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Objective: To investigate the effect of combining intra-articular injection of hyaluronic acid (HA) with occlusal splint therapy in the 
treatment of non-reducible anterior disc displacement of the temporomandibular joint (ADDWoR).
Methods: A retrospective analysis was conducted on the clinical data of 62 patients with ADDWoR admitted to our hospital from 
April 2023 to June 2024. According to the treatment method received, patients were divided into a control group (n=31, treated with 
occlusal splints) and an observation group (n=31, treated with occlusal splints combined with intra-articular injection of HA). The 
clinical treatment effects, pain levels (Visual Analog Scale [VAS]), temporomandibular joint dysfunction (Friction Temporomandibular 
Joint Dysfunction Index [CMI]), mandibular movement function (maximum mouth opening [MMO], left lateral excursion [LLE], right 
lateral excursion [RLE], protrusive movement [PM]), clinical aesthetic indicators (condylar height, joint space width), and adverse 
reactions were compared between the two groups.
Results: (1) Clinical Efficacy: The observation group had a higher total effective rate (90.32% vs 67.74%, P < 0.05). (2) Pain & 
Dysfunction: Both groups showed significant improvement in VAS and CMI scores over time, with the observation group exhibiting 
greater reductions (P < 0.05). (3) Mandibular Function & Aesthetic Indicators: The observation group had greater improvements in 
MMO, LLE, RLE, PM, condylar height, and joint space width (P < 0.05). (4) Adverse Reactions: No significant difference in adverse 
reaction rates (P > 0.05).
Conclusion: The combination of intra-articular injection of HA with occlusal splint therapy can further improve the treatment 
outcomes for ADDWoR patients, alleviate pain, improve temporomandibular joint dysfunction and mandibular movement function, 
promote aesthetic recovery, and does not increase the risk of adverse reactions.
Keywords: occlusal splint, intra-articular injection of HA, non-reducible anterior disc displacement of the temporomandibular joint, 
ADDWoR, treatment efficacy

Introduction
The temporomandibular joint (TMJ) is one of the most complex synovial joints in the human body, and its normal 
function plays a crucial role in daily activities such as chewing, speaking, and facial expressions.1 However, due to the 
complex anatomy and the interaction of various etiological factors, temporomandibular joint disorders (TMDs) have 
become one of the most common oral and maxillofacial diseases.2 Among these disorders, non-reducible anterior disc 
displacement of the temporomandibular joint (ADDWoR) is a typical and severe pathological condition.3 The main 
characteristic of ADDWoR is the permanent displacement of the articular disc, which cannot be spontaneously reposi
tioned during mandibular movements. Patients typically present with limited mouth opening, joint pain, the absence of 
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joint clicking, and chewing dysfunction. In severe cases, asymmetric changes in the jaw and face may occur, significantly 
affecting the patient’s quality of life and psychological well-being.4,5

In recent years, intra-articular therapies have gained prominence as minimally invasive options for TMDs, particu
larly when conservative treatments fail. Hyaluronic acid (HA) injections are increasingly recommended for patients with 
persistent pain, synovitis, or degenerative changes, aiming to restore joint lubrication and reduce inflammation.6 

However, the timing of intervention remains debated; HA is typically administered after failed splint therapy or as an 
adjunct to physical modalities.7 Notably, intra-articular drug administration carries risks such as transient pain, infection 
(incidence <1%), and rare hypersensitivity reactions.8

Recent advancements in TMD management also include emerging modalities like photobiomodulation (PBM) and 
low-intensity pulsed ultrasound (LIPUS). PBM utilizes light therapy to reduce inflammation and promote tissue repair, 
while LIPUS enhances cartilage regeneration through mechanical stimulation.9,10 Despite their potential, these therapies 
lack robust evidence for ADDWoR-specific efficacy compared to established approaches like HA injection.

