound swelling. 
Compared with the conventional method, this technique 
can reduce chair time by around 1.5 hours. Time can 
be saved in impression taking, occlusal registration and 
pouring plaster models.

Acrylic resin polymerisation shrinkage has been 
considered a critical factor when taking impressions for 
multiple implants, especially for four or more implants 

Fig 10 (a) Final prosthesis 
delivered 6 months after im-
plant surgery; (b) panoramic 
radiograph after final pros-
thesis delivery.

Fig 8 (a) Interim pros-
thesis in place immedi-
ately after implant surgery; 
(b) panoramic radiograph
after immediate loading.

Fig 9  Denture base fracture of 
the interim prosthesis.
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per dental arch9-10. Previous reports have proposed 
some innovative methods to solve this problem, such
as the use of 3D printed splints and digital impression
methods, the accuracy of which needs to be verified 
further7,8,11. In our proposed technique, the prefabri-
cated bars minimise the mass of acrylic resin used and 
provide a homogeneous space between the joints, which
can effectively prevent the impression error caused by
polymerisation shrinkage. 

Sufficient attention must be paid to the early compli-
cations that can occur in cases of immediate loading in
edentulous full-arch restorations. Specifically, mechan-
ical complications include prosthesis loosening, screw 
or abutment fracture, artificial tooth fracture and resin 
base fracture. Denture base fracture has been reported 
as a main complication during the time in function of 
immediate prostheses. Shen et al12 reported that 28.1%
of immediate prostheses fractured in 114 patients dur-
ing 6 months of function. This type of complication 
was significantly related to bruxism, cantilever, the
material used and maxillary rehabilitation13. Some stud-
ies utilised cast or milled metal bars and a CAD/CAM
framework to reinforce the acrylic resin6,14; however,
these techniques require extra time and make it difficult 
to complete the prosthesis within 24 hours. In contrast, 
the prefabricated bars can be used directly as a reinfor-
cing framework in the poly(methyl methacrylate) den-
ture base, which is a more economical and convenient 
method for reinforcement.

Immediate loading of an interim prosthesis increases 
the risk of misfit as well as adverse movement of the
entire structure. The use of intermediate multiunit 
abutments allows the clinician to obtain an absolute
passive fit of screw-retained full-arch prostheses, even 
in the presence of several angled implants. In addition,
previous studies have shown that repeated screwing/
unscrewing of the superstructure can result in perma-
nent failure of the hemidesmosomal soft tissue connec-
tion around the implant15. Placement of intermediate
abutments makes it possible to perform further restora-
tive operations at the abutment level to protect the peri-
implant soft tissues from damage and maintain bone 
tissue stability.

The present case report has several limitations. On 
one hand, taking an impression without using the tray 
causes the impression material to lose the support of 
the rigid tray, which may cause the material to become
deformed when pouring a plaster model or mounting
the articulator. On the other hand, this paper is suscep-
tible to bias due to the weak strength of medical evi-
dence as it is an individual case report. Well-designed 
randomised controlled trials with larger sample sizes

are therefore necessary to further validate this method 
in the future. 

Conclusion

This article presents an efficient technique for fabri-
cating interim, immediately loaded implant-supported 
full-arch prostheses with prefabricated rigid connecting
bars. The reduction of laboratory and chair time and 
the elimination of the possibility of errors are important 
contributing factors to achieving more predictable and 
successful prosthesis for both clinicians and patients.
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