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ARTICLE INFO ABSTRACT
Keywords: Background: With the acceleration of the aging process of the population, the number of eden-
edentulism tulous patients continuously increased. Edentulism induces the loss of occlusal relationship and

Temporomandibular joint
Temporomandibular disorders
Complete denture

cause adverse effects on the stomatognathic system. Temporomandibular joint (TMJ), as a sig-
nificant component of this system, may also be affected by edentulism in the process of supporting
mandibular movement.

Purpose: Provide a comprehensive review of the structure and function of TMJ in the edentulous
population, as well as the prevalence of temporomandibular joint disorder (TMD) in edentulous
group.

Study selection: An electronic search was conducted on articles prior to December 2022 to filter all
papers relevant to the structure and function of TMJ in edentulous population. The internet
databases (PubMed, Cochrane Library, Embase) were searched using various combinations of
keywords for “edentulism” or “edentulous” and “TMJ” or “TMD”.

Results: Firstly, 522 articles were selected from the internet database, and finally, a total of 44
articles met the inclusion and exclusion criteria. The research content of these articles mainly
focuses on the structure and function of TMJ in edentulous patients, as well as the clinical signs
and symptoms of TMD.

Conclusions: Edentulous arch induces the loss of occlusal relationship, which may lead to
degenerative changes of TMJ components consisting of changes in morphology and bone mass
density of condyle, articular fossa, and articular eminence. In addition, the condyle could be
shifted backward and upward, and displacement of the articular disc may occur after dentition
loss. And the condyle and the articular disc may be guided back to the normal position after
effective prosthodontic treatment. But the conclusions of the study on the function of TMJ and the
prevalence of TMD in edentulous people are inconsistent. The condition of TMJ, especially the
position of condyle-fossa and the symptoms and signs of TMD should not be ignored. If necessary,
radiographic examinations should be performed.
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1. Introduction

The proportion of elderly people aged 65 and above is increasing globally. In 2015, it was estimated that this proportion was 8.5%,
and it is expected to increase to 12% in 2030 and 16.7% in 2050 [1]. The dramatic increase in the elderly population makes edentulism
a more prominent public health problem, which needs to be actively addressed [2]. Edentulism refers to the absence of any natural
teeth or roots on the entire dental arch. Loss of occlusal relationship in edentulous patients will disrupt the balance of stomatognathic
system. The temporomandibular joint (TMJ), together with the teeth, masticatory muscles, and nerves of the oral and maxillofacial
regions, constitutes the stomatognathic system, which involves in diverse oral and maxillofacial functional movements such as
chewing, swallowing, and pronunciation. Tooth contact directly affects the force and movement of TMJ. During the process of
adapting to changes in occlusal function, the TMJ often undergoes structural remodeling and degenerative changes. When the
structural modification of TMJ exceeds the physiological limits of the human body, pathological degenerative changes will occur [3].
Consequently, in the mandibular movement of edentulous patients, changes in the stress environment of TMJ may lead to anatomical
structural changes and functional disorders. TMD is a general term for a group of diseases whose etiology is not yet fully understood
and which have the same or similar clinical symptoms. Generally, its symptoms are mainly local pain in joint area or masticatory
muscle, mandibular movement abnormalities, and joint sounds [4]. The most common types of TMD are pain-related diseases (such as,
joint pain, headache attributed to muscle dysfunction, and TMD) and structural disorders related to the TMJ (mainly articular disc
displacements and degenerative changes) [5]. According to a systematic review and meta-analysis conducted in 2011, the prevalence
of TMD in adults was 31%, and in children and adolescents it was 11% [6]. For a long time, the impact of occlusion on TMJ has been a
controversial topic. Similarly, the results on the impact of edentulous jaws on TMJ are inconsistent. Given that TMJ is a pivotal
structure in the stomatognathic system, dentists need to pay attention to the health of TMJ before and after prosthetic treatment for
edentulous patients. The purpose of this review is to comprehensively summarize the structure and function of TMJ and the current
research status of the prevalence of TMD in edentulous people, so as to offer a reference for therapy of edentulous patients.

2. Material and methods
2.1. Search strategy

In December 2022, we conducted a non-systematic literature review without using bias risk tools, as some authors consider that this
type of review may not include quality assessment [7,8]. Manual and electronic searches were conducted on PubMed, Cochrane Li-
brary, and Embase databases for literature prior to December 2022. The main keywords used for retrieval were as follows:
(‘edentulism’ OR ‘edentulous’ OR ‘edentulousness’) AND (‘TMJ’ OR ‘TMD’). These searches were conducted to identify studies
exploring influence of edentulism on structure and function of TMJ. Furthermore, we aimed to discuss the relationship between
prosthetic treatment and TMD in edentulous patients. Then, we reviewed the bibliography of the included articles and browsed the
websites of relevant journals for further manual searches.