Currently, the treatment of ADDWoR is divided into conservative and surgical approaches. Conservative treatments 
include pharmacotherapy, physical therapy, occlusal splints, and intra-articular injections. In this study, patients were 
required to discontinue other therapies (eg, analgesics, physiotherapy) during the trial period to eliminate confounding 
effects. Occlusal splints are widely used for mild-to-moderate cases due to their ability to redistribute joint loading and 
improve disc position.11 However, their efficacy diminishes in chronic or severe cases, necessitating adjunct therapies.12

Intra-articular HA injection addresses these limitations by supplementing synovial fluid viscosity, reducing friction 
between displaced discs and condyles.13 Notably, our protocol involved lower joint compartment injections guided by 
ultrasound, as upper compartment access may risk articular eminence perforation.14 Prior to HA administration, joints 
were lavaged with 1 mL of 2% lignocaine—a choice based on its dual anesthetic and diagnostic utility: pain relief during 
lavage confirms accurate needle placement.15 While multi-electrolyte solutions are common, lignocaine’s immediate 
analgesic effect may enhance patient tolerance without altering HA’s therapeutic outcomes.16

Given the individual advantages of occlusal splints and HA injections, their combined use may synergistically 
improve outcomes. This study aims to evaluate this hypothesis. By elucidating the efficacy of combined therapy, we 
seek to optimize ADDWoR management strategies.

Materials and Methods
Study Design and Participants
This retrospective cohort study analyzed 62 patients diagnosed with non-reducible anterior disc displacement 
(ADDWoR) at our hospital between April 2023 and June 2024. Sample size was determined based on historical case 
availability and feasibility, as retrospective studies often lack formal power calculations.15 Patients were divided into two 
groups: the control group (n=31, occlusal splint only) and observation group (n=31, splint + HA injection). Group 
allocation was based on the initial treatment received, as recorded in medical charts. To address potential selection bias, 
baseline demographic and clinical characteristics (eg, gender, age, body mass index (BMI), course of disease, lesion site, 
and education level) were statistically compared between groups (Table 1).

Inclusion and Exclusion Criteria
Inclusion criteria: (1) Diagnosis of ADDWoR confirmed by MRI (disc displacement without reduction on dynamic 
imaging);16 (2) ≥2 symptoms: pain (VAS ≥4), limited mouth opening (<35 mm), joint clicking, or jaw dysfunction; (3) 
No prior TMD treatment; (4) patients were aged ≥18 years and ≤65 years, regardless of sex; (5) the patients and their 
families were fully informed and provided written consent to participate in the study.

Exclusion criteria: (1) Active oral infections, systemic arthritis, or acute TMJ trauma; (2) Contraindications to HA/ 
splint therapy (eg, allergy, severe malocclusion); (3) history of mental illness or cognitive dysfunction; (4) inability to 
cooperate with the study due to any reason.
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This study was approved by the People’s Hospital Affiliated to Shandong First Medical University Medical Ethics 
Committee (approval number: 24-KQ00013), and all procedures followed the ethical guidelines of the Declaration of 
Helsinki.

Interventions
Control Group
Occlusal Splint: Custom-made hard acrylic splints (3 mm thickness) fabricated from upper/lower arch impressions. 
Thickness was standardized to minimize vertical dimension changes while redistributing occlusal forces.17 Patients wore 
splints ≥10 h/day for 3 months. Adjustments were made biweekly by a single clinician using articulating paper to 
eliminate premature contacts.

Observation Group
Combined Therapy: Splint + two HA injections (Hylan G-F 20, 1 mL) into the lower joint compartment (superior joint 
space injections avoided due to perforation risks).18

Injection Protocol:
Patient Positioning: Seated with head tilted contralaterally.
Landmark-Guided Technique: 25-gauge needle inserted 2 mm inferior to the tragus-condylar depression. Real-time 

confirmation via mandibular manipulation (needle movement synchronized with condyle).
Lavage: 2% lidocaine (1 mL) was injected first for diagnostic confirmation (pain relief ≤2 min indicated correct 

placement) and lavage.19 Rationale: Lidocaine’s immediate analgesic effect improved procedural tolerance without 
altering HA efficacy.

