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Objective: To compare the effectiveness of intra-articular injection and photodynamic therapy (PDT) in the treatment of tempor-
omandibular joint disorder (TMD).

Methods: A retrospective analysis was conducted on the clinical data of 91 TMD patients admitted to our hospital from August 2022
to February 2024. Patients were divided into the control group (n=45, treated with intra-articular injection) and the observation group
(n=46, treated with PDT). Clinical outcomes, pain levels [Visual Analog Scale (VAS)], maximum mouth opening, masseter muscle
pain threshold, Fricton Temporomandibular Joint Index (including Joints Number (JN), Joint Pain (JP), Muscle Masseter (MM), Disc
Displacement Index (DI), Mandibular Position (MP), Pain Index (PI), and Clinical Measurement Index (CMI)], oral health [Oral
Health Impact Profile-14 (OHIP-14)], and quality of life [Short Form-36 (SF-36)] were compared between the two groups.
Results: The total effective rate in the observation group (91.30%) was significantly higher than the control group (75.56%) (p<0.05).
VAS scores showed significant group (F=5.487), time (F=8.356), and interaction effects (F=6.931) (p<0.05). Within-group compar-
isons showed a significant decrease in VAS scores 1 and 4 weeks after treatment (p<0.05), with the observation group showing lower
VAS scores than the control group (p<0.05). After treatment, maximum mouth opening and masseter muscle pain threshold increased
in both groups, with the observation group showing greater improvement (p<0.05). Fricton Temporomandibular Joint Index scores
decreased significantly in both groups, with the observation group showing a more significant reduction (p<0.05). OHIP-14 scores
decreased, and SF-36 scores increased in both groups, with the observation group showing greater improvement (p<0.05).
Conclusion: PDT is more effective than intra-articular injection in treating TMD. PDT further relieves pain, increases maximum
mouth opening and masseter muscle pain threshold, reduces the Fricton index, and improves oral health and quality of life.
Keywords: intra-articular injection, photodynamic therapy, temporomandibular joint disorder, effectiveness, comparative study

Introduction
Temporomandibular joint disorders (TMDs) are a collective term for a variety of conditions involving dysfunction of the
temporomandibular joints (TMJs) and the masticatory muscles, and they have a global prevalence of approximately 31% in
adults.! The causes of TMDs are multifactorial, including malocclusions, morphological abnormalities, post-traumatic
changes within the TMJs, and masticatory muscle dysfunction.” Additionally, general health deterioration, psychological
factors (such as stress and anxiety), and even the COVID-19 pandemic have been shown to increase the prevalence of TMDs,
with some studies indicating a prevalence rate as high as 42% during the pandemic.® Furthermore, mechanical factors, such as
wearing medical masks, have been suggested to contribute to the development of TMDs by increasing muscle activity,
particularly in the temporalis muscle.*

TMDs are often manifested as articular pain, muscular pain, acoustic symptoms (clicking or popping sounds), and
reduced jaw mobility, which significantly impair the patient’s ability to chew, speak, and engage in daily activities.’
These symptoms not only affect oral health but also have a significant impact on the patient’s quality of life, contributing
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to emotional distress and social limitations. Management of TMDs involves a variety of treatment approaches, including
conservative methods such as physiotherapy, splint therapy, and oral drug therapy, as well as more invasive treatments
such as intra-articular injections and arthroscopic surgery.® Among these, intra-articular injections have been widely used
in clinical practice. These injections, which include corticosteroids, hyaluronic acid (HA), and platelet-rich plasma
(PRP), aim to relieve pain, reduce inflammation, and restore joint function.” However, side effects and patient tolerance
remain concerns, which has led to the exploration of alternative treatments such as photodynamic therapy (PDT).