2.2. Inclusion criteria

Literature prior to December 2022 were searched. The selection criteria for articles are as follows: (a) English peer-reviewed
publications; (b) literatures evaluating the structural changes of the TMJ in edentulous patients, including the condyle, articular
fossa, articular eminence, condyle-fossa position, and articular disc; (c) studies investigate the effect of edentulous jaws on functional
changes in TMJ such as condylar movement capacity, masticatory function, and functional disorders; (d) studies evaluating the impact
of edentulous prosthetic treatment on TMD. This review studies articles relevant to the structure, function, clinical signs, and
symptoms of TMJ in edentulous arch, and there are no age restrictions on the study population in the literature. The types of research
include animal research, in vitro research, and clinical research, although these studies have limitations on experimental subjects,
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Fig. 1. A flow-chart used for the review to identify studies.
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approaches, and sample size.
2.3. Exclusion criteria

Case reports and articles in languages other than English have been excluded. Observational studies that did not describe analytical
methods were not included in this review.

3. Results

Fig. 1 shows the literature search strategy used in this study. A total of 522 studies were identified in the literature, of which 56
were selected for full-text screening. 16 studies were excluded and a total of 40 articles were finally selected (Fig. 1). The identified
researches focused on several aspects related to TMJ in edentulous arch, namely the structure, function, and clinical signs and
symptoms of TMD. The literature retrieval strategy used in this study is shown in Fig. 1. A total of 522 literatures were searched based
on search terms, and 56 articles were selected for full text reading after reading titles and abstracts. According to the inclusion and
exclusion criteria, 40 articles were ultimately determined (Fig. 1). The main research content included in the literature was the
structure, function of TMJ in edentulous patients, and signs and symptoms of TMD.

3.1. Influence of edentulism on structure of TMJ

3.1.1. Changes of bone tissue

The human TMJs often undergo structural reconstruction and degenerative changes. The remodeling process represents the
adaption to altered functional demands. However, once the remodeling is beyond the physiological limits, pathological degenerative
changes will happen [3]. The degenerative changes of bone structure mainly include subchondral cysts, erosion, sclerosis, and
osteophytes. In addition, flattening is an uncertain finding of degenerative changes, as it may imply normal changes, aging,

Table 1
Influence of edentulism on structure of TMJ.
Authors Year Type of Samples Methods Main conclusions
research

Related to mandibular condyle

Yalcin ED, 2019 Clinical 910 CBCT Edentulism could be associated with condylar morphologies in a

et al. study subjects images South-Eastern Anatolian Population.

Hatjigiorgis CG, 1987 Clinical 27 X-ray In the edentulous group, 63.33% of condyles had reconstruction,

et al. study subjects images and 13.33% of condyles exhibited degenerative changes.

Soikkonen K, 1994 Clinical 124 X-ray Deviations from normal condylar structure were found in 17%

et al. study subjects images edentulous subjects. Findings indicating osteoarthrosis were found in
16% edentulous subjects.

Soikkonen K, 1996 Clinical 293 X-ray There were no significant differences in the condylar changes between

et al. study subjects images the dentate and edentulous groups.

Whittaker DK, 1985 Vitro 204 Skulls There was a good correlation between teeth lost on one side of the arch

et al. study skulls study and severity of form and surface change in the contralateral condyle.

Grunert I, 2000 Vitro 22 Autopsy In cases when pathological findings are found in both joints, the most

et al. study subjects study common location in the joint with severe pathology is in the lateral

third, whereas the contra-lateral joint reveals pathological findings in
the medial and central parts.

Aggarwal H, 2015 Clinical 20 CT The cortical and medullary densities of the mandibular condyle were

etal. study subjects images less in edentulous than that in the dentulous jaws.

Cosgunarslan A, 2021 Clinical 68 CBCT The mean FD value of the mandibular condyles in the edentulous group

et al. study subjects images was significantly lower than the dentate group.

Related to articular fossa

Rosado LPL, 2021 Clinical 100 CBCT Edentulous participants showed a higher mandibular fossa lateral

et al. study subjects images inclination and lower roof thickness than dentate participants.

Raustia AM, 1998 Clinical 85 X-ray The position of the glenoid fossa was more anterior in edentulous

etal. study subjects images subjects than in dentate ones and its anterior position correlated
significantly with the period of edentulousness.

Magnusson C, 2012 Vitro 259 Skulls Degenerative changes in form and surface of condyles and temporal

etal. study skulls study components strongly correlate occlusal support in women but not in
men.

Magnusson C, 2010 Vitro 259 Skulls Loss of occlusal support is a causative factor for degenerative changes

etal. study skulls study in the TMJs in female subjects at higher ages.

Related to articular eminence

Unal EZ, 2020 Clinical 100 X-ray Edentulous patients had lower AEI than dentate patients, and it was

et al. study subjects images more prominent in female than male patients.

