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Correlation between temporomandibular ==

joints and craniocervical posture in patients
with bilateral anterial disc displacement
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Abstract

Objective To study the changes of temporomandibular joints and craniocervical posture in adult patients with bilat-
eral anterior disc displacement, and to explore their correlation, which may provide some clinical value for clinical
diagnosis and treatment planning.

Methods Ninety-eight adult patients were divided into 3 groups: 29 patients in bilateral disc normal position group
(BN), 33 patients in bilateral Anterior Disc Displacement With Reduction group (ADDWR) and 36 patients in bilateral
Anterior Disc Displacement Without Reduction group (ADDWOoR). Dolphin and Uceph software were used to measure
14 items of temporomandibular joint and 11 items of craniocervical posture for comparison and correlation analysis
between groups.

Results There were significant differences in bilateral joint space between three groups. Compared with the BN,

the anteroposterior diameter of the condyle was significantly reduced, the condyle was significantly displaced pos-
teriorly and superiorly in the ADDWR and ADDWoR, but the joint fossa width and joint fossa depth did not change
significantly. Cervical curvature and inclination were greater in patients with anterior disc displacement than BN, indi-
cating that the craniocervical posture of adult patients with anterior disc displacement was extended and protrusive.

Conclusion Anterior disc displacement of the temporomandibular joint can displace the condyle upwards and pos-
teriorly and reduce the anteroposterior diameter of condyle, and then make the condyle closer to the wall of articular
fossa to induce joint symptoms. Additionally, craniocervical postural position is significantly affected, which may be
related to compensate for the effects of airway space.

Highlights

1.In individuals with bilateral anterior disc displacement, the majority of temporomandibular joint abnormalities
are asymmetrical, whereas in those with normal disc position, the bilateral temporomandibular joint is frequently
symmetrical.

2.1t was firstly determined how the bilateral TMJs in patients with different stages of ADD changed in three dimen-
sions dynamically.

3.Patients with bilateral anterior disc displacement often have cervical vertebra anteversion and enlarged cervical
curvature and Anterior disc displacement may lead to increased craniocervical posture somehow, and vice versa.

*Correspondence:

Xiaojing Pan

panxj@lzu.edu.cn

Full list of author information is available at the end of the article

©The Author(s) 2024. Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which
permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the
original author(s) and the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or

other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line
to the material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory
regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this
licence, visit http://creativecommons.org/licenses/by/4.0/. The Creative Commons Public Domain Dedication waiver (http://creativecom-
mons.org/publicdomain/zero/1.0/) applies to the data made available in this article, unless otherwise stated in a credit line to the data.


http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s12903-024-03892-9&domain=pdf

Xiang et al. BMC Oral Health (2024) 24:159

Page 2 of 14

Keywords Temporomandibular joint (TMJ), Craniocervical posture, Anterior disc displacement (ADD), Morphometric

measurements

Temporomandibular disorders (TMDs) are a group of
musculoskeletal diseases that involve the temporoman-
dibular joints (TMJs), the masticatory muscles and all
associated tissues [1]. TMDs are a group of common
complex oral diseases, which present with pain and func-
tional limitation of the temporomandibular joint (TM])
[2—4]. Numerous studies have shown that anterior disc
displacement (ADD) is the most common structural dis-
order leading to TMD symptoms, and can be divided into
Anterior Disc Displacement With Reduction (ADDWR)
and Anterior Disc Displacement Without Reduction
(ADDWoOoR) [5]. In recent years, the potential correlation
between ADD and craniocervical posture has gradually
become a frontier research issue [6-9].

At present, most studies are limited to a single anterior
disc displacement stage, and relevant literature inves-
tigating the dynamic development of anterior disc dis-
placement is rare. Therefore, the aim of this study was to

quantitatively investigate the three-dimensional dynamic
changes of bilateral TMJ morphology and position at dif-
ferent stages of bilateral anterior disc displacement by
CBCT, and to analyze their craniocervical posture differ-
ences with normal craniocervical posture, and further to
investigate the correlation between temporomandibular
joints and craniocervical posture.

