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Clinical effect of digitalized designed

and 3D-printed repositioning splints

in the treatment of anterior displacement
of temporomandibular joint disc

Xiao Jin' and Wang Chi'"

Abstract

Objective To compare the treatment effectiveness of digitized and 3D-printed repositioning splints with that of
conventional repositioning splints in the treatment of anterior displacement of the temporomandibular joint disc.

Methods This retrospective study included 96 patients with disc displacement of the anterior temporomandibular
joint. They were treated with either digitally designed and 3D-printed repositioning splints or traditional splints and
followed up for at least six months. Changes in signs and symptoms such as pain and mouth opening before and
after treatment were recorded to evaluate treatment outcomes.

Results During the first month of treatment, both the digitally designed and 3D-printed repositioning splint groups
(Group B) and the traditional repositioning splint group (Group A) showed significant increases in mouth opening,
with increases of 4.93+3.06 mm and 4.07 +4.69 mm, respectively, and there was no significant difference between
the two groups. Both groups had a significant reduction in visual analog scale (VAS) pain scores, with Group B
showing a greater reduction of 1.946+1.113 compared to 1.488+0.978 in Group A (P<0.05). By the sixth month,
Group B's mouth opening further improved to 38.65+3.22 mm (P < 0.05), while Group A's mouth opening did not
significantly improve. Regarding pain, Group A's VAS score decreased by 0.463 +0.778 after one month, and Group B's
score decreased by 0.455+0.715; both groups showed significant reductions, but there was no significant difference
between the two groups.

Conclusion Compared with traditional repositioning splints, digitally designed and 3D-printed repositioning splints
are more effective at reducing patient pain and improving mouth opening. 3D-printed repositioning splints are

an effective treatment method for temporomandibular joint disc displacement and have significant potential for
widespread clinical application.
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Background

Temporomandibular disorders include a range of condi-
tions affecting the oral and maxillofacial systems. Stud-
ies indicate a prevalence of 10 to 28% [1, 2]. The etiology
of temporomandibular disorder is complex. Previous
studies have shown that it is multifactorial and involves
occlusal [3], psychological [4], traumatic [5], habitual
[6], and general health [7-9] factors. Other studies have
suggested that age is associated with TMJ disorders [10].
Further studies have shown that TMD may be related to
cervical spine disorders and mobility [11-13].

These disorders can lead to symptoms such as pain,
restricted mouth opening, and joint clicking and are
therefore among the main causes of orofacial pain.
Among these defects, anterior displacement of the
disc is the most common [14, 15]. Displacement of the
TMJ disc can lead to serious problems such as condylar
resorption and craniofacial abnormalities in adolescents
[16-18]. The treatment of temporomandibular joint
disc displacement is therefore becoming increasingly
important. Patient education, exercise, physical therapy,
occlusal splints and surgery have been performed [19,
20], among which splint therapy is one of the most com-
mon clinical approaches for treating temporomandibular
joint disorders [21], and repositioning splints is consid-
ered an effective treatment for anterior disc displacement
[22-24]. In the traditional fabrication of repositioning
splints, the process includes determining the jaw posi-
tion, making impressions, establishing occlusal relation-
ships, transferring the clinically determined jaw position
to the articulator, and finally delivering the splint to the
patient after fabrication and fitting in the laboratory. This
entire process inevitably requires multiple transfers of
models and occlusion relationships, which introduces a
certain degree of error and has a negative impact on the
accuracy of the splint. With the development of digitally
assisted design and 3D printing technology, several sci-
entists have attempted to utilize digital technology and
3D printing for splint manufacturing [24]. However, the
jaw position and occlusion relationships still need to be
digitized after the impression is taken and the model is
scanned [25], and there is insufficient research on their
effectiveness. Therefore, we hypothesized that the use of
a repositioning splint via digital scanning and 3D print-
ing could achieve better treatment results. In this study,
we aimed to utilize digital techniques for data collection,
including jaw position recordings and a splint design,
for patients with anterior disc displacement. We used
3D printing technology to produce repositioning splints
through digitalization. These splints were then compared
to conventional repositioning splints for further analysis.
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Materials and methods