Csadé K, 2012 Clinical 30 X-ray The flattening of the AE could be correlated with age; however, the

et al. study subjects images decline of AEI is significantly more in completely edentulous patients

than in patients with maintained occlusion.
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remodeling, or its precursors The degenerative changes in bone structure mainly include subchondral cyst, erosion, sclerosis, and
osteophyte. Moreover, flattening is an uncertain finding for degenerative changes as it may imply normal changes, aging, remodeling,
or its precursor [9]. Many literatures [10-23] have reported various degenerative changes in the bone structure of TMJ in edentulous
people. The selected studies are summarized in Table 1.

3.1.1.1. Mandibular condyle. The condylar head rotates within the encompassing meniscus and together they translate against the
articular eminence [24]. According to the classification given by Yale et al. [25,26], the morphology of the condyle was classified as
flat, round, convex, and angled in coronal sections. A study found that angled condyle was the mostcommon in partial edentulism and
complete edentulism, and flat condyle was more common in partial edentulism compared to complete edentulism [10]. Another study
found that 63.33% of condyles in the edentulous patients had reconstruction that included flattening of the posterior surface and
superior surface, and 13.33% of condyles in the edentulous patients exhibited degenerative changes [11]. In addition, Soikkonen K
et al. [12] studied the radiographic materials of 124 clinically edentulous old patients and found degenerative changes in 20 persons
(16%). While, they included the dentate group in another study [13] and discovered that there were no obvious contrasts in the
condylar changes between the dentate and edentulous groups.

TMJ is the only bilateral linkage joint in the human body, so changes in the left and right joints may also be related to each other. A
study found through analysis of 204 skulls that tooth loss on one side of the arch of the foot is related to the severity of changes in the
shape and surface of the contralateral condylar head A study discovered that teeth loss on one side of the arch was related to the
severity of changes in the shape and surface of the contralateral condylar head by analyzing 204 skulls [14]. Another study reported
that remodeling of the condyle was found in 65% joints and osteoarthrotic changes in 10% joints according to an investigation of both
joints of 22 edentulous individuals. In cases when both joints have pathological results, the most common severe pathological site in
the joint is the lateral third, while the contralateral joint has pathologic results in the central and medical areas [15]. This may be the
reason for lateral movement of the mandible, which can lead to local overload of bilateral joints.

The internal structure of bones is adapted to the constantly changing functional loads and mechanical environment [27]. So the
condylar bone structure will also adapt to the reduced occlusal load of completely edentulous jaws. The cortical and medullary
densities of the edentulous condyle were lower than that of the dentulous jaws [16]. In addition, the internal bone structure of
mandibular condyles was influenced by edentulism [17]. The fractal dimension (FD) value is a quantitative parameter used to measure
the complexity of self-similar structures such as trabeculae, and is related to bone density, trabecular porosity, and connectivity.
Previous studies have shown that FD increases with increasing bone complexity [28]. According to their results, the average FD value
of the mandibular condyles in the edentulous group was significantly lower than the dentate group. Therefore, the TMJ may cause
condylar remodeling during the process of adapting to reduced occlusal load. When remodeling exceeds physiological limits,
degenerative diseases will occur in the joints [3].

3.1.1.2. Articular fossa. The articular fossa is a bone structure located above the mandibular condyle, and in front of it is articular
eminence. A comparative study of CBCT in 100 patients showed a higher proportion of bone changes such as osteophytes, resorption,
and sclerosis in condyle, lower mandibular roof thickness, and higher mandibular fossa lateral inclination in edentulous patients
compared with dentate patients [18]. In the presence of bone resorption in condyle, the bone at the top of the articular fossa thickened,
and this compensatory bone formatted to support increased TMJ stress due to changes in the condylar bone [29,30]. However, most
edentulous patients are aging people with weakened ability of tissue regeneration and metabolic function, the bone at the top of the
articular fossa cannot be effectively compensated. Abnormal changes in bone structure of TMJ will increase the stress of the joint, then
lead to functional changes of TMJ. When the function of edentulous patients is significantly changed, the mandibular fossa, as a part of
the functional entity, was a remodeling unit [19]. A study analyzed 259 skulls and observed the morphology and surface degenerative
changes of the condyle and joint fossa [20,31]. They found a strong correlation between occlusal support and the degenerative changes
in women, but not in men. This may be the cause of hormones.

3.1.1.3. Articular eminence. The condylar head together with articular disk translate against the articular eminence (AE) during the
mandibular movements [32]. The inclination of the articular eminence (AEI) is related to the Frankfort horizontal plane [33], which
affects the trajectory of condylar movement and the rotation of the articular disk [22,32,34-36]. The AEI shows significant individual
differences with the value ranging from 30° to 94° [37]. Virlan MJR et al. [33] c onsidered that although biological gender or age as
confounding factors might influence the results in some papers [20-23,35,38,39], edentulism had a significant role on the decline of
the AEL Other studies found that AEI values in edentulous patients were lower than that in dentate patients via imaging studies [22,
23]. However, Unal EZ et al. [22] found no significant positive correlation between the duration of edentulism and AEI Csadoé K et al.
[23] stated that the flat AE may be related to age. However, they found that tooth loss had a stronger impact on the flat posterior slope
of the AEthan aging. These different outcomes may be due to various sources and quantities of samples and different measurement
methods.

