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The effect of anterior disc displacement
with polycystic ovarian syndrome
on adolescent condylar bone remodeling

Jiali Sun'", Chuyao Wang'", Jieyun Zhao', Xin Nie?, Chuan Lu"", Xiang Ye*" and Dongmei He'"

Abstract

Background Adolescent females have a high prevalence of temporomandibular joint (TMJ) anterior disc
displacement (ADD), which can lead to condylar resorption and dentofacial deformity. Polycystic ovarian syndrome
(PCOS) is a common endocrine disorder that disrupts bone metabolism. However, the effects of PCOS on bone
remodeling especially after disc repositioning (DR) surgery are not well understood.

Materials and methods This was a retrospective study. Patients aged 12 to 20 years diagnosed with ADD were
reviewed and matched into 3 groups: A (ADD without PCOS), B (ADD with untreated PCOS), and C (ADD with treated
PCOS). Each group was divided into 2 subgroups according to ADD observation (A1, B1, C1) and DR (A2, B2, C2).
Condylar height (CH) was measured by MRI at the start (T0) and after more than 6 months follow-up (T1). ACH (T1-T0)
were compared within and between groups.

Results 93 patients (157 joints) with an average age of 15.17 +2.35 years and follow-up period of 14.04+9.11

months were selected in the study. ACH in Group B1 was significantly larger than that in Groups A1 and C1 (p=0.048,
p=0.018). While in Group B2, it was significant smaller than Groups A2 and C2 (p<0.001, p=0.023). There was no
significant difference of ACH between Groups C2 and A2. DR acquired larger ACH than observation within each A, B, C
Groups (p < 0.05). Multiple linear regression analysis showed that ACH was related to the presence of PCOS (p=0.003),
PCOS treatment (p < 0.001), and DR (p <0.001).

Conclusions Adolescent ADD with untreated PCOS can aggravate condylar degeneration and affect bone
remodeling after DR. PCOS treatment can improve bone remodeling.
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Introduction

Anterior disc displacement (ADD) of the temporoman-
dibular joint (TMJ) is common in adolescents [1] with
a prevalence of 18-25% [2]. It is much higher in females
than males, with females accounting for 80% of cases
[3]. Research has shown that adolescent females have a
threefold increased risk of developing ADD compared
with other stages of life [4]. ADD is characterized by
symptoms such as pain, popping, and restricted mouth
opening [1, 5]. Specifically, individuals with ADD without
reduction (ADDwoR) are at a higher risk of experiencing
condylar resorption, which can contribute to the devel-
opment or exacerbation of dentofacial deformities [6-8],
including mandibular deviation, retrusion, and open bite
during growth period [6—14]. Our previous studies have
found that disc repositioning surgery (DR) can effectively
promote condylar bone regeneration in adolescents and
thus reduce dentofacial deformities [15-21], but the
effect of bone regeneration may be affected by systemic
factors.

Polycystic ovarian syndrome (PCOS) is one of the
most common endocrine disorders in women, typically
manifesting in early adolescence with a prevalence rate
of 6-14% [22]. The primary symptoms include hyperan-
drogenism, oligomenorrhea/amenorrhea, or polycystic
ovarian morphology, which can affect fertility [23]. Sidika
et al. [24] and Hasmet et al. [25] have reported that the
prevalence and intensity of TMJ disorders among adult
patients with PCOS are notably elevated in comparison
to the general female population (86% vs. 24%, P=0.001).
The pathogenesis of PCOS is hormonal imbalance, which
consequently affects bone metabolism [26]. However,
there is a lack of research on the effects of PCOS on con-
dylar bone regeneration in adolescent ADD, especially
after disc repositioning surgery.

The aim of the study was to examine the impact of
PCOS on adolescent ADD bone remodeling by magnetic
resonance imaging (MRI) measurement.