PDT has shown promise in treating a variety of medical conditions, including dermatological and oncological
disorders, and recent studies suggest its potential efficacy in TMD treatment.® PDT uses photosensitizers activated by
light to generate reactive oxygen species, which can reduce inflammation and promote healing by improving
microcirculation.” Despite its promising outcomes, there is limited research directly comparing PDT with intra-
articular injection in the treatment of TMDs. This study aims to fill this gap by conducting a retrospective analysis to
compare the efficacy of intra-articular injection and PDT, offering clearer clinical guidance for TMD management.

Materials and Methods

Basic Information

A retrospective analysis was conducted on the clinical data of 91 patients with temporomandibular joint disorder (TMD)
admitted to our hospital from August 2022 to February 2024. Inclusion criteria: (1) TMD diagnoses were confirmed
based on clinical evaluation and imaging studies, including MRI and CT scans, as per the diagnostic criteria outlined in."°
(2) Patients exhibited varying degrees of TMD symptoms such as temporomandibular joint pain and functional
impairment. (3) Patients aged >18 years and <65 years, regardless of gender. (4) Patients had undergone at least one
treatment course involving medication, hot compresses, or acupuncture before enrollment, but with unsatisfactory results.
(5) Patients and their families were fully informed about the study and signed the relevant consent documents.
(6) Patients had complete and authentic clinical data available for analysis. Exclusion criteria: (1) Patients with systemic
diseases. (2) Patients requiring treatment for other oral diseases. (3) Diagnosed with acute TMD requiring initial
medication control. (4) Advised to undergo surgical treatment. (5) History of oral joint trauma or surgery. (6) History
of mental illness or cognitive impairment. (7) Allergic reactions or contraindications to the treatment implemented in the
study. (8) Inability to fully cooperate with the study for any reason. Patients were divided into the control group (n=45,
treated with intra-articular injection) and the observation group (n=46, treated with PDT), according to their treatment
method. This study was approved by the Medical Ethics Committee of Cangzhou Central Hospital (approval number:
KQ24-DB013) and was conducted in strict compliance with ethical norms. Informed consent was obtained from all study
participants. All the methods were carried out in accordance with the Declaration of Helsinki.

Methods
Control Group

The control group received intra-articular injection treatment: (1) Patient preparation and positioning: Before treatment,
patients were instructed to open their mouths as widely as possible to expose the joint cavity area. Physicians palpated
the condyle of the temporomandibular joint and marked an injection point 10—12 mm anterior to the tragus. (2) Injection
procedure: An 8-gauge needle was used to inject at the marked point anterior to the tragus, directing the needle towards
the anteromedial side of the upper joint cavity to ensure even distribution of the drug. A 2 mL injection of lidocaine
hydrochloride solution (Shanghai Hefeng Pharmaceutical Co., Ltd., National Drug Approval Number H20023775) was
administered for local anesthesia to relieve joint and surrounding soft tissue pain. (3) Joint cavity irrigation: After the
injection, the needle was retained in the joint cavity. The cavity was irrigated repeatedly using sodium chloride injection
(Sichuan Kelun Pharmaceutical Co., Ltd., National Drug Approval Number H20056626) to remove inflammatory
products and metabolic waste, promoting joint cavity cleanliness. (4) Hyaluronic acid injection: Following joint cavity
irrigation, 1 mL of hyaluronic acid solution (Shandong Bausch & Lomb Freda Pharmaceutical Co., Ltd., National Drug
Approval Number H10960136) was injected. Treatment was performed every 10 days, totaling three sessions to complete
a treatment cycle.
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Observation Group
The observation group underwent PDT (In addition to PDT, patients were not allowed to use any other pain relief
treatments or rehabilitation methods during the treatment period to avoid confounding factors): (1) Treatment equipment:
An LED-IB photodynamic therapy device (Wuhan Yage Optoelectronics Technology Co., Ltd., Production Approval
Number: E-SFDA (Zhun) No. 20102260940) was used. The device provides three light wavelengths: red light (633+10
nm), blue light (417410 nm), and yellow light (590+10 nm), each with different power densities. (2) Treatment
parameters: Red light output power density was 20—100 mW/cm?, blue light 25-120 mW/cm?, and yellow light 1040
mW/cm?. The choice of red (633+10 nm), blue (41710 nm), and yellow (590+10 nm) light wavelengths was based on
their distinct effects on tissue healing and inflammation. Red light is typically used for deeper tissue penetration and
inflammation reduction, while blue and yellow light are beneficial for promoting microcirculation and alleviating muscle
tension. (3) Treatment process: The light therapy head was positioned directly over the affected temporomandibular joint
area for irradiation. Each session lasted 30 minutes, performed twice daily. Both groups were evaluated for efficacy one
month after treatment. Photodynamic therapy (PDT) may cause temporary side effects such as skin irritation, redness, or
a burning sensation in the treated area. These side effects are typically mild and resolve after a short period.