HA Administration: Post-lavage, 1 mL HA injected slowly. Repeat injection at 2 weeks.14

Observation Indicators
(1) Clinical Treatment Effectiveness: The evaluation was conducted 3 months after treatment. The criteria were as 
follows: Effective: Mouth opening range 3–3.4 cm, normal mouth opening type and jaw movement, no joint clicking, and 
absence of pain. Improved: Mouth opening <3 cm, normal mouth opening type, no joint clicking or pain, but occasional 
tenderness in the joint area and surrounding muscles. Ineffective: No significant improvement or even worsening of clinical 
symptoms and signs. The total effective rate = 100% - (number of ineffective cases / total number of cases × 100%).

(2) Pain Assessment: Pain was evaluated using the Visual Analog Scale (VAS) at baseline, 1 month, and 3 months after 
treatment. The VAS score ranged from 0 to 10, with higher scores indicating more severe pain (Cronbach’s α = 0.863, 
validity = 0.841).20

Table 1 Comparison of Baseline Data (�x� s, n[%])

Control (n=31) Observation (n=31) t/x² P

Gender – – 0.265 0.606
Male 14 (45.16) 12 (38.71) – –

Female 17 (54.84) 19 (61.29) – –

Age (years) 31.84±5.43 32.73±5.14 0.662 0.510
BMI (kg/m²) 23.16±1.78 23.27±1.91 0.234 0.815

Course of Disease (months) 4.49±0.67 4.72±0.85 1.183 0.241

Lesion Site – – 0.097 0.755
Unilateral 25 (80.65) 24 (77.42) – –

Bilateral 6 (19.35) 7 (22.58) – –
Education Level – – 0.622 0.430

High School or Below 18 (58.06) 21 (67.74) – –

College or Above 13 (41.94) 10 (32.26) – –
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(3) Temporomandibular Joint Disorder Assessment: The Friction Temporomandibular Joint Disorder Index (CMI) 
was used to assess the temporomandibular joint disorder at baseline, 1 month, and 3 months post-treatment. The CMI 
score ranged from 0 to 1, with lower scores indicating better temporomandibular joint function (Cronbach’s α = 0.879, 
validity = 0.856).21

(4) Jaw Movement Function: The following four measures were assessed: maximum active mouth opening (MMO), 
left lateral excursion (LLE), right lateral excursion (RLE), protrusive movement (PM). Measurements were taken at 
baseline and 3 months post-treatment. Larger values indicated better function. MMO was measured using a caliper by 
recording the distance between the upper and lower incisors when the patient opened their mouth as wide as possible. 
LLE, RLE, and PM were measured using a T-scanIII occlusal force meter. The patient was seated upright, and the 
occlusal strip was placed between the upper and lower dental arches, ensuring it was parallel to the occlusal plane. The 
patient was instructed to perform left and right lateral movements and protrusion movements, and measurements were 
recorded. After a 3-minute rest, a second set of measurements was taken, and the average of three measurements was 
used for analysis.

(5) Clinical Aesthetic Indicators: Condylar height and joint space width were measured using magnetic resonance 
imaging at baseline and post-treatment, and the data were recorded.

(6) Adverse Reactions: Adverse reactions including occlusal splint discomfort, dizziness, headache, nausea, vomit
ing, local swelling, and joint inflammation were recorded by the hospital’s medical staff.

Additional Notes: No electromyography (EMG) was performed due to retrospective design limitations. Splint 
compliance monitored via patient logs and intraoral scans for wear patterns.

Statistical Analysis
GraphPad Prism 8 was used for graphing, and SPSS 22.0 was used for data analysis. For categorical data, percentages 
(%) were reported, and chi-square tests were used for analysis. For continuous data, the (x� s) was reported, and 
independent t-tests were used for comparison between two groups. Paired t-tests were used for comparisons within the 
same group, and repeated measures ANOVA was used for comparisons at different time points within groups. A p-value 
< 0.05 was considered statistically significant.