Study subjects and groups

This study received approval from the Ethics Committee
of the Affiliated Stomatology Hospital, Wenzhou Medi-
cal University (Ethics number: WYKQ2021004). The
study collected data from patients who visited the Tem-
poromandibular Joint Specialist Clinic at the Affiliated
Stomatology Hospital of Wenzhou Medical University
from January 2021 to September 2022. In these patients,
magnetic resonance imaging confirmed displacement of
the temporomandibular joint disc with corresponding
clinical symptoms. The inclusion criteria were as follows:
(1) diagnosis of disc displacement confirmed by magnetic
resonance imaging; (2) no history of occlusal treatment
or temporomandibular joint surgery; and (3) a follow-
up duration exceeding six months. The exclusion crite-
ria were as follows: (1) patients who were uncooperative
with treatment or had poor compliance; (2) patients with
other painful oral diseases, such as pulpitis or periapical
periodontitis; (3) patients in the acute phase of any dis-
ease; (4) patients with severe periodontal disease; and (5)
patients with incomplete medical records or less than six
months of follow-up.

The patients were divided into two groups based on
the method of occlusal splint preparation: the traditional
repositioning splint group (Group A) and the digitalized
personalized splint group (Group B). At the first visit,
detailed medical histories and pretreatment signs (T0)
were recorded, including sex, age, disease progression,
mouth opening (Z0), and visual analog scale (VAS) score
for pain (VASO0). The VAS score was measured with a
visual analog scale by the same doctor, and a reduction
in the VAS score was considered effective. The mouth
opening was measured as follows: (1) The patient sat up
straight with the head and torso in a straight line. (2) The
patient opened the mouth as much as possible. (3) The
mouth-opening meter was placed parallel to the ground
on the patient’s upper and lower dental arches.

Treatment process
Digitalized design and 3D-printed groups
A TRIOS dental scanner (3Shape, Denmark) was used to
capture the upper and lower dental arches and the occlu-
sal relationship. The data were imported into the virtual
articulator of the exocad design software V3.0 (Amann
Girrbach, Germany), and an auxiliary instrument, a bal-
ancer, was designed to determine the patient’s jaw posi-
tion. The balancer was fabricated by a Heygear 3D printer
(UltraCraft A3D, Heygear, China) using high-precision
dental mold resin (Model HP UV 2.0, Heygear, China).
The patient wore the balancer to achieve a stable jaw
position through a process called muscle deprogramming
[26]. Bite registration silicone rubber (O-bite, DMG, Ger-
many) was used to record the patient’s current upper and



Jin and Chi BMC Musculoskeletal Disorders (2024) 25:348

lower jaw relationships. These data were imported into
Exocad design software V3.0 (Amann Girrbach, Ger-
many) to design the mandibular splint. The splint was
semianatomically designed. Uniform contact between
the upper posterior teeth and the splint in the tar-
get jaw position with a cusp-fossa locking relationship
was required. At the same time, the cusp sliding on the
splint was not disturbed. There was no contact between
the upper anterior teeth and the occlusal splint, and the
design also ensured protection of the anterior teeth with-
out premature contact or interference during protrusive
and lateral movements.

The occlusal splint was prepared with temporary crown
bridge resin (Yamahachi, Japan) by using a five-axis
engraving machine (Wieland, Germany), and the thick-
ness of the splint was 2-3 mm. Once completed, the
patient wore the splint for the initial fitting and adjust-
ment, and the time spent in adjustment on the chair was
recorded. Patients wore the splint 24 h/day. Follow-up
visits were scheduled; one week after wearing the splint,
the patient returned for a follow-up visit for adjustment.
Adjustments were made if necessary, with the objectives
described above. All patients underwent similar treat-
ment procedures.

A follow-up visit was conducted after one month (T1)
to make adjustments and evaluate changes in clinical
symptoms, including mouth opening (Z1) and visual
analog scale pain (VAS 1) scores. Subsequent monthly
follow-up visits included splint adjustments and assess-
ments of changes in clinical symptoms. The signs and
symptoms, including mouth opening (Z2) and pain VAS
score (VAS2), were collected at the sixth month (T2).

