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This study was a retrospective self-controlled study that aimed to evaluate the effect of arthroscopic
discopexy on condylar height and mandibular position in adolescents with temporomandibular joint
(TM]) anterior disc displacement without reduction (ADDwoR).

Patients between 10 and 20 years of age and diagnosed with bilateral TMJ ADDwoR by magnetic
resonance image (MRI) were included in this study. All patients underwent a period of natural course
before arthroscopic surgery and then a follow-up period postoperatively. Changes in condylar height and
mandibular position were measured by MRI and X-ray radiographs. Data were analyzed by paired t-test,
Pearson correlation analysis, and generalized estimating equations.

This study comprised a total of 40 patients with a mean age of 14.80 years. Pearson correlation
analysis showed correlations between condylar height and mandibular position changes. The condylar
height change during the post-operative period was significantly higher than that during natural course
period (3.57 mm, p < 0.001). The changes in mandibular position (including ANB angle, SNB angle, and
Pog-Np) were significant different (all p < 0.05) between the two periods.

This study found that arthroscopic discopexy can promote condylar growth and correct dentofacial
deformity in adolescents with bilateral TM] ADDwoR.

© 2023 European Association for Cranio-Maxillo-Facial Surgery. Published by Elsevier Ltd. All rights

reserved.

1. Introduction

Recent studies have found that ADD is prevalent not only in
adults but also in adolescents, especially in teenagers with dento-

Temporomandibular joint (TM]) anterior disc displacement
(ADD) is one of the most common TM] diseases, occurring in nearly
36% of the general population (Naeije et al., 2013). ADD is often
characterized by clicking, pain, restricted jaw movement and
malocclusion. Apart from the routinely recognized clinical symp-
toms, ADD can also initiate or predispose to a cascade of events
leading to osteoarthritis and condylar resorption (Chantaracherd
et al.,, 2015; Dias et al., 2016; Poluha et al., 2019).
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facial deformities (Huddleston Slater et al., 2007; Ikeda et al., 2014).
According to the study from Schellhas et al., 112 of 128 children had
ADD in the pre-orthodontic population under 14 years old. Espe-
cially of the 60 mandibular retrusion patients, 56 were found to
have TM] ADD (Schellhas et al., 1993). With the aid of magnetic
resonance imaging (MRI), ADD was confirmed in the pre-
orthodontic adolescents with a prevalence of nearly 50% in a
study by Nebbe et al. (Nebbe et al., 2000). Generally, the severity of
mandibular retrusion or asymmetry is in line with the advanced
stage of ADD. These phenomena have been confirmed by Ooi et al.
whose results demonstrated that ADD had a higher prevalence in a
class Il population than in class III cases (Ooi et al., 2018). In addi-
tion, they reported that ADD was also much common in mandibular
asymmetry population. Altogether, these studies suggest that ADD
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is more prevalent in adolescents with mandibular retrusion and/or
asymmetry.

Despite the association between ADD and dentofacial deformity,
it is widely believed that ADD is a self-limited disease. Thus, the
initial treatment protocol for ADD consists of noninvasive thera-
pies, such as behavioral education, medicine, heat, and muscle re-
laxants (Schmitter et al., 2005; Wanman et al., 2020). Nevertheless,
these treatment alternatives only focus on relieving symptoms
rather than considering maintenance of the normal growth of
condyle, especially in adolescents who are at the peak of bone
growth. An arthroscopic disc repositioning surgery is a minimally
invasive procedure that recaptures the disc back to the normal
position (Yang et al., 2012; Abdelrehem et al.,, 2021; Martinez-
Gimeno et al, 2021; Gonzdlez et al, 2022). In the previous
studies, new bone formation has been commonly found in patients
following arthroscopic disc repositioning surgery (Liu et al., 2019;
Dong et al., 2021).

However, it is still unclear whether repositioning the displaced
disc can promote condylar growth and correct dentofacial de-
formities. In the present study, a retrospective self-controlled
before-and-after study was designed and implemented to
compare the condylar height and the degree of dentofacial de-
formities in adolescent patients with ADD without reduction
(ADDwoR) before and after the arthroscopic disc repositioning
surgery. The hypothesis of the present study is that re-establishing
a normal articular disc—condyle relationship by arthroscopic disc
repositioning surgery can promote condylar growth, which aids
correction of mandibular retrusion in adolescent patients.