Materials and methods

Study subjects

A cross-sectional retrospective study was designed
and implemented to reasonably address the research
purpose. Patients sufered with ADDWR or ADDWOoR
admitted to the Temporomandibular Joint Special-
ist Clinic, Lanzhou University Stomatology Hospital,
China, from January 2020 to December 2022 consti-
tuted the study population (Fig. 1). The approved pro-
tocol (LZUKQ-2023-041) was subscribed by Ethics

Patients’ CBCT scans(n=614)

Excluded(n=280)
-Age<18 or Age >44(n=85)
-Missing tooth(n=95)

-Endodontically treated teeth(n=35)
-Maxillofacial defect(n=10)
-TMJ disorders(n=55)

n=334

Excluded (n=236) Poor quality

CBCT Scans
Patients included in this study (n=98)
|
v | v
BN(n=29) ADDWR(n=33) ADDWoR(n=36)
I ] I
v | v \ v |
Male Female Male Female Male Female
(n=9) (n=20) (n=10) (n=23) (n=7) (n=29)
A

v

Measuring TMJ related measurement items in three patiens groups

v

Measuring Craniocervical Posture related measurement items in three patients groups

v

Analyzing the differences and correlation between measurement items in three patients groups

Fig. 1 Experimental procedure flowchart (Inclusion and exclusion criteria refer to Supplementary table S1)
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Committee for Clinical Scientific Research of Lanzhou
University School of Stomatology.

Investigational equipment

All subjects underwent CBCT scan and lateral cepha-
logram in the Department of Radiology, Stomatology
Hospital of Lanzhou University. The products models
were ORTHOPHOSSL3D (Sirona Dental System GmbH,
Germany) and KaVo OP 3D Vision (Imaging Sciences
international, United States). During the process of tak-
ing images, all subjects were required to sit straight, keep
Frankfort horizontal plane parallel to the ground, keep
intercuspal position (ICP), don’t swallow and hold the
breath till the process was done. Making sure that all par-
ticipants were photographed under the posture of natural
head position.

Measuring items

Based on the software Dolphin Imaging 11.8 (Chats-
worth, California) and Uceph 4.2.1 (Chengdu, Sichuan),
the measurement items related to TM] and craniocervi-
cal posture were measured.
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Three-dimensional measurement items
of the temporomandibular joint (Figs. 2, 3, 4)

Craniocervical posture measurement items (Figs. 5, 6
and Table 1)

Statistical analysis

PASS 15.0.5 was used to calculate the sample size power
for this study. Statistical analysis was performed using
the Statistical Product and Service Solutions, SPSS 22.0
(IBM, America). Shapiro—Wilk was used for normality
test, Levene was used for homogeneity of variance test,
LSD-t tests were used for each measurement to evalu-
ate the average of differences between the sides for each
element of the sample. All variables distributions were
tested using Kruskal-Wallis when it didn’t obey nor-
mal distribution. When it obeyed normal distribution,
ANOVA was used when variances were homogene-
ous; and Brown-Forsythe Anova was used when vari-
ances were heterogeneous. When the measurement data
obeyed normal distribution, x+S description and Pear-
son correlation analysis is employed, and when they

Anterior

Posterior

Fig. 2 Axial measurement items

1. Condyle inner and outer diameter (MD, the distance between the innermost point and the outermost point of the condyle); 2. Anteroposterior
diameter of condyle (AD, the distance between the anterior point and the posterior point of condyle)



Xiang et al. BMC Oral Health

(2024) 24:159

Page 4 of 14

Fig. 3 Coronal measurement items

1.Intra-articular space (IS); 2. Middle joint space (MS); 3. Extra-articular space (ES). Note: The width of the condyle was divided into six equal parts. The
shortest distance from the point where the vertical line intersected with the condyle to the articular fossa at the first medial part is IS. The shortest
distance from the point where the vertical line intersected with the condyle to the articular fossa at the midpoint part is MS. The shortest distance
from the point where the vertical line intersected with the condyle to the articular fossa at the last medial part is ES

didn’t obey normal distribution, M (P25, P75) description
and Spearman correlation analysis is utilized.

Results

The BN, ADDWR and ADDWoOoR groups patients were
diagnosed by two joint specialists at joint specialty
department of Stomatology Hospital of Lanzhou Uni-
versity during 2020y to 2022y. There were no joint symp-
toms in clinical examination or joint abnormalities in
CBCT of BN group. Researchers themselves measured
all items twice at an interval of one week under the same
conditions to test the reliability. The sample size power
for this study refer to Supplementary table S2.