All treatments were administered by a senior clinician with over 10 years of experience in the management of
temporomandibular disorders.

Observational Indicators

1. Clinical treatment efficacy: Assessed using indicators such as pain level and maximum mouth opening.
Significant effect: Pain resolved, maximum mouth opening >3.5 cm. Effective: Pain alleviated, maximum mouth
opening 3.0-3.5 cm. Ineffective: Pain not improved or worsened, maximum mouth opening <3.0 cm.
Total effective rate = 100% - (number of ineffective cases/total cases x 100%).

2. Pain status: Pain levels were assessed using the Visual Analogue Scale (VAS)'' before treatment, one week after
treatment, and four weeks after treatment. VAS scores ranged from 0 to 10, with higher scores indicating more
severe pain.

3. Maximum mouth opening: Measured using a vernier caliper before and after treatment. The distance between the
upper and lower lips was recorded to the nearest 0.1 mm, with the average of three measurements taken.

4. Masseter muscle pain threshold: Assessed using an HF-10N Ailidigital pressure gauge before and after treat-
ment. The average of three measurements was recorded.

5. Fricton Temporomandibular Index: The Fricton index scoring system'? was used to evaluate the condition of the
temporomandibular joint before and after treatment. This system includes indices such as: Temporomandibular
Joint Dysfunction Index (CMI, 0-1 points). Dysfunction Index (DI, 0—1 points). Joint Noise (JN, 0—4 points). Joint
Palpation Score (JP, 0—6 points). Mandibular Movement (MM, 0-16 points). Muscle Palpation (MP, 0-28 points).
Muscle Pain Index (PI, 0—1 points). DI = (MM + JN + JP)/26; PI = MP/28; CMI = (DI + PI)/2.

6. Oral health: Evaluated using the Oral Health Impact Profile (OHIP-14)"* before and after treatment. OHIP-14
scores range from 0 to 56, with higher scores indicating greater negative impact on oral health and quality of life.

7. Quality of life: Assessed using the Short Form Health Survey (SF-36)'* before and after treatment. SF-36 scores
range from O to 100, with higher scores indicating better quality of life.

Statistical Analysis
GraphPad Prism 8 was used for chart creation, and SPSS 22.0 was used for statistical analysis. Categorical data were
expressed as percentages (%) and analyzed using the y’-test. Continuous data were expressed as (X+s). Independent
sample t-tests were used for comparisons between groups, paired t-tests for intra-group comparisons, and repeated-
measures ANOVA for comparisons of different time points between groups.

A P-value < 0.05 was considered statistically significant. A power analysis was performed to ensure sufficient sample
size to detect meaningful differences between the groups. Based on preliminary data, the required sample size was
determined to be 91 patients to achieve a statistical power of 80% with a significance level of 0.05.
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Results

Comparison of Basic Data
There were no significant differences in basic data, such as gender, age, duration of illness, disease type, and lesion
location, between the two groups (P > 0.05), indicating comparability, as shown in Table 1.

Comparison of Clinical Treatment Effects

Among the 45 patients in the control group, 18 were markedly effective, 16 were effective, and 11 were ineffective. In the
observation group, 25 were markedly effective, 17 were effective, and 4 were ineffective. The total effective rate in the
observation group (91.30%) was higher than that in the control group (75.56%) (P < 0.05), as shown in Figure 1. For
the comparison of total efficacy rates, Cohen’s d = 0.39, indicating a moderate effect of the observation group compared to the
control group.