3.1.1.4. Condyle-fossa position. In edentulous patients, both apical and posterior occlusal contact positions are absent. The position of
the condyle in the joint fossa may alter when the residual alveolar ridges of the maxilla and mandible approach. A group of researchers
studied Schuller’s positional radiographs of ten edentulous patients to determine the positional relationship of TMJ in two situations:
(1) complete dentures are occluded in the correct horizontal and vertical position, (2) the residual alveolar ridges of the maxilla and
mandible are as close as possible [40]. They defined latter position as “the edentulous position of TMJ”. They found that the posterior
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and upper joint spaces of the edentulous position decreased obviously when compared with that of intercuspal position in edentulous
patients with complete dentures. But there was no significant increase in the anterior joint spaces in the edentulous position compared
with that of intercuspal position in edentulous patients with complete dentures. It suggested that the condyle in the edentulous position
of the TMJ can rotate backward and upward with the forward and backward movement of the mandible, it may result in the decrease of
the posterior articular space, increase of anterior articular space, and anterior displacement of the articular disc (Fig. 3). The normal
TMJ structure is shown in Fig. 2. Another study investigated radiographic data of 20 edentulous subjects and 49 dentate subjects [19].
They found that compared to subjects with teeth, edentulous subjects had a more anterior position of the joint fossa, and its anterior
position was significantly correlated with the edentulous period. These studies show that accurate occlusal vertical distance and
intercuspal position are important not only for the functional and aesthetic recovery of dentures, but also for maintaining the normal
position of the condyle in the joint fossa, so as to prevent TMJ disorders.

3.1.2. Changes of articular disc

The TMJ articular disc can be divided into anterior zone, intermediate zone, posterior zone, and bilaminar zone (BZ) in sagittal
direction. The BZ of the TMJ consists of two layers. The upper layer consists of loosely arranged fibrous-elastic tissue; the lower layer is
composed of dense connective tissue with few elastic fibres [41]. A study observed 14 dentulous adults (GI) and 14 edentulous elderly
adults (GII) by light microscopy and electron microscopy scanning [42]. They found that compared to GII, the vascular spaces in GI is
smaller and the elastic fibers are thicker and more abundant. Another research studied displacement, deformation and perforation of
articular disk, and bone tissue of 248 joints removed from fresh cadavers [43]. While the results showed that tooth loss seemed to have
no effect on the amount of morphologic changes in the TMJ at the end of life.

The articular disc is a cartilaginous spacer in the TMJ, which is used to weaken a and disperse forces acting on it [44]. A study
compared the presence of vascular endothelial growth factor (VEGF), proteoglycan versican, and collagen type 1 in the articular discs
which were removed from 17 donated human bodies [44]. Their results indicated that when the occlusal support area had been lost,
the presence of the neoangiogenesis factor VEGF and proteoglycan versican increased. In contrast, the amount of collagen type 1
decreased. The decrease of collagen type 1 and the increase of versican and VEGF indicated that degeneration was exacerbated due to
tooth loss.

3.2. Influence of edentulism on function of TMJ

The loss of occlusal support has been regarded as one of the causes of masticatory system dysfunction. The importance of occlusal
support in the masticatory system is obvious, but its role in the development of temporomandibular dysfunction or TMD remains
controversial. TMD is the general name of a class of diseases, which refers to the structural and functional disorders related to the TMJ,
masticatory muscles or both [45,46]. These are also known as temporomandibular pain dysfunction disorders. There is another disease
with similar signs and symptoms to TMD, namely craniomandibular disorders (CMD). CMD exists in all ages, and its most common
signs and symptoms are clicking and crepitation of TMJ, TMJ pain, irregular mandibular movement, pain on movement of the
mandible, in addition to facial pain and headache [47]. One of the purposes of this review is to investigate the influence of edentulous
jaws on functional changes in TMJ. Consequently, these two diseases will be involved in this review.

There are different opinions on the association between TMD and teeth loss. A study found that TMJ dysfunction was associated
with fewer teeth, especially posterior teeth [48]. In addition, another study found that people with fewer posterior teeth loss but more
quadrants, especially young women, had a higher risk of developing TMD [49]. The absence of mandibular posterior teeth was
positively correlated with disk displacement [50]. But no results showed that repairing missing posterior teeth could prevent the
development of TMDs. However, the loss of mandibular posterior teeth may accelerate the development of degenerative diseases in
TMJ. On the contrary, some studies have found no reliable evidence to suggest any correlation between loss of occlusal support and
TMJ dysfunction, although the loss of posterior dentition cannot be ignored [51,52].