Traditional occlusal splint group

For the impressions, polyvinyl siloxane (Enormous,
China) was used and poured into a mold to create mod-
els of the upper and lower dental arches. The impressions
were rinsed with running water, blow-dried, immersed
in 0.5% sodium hypochlorite solution for 10 min, rinsed
again for 15 s, and blow-dried again. The models were
made of die stone (SSS, Japan). The target position of the
jaw was determined based on the disappearance of ante-
rior mandibular displacement and the use of a click dur-
ing protrusion. The patient’s occlusal relationship was
recorded using polyvinyl siloxane (O-bite, Germany) for
bite registration.

Table 1 Baseline information

Group Age (y) mouth VAS atTO
opening at
TO (mm)
Group A 41 (female 32, 2595+521 34174533 3.707+£1.188
male 9)
Group B 55 (female 40, 2698+3.85 33.02+4.10 3400+1.226
male 15))
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The upper and lower arch models were transferred
along with the occlusion relationship to a mechanical
articulator (Ivoclar, Switzerland). The bite splint for repo-
sitioning was designed using the same principles as those
used for the 3D-printed splint group.

Dental technicians used self-curing resin (Nis-
sin, Japan) to prepare the repositioning occlusal splint
according to the above design and then polished and fin-
ished the splint. A mandibular splint was produced, and
the thickness of the splint was 2—3 mm. The patient wore
the occlusal splint for the initial fitting and adjustment.
Patients wore the splint 24 h/day. Follow-up examina-
tions were planned. One week after wearing the splint,
the patient returned for a follow-up examination for
adjustment. Adjustments were made if necessary, with
the objectives described above. A follow-up visit was per-
formed after one month (T1) to make adjustments and
assess changes in clinical symptoms, including mouth
opening (Z1) and visual analog scale (VAS1) pain. Sub-
sequent monthly follow-up visits included splint adjust-
ments and assessments of changes in clinical symptoms.
The signs and symptoms, including mouth opening (Z2)
and pain VAS (VAS2) scores, were collected at the sixth
month (T2). All patients underwent similar treatment
procedures.

Statistical analysis

The data were statistically analyzed using IBM SPSS Sta-
tistics for Windows, version 21.0 (IBMCorp, Armonk,
N.Y. USA). For numerical data, including age, mouth
opening, duration, and changes in pain scores, paired t
tests were used for comparisons before and after treat-
ment within the same group. A P<0.05 indicated a statis-
tically significant difference. Chi-square tests were used
to analyze sex distributions and treatment effectiveness.
A significance level of P<0.05 was considered to indicate
statistical significance.

Results

Baseline information

This study included a total of 96 eligible patients, 41 of
whom were in the conventional occlusal splint group
(Group A), including 32 females and 9 males, with a
mean age of 25.95+5.21 years. The 3D-printed splint
group (Group B) included 55 people—40 females and 15
males—with an average age of 26.98+3.85 years. There
were no significant differences in age, sex distribution,
pretreatment mouth opening, or VAS score between the
two groups (Table 1).

Before treatment, the baseline pain levels (VAS 0) in
the two groups were 3.707+£1.188 and 3.400%1.226,
respectively, with no significant difference (£>0.05).
Considering the effectiveness of pain relief after treat-
ment, the effectiveness rate in Group A was 82.9%
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Table 2 VAS changes in different treatment groups

Group VAS 0 VAS 1 Effective rate at T1 VAS 2 Effective rate at T2
Group A 3.707+1.188 2.220+0.852% 82.9% 1.561+0.808* 85.4%

Group B 3400+1.226 1.455+0.997#* 87.3% 1.000 £ 0.839#* 94.5%

# Significant difference between groups (P<0.05). *Significant difference within the group compared to the previous VAS score (P<0.05).