Results
Comparison of Baseline Data
The comparison of baseline data, including gender, age, body mass index (BMI), course of disease, lesion site, and 
education level between the two groups showed no significant differences (P > 0.05), indicating comparability, see 
Table 1.

Clinical Efficacy
The observation group demonstrated superior clinical outcomes compared to the control group (total effective rate: 
90.32% vs 67.74%, P < 0.05, Figure 1). Notably, the combined therapy group showed a 2.3-fold higher rate of “markedly 
effective” outcomes (35.5% vs 19.4%), suggesting synergistic effects of HA injection and splint therapy, as shown in 
Figure 1.

Comparison of Pain Levels
The group (F=6.284), time (F=8.031), and interaction (F=7.396) comparisons of VAS scores between the two groups 
were significant (P < 0.05). Within-group: VAS scores were lower at 1 month and 3 months after treatment compared to 
pre-treatment, and the VAS score at 3 months was lower than at 1 month (P < 0.05). Between groups: There were no 
significant differences in VAS scores before treatment (P > 0.05), but at 1 month and 3 months after treatment, the VAS 
scores in the observation group were lower than those in the control group (P < 0.05), as shown in Figure 2.
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Comparison of Temporomandibular Joint Dysfunction
The group (F=4.976), time (F=6.843), and interaction (F=5.897) comparisons of CMI scores between the two groups 
were significant (P < 0.05). Within-group: CMI scores were lower at 1 month and 3 months after treatment compared to 
pre-treatment, and the CMI score at 3 months was lower than at 1 month (P < 0.05). Between groups: No significant 
difference was found in CMI scores before treatment (P > 0.05), but at 1 month and 3 months after treatment, the CMI 
scores in the observation group were lower than those in the control group (P < 0.05), as shown in Figure 3.

Figure 1 Comparison of Clinical Treatment Effects [n(%)]. 
Note: Comparison between groups, *P < 0.05.

Figure 2 Comparison of Pain Levels (�x� s, Points). 
Notes: Comparison with the control group at the same time point, *P < 0.05; comparison with Before treatment in the same group, #P < 0.05; comparison with 1 month 
After treatment in the same group, ΔP < 0.05.
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Comparison of Mandibular Movement Function
Both groups showed increased MMO, LLE, RLE, and PM after treatment compared to pre-treatment, with a greater 
change observed in the observation group (P < 0.05), as shown in Table 2.

Comparison of Clinical Aesthetic Indicators
Both groups showed increased condylar height and joint space width after treatment compared to pre-treatment, with a 
greater change observed in the observation group (P < 0.05), as shown in Table 3.

Comparison of Adverse Reactions
The adverse reaction rates were 12.90% in the control group and 19.35% in the observation group, with no significant 
difference between the groups (P > 0.05), as shown in Table 4.

Figure 3 Comparison of Temporomandibular Joint Dysfunction (�x� s, Points). 
Notes: Comparison with the control group at the same time point, *P < 0.05; comparison with Before treatment in the same group, #P < 0.05; comparison with 1 month 
After treatment in the same group, ΔP < 0.05.

Table 2 Comparison of Mandibular Movement Function (�x� s, Mm)

Control (n=31) Observation (n=31) t P

MMO – – – –

Before treatment 27.91±1.54 28.16±1.51 0.645 0.521
After treatment 33.32±1.25# 34.73±1.27# 4.405 <0.001

LLE – – – –

Before treatment 7.19±0.33 7.21±0.35 0.231 0.817
After treatment 7.51±0.42# 7.82±0.69# 2.136 0.036

RLE – – – –

Before treatment 6.76±0.47 6.74±0.44 0.173 0.863
After treatment 7.37±0.92# 7.87±1.03# 2.015 0.048

PM – – – –

Before treatment 5.31±0.56 5.42±0.53 0.794 0.430
After treatment 5.64±0.72# 6.03±0.76# 2.074 0.042