Fig. 2. Normal structure of TMJ with natural teeth. 2a) Diagrammatic sketch of normal TMJ with natural teeth. 2b) CBCT of normal TMJ with
natural teeth. A: mandible; B: articular disc; C: glenoid fossa; D: anterior joint space; E: posterior joint space; F: AEL
TMJ: temporomandibular joint. CBCT: Cone Beam Computed Tomography. AEI: angle of articular eminence inclination.
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Fig. 3. The structure of TMJ with dentition loss. 3a) Diagrammatic sketch of TMJ with dentition loss. 3b) CBCT of TMJ with dentition loss. A:
mandible; B: articular disc; C: glenoid fossa; D: anterior joint space; E: posterior joint space; F: AEL After the dentition loss, the condyle may rotate
upward and backward with the symphysis of the mandible moving forward and upward, it may result in the increase of anterior articular space,
decrease of the posterior articular space, and anterior displacement of the articular disc. In addition, edentulism may also result in the decrease of
AEL

TMJ: temporomandibular joint. CBCT: Cone Beam Computed Tomography. AEI: angle of articular eminence inclination.

The influence of dentition loss on the structure of TMJ has been described above. What about the influence of dentition loss on the
function of TMJ? How does it relate to TMD? The existing literatures show that the association between edentulism and TMD
symptoms and signs remain contradictory. The main points of the included studies are shown in Table 2.

3.2.1. Condylar movement capacity

Many authors have shown that in dentulous subjects, the movement ability of the condyle is influenced by the morphological
characteristics of mandibular movement and disk-condyle assembly [53-55]. A study analyzed the translation and rotation of the
hinge axis during the opening and closing processes of dentulous subjects and edentulous subjects [56]. They found that the average
length of rotation and translation of the hinge axis in the opening and closing movements of edentulous group was smaller than that of
edentulous group. It showed that the condylar movement ability of edentulous patients reduced. Another study recorded the condylar
shape, inclination, and motion characteristics of completely edentulous patients receiving a new set of complete dentures during
protrusive movement [57]. The results indicated that the age and edentulous state of patients have a significant impact on the
characteristics of the condylar pathway during the process of condylar protrusion. When the condyle protruded forward, the most

Table 2
Influence of edentulism on function of TMJ.

Authors Year Type of Samples Methods Main conclusions
research

Related to condylar movement capacity

Matsumoto A, 1995 Clinical 100 Computer-aided The mean length of translation and the rotation of hinge axis in opening

et al. study subjects diagnostic and closing movements was smaller in edentulous subjects than in

axiograph dentulous ones. No significant difference was shown between two

groups on translative quantity in protrusive movement.

Hiie O 2011 Clinical 60 Electronic In completely edentulous patients, the condylar path patterns during

study subjects axiograph protrusive movement were different than conventionally described

patterns. The sinusoidal form condylar path was most frequently found,
and the condylar slope incline was low.

Related to masticatory function

Klemetti E, 1995 Clinical 355 Clinical Decreasing functional exercise of the jaws after dentition loss was more

et al. study subjects examination found to diminish the size of the masticatory muscles making them
disposed to mandibular dysfunction symptoms.

Tortopidis D, 1999 Clinical 21 EMG and bite force The maximum bite force was low in edentulous subjects and was

et al. study subjects measurement further reduced in edentulous TMD subjects; endurance time and
fatigue resistance of the masseter muscles were reduced in edentulous
TMD subjects.

Gokge B, 2009 Clinical 80 Mandibular Tooth loss resulted in a decrease in angle of mouth opening values

et al. study subjects goniometer test independent of gender and age.

Tzakis MG, 1994 Clinical 35 Clinical In this group of 90-year-old, their masticatory ability is good in spite of

et al. study subjects examination, a reduced bite force and most of them had no severe signs and

and questionnaire symptoms of TMD.

Related to functional disorders

Shetty R, 2010 Clinical 100 Clinical In edentulous patients, 59% had one or as many as three signs of

et al. study subjects examination temporomandibular dysfunction. The most commonly seen joint

dysfunction was the joint sounds which was 47%.
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common path was the sinusoidal condyle path, with a lower slope of the condyle. They suggested that among complete denture
wearers, these features have a direct effect on the occlusal morphology of the posterior teeth, and dentists need to consider them in the
final occlusal selective grinding stage.