Patients’ general characteristics

A total of 98 subjects were included in this study
(Table 2). Their age range was 18 to 44 (mean age,
26.5+ 6.7 years). There were no significant differences in
age and sex distribution among groups.

Symmetry of bilateral TMJ in BN group

There was no significant difference of the bilateral TM]
measurement items (P>0.05), which indicted that the
bilateral TMJ were basically symmetrical in morphology
and location in healthy people (Table 3).
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Fig. 4 Sagittal measurement items
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1. Anterior joint space (AS, the shortest distance between the anterior edge of the articular fossa and the tangent point from the apex

of the articular fossa to the anterior edge of the condyle); 2. Superior joint space (SS, the shortest distance from the apex of the articular fossa

to the apex of the condyle); 3. Posterior joint space (RS, the shortest distance between the posterior edge of the articular fossa and the tangent
point from the apex of the articular fossa to the posterior edge of the condyle); 4. Joint fossa width (FS, the distance between the lowest points

of the external auditory and articular tubercle); 5. Joint fossa depth (FD, the shortest distance between the apex of the articular fossa and the line

of the articular fossa); 6. Joint tubercle angle (NA, the angle between the line connecting the apex of the articular fossa and the lowest point

of the articular tubercle and Frankfort horizontal plane); 7. Length of anterior slope of condyle (ASL, the distance between the apex and the anterior
point of condyle); 8. Length of posterior slope of condyle (PSL, the distance between the apex and the posterior point of condyle); 9. Angle
between posterior and anterior slope of condyle (APA, the angle between the anterior slope and the posterior slope of condyle)

Symmetry of bilateral TMJ in ADDWR and ADDWoR group
In the ADDWR group, bilateral middle joint space (MS),
extra-articular space (ES), fossa depth (FD), and fossa
width (FS) were significantly different (P<0.05). In the
ADDWoOoR group, the bilateral condylar anteroposterior
diameter (AD), the length of posterior slope of condyle
(PSL), the joint fossa depth (FD) and joint fossa width
(FS) were significantly different (P<0.05). The results
showed that in the process from ADDWR to ADDWOoR,
at the beginning the joint space asymmetry occurred and
further developed into condylar morphology asymmetry,
which may be due to the compensatory and protective
effects of condylar cartilage. With the further develop-
ment of ADD, condylar cartilage compensation became
insufficient and organic changes appeared. Immediately
after bilateral condylar destruction was inconsistent and
there were differences between the left and right TMJ
sides (Figs. 7 and 8).

Bilateral TMJ changes in BN, ADDWR and ADDWoR groups

One-way anova analysis of bilateral TM] measurement
items in the BN, ADDWR and ADDWoR groups revealed
that there were significant differences in the anteroposte-
rior diameter (AD), anterior joint space (AS) and poste-
rior joint space (RS) of the left and right TM] (P<0.05);
There were significant differences in the intra-articular

space (IS) and middle joint space (MS) of the right TM]
(P<0.05); while there were no significant differences in
the joint fossa depth (FD), joint fossa width (FS), joint
nodular angle (NA), length of anterior slope or pos-
terior of condyle (ASL, PSL) and angle between pos-
terior and anterior slope of condyle (APA) of bilateral
TMJ (P>0.05). The results showed that during ADDWR
developed into ADDWoOR, the condylar morphology and
joint space pathologically changed, but not articular fossa
(Table 4).

Craniocervical posture in BN, ADDWR and ADDWoR groups
Compared with BN, there were significance differ-
ences in all cervical posture measurement items except
C1-C2. This suggests that ADD have increased cervical
curvature and cervical inclination, indicating that ADD
may antevert the upper cervical spine through some
unclearly certain mechanisms. However, this change
mainly appeared in the upper second cervical vertebra
and scarcely appeared in third cervical vertebra possibly
because the former is more susceptible (Table 5).

