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Abstract
Background: The study aimed to retrospectively evaluate the clinical efficacy
of a computer-aided design/computer-aided manufacturing (CAD/CAM)-fabricated
occlusal splint combined with manual therapy in patients diagnosed with anterior disc
displacement without reduction (ADDwoR) of the temporomandibular joint (TMJ).
Methods: The medical records of 65 adult patients with ADDwoR, treated between
March 2022 and March 2023, were reviewed and allocated into three treatment groups
based on the interventions they received, namely, occlusal splint therapy alone (n = 22),
occlusal splint therapy combined with manual therapy (n = 22), or health education alone
(n = 21). All participants received standardized health education. Clinical outcomes,
including Maximum Mouth Opening (MMO), Visual Analog Scale (VAS) for pain,
and the Mandibular Functional Impairment Questionnaire (MFIQ), were assessed at
baseline and one and three months post-treatment by blinded evaluators. Statistical
analyses were conducted using Python with Welch’s analysis of variance (ANOVA)
and repeated measures ANOVA, and significance was set at p < 0.05. Results:
The baseline demographic and clinical characteristics were similar among the three
groups (all p > 0.05). At the three-month follow-up, no significant changes were
observed in the health education group (p > 0.05). In contrast, both the occlusal
splint group and the combined treatment group demonstrated significant improvements
in MMO, VAS and MFIQ scores at both one and three months compared to baseline
(all p < 0.05). Moreover, the combined treatment group showed significantly greater
improvement in all measured outcomes than the splint-only group at each follow-up,
with the most substantial differences observed at the three-month follow-up (all p <

0.05). Conclusions: This short-term non-randomized retrospective study suggests that
combining CAD/CAM-fabricated occlusal splint therapy with manual therapy yielded
superior pain relief and functional improvement compared to splint therapy alone or
health education in patients with ADDwoR.
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1. Introduction

Orofacial pain, including discomfort in the jaw andmasticatory
muscles, significantly affects daily activities and quality of life
[1], with epidemiological data suggesting a global prevalence
of temporomandibular disorders (TMD) being approximately
25% [2]. TMDs represent a common group of conditions
characterized by jaw pain, restricted mandibular movement,
joint sounds, and functional limitations. Among these, anterior

disc displacement without reduction (ADDwoR) poses partic-
ular diagnostic and therapeutic challenges, as the displaced
articular disc fails to return to its normal anatomical position,
often resulting in persistent pain and functional impairment.
This may extend beyond the orofacial region and manifest as
headaches, sleep disturbances, and psychological distress.

The pathogenesis of ADDwoR is multifactorial, involving
mechanical loading, systemic influences, occlusal discrepan-
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cies, and psychological factors such as stress and anxiety [3, 4].
Due to this complexity, a wide range of therapeutic approaches
has been investigated, with contemporary treatment paradigms
emphasizing conservative function-oriented strategies rather
than focusing solely on repositioning the displaced disc [5, 6].
Among the conservative treatments for ADDwoR, occlusal

splints are commonly employed to redistribute occlusal forces
and alleviate masticatory muscle hyperactivity. The advent
of computer-aided design/computer-aided manufacturing
(CAD/CAM) technology has enabled the fabrication of
occlusal splints with improved precision and individualized fit
for enhanced therapeutic efficacy [7]. Additionally, manual
therapy, which involves targeted mobilization and soft tissue
manipulation of the temporomandibular joint (TMJ) and
surrounding musculature, has shown beneficial effects in
reducing muscular tension, alleviating pain, and improving
jaw mobility [8].
However, recent network meta-analyses have highlighted

the limitations of single-modality treatments. For instance,
Al-Moraissi et al. [9] found that no single intervention con-
sistently achieved optimal outcomes in pain reduction and
improvement of mouth opening from 742 patients in 16 ran-
domized controlled trials (RCTs). Based on this, combining
occlusal splints with manual therapy has been proposed as
a potentially synergistic approach that may more effectively
address the multidimensional nature of TMD symptoms. This
is consistent with current views that management of TMD,
particularly ADDwoR, should address not only biomechanical
dysfunction but also neuromuscular and psychosocial factors
[10, 11].
The present study aimed to evaluate the clinical efficacy of

CAD/CAM-fabricated occlusal splints combined with manual
therapy in patients with ADDwoR, which was then compared
with occlusal splint therapy alone and health education. Clin-
ical outcomes were assessed in terms of changes in maxi-
mum mouth opening (MMO), pain intensity, and mandibular
function. Overall, the findings could be used as a refer-
ence to inform more mechanism-based and patient-centered
treatment strategies for TMD, which may guide clinicians
toward interventions that could yield better improvements in
patient outcomes. The null hypothesis was that there would
be no statistically significant difference in clinical efficacy
among the three treatment modalities, namely occlusal splint
therapy, combined occlusal splint and manual therapy, and
health education, in patients with ADDwoR.