2. Materials and methods
2.1. Study design

This was a retrospective self-controlled clinical study based on
the TM] ADD database at Shanghai Ninth People's Hospital between
October 2018 and October 2021. The study was designed in accor-
dance with the Declaration of Helsinki for research. Ethics approval
was obtained from the Human Research Ethics Committee of
Shanghai Ninth People's Hospital, Shanghai Jiao Tong University
School of Medicine (approval no. SH9H-2020-T7-1). Written
informed consent was obtained from all participants. This study
followed the Consolidated Standards of Reporting Trials (CONSORT)
reporting guideline.

2.2. Study participants and data collection

Between October 2018 and October 2021, consecutive adoles-
cent patients whose medical records had information from two
periods, separated by a bilateral arthroscopic disc repositioning
surgery, were recruited. The first period was the natural course
follow-up without any treatment (pre-arthroscopic period), while
the second period was the follow-up after arthroscopic surgery
(post-arthroscopic period). The inclusion criteria were as follows:
(1) age between 10 and 20 years at the first visit/initial diagnosis;
(2) patients diagnosed with bilateral ADDwoR in Wilkes stage I, III,
or IV based on MRI; (3) patients with failed conservative treatment,
including health education and physical therapy; (4) presence of
symptoms such as clicking, pain, or restricted jaw movement; (5)
both the pre-arthroscopic and post-arthroscopic periods were
more than 6 months; (6) patients had at least 3 sets of magnetic
resonance images and lateral and posteroanterior cephalometric
radiographs, as follows: images at the beginning of the natural
course (T0), images within 1 week before arthroscopic surgery (T1),
and the latest images at the last follow-up after arthroscopic sur-
gery (T2). The interval between T1 and TO was deemed as the pre-
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arthroscopic period, while the duration between T1 and T2 was
defined as post-arthroscopic period; both of the two periods were
required to be more than 6 months. Exclusion criteria were as
follows: (1) previous TM] surgery or occlusal treatment; (2) a his-
tory of trauma or rheumatoid arthritis; and (3) magnetic resonance
images and/or lateral and posteroanterior cephalometric radio-
graphs of both the pre- and post-arthroscopic periods taken in
other hospitals.

2.3. Treatment protocol

All of the patients included in the study underwent MRI ex-
amination and lateral and posteroanterior cephalometric radio-
graphs at their visits. When taking the lateral and posteroanterior
cephalometric radiographs, all of the patients were guided by a
trained radiologist to reach the centric relation according to the
Dawson bilateral manipulation technique (Dawson, 1973). After a
period of follow-up with only health education, patients under-
went the bilateral arthroscopic disc repositioning surgery. Briefly,
the surgery was performed under local anesthesia with a 2.7-mm,
0° arthroscope being introduced into the upper joint cavity. A
coblation probe was then used to release the anterior disc from the
capsule attachment. Afterwards, a suturing needle was inserted at
the interface between the bilaminar zone and the posterior band,
and the thread was then gripped by a pair of self-designed suture
grippers (lasso and hook types). Finally, the disc was pulled back-
ward by the suture, which was then tied underneath the cartilage of
the external auditory canal (Liu et al., 2019). All of the arthroscopic
surgeries were conducted by one surgeon (C-Y). In order to main-
tain the new occlusion and to unload the joint, patients were
required to wear a splint after surgery. The splint was worn for 6
months. At the first 3 months, patients were required to wear it
24 h per day except when eating or brushing the teeth. From
months 4—6, they were required only to wear it during the night.

2.4. Study variables

The predictor variable was the arthroscopic disc repositioning
and suturing technique (pre-vs post-arthroscopic). The primary
outcome variables were the changes in condylar height, and the
secondary outcome variables were skeletal position (dentofacial
deformity) during the pre-arthroscopic and post-arthroscopic pe-
riods, respectively.