3.2.2. Masticatory function

Research has found that reducing mandibular functional exercise after dentition loss can reduce the size of the masticatory muscles,
making them more prone to symptoms of mandibular dysfunction [58]. A study evaluated bite force and electromyography (EMG)
activity of 11 healthy edentulous subjects and 10 edentulous patients with TMD [59]. There results showed that compared with
edentulous subjects, edentulous patients with TMD have a reduced maximum bite force and a decreased fatigue resistance of the
masseter muscles. There are two possible explanations for their results. Firstly, pain in the masticatory muscles of TMD patients may
indirectly influenced fatigue tolerance of muscle, as these muscles are unable to function for a long time due to limited use [60].
Secondly, in this group, discomfort with dentures and transducers may be more severe as they are unwilling to tolerate greater
discomfort than existing ones [59].

In addition, another study compared the opening angles of similarly aged subjects dentate and edentulous subjects [61]. They
found that the opening angle values of dentate group were significantly higher than those of subjects without teeth. The research
results indicated that regardless of gender and age, tooth loss can lead to a decrease in opening angle values, and if the dentition is
maintained in good condition, oral function may be well preserved with age.

On the contrary, a team examined function and dysfunction of the masticatory system of 35 90-year-old subjects [62]. The results
showed that in addition to a decrease in bite force, this group of subjects thought their chewing function was good, and most of them
did not have obvious signs and symptoms of TMD.

3.2.3. Functional disorders

Epidemiological studies have shown that approximately 75% of the population has at least one sign of dysfunction (such as joint
noise, abnormal mouth opening, intermittent locking), and approximately 33% have at least one symptom of TMD (such as facial pain,
pain in jaw) [45]. A study examined 100 asymptomatic edentulous subjects and found that 59% of them showed one to three signs of
temporomandibular dysfunction [63]. The most common joint dysfunction was joint sound, with a prevalence rate of 47%. Although
TMD is common in the general population [45], the prevalence of TMD in complete denture patients is still uncertain. Epidemiological
data indicates that the incidence rate of TMD in this population varies greatly (15%-94%) [64-68]. Different prevalence of TMD may
be due to different diagnostic criteria, various sample sizes, and measurement errors. The globally recognized gold standard for the
diagnosis of TMD are research diagnostic criteria for temporomandibular disorders (RDC/TMD) and diagnostic criteria for tempo-
romandibular disorders (DC/TMD) [5,46]. Given the limited quantity of researches applying these two diagnostic methods in the
identified studies, studies using incomplete diagnostic methods will be included together.

Table 3
Edentulousness and prosthetic treatment were related to TMD.

Authors Year Type of Samples Methods Main conclusions
research
Sipila K, 2013 Clinical 6313 Clinical examination Edentulousness, wearing of complete dentures and poor condition
et al. research subjects and home interview of dentures associated with pain-related TMD findings among
women.
Divaris K, 2012 Clinical 873 Clinical examination Edentulousness was strongly associated with mandibular but not
etal. research subjects and historic records maxillary residual ridge resorption, as well as TMD development.
Goiato MC, 2010 Clinical 20 RDC/TMD The intensity and number of occurrences of joint vibrations were
et al. research subjects questionnaire and reduced after 5 months of wearing new complete dentures.
clinical examination
Faulkner KD, 1991 Clinical 201 Anamnestic Edentulous subjects with a history of fewer sets of complete
etal research subjects and clinical dentures worn appeared to be correlated with an increase in the
examination number of signs and symptoms of CMD.
Taddei C, 1991 Vitro 54 histomorphometric Complete dentures had a favorable protective effect on TMJ
et al. study TMJs study structures.
Tervonen T, 1988 Clinical 1600 Clinical examination Subjects with complete dentures had signs and symptoms of
etal research subjects and interview dysfunction more often than those with natural dentition.
Klemetti E, 1995 Clinical 355 Clinical and Clicking noises in the TMJ and tension in the neck were more
et al. research subjects anamnestic common complaints among denture wearers than among dentate
examinations subjects.
Amorim VCP, 2003 Clinical 12 Tomographic After prosthetic rehabilitation, more pronounced decreases in
et al. research subjects examination posterior condylar positions and increases in concentric condylar
positions were observed in the maximal intercuspal position in
edentulous subjects without symptoms of TMDs
Yan C, 2008 Clinical 20 fMRI Sensory and motor feedback to the central nervous system can be
etal research subjects restored by implant-supported full dentures.




H. Zheng et al. Heliyon 9 (2023) 20307

3.3. Influence of prosthodontic treatment after dentition loss on TMJ

There are three common restoration options for edentulous patients: complete denture, implant overdenture, and implant-
supported fixed denture. Although implant overdenture and implant-supported fixed denture can reduce bone resorption levels,
improve retention and stability, and provide patients with a higher degree of satisfaction [69-73], complete denture is the conven-
tional prosthodontic treatment for edentulism and is widely utilized around the world [74]. However, traditional complete dentures
have obvious drawbacks, such as the lack of stability and retention of mandibular dentures, bone resorption of residual alveolar ridges
and low chewing efficiency [75].