2. Material and methods

2.1 Study design and ethical approval
This retrospective observational study was approved by the
Human Research Ethics Committee of Zhejiang Provincial
People’s Hospital (Approval No. KT2023010). The medical
records of adult patients diagnosed with ADDwoR of the TMJ
fromMarch 2022 toMarch 2023 were reviewed, and those that
had received one of the three treatment modalities, namely oc-
clusal splint therapy fabricated via CAD/CAM, occlusal splint
therapy combined with manual therapy, or health education
alone, were considered. Health education was provided as a

standard component across all groups.
Each patient underwent routine clinical and radiological

examination of the TMJ. Detailed explanations regarding the
etiology, progression, and treatment options for ADDwoR
were provided to all patients, including the potential benefits
and limitations of each intervention. Patients were allowed to
select their preferred treatment modality and provided written
informed consent before the start of therapy.

2.2 Sample size and statistical power
Eligible records from March 2022 to March 2023 were in-
cluded based on predefined inclusion criteria. A total of
65 patients were identified and classified into three groups:
occlusal splint therapy (n = 22), occlusal splints combined with
manual therapy (n = 22), and health education alone (n = 21).
To assess whether the available sample size was sufficient

to detect clinically meaningful differences, a post hoc power
analysis was conducted. Based on previously published data
[5, 12], a clinically significant change in MMO was defined
as 6 mm with a standard deviation of 6.5 mm. Given the
sample sizes of 21–22 cases per group, the calculated power
to detect this difference was 83% at a significance level of
α = 0.05. For the Visual Analog Scale (VAS), a minimal
clinically important difference of 2.5 and a standard deviation
of 2.5 yielded a power of 87% [13]. Regarding the Mandibular
Functional Impairment Questionnaire (MFIQ), prior data in
comparable populations [10] indicated that the available sam-
ple size provided 81% power to detect clinically meaningful
changes. These results confirmed that the study sample was
adequate for the intended statistical analyses.

2.3 Participants and group allocation
A total of 65 adult patients diagnosed with ADDwoR of the
TMJ were included. All patients were evaluated and treated
at our institution and the diagnosis was established according
to the Diagnostic Criteria for Temporomandibular Disorders
(DC/TMD) [12]. This was done by an associate professor with
14 years of clinical experience, who is also a board-certified
oral andmaxillofacial specialist and amember of the Temporo-
mandibular Disorder Committee of the Zhejiang Provincial
Stomatological Association, for accuracy and consistency of
diagnoses for all participants. The study inclusion criteria
were: (1) exhibiting persistent symptoms of ADDwoR lasting
three months or longer, as defined by the DC/TMD guidelines
[12]; (2) having pain intensity rated at 3.0 or higher on a
10-point VAS [5]; (3) demonstrating functional impairment,
specifically an MMO ≤30 mm [13]; (4) having a diagnosis of
ADDwoR radiographically confirmed by magnetic resonance
imaging (MRI), which verified that the displaced disc did not
return to its normal position during mandibular movement [6];
and (5) having complete medical documentation, including
signed informed consent forms and evidence of completed
treatment and follow-up.
Patients were excluded from the study if any of the following

conditions was met: (1) previously undergone surgical inter-
ventions involving the TMJ; (2) had systemic conditions such
as rheumatoid arthritis or osteoarthritis, which could influ-
ence TMJ function or pain; (3) received concurrent treatments
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for TMD, including ongoing pharmacological therapy or or-
thodontic treatment; (4) diagnosed with severe psychological
disorders that could interfere with pain perception or self-
reporting; (5) had a history of substance abuse, which could
affect pain management and treatment compliance; and (6)
presented with acute infections or inflammatory conditions of
the TMJ at the time of diagnosis.
After a standardized clinical and radiological examination,

a single-blinded clinician provided each patient with detailed
information regarding the etiology, progression, and available
treatment options for ADDwoR.
Based on the patient’s informed choice, they were allo-