Note: Comparison with Before treatment in the same group, #P < 0.05.
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Discussion
ADDWoR is a common and complex TMJ disorder, primarily characterized by the anterior displacement of the articular 
disc, which cannot return to its normal position during mandibular movement.22 This disease is often associated with 
symptoms such as pain, restricted mouth opening, and joint clicking, significantly affecting the patient’s daily life and 
mental health.23 Although various treatment methods are currently available, conservative treatments (such as occlusal 
splint therapy) remain the most widely used. However, relying solely on occlusal splint therapy often fails to meet the 
full therapeutic needs of ADDWoR patients, especially in those with a longer disease duration or more severe joint 
damage. Therefore, this study explored the efficacy of combined intra-articular HA injection on the basis of occlusal 
splint therapy for ADDWoR patients, aiming to provide a new treatment approach for clinical practice and further 
validate the advantages of combination therapy in pain relief, improving joint function, and promoting joint structure 
recovery.This study demonstrates that combining occlusal splint therapy with intra-articular HA injection significantly 
improves clinical outcomes in ADDWoR patients, achieving a 90.32% efficacy rate compared to 67.74% with splint 
alone. The synergy likely stems from HA’s dual mechanical and biological effects: (1) reducing disc-condyle friction via 
viscoelastic lubrication,24 and (2) suppressing synovial inflammation through CD44 receptor-mediated inhibition of IL-6/ 
NF-κB pathways.25 These mechanisms complement the splint’s ability to unload the joint by redistributing occlusal 
forces,26 providing a multi-targeted approach to address both structural and inflammatory aspects of ADDWoR; however, 
in some patients, relying solely on the splint cannot fully restore the biomechanical function of the joint, particularly 
when the disc displacement is severe. While novel modalities like photobiomodulation (PBM) and low-intensity pulsed 
ultrasound (LIPUS) show promise in TMD management, their efficacy in ADDWoR remains uncertain. PBM primarily 
targets pain via mitochondrial cytochrome C oxidase activation,27 and LIPUS enhances cartilage repair through 
mechanotransduction.28 However, neither directly addresses the biomechanical derangement of disc displacement—a 
critical advantage of HA’s lubricating action. The results of this study indicate that at 1 month and 3 months post- 
treatment, the VAS scores of the observation group were significantly lower than those of the control group. Furthermore, 
within-group comparisons showed that the VAS score at 3 months post-treatment was lower than at 1 month (P < 0.05), 
suggesting that combined therapy can relieve pain in the short term, with further pain reduction as treatment continues. 
The reason for this may be that HA injection, through its lubricating effect, reduces joint friction and alleviates pain 
caused by the anterior displacement of the articular disc. Moreover, HA has certain anti-inflammatory effects, helping to 
reduce inflammation within the joint and further improve pain perception.29 Our results align with recent study showing 

Table 3 Comparison of Clinical Aesthetic Indicators (�x� s, Mm)

Control (n=31) Observation (n=31) t P

Condylar Height – – – –
Before treatment 18.23±2.56 18.27±2.61 0.060 0.951

After treatment 19.71±2.85# 21.24±2.93# 2.084 0.041

Joint Space Width – – – –
Before treatment 3.13±0.62 3.11±0.65 0.124 0.901

After treatment 3.57±0.70# 3.99±0.84# 2.138 0.036

Note: Comparison with Before treatment in the same group, #P < 0.05.

Table 4 Comparison of Adverse Reactions [n(%)]

Adverse Reaction Control (n=31) Observation (n=31) x² P

Discomfort with Occlusal Plate 2 (6.45) 2 (6.45) – –

Dizziness and Headache 0 (0.00) 1 (3.23) – –
Nausea and Vomiting 0 (0.00) 1 (3.23) – –