2.5. Outcome measurements

The condylar height was measured as the vertical distance be-
tween two perpendicular lines to the ramal plane that runs through
the apex of the condylar head and the lowest point of mandibular
notch, respectively, based on MRI findings (Supplementary Fig. S1)
(Liu et al., 2020). The skeletal position was evaluated from the
lateral and posteroanterior cephalometric radiographs. Skeletal
position variables included ANB angle, SNB angle, and Pog-Np
(horizontal distance from pogonion [Pog] to the vertical line of
the Frankfort horizontal plane through nasion) (Supplementary
Fig. S2). Changes in ANB angle, SNB angle, and Pog-Np were
determined in terms of mandibular retrusion.

2.6. Statistical analysis

All data were analyzed by R version 4.1.0 (www.r-project.org)
(Team, 2021). The baseline data were presented as mean (SD) or
median (interquartile range [IQR]) for continuous variables, or as
frequencies (percentages) for categorical variables. A paired t-test
was used to compare the variables within each period, and a
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generalized estimating equation (GEE) (Liang et al., 1986) was used
to compare the change in the variables between the two periods.
Subgroup analysis was performed by GEE. Pearson correlation
analysis was calculated to define the relationship between the
condylar height and skeletal positions. The 95% confidence in-
tervals (CI) and p values were calculated. All statistical tests were
two-sided, and the statistical significance was set at a level of
p < 0.05.

3. Results

Throughout the study period, a total of 869 patients underwent
arthroscopic disc repositioning surgery. Initially, 502 patients were
between 10 to 20 years of age. For the final analysis, 40 patients (5
male and 35 female) had the complete information from the pre-
arthroscopic and post-arthroscopic periods (Fig. 1). The average
age at the pre-arthroscopic period was 14.80 years, and the mean
follow-up duration was 11.25 months (IQR, 7.63—17.00 months),
while the mean follow-up duration was 8.75 months (IQR,
7.00—12.50 months) at the post-arthroscopic period. The baseline
characteristics and demographic data of included patients are
presented in Table 1. A representative case is shown in Fig. 2.

3.1. Condylar height and skeletal position changes between groups

Changes in the condylar height between the pre-arthroscopic
and post-arthroscopic periods are presented in Fig. 3 and Table 2.
The overall condylar height decreased in the pre-arthroscopic
period (p < 0.001), while it increased in the post-arthroscopic
period (p < 0.001). In both periods, changes in the condylar

Patients who underwent arthroscopic surgery
between October 2018 to October 2021
(n=869 )

Excluded (n=367)
Older than 20 years

Patients aged between 10 and 20 years old
(n=502)

Excluded (n=208)
Diagnosed as unilateral
ADDwoR

Patients diagnosed as bilateral ADDwoR
(n=294)

Excluded (n=221)
With incomplete x-ray

Patients with completed imageological
follow-up information
(n=73)

Excluded (n=33)
With occlusal treatment

Patients finally enrolled in the study
(n=40)

Fig. 1. Flow diagram of the study.
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height on the left and right sides were significant (p < 0.001) and
similar to the change in overall condylar height. The increase in
overall condylar height in the post-arthroscopic period was
3.57 mm more than that in the pre-arthroscopic period (p < 0.001).
Condylar height on the left and right sides increased more in the
post-arthroscopic period than in the pre-arthroscopic period (left:
3.40 mm, p < 0.001; right: 3.74 mm, p < 0.001). Skeletal position
changes in the pre-arthroscopic and post-arthroscopic period are
presented in Table 2. The difference between the two groups was
significant in ANB, SNB, and Pog-Np (ANB angle: —2.68°, p < 0.001;
SNB angle: 3.04°, p < 0.001; Pog-Np, —4.59 mm, p < 0.01).

3.2. Subgroup analysis

To further investigate the impact of arthroscopic surgery on
condylar growth and mandibular position, both condylar height
and skeletal position were investigated in the subgroups of patients
of different ages and sex, and follow-up duration. The post-
arthroscopic period showed a marked increase in condylar height
(Fig. 4) and an obvious improvement in skeletal position (Fig. 5).

3.3. Correlations between condylar height and skeletal position

Pearson correlation analysis between condylar height and
skeletal position are presented in Fig. 6. The changes in overall
condyle height were positively correlated with SNB angle changes
(r = 0.621, p < 0.001) and were negatively correlated with the
changes in ANB angle and Pog-Np (both |r| > 0.3, p < 0.01).