cated into (1) the Occlusal Splint Group (10 males and 12
females; mean age of 34.5 ± 7.2 years), (2) the Combined
Treatment Group, which received occlusal splints fabricated
via CAD/CAM in conjunction with manual therapy (9 males
and 13 females; mean age of 33.8 ± 6.9 years), or (3) the
Health Education Group (9 males and 12 females; mean age
of 35.2 ± 7.5 years).
The baseline characteristics, including age, gender distri-

bution, pain intensity measured using VAS and MMO, were
comparable across all the three groups (all p > 0.05). As the
study employed a patient preference-based allocation rather
than a randomized, blinded design, participants were aware
of the treatment modality they received—whether occlusal
splint therapy, combined therapy, or health education. This
lack of blinding may have introduced expectation-related bias,
potentially contributing to false-positive results. However,
since expectancy effects are theoretically present across all
groups, this may have reduced the likelihood of differential
bias between treatment and control arms. The detailed screen-
ing and allocation process is illustrated in Fig. 1.

2.4 Treatment procedures
All patients, regardless of group allocation, received com-
prehensive health education as a baseline intervention. This
education covered several core components, including an ex-
planation of the etiology and progression of TMD, guidance
on proper dietary and chewing habits (i.e., avoiding unilateral
chewing, hard foods, and excessive gum chewing), recommen-
dations for behavioral modifications, self-management strate-
gies, and lifestyle adjustments aimed at preventing symptom
exacerbation.
To ensure consistency and standardization of care, all educa-

tional content was delivered by certified oral and maxillofacial
specialists using standardized materials and protocols.
Patients in the Health Education Group received only this

baseline health education without any additional therapeutic
interventions. They were scheduled for monthly follow-up
visits to monitor their clinical condition and to reinforce self-
management practices, during which, the educational content
was reviewed and tailored based on each patient’s specific
needs. Compliance with the recommended behavioral modi-
fications was also assessed and documented at each visit.
Patients in the Occlusal Splint Group underwent the Kovacs

Digital Occlusal Splint (KDOS) treatment protocol. Initially,
an intraoral scanner (iTero, Align Technology, Santa Clara,
CA, USA) was used to obtain a digital scan of the patient’s

dentition and occlusal relationship, and based on the acquired
data, a digital balancer was fabricated. Then, the patients
were instructed to wear the balancer and perform guided jaw
movements to establish a comfortable mandibular position,
thereby reducing occlusal forces transmitted to the teeth and
TMJ disc, facilitating balanced masticatory muscle activity
and improving joint function. Once the optimal jaw position
was determined, the data were imported into Exocad soft-
ware (version 3.0, Exocad GmbH, Darmstadt, HE, Germany)
for splint design. The final semi-anatomical occlusal splint
was milled using the SELECT five-axis engraving machine
(CAD/CAM milling equipment, Wieland Dental + Technik
GmbH & Co. KG, Pforzheim, BW, Germany) [14, 15]. All
clinical procedures were performed by board-certified oral
and maxillofacial specialists with a minimum of five years
of experience in digital splint therapy. Each patient was
scheduled for three clinical appointments during the KDOS
process, with any necessary adjustments completed within the
first week of splint use. They were instructed to wear the
splint for at least 12 hours daily, mainly during sleep. Follow-
up evaluations were conducted monthly to assess therapeutic
progress and splint adaptation [15]. A schematic flowchart of
the KDOS treatment protocol is shown in Fig. 2.

Patients in the Occlusal splints (fabricated via CAD/CAM)
combined with manual therapy received both CAD/CAM-
fabricated occlusal splints and manual therapy. Manual ther-
apy included soft tissue mobilization and joint mobilization,
targeting the musculature and structures surrounding the TMJ.
Soft tissue mobilization involved the application of pressure
to myofascial trigger points, with adjustments made according
to the direction of muscle fibers to relieve tension in the
temporalis, masseter, sternocleidomastoid, and other muscles
associated with TMJ function. Joint mobilization comprised
the following techniques: Initially, the therapist stabilized the
patient’s head with the left hand and positioned the thumb
of the right hand on the occlusal surface of the molar on the
affected side. Downward pressure was then applied to exert
traction on the joint, while the lower edge of the mandible was
supported by the other fingers to facilitate stretching. After
achieving adequate traction, the therapist used their fingers to
grasp the posterior edge of the mandibular angle and gently
advanced the joint forward into a slightly protruded position,
with lateral movements incorporated as needed to enhance
mobility. The therapist also placed their thumb on the lingual
side of the last molar whilemaking contact with themandibular
ramus and applied gentle lateral pressure to perform small-
range capsular stretching.