Materials and methods

Participants

This was a retrospective study which was designed fol-
lowing the Declaration of Helsinki and approved by the
Ethics Committee of the Shanghai Ninth People’s Hos-
pital (SH9H-2023-T294-1). Patients diagnosed with
ADDwoR via MRI, who were treated at the TMJ special-
ist clinic of the hospital from February 2018 to Febru-
ary 2022 were reviewed. The inclusion criteria were as
follows: [1] females aged 12-20 at initial diagnosis; [2]
Wilkes stages III-V which are disc displacement with and
without bone degeneration [27]; [3] duration of ADD
(onset of ADD symptoms) =6 months; [4] patients who
had not responded well to nonsurgical therapy for at
least 6 months [28]; [5] complete MRI data; [6] normal
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menstruation or diagnosed with PCOS. The diagnosis of
adolescent PCOS requires the following 2 criteria [23]:
(a) oligomenorrhea persisting for at least 2 years after
menarche or amenorrhea; (b) clinical manifestations
of hyperandrogenism such as acne, hirsutism, and obe-
sity [29] (Fig. 1) and/or laboratory hyperandrogenemia.
Exclusion criteria included: [1] pregnancy; [2] history of
TMJ surgery; [3] autoimmune and systemic diseases such
as hyperprolactinemia, thyroid disease, malignancy and
end-stage disease, etc.

Patients were categorized into 3 groups: Group A,
ADD with normal menstruation; Group B, ADD with
untreated PCOS; Group C, ADD with treated PCOS.
Each group was further divided into 2 subgroups as
observation (Al, B1, and C1) or DR surgery (A2, B2, and
C2). Group A was as a control group and patients were
selected after matching the age, follow-up period and ini-
tial condylar height (CH) with the study Groups B and C
by propensity match.

Sample selection

This was a retrospective study as a pilot study for the
future prospective one. We selected ADD patients with-
out PCOS as the control group by matching the age,
follow-up period and the initial condylar height with the
PCOS patients in the study group. Post-hoc calculation
was used to estimate the sample size and analyze the
power of the study.

Surgical procedures

Disc repositioning by open suturing as we previously
reported [20] was performed under general anesthesia
by a senior surgeon (D.H.). After complete release of the
anterior disc attachment, the disc was repositioned and
sutured to the posterior joint capsule by 3—0 nonabsorb-
able thread through the external auricular canal.

Treatment of PCOS

Patients were administered oral short-acting combined
contraceptives (such as Diane-35) for 21 days, followed
by a 5-day drug-free period. The treatment was contin-
ued for more than 3 months until the patient’s menstrual
cycles returned to normal.

CH measurement

TMJ MRI (1.5-Tesla imager, Signa; General Electric,
Milwaukee, W1, USA) was obtained for all the patients
at their initial visit or before DR (T0) and more than 6
months follow-up (T1). Three-circle method was used
to measure CH in the sagittal plane with the largest sec-
tional area of condyle [20]. In order to avoid subjective
bias, we randomly assigned MRI images to two doctors
(C.W. and C.L.) without patient information for evalua-
tion. Measurements were repeated after two weeks, and
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Fig. 1 A 20-year-old female patient with untreated ADD and PCOS. A-D, Frontal and profile photographs of the patient showing the upper front teeth
biting the lower lip and noticeable facial acne; E-F, Photographs of the patient’s forearms showing significant hair growth; G-J, Intraoral photographs
showing a pronounced anterior open bite; K, MRl image of the right condyle with a 3-year history of ADD; L, Right condyle height decreased by 1.10 mm
after 18 months of observation; M, Comparison of the condylar height between K and L. The blue line indicates the contour of the condyle at the initial

visit, and the red line indicates the contour at follow-up

the average values of the two clinicians were used if their
evaluations were consistent. If a paired ¢-test revealed a
statistical difference (P<0.05) between the two sets of
measurements and if evaluations were inconsistent, a
TM]J specialist was consulted for repeated measurement.
After data collection was completed, the data analyst
(J.S.) unblinded the patient information and conducted
the statistical analysis.