Comparison of Pain Status

The group (F=5.487), time (F=8.356), and interaction (F=6.931) comparisons of VAS scores were statistically significant
(P < 0.05). Within-group comparisons showed that VAS scores at 1 week and 4 weeks post-treatment were significantly
lower than before treatment for both groups (P < 0.05). Between-group comparisons showed that VAS scores before
treatment were similar for both groups (P > 0.05). However, at 1 week and 4 weeks post-treatment, the VAS scores in the
observation group were significantly lower than those in the control group (P < 0.05), as shown in Figure 2. One week
after treatment, Cohen’s d = 0.61, indicating a moderate effect of the observation group in pain reduction; four weeks
after treatment, Cohen’s d = 0.85, indicating a strong effect of the observation group in pain reduction.

Comparison of Maximum Mouth Opening and Masseter Pain Threshold

After treatment, the maximum mouth opening and masseter pain threshold in both groups increased, with the observation
group showing a greater improvement (P < 0.05), as shown in Table 2. For the change in maximum mouth opening,
Cohen’s d = 0.55, indicating a moderate effect of the observation group compared to the control group; for the change in
masseter muscle pain threshold, Cohen’s d = 1.25, indicating a strong effect of the observation group.

Comparison of Fricton Temporomandibular Joint Index

After treatment, the JN, JP, MM, DI, MP, PI, and CMI scores were lower than before treatment in both groups, with the
observation group showing greater changes (P < 0.05), as shown in Figure 3. Cohen’s d showed a moderate to strong
effect in the changes of all these indicators (d value range: 0.5-0.8).

Table I Comparison of Basic Data (Xts, n[%])

Control Observation t/x? P
(n=45) (n=46)

Gender - - 0.528 | 0.467
Male 22 (48.89) 19 (41.30) - -
Female 23 (51.11) 27 (58.70) - -

Age (years) 57.93+6.02 58.41+5.78 0.388 | 0.698

Disease Duration (days) 18.05+2.39 18.34+2.97 0.512 | 0.609

Disease Type - - 0.296 | 0.586
Masticatory Muscle Disorder | 27 (60.00) 25 (54.35) - -
Joint Structural Disorder 18 (40.00) 21 (45.65) - -

Lesion Location - - 1.322 | 0.250
Left Side 22 (48.89) 17 (36.96) - -
Right Side 15 (33.33) 19 (41.30) - -
Bilateral 8 (17.78) 10 (21.74) - -
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Figure | Comparison of Clinical Treatment Effects [n(%)].
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Figure 2 Comparison of Pain Status (X+s, scores).
Notes: *P < 0.05 for inter-group comparison at the same time point; “P < 0.05 for comparison with pre-treatment in the same group; “P < 0.05 for comparison with post-
treatment at | week in the same group.
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Comparison of Oral Health and Quality of Life

After treatment, the OHIP-14 scores decreased, while the SF-36 scores increased in both groups. The observation group

showed greater improvements in both OHIP-14 and SF-36 scores (P < 0.05), as shown in Table 3. For the change in

OHIP-14 scores, Cohen’s d = 1.12, indicating a strong effect in the observation group; for the change in SF-36 scores,

Cohen’s d = 0.88, indicating a strong effect in the observation group.