4. Discussion

Literature reports have confirmed that TM] ADD, especially
ADDwOR, can result in condylar resorption and a decrease in
condylar height (Hu et al., 2016). However, the influence of disc
repositioning surgery on condylar height is still unclear. In addition,
the correlation between ADD and dentofacial deformity has not
been well investigated in previous literature. In this retrospective
self-controlled before-and-after study, the results showed that
condylar height decreased 1.00 mm accompanied by an aggrava-
tion of mandibular retrusion during its natural course. Conversely,
following arthroscopic disc repositioning surgery, an obvious
condylar growth was found with the correction of dentofacial
deformity. Subgroup analysis confirmed that both the condylar
height and skeletal position changes had statistical differences
between the two periods. Pearson correlation analysis showed that
the changes in condylar height had a correlation with mandibular

Table 1
Basic characteristics of adolescents with TM] ADD.

Variables Value

Follow-up duration, mon, median (IQR)
Pre-arthroscopic period
Post-arthroscopic period

11.25 (7.63, 17.00)
8.75 (7.00, 12.50)

Age at TO, year, mean (SD) 14.80 (2.38)
Sex, n (%)

Male 5(12.5)
Female 35 (87.5)
Skeletal characteristics at TO

ANB, °, mean (SD) 5.13 (2.65)
SNA, °, mean (SD) 80.84 (3.39)
SNB, °, mean (SD) 75.71 (4.45)
Pog-Np, mm, mean (SD) 14.03 (8.17)
Condylar height at TO

Left side, mm, mean (SD) 23.40 (4.07)
Right side, mm, mean (SD) 22.72 (4.27)




D. Zhang, A. Abdelrehem, Y. Luo et al. Journal of Cranio-Maxillo-Facial Surgery 52 (2024) 157—164

T2

Fig. 2. (A) Magnetic resonance images of lateral and posteroanterior cephalometric radiographs of a representative case from TO to T2. (B) Lateral and posteroanterior cephalometric
radiographs. TO, the beginning of the natural course; T1, within 1 week before arthroscopic surgery; T2, the last follow-up after arthroscopic surgery.

A Left Condylar Height B Right Condylar Height
30 30
£
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Fig. 3. Condylar height changes on the two sides from TO to T2. (A) Left condylar height. (B) Right condylar height.

Table 2

Condylar height and skeletal position changes in pre- and post-arthroscopic periods.
Item Pre-arthroscopic period Post-arthroscopic period Post- vs. Pre- arthroscopic periods

Mean changes (95% CI) p-value * Mean changes (95% CI) p-value * Mean changes (95% CI) p-value ®

Overall —1.00 (—1.39 to —0.61) <0.001 2.57 (2.15—-2.98) <0.001 3.57 (2.92—4.21) <0.001
Left side, mm —0.95 (—1.49 to —0.41) <0.001 2.45 (1.85-3.05) <0.001 3.40 (2.39—4.40) <0.001
Right side, mm —1.05 (-1.52 to —0.58) <0.001 2.69 (2.15-3.22) <0.001 3.74 (3.00—4.48) <0.001
ANB, ° 1.09 (0.69—-1.48) <0.001 —1.60 (—1.92 to —1.28) <0.001 —2.68 (—3.22 to —2.15) <0.001
SNA, ° 0.05 (—0.23 to 0.33) 0.713 0.40 (0.03—-0.77) 0.033 0.35 (—0.15 to 0.85) 0.169
SNB, ° —1.04 (—1.49 to —0.58) <0.001 2.01 (1.56—2.45) <0.001 3.04 (2.34-3.74) <0.001
Pog-Np, mm 2.70 (1.19-4.20) 0.001 —1.89 (—4.02 to 0.23) 0.080 —4.59 (-7.50 to —1.68) 0.002