3.3.1. Edentulousness and prosthetic treatment were related to TMD

From the current literature, the influence of whether to accept complete denture treatment after dentition loss and denture
characteristics on TMD are uncertain. On the one hand, many studies [76-84] showed that edentulousness and prosthetic treatment
were related to TMD. The key points for included studies are shown in Table 3.

Some studies [76,77] showed that the edentulousness was related to the signs and symptoms of TMD. A research suggested that in
women, edentulism, complete denture wearing, and poor dentural condition are associated with pain-related TMD manifestations
[76]. Another study suggested that the duration of edentulism was associated with a significant increase in the incidence of TMD [77].
Their multivariate analysis of the development of TMD showed that, regardless of age and gender, edentulousness increases the risk of
developing TMD. This estimate is equivalent to a 30% increase in TMD risk in edentulous patients over a 10-year period.

In addition, some studies [78-80] suggested that appropriate complete denture restoration was beneficial to the health of TMJ in
edentulous patients, while unsatisfactory dentures may lead to signs and symptoms of TMD. Goiato MC et al. [78] found that after
wearing a new denture for 5 months, the intensity and frequency of joint vibration decreased. A study examined 201 completely
edentulous patients and discovered that wearing fewer complete dentures seems to be related to a higher number of signs and
symptoms of CMD [79]. Another study conducted a histomorphometric study of 54 TMJs and found that complete denture restoration
had a favorable protective action on the structure of TMJ [80]. In edentulous without prosthodontic therapy group, flattening of the
mandibular fossa and thinning of cortical, sponge bones, and fibrocartilage were observed. The mean measured values of the cortical
and spongy bones and fibrocartilages in edentulous with complete dentures group were similar to the values in dentate group. It
indicated that restoration treatment after dentition loss is helpful to protect the structure of TMJ.

In addition, Tervonen T et al. [81] evaluated the prevalence rate of signs and symptoms of mandibular dysfunction in adults aged
25, 35, 50 and 65. The results showed that the incidence of all clinical symptoms of mandibular dysfunction, except for joint sounds,
was lower in natural dentition subjects than in complete denture subjects. The reason for this result may be that long-term use of
dentures may lead to unstable dentures, reduced vertical dimension, and incorrect mandibular positioning. These changes may induce
muscular changes and joint noise [85]. Therefore, unsatisfactory removable dentures may be a contributor to the development of
mandibular dysfunction [86].

A study conducted clinical and anamnestic tests on 355 postmenopausal women [82]. The results suggested that clicking sound and
neck tension of TMJ were more common among denture wearers than among dentate subjects. However, they found that the duration of
dentition loss was not related to the prevalence of memory related TMD symptoms. The high incidence of those symptoms may be due to
loss of vertical dimension or incorrect mandibular position which are common problems among complete denture wearers [67,87,88].

Amorim VCP et al. [80] examined tomographic materials of 12 women before and after the use of a new maxillary complete denture
and a mandibular removable partial denture (RPD). They observed that prosthetic rehabilitation caused significant alterations in the
condyle-fossa relationship, increased the incidence of concentric condylar positions and reduced the incidence of posterior condylar
positions. A group of researchers scanned 20 edentulous patients by functional magnetic resonance imaging (fMRI) and found that

Fig. 4. The structure of TMJ after rehabilitation in edentulous patient. 4a) Diagrammatic sketch of TMJ after restoration in edentulous patient. 4b)
CBCT of TMJ after restoration in an edentulous patient. A: mandible; B: articular disc; C: glenoid fossa; D: anterior joint space; E: posterior joint
space; F: AEL The recovery of vertical dimension after rehabilitation will guide the condyle of TMJ to move forward. Then, the anterior articular
space is decreased, the posterior space is increased, and the condyle undergo adaptive reconstruction in the functional movement of TMJ.

TMJ: temporomandibular joint. CBCT: Cone Beam Computed Tomography. AEI: angle of articular eminence inclination.



H. Zheng et al. Heliyon 9 (2023) 20307
blood oxygen level dependent signals in the primary sensorimotor cortex were increased in implant-supported fixed dentures group
compared with complete dentures group [84]. They believe that implant-supported dentures can restore sensory and motor feedback
to the central nervous system. The activation of the primary sensory motor cortex in implant-supported dentures wearers may be
beneficial for improving tactile, three-dimensional cognitive abilities, and chewing function, which is more similar to natural denti-
tion. Consequently, prevention of complete edentulism is crucial for minimizing the local risk factors for TMD. Enhancing the retention
and stability of dentures may be achieved through implant supported overdentures or implant supported fixed dentures, which may
help alleviate symptoms of TMD. The structure of TMJ after implant-supported fixed dentures rehabilitation in edentulous patients is
shown in Fig. 4. Currently, the research methods for edentulous patients mostly rely on clinical examinations, CBCT, panoramic ra-
diographs, and MRI, with very little use of fMRI Perhaps in the future, fMRI can be used to evaluate the sensory and chewing function
of edentulous patients after restoration, as well as the progression of TMJ dysfunction, from the perspective of changes in cortical
activity.