Table 2 Comparison of Maximum Mouth Opening and Masseter Pain Threshold (Xzs)

Control (n=45) | Observation (n=46) t P

Maximum Mouth Opening (mm) - - - -
Before treatment 45.17+5.83 45.34+5.39 0.144 | 0.885
After treatment 47.39+5.41% 50.21+5.14% 2549 | 0.012

Masseter Pain Threshold (kg/m?) - - - -
Before treatment 2.69+0.32 2.71+0.31 0.302 | 0.762
After treatment 2.95+0.36" 3.32+0.38" 4766 | <0.001

Note: "P < 0.05 compared with pre-treatment in the same group.
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Table 3 Comparison of Oral Health and Quality of Life (Xs,
Scores)

Control Observation t P
(n=45) (n=46)

OHIP-14 Score - - - -
Before treatment | 38.25+4.19 38.5314.12 0.321 0.748
After treatment 12.27+1.76 9.51%£1.05% | 9.108 | <0.001

SF-36 Score - - - -
Before treatment | 64.9417.18 64.8317.07 0.073 0.941
After treatment | 76.45+8.03% | 83.12#8.73" | 3.791 | <0.001

Note: “P < 0.05.

Discussion

This study aims to compare the effects of intra-articular injection and PDT in the treatment of TMD, evaluating the clinical
efficacy of both treatments in terms of pain relief, joint function recovery, improvement in oral health, and quality of life. The
following discussion will delve into the results of this study from the perspectives of the pathological mechanisms of TMD, the
mechanisms of action of the two treatments, clinical outcomes, and potential clinical applications.

Analysis of Clinical Characteristics and Pathological Mechanisms of TMD

TMD is a group of disorders that affect the temporomandibular joint and its surrounding soft tissues, often accompanied
by symptoms such as limited mouth opening, joint sounds, difficulty chewing, and facial pain.'® Its pathogenesis is
complex, involving multiple factors such as excessive tension in the masticatory muscles, disc displacement, joint
cartilage degeneration, and psychological factors.'® The core goals of clinical treatment for TMD include pain relief,
joint function recovery, and improvement in oral health. Patients often experience long-term pain and functional
impairments that affect their daily life, leading to anxiety, depression, and other negative emotions, which in turn
exacerbate symptoms and impact their quality of life.!”

Intra-articular injection of sodium hyaluronate is one of the common methods used in the clinical treatment of TMD. It
works by directly injecting sodium hyaluronate into the joint cavity, improving joint lubrication, reducing inflammation,
alleviating pain, and improving joint function.'® Sodium hyaluronate, as a derivative of hyaluronic acid, can supplement the
natural fluid in the joint cavity, reduce joint friction, and improve the joint’s internal environment.'® However, despite its
ability to relieve pain and improve joint mobility, the effectiveness of this treatment tends to be short-lived, and repeated
injections may have side effects, such as potential impacts on the joint cartilage.?’ In contrast, PDT, as a novel treatment
modality, utilizes the photochemical reactions induced by non-thermal effects to generate reactive oxygen species (ROS),
promoting local tissue repair, reducing inflammation and pain, and improving microcirculation.?' The results of this study
indicate that PDT exhibited significant effects in improving treatment outcomes for TMD patients, alleviating pain, improving
joint function, and oral health, with a longer duration of efficacy, suggesting its clinical potential.

Pain Relief

Regarding pain assessment, this study used the VAS to compare the pain levels of the two groups. The results show that
VAS scores significantly decreased in both groups after treatment, with the observation group (PDT) demonstrating
significantly lower VAS scores at 1 week and 4 weeks post-treatment compared to the control group (sodium hyaluronate

injection). This finding is consistent with previous studies,?***

suggesting that PDT has better efficacy in relieving pain
in TMD patients. Sodium hyaluronate alleviates pain caused by degenerative changes or inflammation in the joint by
improving joint lubrication. However, because sodium hyaluronate mainly relies on the physical lubrication of the joint,
its effect is often short-term and diminishes over time.>* PDT, on the other hand, works by photochemical reactions,
where the generated ROS penetrate deeper into tissues, inhibiting the release of inflammatory mediators and reducing

oxidative damage, thus achieving more lasting pain relief.>> Therefore, while sodium hyaluronate injection can provide
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short-term pain relief, its effects are not as sustained or comprehensive as those of PDT. In chronic TMD patients, PDT
offers prolonged pain control through continuous microcirculation improvement and tissue repair.