During the treatment period, as the patients could not speak,
they were instructed to raise their hands if they experienced
any discomfort to prevent potential joint injury. The manual
therapy was administered by licensed physical therapists with
specialized training in TMJ rehabilitation [6] at the Temporo-
mandibular Joint Rehabilitation Clinic once a week for 15 to 20
minutes, over a period of 3 months. Patient compliance with
both occlusal splint usage and attendance at manual therapy
sessions was closely monitored and systematically recorded
throughout the treatment period.



136

FIGURE 1. Patient Selection Process. VAS: Visual Analog Scale; MMO: Maximum Mouth Opening; MRI: magnetic
resonance imaging; TMJ: temporomandibular joint; M: male; F: female.

FIGURE 2. Flowchart of Kovacs Digital Occlusal Splint (KDOS) Treatment. (a) Dental scanning was performed using
iTero. (b) Facebow registration was completed to capture the spatial relationship of the maxilla. (c) A digital balancer was
fabricated based on the scanned data. (d) Guided mandibular movements were performed using the balancer to identify an optimal
jaw position. (e) The final mandibular position was recorded using bite registration silicone and imported into Exocad software.
(f) The occlusal splint was digitally designed with even posterior contact and canine guidance. (g) The splint was manufactured
using a SELECT five-axis engraving machine. (h) Patients were instructed to wear the splint for at least 12 hours per day.
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2.5 Follow-up
The follow-up data were obtained from scheduled outpatient
visits conducted at one-month and three-month intervals. Dur-
ing each visit, the patients underwent clinical evaluations,
including measurement of MMO, assessment of pain intensity
using the VAS, and completion of the MFIQ. Treatment ad-
herence was also evaluated, and any adverse events related to
the interventions were documented. All follow-up assessments
were performed by clinicians who were blinded to group allo-
cation to reduce bias and ensure objective outcome evaluation.

2.6 Evaluation indicators
Clinical outcomes were evaluated using indicatorsMMO,VAS
for pain, and MFIQ at baseline, one month, and three months
after the treatment initiation.
1. Maximum Mouth Opening (MMO):
MMO was measured using a standard ruler to determine

the interincisal distance between the upper and lower central
incisors while the patient opened their mouth as widely as
possible without experiencing pain or discomfort. The mea-
surements were recorded in millimeters (mm).
2. Visual Analog Scale (VAS) Pain Assessment:
Pain intensity was assessed using a 10-centimeter VAS. The

patients were asked to mark a point on the scale that best
represented their level of pain, with 0 indicating no pain and 10
representing the most severe pain imaginable. The data were
collected by clinical evaluators blinded to the treatment group
allocations to ensure objectivity and minimize bias.
3. Mandibular Function Impairment Questionnaire (MFIQ)

Score:
Mandibular function was evaluated using the MFIQ, a vali-

dated instrument consisting of 16 items that assess the patient’s
functional abilities and dietary performance. Each item was
rated on a 5-point Likert scale, ranging from 0 (no difficulty)
to 4 (extreme difficulty or inability to perform the task in-
dependently). The total score was obtained by summing the
individual item scores, which represented the overall severity
of mandibular functional impairment. Study patients com-
pleted the questionnaire independently, and trained clinical
evaluators blinded to treatment allocation ensured standardized
administration and data processing.
For the assessment of MMO, patients were instructed to

open their mouths as widely as possible without experiencing
pain or discomfort. The vertical distance between the incisal
edges of the upper and lower central incisors was measured
using a standard ruler. A measurement exceeding 35 mm was
considered indicative of a return to normal mandibular joint
function.
VAS scores were based on patients’ self-reported pain lev-

els. Each patient marked their perceived pain intensity on a 10-
centimeter scale, where 0 indicated no pain and 10 represented
the most severe pain imaginable. Higher scores reflected
greater pain intensity, providing a quantitative measure of
subjective discomfort.
MFIQ scores were derived from a 16-item questionnaire

designed to evaluate functional capacity and dietary limitations
associated with TMD. Each item was rated on a scale from 0
to 4, with 0 indicating no difficulty and 4 indicating extreme

difficulty or inability to perform the activity independently.
The total score was calculated by summing all item scores
and indicated the overall severity of mandibular functional
impairment.