3.3.2. Edentulousness and prosthetic factors were unrelated to TMD

A related review [89] suggested that treatment with new complete dentures does not always provide an improvement in the
symptoms of TMD. Another review [87] pointed out that restoration treatment for TMD patients was not suitable for primary therapy
of TMD, and should only be performed on prosthetic indications after reversible therapy reduced dysfunction and pain. And some
studies [64,90-93] suggested that there were no statistically significant correlations between denture parameters and TMD related
signs and symptoms. The key points of the included studies are shown in Table 4.

There a study suggested that there was no positive relation between TMDs prevalence and many prosthetic parameters such as the
vertical dimension of occlusion in edentulous subjects, the experience of denture wearing, the amount of used dentures, and the age of
the present dentures [90]. Dervis E [64] also pointed out that there was no statistically significant correlation between signs and
symptoms of TMD and these factors such as retention and stability of dentures, usage time of present dentures, amount of used
dentures, occlusal errors, or freeway space, In addition, another study reported that there were no significant correlations between the
deep pain sensitivity of the masticatory muscles and denture quality or vertical dimension of occlusion, but the Oral-Health-Related
Quality of Life (OHRQoL) [91].

A group evaluated the masticatory system of 64 edentulous subjects before new complete dentures restoration and after a year of
follow up [92]. They found no statistically significant correlation between CMD and the duration of edentulism and the amount of
complete denture. Another group studied the prevalence of TMD in 92 subjects with both maxillary and mandibular complete dentures
[93]. The RDC/TMD were applied to examine patients. The statistical analysis showed that there were no significant correlation
between prosthetic factors and the presence of TMD.

4. Conclusion

The literatures reviewed in this study show that there are different conclusions about the effects of dentition loss on various
structures of TMJ. In general, many studies showed that dentition loss would bring degenerative changes to the bone structure of TMJ,
the morphology of condyle and mandibular fossa will change, and the density of bone will also be affected. In addition, some re-
searchers observed that in edentulous patients, the condyles move backward and upward, the mandibles rotate forward and upward,
and the articular discs move forward with it. After effective prosthodontic treatment, the condyle and the articular disc will be guided
back to the normal position.

On the other hand, the literatures reviewed in this study reveal that the prevalence of signs and symptoms of TMD in the edentulous
group is still inconsistent. The discrepancies may be caused by various reasons, but the most common are differences in patient

Table 4
Edentulousness and prosthetic factors were unrelated to TMD.

Authors Year Type of Samples Methods Main conclusions
research
Yannikakis S, 2009 Clinical 51 Clinical There was no positive relation between TMDs prevalence and many
etal research subjects examination prosthetic parameters such as the denture experience, the number of
dentures used, the age of the present denture and the vertical
dimension of occlusion in edentulous subjects.
Dervis E 2004 Clinical 250 Clinical No statistically significant correlations were found between signs and
research subjects examination symptoms of TMD and denture retention, stability, occlusal errors,
freeway space, age of present denture, or number of sets of dentures.
Costa YM, 2015 Clinical 29 digital dynamometer The deep pain sensitivity of masticatory muscles in complete dentures
et al. research subjects test, questionnaire, wearers is associated with OHRQoL, but not with prosthetic factors.
clinical examination
Raustia AM, 1997 Clinical 62 Clinical Few complete denture wearers had severe signs and symptoms of
et al. research subjects examination CMD. No statistically significant correlation was noted between CMD
and either the duration of edentulousness or the number of sets of
dentures.
Ribeiro JAM, 2014 Clinical 92 Clinical examination No robust association between prosthetic factors and TMD was found.
et al. research subjects based on RDC/TMD
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selection, TMD diagnostic criteria, clinical examination methods, as well as diversity of the study population, sample size, and different
time frames for retrospective studies.

Traditionally, joint load is generated by the interaction of teeth and muscles. The absence of dental arch leads to changes in the
biomechanical environment of the masticatory system, which affects the structural characteristics of the loading area, and even leads
to pathological changes. However, to what extent the stress changes lead to pathological changes, resulting in TMD symptoms or signs
that cannot be quantitatively evaluated. Moreover, based on the limitations of current clinical research and the contradiction of
research results, it is impossible to directly link the structural change with the decline of function in TMJ. In addition, in view of the
complex aetiologies of TMD, we are unable to make more than general recommendations on prosthetic treatment or TMJ treatment for
edentulous patients. However, it should be noted that for edentulous patients, the condition of TMJ, especially the position of condyle-
fossa and the symptoms and signs of TMD, should not be ignored. If necessary, radiographic examinations should be carried out to
evaluate the condition of the joint in time.
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