Table 3 Comparison of VAS score decrease between different
treatment groups

Group VAS 1-VASO VAS 2-VAS1 VAS 2-VASO
Group A -1.488+0.978 -0.463+0.778 -1.951+£1.161
Group B -1.946£1.113# -0455+0.715 -2400+1.099

#There is a significant difference in comparison between groups during the
same time period (P<0.05)

Table 4 Mouth opening of different treatment groups

Group Z0(mm) Z1(mm) Z2(mm)
Group A 34174533 38.24+3.38* 38.61+3.26
Group B 33.02+4.10 37.95+359* 38.65+3.22*

*There is a significant difference in mouth opening within the group compared
to the previous time(P<0.05)

Table 5 Improvement of mouth opening in different treatment

groups

Group Z1-Z0(mm) Z2-Z1(mm) Z2-Z0(mm)
Group A 4.07+4.69 037+157 444+476
Group B 4.93+3.06 0.71+£133 563+291

(34/41) after one month, while in Group B, it was 87.27%
(48/55). After six months, the effectiveness was 85.4%
in Group A and 94.5% in Group B. The chi-square test
showed no significant difference in effectiveness between
the two groups. In the longitudinal comparison, both
Group A and Group B showed a continuous decrease in
the pain index, and this decrease was significant at each
treatment time point (P<0.05) (Table 2). According to
the cross-sectional comparison, the reduction in the VAS
score (VAS 1) after one month was significantly greater
in Group B than in Group A (P<0.05). However, at the
sixth month, there was no significant difference in the
reduction in VAS score (VAS 2) between the two groups
compared to the VAS score of 0 (Table 3).

The maximum mouth opening (Z0) before treatment
was 34.1715.33 mm and 33.02+4.10 mm at baseline in
both groups, respectively, with no significant difference
(P>0.05). In a longitudinal comparison, both Group A
and Group B showed continuous improvement in mouth
opening. At the first-month follow-up, the maximum
mouth opening was 38.24+3.38 mm and 37.95+3.59 mm
for the two groups, respectively, both of which were sig-
nificantly different. However, at the six-month follow-up
(compared to that at one month), there was no significant
change in maximum mouth opening in the conventional
treatment group, while there was a significant improve-
ment in the 3D-printed group during this treatment
period (P<0.05) (Table 4). However, in a cross-sectional

comparison, there was no significant difference in the
degree of improvement in maximum mouth opening
between groups at any time point (Table 5).

Discussion

Temporomandibular joint anterior disc displacement is
a common type of temporomandibular joint disorder. In
the 1970s, Farrar [27] first proposed the use of reposi-
tioning splints to treat anterior disc displacement of the
temporomandibular joint. It is believed that the basic
principle is to improve the position of the condyle in the
articular fossa, thereby achieving a normal disc-condyle
relationship and improving mandibular function, result-
ing in therapeutic effects.

Our study showed that both traditional repositioning
splints and 3D-printed splints were effective at reducing
patients’ pain in the first month of wear, and this effect
was maintained until the sixth month of follow-up. This
relief was more pronounced in the 3D-printed group.
In addition, both groups showed significant improve-
ment in mouth opening in the first month of treatment.
However, the 3D-printed splint group showed slight
sustained improvement after six months, while the tra-
ditional splint group showed no further improvement.
The cause of these results could be related to the origin
of symptoms in the displacement of the anterior disc of
the temporomandibular joint. Pain in temporomandibu-
lar joint diseases mainly arises from muscle pain caused
by muscle dysfunction and intra-articular pain caused by
joint structural disorders [28]. Although some research-
ers believe that disc displacement has nothing to do
with clinical symptoms and dentofacial deformities [29],
further studies have shown that changes in disc posi-
tion increase the risk of joint degenerative changes and
joint swelling, resulting in clinical manifestations such
as pain and limited mouth opening leads [30]. In addi-
tion, research by Dias [31] revealed a significant asso-
ciation between disc displacement and osteoarthritis,
and osteoarthritis was significantly associated with bone
marrow edema and pain [32]. Repositioning splints can
relieve joint swelling by improving the disc-condyle rela-
tionship, thereby improving clinical symptoms. In addi-
tion, splint therapy can effectively relieve muscle-related
pain. According to several electromyographic studies, in
temporomandibular joint diseases, the lateral pterygoid
muscle must contract abnormally to resist the eleva-
tor muscle, which may lead to excessive activation and
coordination of the masticatory neuromuscular tissue,



Jin and Chi BMC Musculoskeletal Disorders (2024) 25:348

resulting in orofacial pain. After splint therapy, muscle
activity decreases, the load on the temporomandibu-
lar joint decreases, and the maximum contraction force
decreases, thereby relieving pain [33]. Therefore, both
stabilizing splints and repositioning splints have signifi-
cant therapeutic effects on pain caused by temporoman-
dibular joint disorders [20].