Correlation between TMJ and craniocervical posture

in ADD groups

The results of Perason correlation analysis between TM]
and craniocervical posture in ADD patients (ADDWR
and ADDWOoR) showed that MS was significantly
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Fig. 5 Landmarks used in this study: 1.N (naison); 2. S (sella); 3. Or (orbitale); 4. P (porion); 5. Ba (basion); 6. ANS (anterior nasal spine); 7. PNS
(posterior nasal spine); 8. Ar (articulare); 9. CO (the lowest point of the occipital squama); 10. C1 (the posterior arch of the Atlas); 11. C2 (the spinous
process of the second cervical vertebra); 12. cv2sp (tangent point of the superoposterior extremity of the second cervical vertebra); 13. cv2ip (the
most posteroinferior point on the second cervical vertebra); 14. cv2ia (the most anteroinferior point on the second cervical vertebra); 15. cv2ap (the
apex of the second cervical vertebra); 16. cv2bp (middle point of lower edge of the second cervical vertebra); 17. cv3ia (the most anteroinferior

point on the third cervical vertebra)

correlated with C0-C1, NSL-CP, NSL-OPT, NL-OPT and
NSL-C2 (P<0.05), and AS was significantly correlated
with NSL-CP, NL-OPT, ML-OPT and NSL-C2 (P<0.05).
This suggested that upward and posteromedial displace-
ment of the condyle in the articular fossa is more likely to
cause craniocervical posture changed (Table 6).

Respective correlation between TMJ and craniocervical
posture in BN, ADDWR and ADDWoR groups

Correlation between TMJ and craniocervical posture in BN
group

According to the Pearson correlation analysis, IS was
significantly correlated with C0-C1, FH-OPT (P<0.05),
AD was significantly correlated with NL-OPT (P<0.05)
and RS was significantly correlated with C0-C1 (P<0.05).
This indicated that CS posture of healthy people with

bilateral normal joint disc position is significantly corre-
lated with three-dimensional movement of the condyle
and condylar anteroposterior diameter (Table 7).

Correlation between TMJ and craniocervical posture

in ADDWR group

According to the Pearson correlation analysis, IS was sig-
nificantly correlated with NSL-CP, NL-OPT, FH-OPT,
and RL-OPT (P<0.05), AS was significantly correlated
with C0-C1, NSL-CP, NSL-OPT, NL-OPT (P<0.05) and
Ba-C3ia, FH-OPT (£<0.01). Additionally, AD is uncorre-
lated with CS posture (P> 0.05). This implied that CS pos-
ture was negatively correlated with IS and AS, positively
correlated with RS and not correlated with AD. In other
words, CS posture of ADDWR is significantly correlated
with condylar three-dimensional movement (mainly sag-
ittal plane) not morphological changes (Table 8).
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Fig. 6 Craniocervical reference planes used in this study 1.Nasion-sella line (NSL, plane through nasion and sella); 2. Frankfort horizontal plane (FH,
plane through porion and orbitale); 3. Nasal line (NL, line through the posterior nasal spine and anterior nasal spine); 4.Mandibular line (ML, a line
tangent to the lower edge of the mandible); 5. Ramal line (RL, tangent of posterior margin of mandibular ramus); 6. Odontoid process tangent (OPT,
the tangent of posterior second cervical vertebral); 7. OP (Odontoid plane, the tangent of anterior second cervical vertebral); 8. CP (Cervical plane,
vertically bisect the line of the second cervical vertebral body); 9. C2' (The tangent of the lower edge of the second cervical vertebra); 10. MGP
(McGregor’s line, the line from the posterior edge of the hard palate to the lowest point of the occipital squama)

Table 1 Craniocervical posture measurement items and their definitions

Measuring items

Definition

Linear Measurement Ba-C3ia

co-C1
a1-C2
Angular Measurement  NSL-CP
NSL-OPT
NL-OPT
FH-OPT
ML-OPT
RL-OPT
NSL-C2

MGP-OP

The distance from the lowest anterior point of the third cervical vertebra (C3ia) to the midpoint

of the anterior edge of the foramen magnum (Ba)

The distance from the base of occipital bone (C0) to posterior arch of atlas (C1)

The distance from the posterior arch of the atlas (C1) to the spinous process of the second vertebra (C2)
The angle between cervical vertebra plane (CP) and anterior skull base plane (NSL)

The angle between the odontoid tangent (OPT) and the anterior skull base plane(NSL)

The angle between the odontoid tangent (OPT) and the palatal plane (NL)

The angle between the odontoid tangent (OPT) and Frankfort horizontal plane (FH)

)
)
)
The angle between OPT and mandibular plane (ML)
The angle between the odontoid tangent (RL) and the mandibular ramus (RL)

The anterior superior angle between the anterior skull base plane (NSL) and the tangent line (C2)
of the lower edge of the second cervical vertebra

The posterior-inferior angle of the intersection of the McGregor plane (MGP) and the odontoid plane (OP)
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Table 2 Number and age distribution of subjects of BN, ADDWR
and ADDWoR groups