Local Swelling 1 (3.23) 2 (6.45) – –

Joint Cavity Inflammation 1 (3.23) 0 (0.00) – –
Total Incidence 4 (12.90) 6 (19.35) 0.476 0.489
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HA injections yield superior pain reduction (ΔVAS −2.8 vs −1.3 for PBM) and functional improvement in disc 
displacement disorders.30 Temporomandibular joint dysfunction is one of the main manifestations of ADDWoR, typically 
presenting as chewing dysfunction, limited mandibular range of motion, and joint locking.31 In this study, at both 1 
month and 3 months post-treatment, the CMI scores of the observation group were significantly lower than those of the 
control group, with the scores at 3 months post-treatment further reduced compared to 1 month (P < 0.05). This suggests 
that combined therapy can effectively improve the functional state of the TMJ in patients. Intra-articular HA injection can 
improve the viscoelasticity of synovial fluid and promote the repair of articular cartilage, effectively reducing joint 
damage caused by the anterior displacement of the disc, thereby alleviating joint dysfunction.32 The occlusal splint works 
by adjusting the mandibular position, reducing the pressure on the articular disc, and improving the biomechanical state 
of the joint.33 The synergistic effect of both therapies helps restore normal joint function and relieve clinical symptoms. 
In addition, this study also evaluated the recovery of mandibular movement function. The results indicated that, 
compared with the control group, the observation group showed significant improvements in MMO, LLE, RLE, and 
PM levels (P < 0.05). This suggests that combined therapy is more effective in improving joint mobility compared to 
using the occlusal splint alone. Combined therapy reduces joint friction through HA’s lubricating effect, facilitates disc 
repositioning, and, at the same time, the occlusal splint alleviates joint overloading by adjusting the occlusion, helping to 
restore the normal range of mandibular movement. Furthermore, the restoration of TMJ function not only helps relieve 
pain and movement dysfunction but also improves the patient’s facial appearance.34,35 The results of this study show that, 
post-treatment, the condylar height and joint space width in the observation group were significantly greater than those in 
the control group (P < 0.05), indicating that combined therapy has a greater advantage in improving the biomechanical 
function of the TMJ and facial aesthetics. The potential reason for this is that HA injection helps restore joint structure 
and promotes disc repositioning and soft tissue repair through its lubricating effect,36 ultimately contributing to the 
recovery of normal TMJ function and facial appearance. Finally, regarding adverse reactions during treatment, the study 
results showed no significant difference in the incidence of adverse reactions between the two groups (P > 0.05), 
indicating that combined therapy did not significantly increase the risk of adverse reactions. HA injection, as a treatment 
method with a relatively high safety profile, has been widely used in various joint diseases, with most adverse reactions 
being mild and localized, such as transient pain and swelling at the injection site, which are generally well tolerated by 
patients.37,38 In this study, the safety of combined therapy was further validated, providing strong support for clinical 
practice.Although this study draws positive conclusions through retrospective analysis, some limitations still exist. 
Single-center retrospective design with potential selection bias (eg, healthier patients opting for combined therapy). 
Prospective RCTs using stratified randomization by disc displacement severity are needed to confirm causality. Short 
follow-up (3 months) precludes assessment of HA’s durability. Studies show HA effects peak at 6 months, warranting 
longer-term tracking. Subjective endpoints (VAS, CMI) dominate outcomes. Future work should integrate quantitative 
MRI biomarkers (eg, synovial fluid volume) and serum inflammatory markers (IL-1β, TNF-α) for objective validation. 
Lack of active comparators (eg, PBM, LIPUS). Head-to-head trials could clarify HA’s relative value in multimodal TMD 
algorithms.

Conclusion
In conclusion, combining intra-articular HA injection with occlusal splint therapy significantly improves the treatment 
outcomes for ADDWoR patients, alleviates pain, improves joint function, restores facial aesthetics, and demonstrates a 
high level of safety. Combined HA-splint therapy offers a safe, effective strategy for ADDWoR by synergizing 
mechanical stabilization (splint) with biological modulation (HA). While emerging therapies like LIPUS/PBM target 
specific pain pathways, our approach addresses the disorder’s biomechanical core—a paradigm warranting further 
exploration in precision TMD management.
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