2.7 Statistical analysis
All statistical analyses were performed using Python with li-
braries such as NumPy, Pandas and SciPy for data handling and
inferential testing. Custom scripts were developed to ensure
reproducible data processing, including cleaning, descriptive
statistics, and advanced statistical analyses. The Python code
utilized in this study can be made available upon request to
facilitate verification and replication.
Continuous variables are reported as mean ± standard de-

viation (SD). Given the presence of non-normal distributions
and unequal variances among groups, Welch’s analysis of
variance (ANOVA) was applied to compare differences across
the three treatment groups, with statistical significance defined
as p < 0.05. When significant intergroup differences were
detected, Games-Howell post hoc tests were performed to
accommodate unequal variances. To evaluate time-dependent
changes within each group, repeated measures ANOVA or
non-parametric alternatives such as the Friedman test were
employed, depending on the distribution characteristics of
the data. For multiple comparisons, Bonferroni or Tukey
adjustments were applied to control for Type I error.

3. Results

This study conducted a comparative analysis of three
treatment modalities—occlusal splint therapy (fabricated
via CAD/CAM), occlusal splint therapy combined with
manual therapy, and health education—on patients diagnosed
with ADDwoR of the TMJ. The primary outcome measures
included MMO, VAS scores, and MFIQ scores. All 65
enrolled patients completed assessments at baseline, one
month, and three months. There were no losses to follow-up,
withdrawals, or missing data throughout the study period.
Between-group comparisons were performed using Welch’s

ANOVA followed by Games-Howell post hoc tests, selected
due to the robustness of these methods in the presence of
unequal variances. At baseline, all outcome measures were
statistically comparable among the three groups. The smallest
p-value (VAS score comparison between the health education
and occlusal splint groups) was 0.37, with all other p-values
exceeding 0.5. These findings confirm the comparability of
groups at the outset, establishing a valid basis for subsequent
analyses.

3.1 Analysis of time-course follow-up results
3.1.1 1-month follow-up results
Visual Analog Scale (VAS): As shown in the right bar chart
of Fig. 3, the combined treatment group demonstrated the
lowest pain scores (1.73± 0.35), significantly lower than both
the health education group (4.22 ± 0.64, p < 0.001) and the
occlusal splint group (2.10 ± 0.53, p < 0.05). The occlusal
splint group’s pain scores were also significantly lower than
the health education group (p < 0.001).
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FIGURE 3. Effects of the three treatment modalities after one month of treatment. MMO: Maximum Mouth Opening;
MFIQ: Mandibular Functional Impairment Questionnaire; VAS: Visual Analog Scale.

Mandibular Function Impairment Questionnaire (MFIQ):
As shown in the center bar chart of Fig. 3, both the combined
treatment group (11.16 ± 1.69) and the occlusal splint group
(13.20 ± 3.19) showed significant functional improvement
compared to the health education group (25.12 ± 4.50) (both
p < 0.001). Further analysis indicated that the combined
treatment group’s functional improvement was superior to the
occlusal splint group (p < 0.01).
Maximum Mouth Opening (MMO): As shown in the left

bar chart of Fig. 3, both the combined treatment group (35.10
± 1.44 mm) and the occlusal splint group (33.39 ± 2.42 mm)
exhibited significantly greater mouth opening ability than the
health education group (21.21 ± 2.66 mm, p < 0.001). The
combined treatment group also showed significantly better
improvement in mouth opening compared to the occlusal splint
group (p < 0.05).

3.1.2 3-month follow-up results
Visual Analog Scale (VAS): As shown in the right bar chart of
Fig. 4, with extended treatment time, the combined treatment
group’s pain scores further decreased (0.93± 0.39), remaining
significantly lower than both the health education group (4.07
± 0.46, p < 0.001) and the occlusal splint group (1.88 ±
0.60, p < 0.01). The occlusal splint group continued to show

significant pain reduction compared to the health education
group (p < 0.001).
Mandibular Function Impairment Questionnaire (MFIQ):

As shown in the center bar chart of Fig. 4, at the 3-month
follow-up, both the combined treatment group (9.30 ± 2.10)
and the occlusal splint group (11.60 ± 2.40) maintained sig-
nificantly lower MFIQ scores than the health education group
(23.96 ± 3.74, p < 0.001). The combined treatment group’s
functional improvement continued to exceed that of the oc-
clusal splint group (p < 0.01).
Maximum Mouth Opening (MMO): As shown in the left

bar chart of Fig. 4, both the combined treatment group (38.20
± 1.78 mm) and the occlusal splint group (34.89 ± 2.63 mm)
exhibited significantly greater mouth opening ability than the
health education group (22.43 ± 3.60 mm, p < 0.001). At
this time point, the combined treatment group showed a more
pronounced advantage over the occlusal splint group (p <

0.01).