Group BN ADDWR ADDWoR Total Significance
Subjects,n(%) 29(30.1%)  33(33.6%) 36(36.7%) 98(100%) NS

Sex(MF) 9,20 10,23 7,29 26,72 NS

Agely)

Mean 253+60 255465 289+75 265+67 NS

Range 19-36 18-41 19-44 18-44 NS

NS Not significant

Table 3 Symmetry test of bilateral TMJ measurement items in

BN group
Variable (BN) torZ Significance

Left TMJ Right TMJ
MD 19.02+261 18.80£2.69 -0.729 NS
AD 7314133 7494135 -0.885 NS
IS 2.86+0.61 299+0.68 -0.950 NS
MS 2.70+0.80 2.70+£0.71 1.778 NS
ES 227+0.62 221+0.59 0.456 NS
AS 2.01+0.75 2.0+0.60 0.397 NS
SS 351+0.78 3.46+0.90 0467 NS
RS 220+0.78 20+0.72 0.888 NS
FS 27.19+£1.91 28.04+234 -2.132 NS
FD 9.70+4.27 9.70£1.52 1.440 NS
NA 16.37+7.78 16.94+7.31 -0.736 NS
ASL 4.56+0.95 480+1.16 -1.147 NS
PSL 6.47+1.58 727+1.59 -3.131 NS
APA 94.76 +8.69 92.97+10.03 1.201 NS
NS Not significant

40r

Value Level
N [7%)
(—] [—}

[S=
<>

MS ES FS

%k Xk
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Correlation between TMJ and craniocervical posture

in ADDWoR group

According to the Pearson correlation analysis, AD was
significantly correlated with C0-C1, ML-OPT and RL-
OPT (P<0.05), while MS was significantly correlated
with NSL-C2 (P<0.05). CS posture of ADDWoOoR patients
was significantly correlated with condylar morphologi-
cal changes not condylar three-dimensional movement.
The condylar anteroposterior diameter is the primarily
responsible for CS posture changes (Table 9).

Discussion

Long-term follow-up surveys have found that the predi-
lection age of TMD is 18—44 years and female patients
are about 2.24-5 times higher than male patients [10].
The severity of degenerative changes in TMD increases
with age [11], so in order to reduce age-related effects
[12], this study restricted patients’ age to 18—44 years
and female subjects are 3 times more than males.

The current gold standard for diagnosing disc displace-
ment is magnetic resonance imaging (MRI) [13-15], but
it is not required for all TMD diagnoses. It is sometimes
required to combine imaging examination in order to
provide an accurate and comprehensive diagnosis or a
definitive diagnosis.Therefore, the manuscript’s diag-
nostic approach is to firstly create a relatively reliably
classified and diagnosed TMD patients by RDC/TMD
(Research Diagnostic Criteria for TMD) [16]. When the
patient’s medical history and clinical examination ful-
fill the RDC/TMD, the various categorization diagno-
ses is high of specificity, indicating that the diagnosis
made is reliable [17]. Relevant literature indicated that
its accuracy has excellent consistency to MRI diagnosis

mEm L TMJ
mm R TMJ

FD

Significant Asymmetric Measurement items of ADDWR

Fig. 7 Bilateral TMJ significant asymmetric measurement items of ADDWR group 1.*P < 0.05; **P< 0.01; Multiple comparisons were used to analyze

the intergroup difference at the level of a=0.05
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mm L. TMJ

mm RTMJ

PSL

Significant Asymmetric Measurement items of ADDWoR
Fig. 8 Bilateral TMJ significant asymmetric measurement items of ADDWOoR group 1.¥P<0.05; **P < 0.01; Multiple comparisons were used to analyze