2 Mean change differences within groups were calculated by Paired t-test.
b Mean change differences between groups were calculated by GEE.
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Subgroup Pre-arthroscopic  Post-arthroscopic Mean changes P-value
period (n=40) period (n=40) (95% Cl)
Left condylar height
All 40 40 = 3.40 (2.39t0 4.40) <0.001
Age
<15years 20 20 == 2.83 (1.68t03.97) <0.001
215years 20 20 == 3.97 (2.36 t0 5.58)  <0.001
Gender
Male 5 5 —=— 435 (2.46t06.25) <0.001
Female 35 35 L 3.26 (2.15t04.37)  <0.001
Duration
<=12months 23 23 b= 3.29 (1.87t0 4.72)  <0.001
>12months 17 17 —— 3.54 (2.18 10 4.90)  <0.001
Right condylar height
All 40 40 gl 3.74 (3.00 to 4.48)  <0.001
Age
<15years 20 20 =g 3.57 (2.72t0 4.41)  <0.001
215years 20 20 —— 3.91(2.69t05.12) <0.001
Gender
Male 5 5 —— 3.93 (1.88t0 5.98) <0.001
Female 35 35 b 3.71(292t0 4.51) <0.001
Duration
<=12months 23 23 e 3.18 (2.47 10 3.88)  <0.001
>12months 17 17 ——  450(3.12t05.88) <0.001

<---Pre-arthroscopic period Better---

6 -3 0 3 6
---Post-arthroscopic period Better--->

Fig. 4. Subgroup analysis of condylar height changes in the pre- and post-arthroscopic periods.

position changes. These results suggested that arthroscopic surgery
can promote condylar growth and correct dentofacial deformity.

Since adolescents are growing individuals, any potential nega-
tive effects on the dentofacial growth should be seriously taken into
consideration. Basic research has demonstrated that a majority of
chondrocytes in the fibrocartilaginous condylar cartilage directly
transform into bone cells during endochondral bone formation
(Zhou et al., 2014; Jing et al., 2015; Stocum et al., 2018). Quantitative
data showed that hypertrophic chondrocytes in condylar cartilage
contributed to almost 80% of bone cells in subchondral bone during
mandibular ramus development (Jing et al., 2015). These data
indicate that condylar health plays an important role in mandibular
growth. However, once the TM] disc is displaced forward, an intra-
articular pressure, especially on the top of condyle, could increase
by 9.5%—69% (Iwasaki et al., 2009, 2017). Studies have confirmed
that excessive pressure on the condylar surface can lead to chon-
drocyte apoptosis or an impediment to an endochondral bone
formation (Li et al., 2017). This might be the reason why many
studies have implied that TM] ADD is an important risk factor for
osteoarthrosis or condylar resorption (Dias et al., 2016; Angelo
et al., 2018b; Takaoka et al., 2021). If condylar resorption or
mandibular growth inhibition caused by TM] ADD occurs in an
adolescent patient whose body is in the growth spurts period,
dentofacial deformity would result or even deterioration. These
results were confirmed by a previous study (Xie et al., 2016).

The mandible is one of the most actively remodeling bones in
human body. It can grow under tension, as well as undergo
resorption under stress. In the present study, once the displaced
disc returned to its normal position, the pressure on the condyle
decreased, which can promote an increase in condylar height. This
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result was in accordance with previous studies showing that
condylar remodeling was usually found after disc repositioning
surgery (Dong et al., 2021).

However, in spite of the association between TM] ADD and
dentofacial deformity, up to now, treatments for adolescent pa-
tients with TM] ADD have given priority to reversible and conser-
vative management methods (Al-Baghdadi et al., 2014). These
methods might have certain effects on relieving patients’ symp-
toms, such as pain, clicking or mouth opening limitations, but have
little influence on correction of the relationship between the disc
and condyle. Interventional methods including arthroscopy and
open surgeries are recommended for patients who have intractable
chronic pain or dysfunction and have failed to respond to conser-
vative treatments (Dimitroulis et al., 1995; Sembronio et al., 2008;
Diracoglu et al.,, 2009; Millén-Cruz et al., 2020). Several studies
have demonstrated that disc repositioning can improve joint noise,
pain, maximum interincisal opening, mandibular functions, and
quality of life in patients with TM]J ADD (Adame et al., 2012; Martin-
Granizo et al., 2016; Angelo et al., 2018a; Loureiro Sato et al., 2020;
Elshamaa et al., 2022). The present study highlighted the issue that
timely surgical treatments to re-establish the normal relationship
between the disc and condyle are necessary for adolescent patients
in order to promote condylar growth and to avoid dentofacial
deformity.