3.2 Comparison of each treatment over
different time points
Within-group comparisons across different time points
revealed no significant changes in the health education group,
with MFIQ scores decreasing only slightly from 26.25 ± 1.37
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FIGURE 4. Effects of the three treatment modalities after three months of treatment. MMO: MaximumMouth Opening;
MFIQ: Mandibular Functional Impairment Questionnaire; VAS: Visual Analog Scale.

at baseline to 24.40 ± 2.67 at three months, MMO increasing
marginally from 20.75 ± 2.13 mm to 22.43 ± 3.51 mm, and
VAS scores declining from 4.55 ± 0.46 to 4.13 ± 0.45 (all p
> 0.05), indicating limited therapeutic benefit (Figs. 5,6,7).

Comparatively, the occlusal splint group exhibited
significant clinical improvement from baseline to the
one-month follow-up. Its MFIQ scores decreased from
26.15 ± 1.56 to 14.10 ± 2.91 (p < 0.001), MMO increased
from 21.74 ± 2.19 mm to 33.14 ± 2.22 mm (p < 0.001), and
VAS scores decreased from 4.69 ± 0.49 to 2.14 ± 0.50 (p <

0.001) (Figs. 5,6,7). However, between the one-month and
three-month assessments, no further significant improvements
were observed in MMO (33.14 ± 2.22 mm vs. 34.64 ± 2.39
mm, p > 0.05) or VAS scores (2.14 ± 0.50 vs. 1.86 ± 0.55, p
> 0.05). The only continued improvement during this interval
was noted in MFIQ scores, which further decreased from
14.10 ± 2.91 to 11.75 ± 2.64 (p < 0.05).

The combined treatment group demonstrated significant and
consistent improvements across all time points. At one month,
MFIQ scores were reduced from 26.40 ± 1.50 to 11.20 ± 1.94
(p < 0.001), MMO increased from 21.74 ± 1.78 mm to
35.05 ± 1.36 mm (p < 0.001), and VAS scores decreased
from 4.64 ± 0.47 to 1.75 ± 0.33 (p < 0.001) (Figs. 5,6,7).

By three months, further significant improvements were
observed, with MFIQ scores decreasing to 5.00 ± 1.82 (p <

0.01), MMO increasing to 38.20 ± 1.68 mm (p < 0.01), and
VAS scores decreasing to 0.93 ± 0.38 (p < 0.01), compared
to their respective one-month values.
Overall, while both active treatment groups showed signifi-

cant improvements relative to the health education group by
the one-month follow-up, only the combined therapy group
continued to exhibit significant and progressive improvement
throughout the three months of follow-up. In contrast, the oc-
clusal splint group showed initial improvement but plateaued
after one month, while the combined treatment group achieved
both immediate and progressive improvements throughout the
study period.

4. Discussion

This study tested the null hypothesis that there would be
no significant difference in clinical efficacy among the three
treatment modalities. The results rejected the null hypothesis,
demonstrating that the combination of occlusal splints with
manual therapy significantly improves mouth opening, pain
intensity, and mandibular function compared to occlusal splint
therapy alone or health education.
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FIGURE 5. Maximummouth opening over time for different treatments with significance. **: p < 0.01; ***: p < 0.001.

FIGURE 6. VAS score over time for different treatments with significance. **: p < 0.01; ***: p < 0.001. VAS: Visual
Analog Scale.
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FIGURE 7. MFIQ over time for different treatments with significance. *: p < 0.05; **: p < 0.01; ***: p < 0.001. MFIQ:
Mandibular Functional Impairment Questionnaire.