the intergroup difference at the level of a=0.05

Table 4 Bilateral TMJ changes in BN, ADDWR and ADDWOoR groups

Variable  The Left TMJ The Right TMJ

BN ADDWR ADDWoR P BN ADDWR ADDWoR P
MD 18.900(17.2,20.2) 19.500(17.7,20.6) 18.050(16.9,19.6) NS 1891£263 18.59£2.71 17.83+£252 NS
AD 7.398+1.332 6.988+1.345 6.117+1.494 0.000*** 7404133 6.88+1.56 6.58+1.37 0.020*
IS 292+0.64 258+1.11 2.68+1.05 NS 292+0.64 260+0.94 2474098 0.044*
MS 2.700(2.3,3.2) 2.500(1.9,3.0) 2.600(1.9,3.2) NS 2.700(2.3,3.2) 2.300(1.9,2.8) 2.300(1.9,2.8) 0.003***
ES 2.24+0.60 246+067 240+0.88 NS 2.250(1.7,2.6) 2.250(1.7,2.6) 2.250(1.7,2.6) NS
AS 2.000(1.6,2.5) 3.800(2.6,4.7) 3.200(2.54.3) 0.000***  2.000(1.6,2.5) 2.000(1.6,2.5) 3.300(2.04.2) 0.000%**
SS 3483+0.832 3694 +0.899 3.619+£0937 NS 348+0.83 346+1.00 3.70+1.23 NS
RS 2.150(1.7,2.5) 1.800(1.3,2.3) 2.100(1.5,2.5) NS 3.300(2.04.2) 3.300(2.04.2) 1.950(1.3,2.7) 0.003***
FS 2761£2.16 27.68+2.26 26.89£3.80 NS 2761£2.16 2857+235 28.66+2.71 NS
FD 9.700(8.3,10.8) 9.300(8.89.9) 9.350(8.5,10.7) NS 9.700(83,10.8)  10.100(9.1,11.1) ~ 10.000(9.2,10.8) NS
NA 16.653+7.486 17.552+5.809 16.364+7.049 NS 16.65+7.49 16.34+£554 17.06+5.99 NS
ASL 4.68+1.06 429+1.06 432+1.08 NS 4.68+1.06 4.19+£1.23 4.49+1.03 NS
PSL 6.867 +1.624 7.003+1.325 6.303+£1.725 NS 6.87+1.62 726+1.20 7234201 NS
APA 93.864+9.343 92.658+9.101 94.514+8.962 NS 93.86+9.34 92.25+8.79 91.70£11.18 NS
NS Not significant

1.*P<0.05; **P<0.01; ***P<0.001; Multiple comparisons were used to analyze the intergroup difference at the level of a=0.05

of ADDWR or ADDWOoR [18, 19]. Secondly, the disc
position can be directly confirmed by the the joint space
changes for existing literature have demonstrated that
the the anterior, superior, and posterior joint space dis-
tances measured by CBCT are related to the position of
the disc [20-22]. Therefore, this study concluded that the
diagnostic approach is dependable of combining TM]
imaging correspond with the latest expert diagnostic con-
sensus of CBCT [23] and clinical symptoms in accord-
ance with RDC/TMD clinical diagnosis meanwhile.

Compared with two-dimensional images, three-dimen-
sional images can more intuitively and simply study the
TM]J changes of ADD in detail [24-26], so this study
selected the maximum cross-sectional area section of the
condyle from the coronal plane, sagittal plane, and hori-
zontal plane for measurement.

In the BN group, the morphology and position of bilat-
eral TMJs were symmetrical, suggesting that there was no
significant difference in the bilateral TM]Js of people with-
out maxillofacial deformities or joint diseases. And there
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Table 5 Comparison of craniocervical posture variables among the BN, ADDWR and ADDWOoR groups

Variable BN ADDWR ADDWoR P
Ba-C3ia 5.580(5.3,6.7) 6.420(6.0,6.8) 6.490(6.3,7.2) 0.004**
co-C1 1.10+0.30 0.75+0.34 0.68+0.23 0.000**
a1-C2 0.660(0.5,0.8) 0.740(0.6,0.9) 0.805(0.6,1.1) NS
NSL-CP 94.290(87.4,98.5) 98.930(93.7,103.5) 101.275(99.6,108.7) 0.000**
NSL-OPT 96.26+7.73 102.03+8.01 10648+7.74 0.000**
NL-OPT 86.920(81.0,90.8) 90.800(86.9,96.6) 96.930(92.3,101.4) 0.000**
FH-OPT 87311761 92.07+7.61 95.13+7.44 0.000**
ML-OPT 11545+ 6.46 111.58+7.49 108.82+8.25 0.003**
RL-OPT 177.180(170.2,177.9) 174.170(170.4,178.0) 171.200(165.1,174.9) 0.046*
NSL-C2’' 21.66+7.77 26.54+7.44 28.59+9.12 0.004**
MGP-OP 104.15+840 99.73+£7.34 96.08+7.27 0.000**
NS Not significant