Joint Function Recovery and Maximum Mouth Opening Limitation and Masseter Pain
Threshold

Recovery of joint function is another critical goal in TMD treatment. In terms of maximum mouth opening and masseter
pain threshold, the observation group showed significantly greater improvements post-treatment compared to the control
group (P<0.05). This phenomenon can be explained by the treatment mechanism of PDT: PDT improves local
microcirculation, enhances blood and oxygen supply, and promotes tissue repair, which effectively reduces inflammation
in the joint and muscles, relieves muscle tension, and restores joint mobility.?®*” Although sodium hyaluronate injection
can improve joint lubrication and alleviate movement restrictions caused by synovial inflammation, its effects are mainly
limited to the joint’s lubrication and are less effective in relaxing surrounding muscles and increasing the pain threshold.
Moreover, sodium hyaluronate is concentrated locally and mainly acts within the joint cavity, unlike PDT, which can
broadly promote soft tissue repair and functional recovery.?®

Oral Health and Quality of Life Improvement

In this study, the Fricton temporomandibular joint index, OHIP-14 score, and SF-36 score were used to assess patients’
oral health and quality of life. The results indicated that the observation group showed significantly lower JN, JP, MM,
DI, MP, PI, CMI, and OHIP-14 scores, and higher SF-36 scores compared to the control group (P<0.05). These findings
suggest that PDT demonstrated better efficacy in improving TMD-related symptoms, psychological health, social
function, and overall health perception. It is hypothesized that PDT, by reducing inflammation, promoting local repair,
and improving microcirculation, not only alleviates joint pain and restores function but also indirectly enhances patients’
overall health perception and psychological well-being. In contrast, sodium hyaluronate injection primarily focuses on
improving joint function and relieving pain. Although it has some therapeutic effect on TMD, its impact on improving
quality of life and psychological state is relatively limited.

Mechanistic Advantages, Limitations, and Clinical Application Prospects of
Photodynamic Therapy

The mechanistic advantage of PDT lies in its multifaceted therapeutic actions. Through photochemical reactions, PDT
generates reactive oxygen species without causing thermal tissue damage, directly acting on local tissues to reduce
inflammation, improve blood circulation, and enhance tissue repair capacity.”” For TMD patients, PDT can not only
relieve pain in the joint and masticatory muscles but also promote soft tissue repair and joint function recovery.
Additionally, PDT is non-invasive and free from side effects, avoiding potential local discomfort or joint cartilage
damage associated with sodium hyaluronate injection.

Although this study demonstrates the clinical advantages of PDT, there are still certain limitations. First, this is
a retrospective analysis with a relatively small sample size, and larger-scale prospective randomized controlled studies
are needed to further verify the reliability of the results. Second, the follow-up period of this study is relatively short, and
the long-term effects and safety of PDT have yet to be evaluated. Therefore, future studies should involve multi-center,
large-sample, long-term follow-up designs to further clarify the clinical application value of PDT in the treatment of
TMD. Although the application of PDT in TMD treatment is still in the exploratory phase, its potential is immense,
especially for chronic TMD patients. PDT offers a long-term, sustainable treatment option, and with advancements in
technology, more refined treatment plans are expected, such as combining different wavelengths of light and adjusting
PDT parameters to achieve more personalized and precise treatments in the future.

Conclusion
In conclusion, both intra-articular injection and photodynamic therapy (PDT) are effective treatments for temporoman-
dibular joint disorder (TMD), but PDT demonstrates superior clinical outcomes in terms of pain relief, joint function

422 https: Therapeutics and Clinical Risk Management 2025:21



Wei et al

recovery, improvement in oral health, and overall quality of life. PDT offers a more sustainable and longer-lasting effect

compared to sodium hyaluronate injection, likely due to its photochemical mechanism, which promotes tissue repair,

reduces inflammation, and improves microcirculation. Additionally, PDT’s non-invasive nature and the absence of side

effects associated with repeated injections of sodium hyaluronate make it a promising alternative, especially for patients

with chronic or severe TMD.
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