The current study has the following strengths: (1) the study
design was a retrospective, self-controlled study that investigated
the outcomes of the arthroscopic disc repositioning technique by
comparing the pre-arthroscopic natural course with the post-
arthroscopic period in the same group of individuals (longitudinal
study), thereby avoiding the inevitable bias from individual
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Subgroup Pre-arthroscopic  Post-arthroscopic Mean changes P-value
period (n=40) period (n=40) (95% Cl)

ANB
All 40 40 ] -2.68 (-3.22 to -2.15) <0.001
Age

<15years 20 20 ] -3.14 (-4.00 to -2.28) <0.001

=>15years 20 20 el -2.23 (-2.80 to -1.65) <0.001
Gender

Male 5 5 ] -2.66 (-4.78 to -0.54) 0.014

Female 35 35 ] -2.69 (-3.22 to -2.15) <0.001
Duration

<=12months 23 23 = -2.69 (-3.44 to -1.94) <0.001

>12months 17 17 = -2.67 (-3.42 t0 -1.92) <0.001
SNB
All 40 40 el 3.04 (2.34 to 3.74) <0.001
Age

<15years 20 20 b 3.84 (2.69 to 4.98) <0.001

=15years 20 20 e 2.25(1.61 to 2.89) <0.001
Gender

Male 5 5 —— 476 (1.48 to 8.04) 0.004

Female 35 35 el 2.80 (2.19to 3.41) <0.001
Duration

<=12months 23 23 Ll 3.17 (2.13 t0 4.22) <0.001

>12months 17 17 L] 2.86 (2.03 to 3.70) <0.001
Pog-Np
All 40 40 —— -4.59 (-7.50 to -1.68) 0.002
Age

<15years 20 20 —— -5.59 (-9.89 to -1.30) 0.011

>15years 20 20 —— -3.58 (-7.45 to 0.29) 0.070
Gender

Male & 5 e -11.62 (-20.36 to -2.88)  0.009

Female 35 35 = -3.58 (-6.51 to -0.65) 0.017
Duration

<=12months 23 23 —— -3.85 (-7.90 to 0.20) 0.062

>12months 17 17 —— -5.58 (-9.63 to -1.54) 0.007

T T T 11
-6-303 6
Fig. 5. Subgroup analysis of skeletal position changes in the pre- and post-arthroscopic periods.

variations regarding expression of the subjective parameters; and
(2) the study analyzed both condylar height changes on magnetic
resonance images together with skeletal position changes using
lateral and posteroanterior cephalometric radiographs.

Although the current study results poses distinct advantages,
there are still some limitations. First, it is a retrospective study
which had its inherent shortcomings, as various confounders could
not be controlled. Hence, further prospective studies with a larger
sample size and long-term follow up are necessary to assess the
efficacy and stability of arthroscopic discopexy, especially in
adolescent patients with ADDwoR. Second, the present study
focused on adolescent patients due to the superior remodeling
characteristics of the body during this growth period. However,
data on growing status, such as height, weight, and body mass
index, were not collected. Although the changes in condylar height
and skeletal position in the same patients can illustrate the
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necessity and efficacy of arthroscopic surgery, the growing speed of
the whole body at puberty might influence the condylar height
changes and degree of dentofacial deformity. Hence further studies
are required to analyze the relationships between condylar height
changes and growth speed of the whole body. Third, the pre-
arthroscopic and post-arthroscopic periods in the same subset of
patients was of variable durations, and therefore, heterogeneity of
follow-up duration would impact the results.

5. Conclusion

In adolescent patients, TMJ ADD can result in a decrease in
condylar height and can provoke dentofacial deformity. On the
contrary, arthroscopic disc repositioning surgery can promote
condylar height increase and correct dentofacial deformity.
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Fig. 6. Correlations between condylar height and skeletal positions. (A—C) Correlations between change in overall condylar height and change in SNB angle, ANB angle, and Pog-Np,

respectively. (D—F) Correlations among the change in SNB angle, ANB angle, and Pog-
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