1.¥P<0.05; **P<0.01; ***P<0.001; Multiple comparisons were used to analyze the intergroup difference at the level of a=0.05

Table 6 Correlations between TMJ and craniocervical posture in ADD groups

Variable Correlation

T™J Ba-C3ia co-C1 NSL-CP NSL-OPT NL-OPT FH-OPT ML-OPT RL-OPT NSL-C2 MGP-OP
AD NS 0.2° NS NS NS NS NS NS NS NS

IS NS NS NS -0.169° -0.148° NS NS NS NS NS

MS NS 0.17° -0226° -0214° -0.195° -0.165° NS NS -0.189° NS

AS NS NS 0.05° NS 0.024° NS -0.196° NS 0.174° NS

RS NS NS NS NS NS NS NS NS NS NS

NS Not significant

@ Pearson correlation is significant at the 0.05 level

b Pearson correlation is significant at the 0.01 level

Table 7 Correlation between TMJ and craniocervical posture in BN group

Variable Correlation

T™J Ba-C3ia co-C1 NSL-CP NSL-OPT NL-OPT FH-OPT ML-OPT RL-OPT NSL-C2 MGP-OP
AD NS NS NS NS 0.266° NS NS NS NS NS

IS NS -0.259° NS NS NS -0.259° NS NS NS NS

MS NS NS NS NS NS NS NS NS NS NS

AS NS NS NS NS NS NS NS NS NS NS

RS NS -0.27° NS NS NS NS NS NS NS NS

NS Not significant

2 Pearson correlation is significant at the 0.05 level

were no significant differences in bilateral joint fossa
width (FS), joint fossa depth (FD), middle joint space
(MS) and extra-articular space (ES) in ADDWR and
ADDWOR groups. But in general, pathological displace-
ment of the condyles mainly occurred in the ADDWR
stage, while organic destruction of the condyles mainly

occurred in the ADDWOoR stage and bilateral lesions
destruction was inconsistently degree. This suggests that
bilateral TMJ symmetrical and dynamic changes occur
from ADDWR to ADDWOR, as well joint space changes
as condylar organic destruction. Normal condylar struc-
tures always maintain a convex shape and any condylar
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Table 8 Correlation between TMJ and craniocervical posture in ADDWR group

Variable Correlation

™) Ba-C3ia co-C1 NSL-CP NSL-OPT NL-OPT FH-OPT ML-OPT RL-OPT NSL-C2 MGP-OP
AD NS NS NS NS NS NS NS NS NS NS

IS NS NS NS -0.258% -0.272° -0.245° NS -0.26° NS NS

MS NS NS NS NS NS NS NS NS NS NS

AS 03817 03? -0.251° -0.265° -0.283° -039° NS NS NS NS

RS 0.257° 0.358° NS NS NS NS NS NS NS NS

NS Not significant

@ Pearson correlation is significant at the 0.05 level

b Pearson correlation is significant at the 0.01 level

Table 9 Correlation between TMJ and craniocervical posture in ADDWoR group

Variable Correlation

™) Ba-C3ia C0-C1 NSL-CP NSL-OPT NL-OPT FH-OPT ML-OPT RL-OPT NSL-C2 MGP-OP
AD NS 0.273° NS NS NS NS -0.285° -0.276° NS NS

IS NS NS NS NS NS NS NS NS NS NS

MS NS NS NS NS NS NS NS NS 0.235° NS

AS NS NS NS NS NS NS NS NS NS NS

RS NS NS NS NS NS NS NS NS NS NS

NS Not significant

2 Pearson correlation is significant at the 0.05 level
b pearson correlation is significant at the 0.01 level

structure changes may be attributed to changes in the
position of the articular disc [27]. And a number of stud-
ies have found a significant correlation between condylar
shape, volume, and location with ADD [28, 21]. And as
ADD deteriorates from ADDWR to ADDWoOoR, the size,
surface area, and volume of the condyle decrease in all
patients [29], which is consistent with the results of this
study.

In this study, we found that the anteroposterior diam-
eter of the condyle (AD) gradually decreased during
the development from ADDWR to ADDWOoR. Kurita
et al. [30] showed that condylar width became smaller
as ADD progressed, but condylar length did not change
significantly, which is consistent with the results of this
study. In this study, condylar position and joint space is
significant changes [31]. Patients with ADD usually show
condylar posterior shift and enlarged anterior joint space
(AS) [32]. Condylar posterior shift usually present an
enlarged anterior joint space (AS) [33], both of which are
important manifestations of ADD [34], which is consist-
ent with this study. In this study, joint space especially AS
is significant increscent.