Statistical analysis
SPSS 25.0 software (IBM Corp., Armonk, NY, USA) was
used for data analysis. Continuous variables with normal

distribution were expressed as meanzstandard devia-
tion; non-normally distributed variables were expressed
as median (interquartile range). Baseline data includ-
ing age, ADD duration, follow-up period and CH at TO
among the 6 groups were matched without significantly
difference. Intra-group differences of CH were compared
by Paired ¢-tests for normally distributed variables and
Wilcoxon tests for non-normally distributed variables.
Also ACH was compared by Student ¢-tests for nor-
mally distributed variables and Mann-Whitney U tests
for non-normally distributed variables between Al and
B1, A2 and B2, B1 and C1, B2 and C2 to assess the effect
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of PCOS and PCOS after treatment on observation and
DR. Collinearity analysis was conducted to identify influ-
encing factors including age, ADD treatment method,
presence and treatment of PCOS, duration of follow-up,
ADD duration, and Wilkes stage of ACH. Multiple lin-
ear regression analysis was used to clarify the correla-
tion between these influencing factors and ACH. P<0.05
was considered statistically significant. At the end of the
study, we conducted post-hoc power and sample size
calculations by G*Power 3 software (Version 3.1.9.7) to
guide interpretation of our findings [30].

Results

Sample selection and group description

During 2018 to 2022, there were 262 female patients (393
joints) diagnosed with ADDwoR via MRI after screen-
ing. Among them, 36 patients (59 joints) who had PCOS
were selected as a study group. There were 20 patients
(35 joints) in Group B and 16 (24 joints) in Group C.
From the other 126 patients without PCOS, we chose
57 patients (98 joints) after matching the age, follow-up
period and initial condylar height as the control Group
A. A total of 93 patients with 157 joints were included in
the study. Their average age was 15.17+2.35 years (12-20
years) and the average follow-up period was 14.041+9.11
months (6—-54 months, Table 1).

Comparison between test and control groups

CH at TO and T1 was compared within each group and
ACH was compared among the 6 groups. At T1, CH
decreased in observation groups (Al, B1 and Cl1, Figs. 1
and 2), but increased in DR groups (A2, B2 and C2,
Fig. 2). The changes were significant in Al (-0.80 mm,
-1.43~-0.18, P<0.001), B1 (-1.31£1.62 mm, P<0.002),
A2 (2.51+1.19 mm, P<0.001) and C2 (2.66+1.27 mm,
P<0.001) groups. Among the observation groups, ACH
in B1 was significantly larger than Al and C1 (P=0.048,
P=0.018). The difference of ACH between Al and C1

Table 1 Subgroup Information
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was significant (P=0.032). Among the DR groups, ACH
in B2 was significantly less than A2 and C2 (P<0.001,
P=0.023, Fig. 2). There was no significant difference of
ACH between A2 and C2 (P=0.665, Tables 1 and 2).

Correlation analysis

Univariate analysis showed that ACH was correlated
with Wilkes stage, follow-up period, disease grouping,
and treatment method (observation vs. DR) (P<0.05),
while not with age and ADD duration (P>0.05, Table 2).
Among them, the Wilkes stage had a negative correlation
with ACH (P=0.002), indicating that the more severe the
disease, the greater the difference in CH changes. The
follow-up period (P=0.016), disease grouping (P=0.004),
and treatment method (P<0.001) were positively corre-
lated with ACH, indicating that longer follow-up times,
PCOS treatment, and DR were associated with increased
ACH.

Multiple regression analysis

A multiple linear regression model was constructed,
incorporating Wilkes stage, disease grouping, follow-up
period, and treatment method. The model showed a sig-
nificant correlation (R*=0.459, R*>0.1 indicating a mean-
ingful correlation) between ACH and several factors,
which were the presence of PCOS (B=-1.251, P=0.003),
PCOS treatment (B=1.640, P<0.001), DR (B=3.069,
P<0.001), and follow-up period (B=-0.083, P<0.001,
Table 3).

Power and sample size calculation

Post-hoc power analysis (including A, B, C three groups’
joint number and ACH) showed that the power of this
study was 98.36%. The 157 study joints were more than
the estimated 123 sample size (effect size f=0.36 and
power of 95%).