Patients with ADDwoR of the TMJ frequently experience
substantial pain, restricted mandibular movement, and func-
tional impairment, all of which can markedly diminish their
quality of life [16–18]. Current clinical guidelines advocate the
use of conservative and reversible treatments as the first-line
approach before considering invasive options [6, 12]. Based
on these, occlusal splints and manual therapy have gained
widespread clinical acceptance due to increasing evidence fa-
voring non-invasive, functionally oriented interventions for
symptom management [6, 8].
Occlusal splints represent a cornerstone of conservative

treatment in ADDwoR. Conti et al. [19] reported that
various occlusal designs achieved similar clinical outcomes,
suggesting that the therapeutic benefit of splints may
not depend on achieving specific occlusal relationships
or condylar positions. Furthermore, Silva et al. [20]
demonstrated that hard occlusal splints could reduce occlusal
force transmission to the teeth and TMJ disc, particularly when
applied to a limited dental arch segment. Numerous studies
have confirmed that occlusal splints could reduce masticatory
muscle-related pain, alleviate TMJ-related headaches, and
improve mandibular function [17, 18, 21, 22]. In particular,
Manrriquez et al. [18] reported that stabilization splints
significantly reduced both the intensity and frequency of
headaches in patients with TMD-associated comorbidities.
Similarly, Emshoff et al. [21] and Major et al. [22] reported
substantial improvements in muscle pain and functional
capacity with splint therapy.
Despite the documented benefits of occlusal splints, conven-

tional fabrication methods remain time-consuming, technique-
sensitive, and less precise. The transition to digital workflows
in dentistry has addressed many of these limitations [15, 23–

25]. For instance, CAD/CAM techniques offer improved
accuracy, reproducibility, and reduced procedural complex-
ity and chairside time [15, 23–25]. Previous studies have
shown that the KDOS system significantly alleviates symp-
toms and enhances the quality of life in patients with AD-
DwoR [14, 15]. The digital fabrication process enables precise
and reproducible splint construction to minimize the need for
frequent post-insertion adjustments [26]. In line with these
findings, our results demonstrated that patients treated with
CAD/CAM-fabricated occlusal splints experienced significant
symptomatic improvement at both one and three months.
However, a notable pattern observed in our study, as well as

in prior research, is that although occlusal splints can provide
rapid initial relief, their therapeutic effects tend to plateau over
time [17, 27, 28]. Conti et al. [17] and Wassell et al. [29]
reported early symptomatic improvements that stabilized after
several weeks of use, suggesting that additional therapeutic
interventions may be necessary to sustain or further enhance
clinical outcomes. Similarly, Kuzmanovic et al. [30] and El-
Shaheed et al. [31] indicated that while stabilization splints
were effective in the short term, their long-term efficacy,
particularly in reducing pain, was limited when used alone.
In this context, manual therapy offers a complementary and

potentially synergistic treatment modality. Manual therapy
comprises a series of hands-on techniques aimed at improving
local blood circulation, alleviating muscle tension, enhancing
relaxation, and increasing joint mobility [8, 32–34]. Meta-
analyses and network meta-analyses have consistently identi-
fiedmanual therapy as one of themost effective therapeutic op-
tions for myogenous TMD [8, 32]. For instance, Armijo-Olivo
et al. [8] and Calixtre et al. [32] demonstrated that manual
therapy significantly reduces pain and improves mandibular
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function. Furthermore, the network meta-analysis by Al-
Moraissi et al. [33] rankedmanual therapy higher than occlusal
appliances in terms of its effectiveness in increasingMMO and
relieving TMD-related symptoms.
In our study, combining CAD/CAM-fabricated occlusal

splints with manual therapy utilized the distinct therapeutic
advantages of each intervention and showed that the
combined treatment group not only experienced more rapid
clinical improvement by the one-month follow-up but also
demonstrated continued and enhanced benefits at the three-
month mark compared to the splint-only group. Occlusal
splints primarily address biomechanical issues such as
occlusal discrepancies and joint stabilization, while manual
therapy targets neuromuscular and soft tissue dysfunctions.
By addressing both occlusal and myofascial components, the
combined approach produced a synergistic therapeutic effect,
surpassing the efficacy of either modality alone.
Our results showed that the health education group did not