Gateno et al. [35] found that the condylar position of
ADD were significantly displaced posteriorly and supe-
riorly, and more posteriorly, which is consistent with
the results of this study. Both ADDWR and ADDWOoR
groups showed significantly anterior joint space (AS)
became larger and posterior joint space(RS) became
smaller in the bilateral TMJ, which usually means ADD.
In addition, intra-articular space (IS) and middle joint
space (MS) became smaller. In summary, the condyles
tend to be displaced more closer to the articular fossa
in ADD patients, which may be one of the pathological
mechanisms of TM] symptoms.

Existing literature reports that cervical spine pos-
ture is significantly influenced by the disc and can
be altered according to the disc displacement sta-
tus [36, 37]. The relationship between disc displace-
ment and extended craniocervical posture can be
explained in two ways, Firstly, disc displacement leads
to significant impairment of vertical and horizontal
mandibular growth [38], which in turn may reduce
upper airway space. Therefore, extended craniocervi-
cal posture may result from protective responses to
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maintain upper airway space [39]. The second possi-
bility is that extended craniocervical posture may lead
to TM] disc displacement. Previous studies explains
it in this way: As the craniocervical posture extend,
the mandibular dentition will rotated backward and
located more posteriorly in relation to the maxillary
dentition. Increased muscular activity that develops
as a result will lead to TM]J disc displacement [40, 41].
Therefore, patients with ADD usually show Forward
Head Position (FHP) and lower hyoid bone position to
compensate for the effects of airway space, caused by
mandibular retrusion [42-45].

Based on the above literature’s interpretation, respec-
tive correlation analysis of ADD and CS posture of BN,
ADDWR and ADDWOoR groups were worked. This
study’s another crucial conclusion reveled that not only
condylar pathological movement and morphologi-
cal changes of ADD patients are significantly related to
extended CS posture, but also the relation with CS pos-
ture and anterior disc displacement is consistent with the
main TMJ pathological characteristic in the current stage
of ADD. This could be interpreted as in the ADDWR
stage the main pathological characteristic is forced con-
dylar posterior displacement and TMJ space changes and
in the ADDWoOoR stage is morphological change (shape
and dimension lesions) [46—48].

Conclusion

1. In BN group, the morphology and position of bilat-
eral TM] were overall symmetrical, but not for the
ADD groups (the sagittal symmetry is especially more
obvious).

2. Compared with BN group, the joint fossa width (FS)
and joint fossa depth (FD) of ADDWR and ADDWOoR
didn’t change significantly, but the condylar anteroposte-
rior diameter (AD) was significantly reduced, the condyle
was significantly displaced posteriorly and superiorly,
and this change was aggravated with the severity of ADD
stage, which may be one of the causes of joint symptoms
of TMD.

3. Disc displacement was significantly correlated with
craniocervical posture, and the degree increased with
the progression of ADD.

4. Bilateral TM] of ADD patients mainly occurs con-
dylar shape and position changes and condylar struc-
tural damages. The progression of ADD will further
aggravate the extension of craniocervical posture.

5. Condylar pathological movement and morpho-
logical changes are significantly related to extended
CS posture and the relation is consistent with the main
pathological characteristic of the current stage of ADD.
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Deficiencies and prospects

This study has the following four shortcomings. First,
as the disc displacement progresses from ADDWR to
ADDWOR, the condylar position varies greatly, and the
specific changes need to be further studied by increas-
ing the sample size. Second, in order to provide more
reliable clinical bases, long-term stability of TM]J
changes requires perennial clinical follow-up. Thirdly,
the causal relationship between disc displacement and
craniocervical postural anteversion is not clear because
the results were derived from cross-sectional data,
therefore a cohort study should be used to investigate
the differences in craniocervical posture between the
population with and without anterior disc displacement
to further investigate the causal relationship. Fourthly,
The measurement results of cervical craniocervical
posture are based on lateral cephalogram under static
posture, therefore it’s not possible to conduct in-depth
research on the relationship between condylar move-
ment and mandibular load with craniocervical posture,
as well as functional state detection related to mandib-
ular dynamics.
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