Both traditional repositioning splints and 3D-printed
splints can improve patients’ clinical symptoms to a cer-
tain extent, as manifested by pain relief and improved
mouth opening. The effective rates in the first month
were 82.9% and 87.3%, respectively, similar to those in
Lei’s (78.1%) and Liu’s (83.78%) studies [34, 35] but higher
than those in Schmitter’s study (50%) [36]. The variety of
causes of TMJ disc disorders, such as different age dis-
tributions and psychological statuses [37], may have led
to significant differences in the effectiveness of treatment
among different studies. In terms of clinical effectiveness,
the 3D-printed splint group still outperformed the tradi-
tional repositioning splint group in terms of pain relief.
By analyzing the differences between these two treatment
plans, we found that traditional repositioning splints rely
on manual determination of the target occlusion, which
has the disadvantage that the disc-condyle relationship
cannot be directly assessed. Once there is a significant
deviation between the actual occlusion and the expected
occlusion, the treatment effect will be significantly
affected. Additionally, traditional repositioning splints
rely on the clinical experience and finesse of the doc-
tor and technician. The accumulated errors in each step
of the production process may have a significant impact
on the clinical outcome. The cumulative effect of these
factors ultimately affects the treatment effect. In con-
trast, 3D-printed splints combine occlusion with digital
image data via a computer, achieving more ideal occlu-
sion. Compared to the occlusion of traditional reposi-
tioning splints, this method determines the occlusion by
directly observing the position relationship between the
condyle and the joint fossa. The determined occlusion
can be transferred directly to the digital design and pro-
duction of repositioning splints, thereby reducing errors
in subsequent processes. The use of 3D printing technol-
ogy also contributes to the accuracy of splint manufac-
turing, resulting in better treatment effects. In addition,
the resin material used in the repositioning splint of the
3D printing group was not the same as that used in the
traditional group, which may also have a certain impact
on the treatment effect [38—40], and the performance of
these two resins when used as jaw pad materials requires
further investigation.

Another important difference between 3D-printed
splints and traditional splints is the deprogramming of
the muscles. In this procedure, a stabilizer is first cre-
ated to release the patient’s posterior teeth from occlusal
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contact. Standardized mandibular movements are then
used to fatigue the masticatory muscles and achieve
stable occlusion, thereby reducing the influence of sub-
jective factors and avoiding repeated splint adjustments
during subsequent clinical follow-up. This technology
reduces, to a certain extent, the differences caused by the
operator’s personal judgment in 3D-printed splint ther-
apy. In contrast, occlusion in traditional splint fabrication
depends solely on the dentist’s clinical experience. Using
digital technology allows for more accurate constructions
and precise balancing of occlusal relationships [41]. This
could be one of the reasons why the 3D-printed splint
group still showed an improvement in maximum mouth
opening after six months, while the traditional splint
group did not.

Our study showed that 3D-printed repositioning
splints are more effective than traditional repositioning
splints in improving clinical symptoms caused by dis-
placement of the anterior disc of the TMJ [10]. In addi-
tion, research suggests that the use of digital technology
can simplify the splint manufacturing process and reduce
the working time of technicians and doctors, which is
consistent with our clinical observations [25]. Therefore,
digitized and 3D-printed repositioning splints have good
clinical value.

This study has several limitations. First, due to the
short follow-up period of this study, it is not yet possible
to provide a clear answer about the long-term effect, and
further observations and analyses are necessary. More
influencing factors should also be considered. Second,
the evaluation of efficacy in this study is limited to the
relief of clinical symptoms, and there is a lack of mea-
surement and analysis of imaging data such as MRI find-
ings. The combination of clinical symptoms and imaging
data will be a major part of our further investigation.

Conclusion

Due to the advantages of digital technology in occlu-
sion selection and the precision offered by 3D printing,
3D-printed repositioning splints are more effective than
traditional repositioning splints in relieving patient pain
and improving mouth opening. They are effective treat-
ments for temporomandibular disc dislocation and have
significant value for wide clinical application.
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