exhibit substantial clinical improvement and, in fact, experi-
enced a slight decline in mandibular function over the three-
month period. Health education alone failed to produce statis-
tically significant benefits in the short term. Although some
studies have reported spontaneous remission of symptoms
in patients with ADDwoR over longer observation periods
(≥6 months) [26, 27, 33], a three-month timeframe is likely
insufficient to observe such natural recovery. The discrepancy
between our findings and those of long-term observational
studies [27, 28] suggests that while health education is an
important supportive measure, it is inadequate as a stand-
alone intervention for achievingmeaningful short-term clinical
outcomes. Instead, it should be incorporated as an adjunctive
component to active treatment modalities to guide patients
toward beneficial self-care behaviors while other therapies di-
rectly address the underlying pathophysiological mechanisms.
Although the health education group showed minor sub-

jective and objective improvements, these changes did not
reach statistical significance at either the one-month or three-
month follow-ups. Although previous studies suggested that
some patients with ADDwoR may experience spontaneous
improvement over time, particularly beyond three months [16–
18], our findings indicate that within a three-month interval,
health education alone is insufficient to generate significant
clinical change.
In contrast, the occlusal splint group demonstrated clear

short-term benefits, with significant improvements from base-
line to the one-month follow-up (p < 0.01), although no
additional significant changes were observed between the one-
month and three-month timepoints (p> 0.05). Comparatively,
the combined treatment group continued to show significant
improvements across all assessed timepoints, with the mag-
nitude of improvement between the one-month and three-
month evaluations being also statistically significant (p <

0.01), thereby suggesting that the combined intervention not
only achieved rapid symptom relief but also sustained and
enhanced therapeutic outcomes over time (Figs. 5,6,7).
This study focused on adult patients diagnosed with AD-

DwoR, and the primary clinical objectives were to relieve
symptoms and improve quality of life. Particular emphasis
was placed on increasing MMO, reducing pain, and restoring

mandibular function. The therapeutic goal was not to anatom-
ically reposition the displaced disc to its original location but
rather to achieve functional and symptomatic improvement.
Future research could incorporate radiographic assessments to
further elucidate the relationship between clinical improve-
ment and underlying anatomical changes, as well as examine
alterations in the disc-condyle relationship, joint space config-
uration, condylar bone morphology, and disc length following
different therapeutic interventions. A deeper understanding of
these structural parameters would facilitate the refinement of
treatment strategies and contribute to improved outcomes for
patients with TMJ disorders.
This study has several limitations worth acknowledging.

First, this was a retrospective observational study with patient
preference-based allocation, which introduces the potential for
expectation-driven bias, as participants were aware of the treat-
ments they selected. The primary rationale for not employing
randomization was to respect individual treatment preferences,
thereby enhancing patient satisfaction and adherence to pre-
scribed protocols. While this pragmatic approach has clinical
merit, it limited the ability to fully implement randomization
and blinding, which may have introduced bias into outcome
assessments. Although efforts were made to standardize treat-
ment delivery and control for potential confounders, the ab-
sence of randomization remains a key methodological lim-
itation. Future studies should incorporate RCT designs to
validate these findings and reduce the risk of bias, thereby
strengthening the evidence base for the combined treatment
approach. Second, this study exclusively investigated symp-
tom improvement in patients with ADDwoR using conserva-
tive management strategies. Other subtypes of TMD, which
differ in etiology, pathophysiology, and response to therapy,
were not examined. Given the heterogeneity of TMD, future
research should stratify patients by subtype to facilitate a more
precise evaluation of treatment effects. Such stratification
would support the development of more individualized and
subtype-specific therapeutic approaches. Third, while group
sizes in this study were relatively balanced and allowed for
appropriate statistical comparison, they were determined based
on a clinical strategy that encouraged treatment diversification
once a minimum number of patients had been enrolled in each
group. Although this approach was practical in a clinical
setting, it may have introduced selection bias and limited
the generalizability of the findings. Future prospective RCTs
with predefined group allocation and larger sample sizes are
warranted to confirm the comparative effectiveness of these
treatment modalities.

5. Conclusions

This study demonstrates that combining CAD/CAM-
fabricated occlusal splints with manual therapy was
significantly more effective than occlusal splint therapy
alone or health education in improving MMO, reducing
pain, and enhancing mandibular function in patients with
ADDwoR, with both rapid symptom relief and sustained
clinical improvement over a three-month period, contributing
to an overall enhancement in patient quality of life. Despite the
inherent limitations of its retrospective design and the potential
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for selection bias, this study supports a combined conservative
treatment strategy for the effective management of ADDwoR.
Future RCTs are needed to validate these findings and further
establish the therapeutic value of integrated, non-invasive
interventions in the management of TMD.
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