Group A B C P1
A1 A2 B1 B2 cl Q

Number of patients (joints) 20 (34) 37 (64) 11(19) 9(16) 7(9) 9 (15)

Age (years) 14704232 15114221 1600+3.23 16.33+2.55 14294160  1500+187 0.371

Wilkes stage IIl (%) 21(61.76) 55 (85.94) 8(42.11) 11 (68.75) 4 (44.44) 14 (93.33) <0.001

Wilkes stage IV (%) 13(38.24) 9(14.06) 11 (57.89) 5(31.25) 5 (55.56) 1(6.67)

ADD duration (months) 22.59+18.81 2198+1935 273241899  2813+1602 260042218  2240+1579 0953

FU (months) 11714731 14634561  11.79+624 2000+17.17 148941536  13.00+548 0.506

T, CH (mm) 2130(16.08,2337)° 19364374  1889+304 18314315 21344411 19.31+4.09 0.286

T, CH (mm) 19.13+3.66° 2187+428  17.51+3.00 1865+4.10 21194384 21974332 <0001

ACH (mm) -0.80 (-143,-0.18)%%  251+1.19"% 131+1.620%% 140(-0.13,1.98)®"% -016+0.76"% 266+1.279% <0001

P2 <0.001%" <0.001" 0002 0.709 0.556 <0.001"

FU: Follow up. P1: comparison of 6 groups; P2: TO vs. T1;1P<0.001; @°=0.002; #P<0.001; &°=0.048; aP=0.032; bP=0.018; AP<0.001; cP=0.665; dP=0.023. *Wilcoxon tst;

%Mann-Whitney U test. *P<0.05
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Fig. 2 MRI measurements of typical participants in each group: A-B, a 14-year-old female from Group A1. A, MRl image of the left condyle with a 1-year
history of ADD. B, 1.10 mm decrease in left CH observed 8 months later. C-D, a 14-year-old female from Group A2. C, MRl image of the condyle with a
1-year history of ADD. D, 3.40 mm increase in CH 13 months after DR. E-F, a 20-year-old female from Group B2. E, MRl image of the right condyle with a
1-year history of ADD. F, 7.90 mm decrease in right CH and signal intensity of the bone marrow decreased 40 months after DR. G-H, a 15-year-old female
from Group C1. G, MRl image of the right condyle with a 1-year history of ADD. H, right CH decreased by 0.80 mm after 10 months of observation. I-J, a
12-year-old female from Group C2. 1, MRl images of a condyle with a 1-year history of ADD. J, CH increased by 3.60 mm with significant new bone forma-
tion 14 months after DR. The yellow line indicates the contour of the condyle at the initial visit or pre-surgery, and the green line indicates the position
of the new bone at follow-up

Table 2 Univariate analysis of factors influencing ACH

Age ADD duration FU Wilkes stage Disease” DR
A\CH r -0.017 -0.027 -0.192 -0.245 0.230 0.778
p 0.938 0.736 0.016* 0.002* 0.004* <0.001*

FU: Follow up. #Disease:1=group B, 2=group C, 3=group A. *P<0.05

Table 3 Linear regression analyses of factors influencing ACH resorption may decrease mandibular ramus height, caus-
Factors B SE B P ing mandibular retrusion or asymmetry with malocclu-
Wilkes stage(IV) 0343 0384 0058 0372 sion [31]. Previous measurement by MRI in adolescents
Disease(ADD +PCOS treated) 1640 0460 0251 <0.001* showed that in unilateral ADD, the condylar height was
Disease(ADD+PCOS untreated) ~ -1251 0409  -3062  0.003* reduced from 0.41 to 1.10 mm after a follow-up period
ADD treatment(DR) 3069 0355 8647 <0.001% exceeding 12 months, accompanied by a deterioration in
Duration of FU 0083 0019 0273 <0001* mandibular deviation [11, 17, 32]. In bilateral ADD, con-
FU: Follow up. SE, standard error dylar height was notably reduced from 0.71 to 0.81 mm,

accompanied by an increase in mandibular retrusion
Discussion and exacerbation of Class II malocclusion, as well as an

In adolescents with ADDwoR, research indicated a increase in overbite of 0.85+0.74 mm [15, 16]. After DR
significantly elevated prevalence of condylar resorp- surgery, condylar height significantly increased with an
tion compared to the general population [14]. Condylar  average of 1.22 to 2.29 mm, so that the jaw deformity was
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minimized [16, 19, 31, 33, 34]. We had similar results in
this study. Al group had condylar height reduction dur-
ing an average of 11.71+7.31 months of observation,
and A2 group had an average of 2.51+1.19 mm condylar
height increase after DR. So, DR had better results than
observation, but there are some factors which may affect
bone regeneration. Liu had reported 6 factors including
age of ADD onset, nocturnal bruxism, disc morphology,
bone mineral density, Wilkes™ classification, and post-
operative splint therapy that affect postoperative bone
remodeling [35].

As a systemic factor, PCOS is the most common endo-
crine disorder among women of reproductive age [36],
characterized primarily by hyperandrogenemia, oligo-
menorrhea or amenorrhea, or polycystic ovaries [37].
Twenty-five years ago, PCOS was a relatively unknown
condition that fell within the realms of pediatrics, gyne-
cology, endocrinology, and dermatology, with limited
scholarly resources available. In recent years, there has
been a notable increase in the prevalence of adoles-
cent PCOS, leading to a surge in academic interest and
research on the topic [29]. Research conducted by Sidika
[24] and Hasmet [25] et al. revealed a higher incidence
and severity of TM] disorders in patients with PCOS
compared to those with normal menstrual cycles. How-
ever, these studies did not assess condylar height and
changes after PCOS treatment. In this study, we uti-
lized MRI to measure CH over time and compared the
differences between ADD, ADD+PCOS untreated
and ADD+PCOS treated patients. The results showed
that: (1) in PCOS untreated patients, condylar height
decreased significantly during observation and increased
less after DR than ADD and PCOS treated patients; (2)
in PCOS treated patients, the increase of condylar height
after DR was similar with ADD patients; (3) DR had bet-
ter condylar height than observation. Multiple linear
analysis also exhibited that the condylar height changes
were significantly associated with the presence and treat-
ment of PCOS and ADD treatment (observation or DR).
These findings suggest that in ADD adolescents, condy-
lar remodeling was significantly poorer in PCOS without
treatment, and improved after PCOS treatment. Addi-
tionally, DR improved condylar bone regeneration except
for non-treated PCOS patients.

The literature reports that PCOS patients are affected
by insulin resistance [38], hyperandrogenemia [39], and
systemic low-grade inflammation [40], all of which have
implications for bone metabolism, exacerbating condylar
resorption and impeding new bone formation. Among
them, insulin resistance weakens bone formation by
reducing the expression of osteoprotegerin [41]. Elevated
androgen levels contribute to disrupted bone metabo-
lism and diminished bone density [42]. Androgen recep-
tors play a direct role in bone health [43], with excessive
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androgens potentially leading to the inactivation of
cortisol, elevated levels of pro-inflammatory cytokines
such as TNF-a and IL-1f, and ultimately promoting an
inflammatory environment that can result in decreased
bone mass [39]. The presence of insulin resistance and
hyperandrogenemia may also trigger the release of soma-
tostatin, which can suppress growth hormone secretion
and impair bone remodeling capacity [39]. Presently, oral
contraceptives serve as the primary treatment for acne
and menstrual irregularities in patients with PCOS [44].
Diane-35, containing 2 mg cyproterone acetate and 35 pg
ethinyl estradiol, is commonly prescribed to address
hyperandrogenemia in PCOS patients [45]. Its mecha-
nism of action involves inhibiting androgenic effects,
such as those of testosterone, while activating proges-
terone receptors. In the context of this investigation, all
PCOS participants received oral Diane-35, leading to the
restoration of regular menstrual cycles and the promo-
tion of new bone growth in the condyle following disc
repositioning, accompanied by a large increase in condy-
lar height. Hence, it is advisable to actively treat PCOS in
patients with concurrent ADD.

The shortcoming of this study is limited PCOS patients.
As a retrospective study, we have to select patients with-
out PCOS as a control. Fortunately, there are enough
patients without PCOS who can be matched to the PCOS
ones. A post-hoc power analysis showed that this was a
highly powered study. The results can be used as a pilot
study for future prospective one with a larger sample size
to elucidate other variables such as age, duration of ADD,
follow-up duration, and Wilkes stage, which may impact
the change in condylar height.

Conclusion

ADD combined with untreated PCOS in adolescents may
aggravate condylar degeneration and impact bone regen-
eration after DR surgery. PCOS treatment facilitates bone
remodeling especially regeneration after DR.

Abbreviations

T™J Temporomandibular joint
ADD Anterior disc displacement
ADDwoR  ADD without reduction

DR Disc repositioning

PCOS Polycystic ovarian syndrome
CH Condylar height

MRI Magnetic resonance imaging
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