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Abstract 

Temporomandibular disorders (TMDs) are among the most common causes of chronic orofacial pain. Although 
photobiomodulation therapy (PBMT), traditionally referred to as low-level laser therapy (LLLT), and transcutane-
ous electrical nerve stimulation (TENS) are widely used conservative modalities, their comparative efficacy re-
mains uncertain due to inconsistent evidence. This systematic review compared the efficacy of both therapies 
and critically appraised the reporting quality and selected methodological characteristics of the included clinical 
studies. A systematic review was conducted in accordance with PRISMA guidelines, with the protocol registered 
in PROSPERO. Clinical trials comparing TENS and PBMT were searched in Medline, Web of Science, Scopus, 
Cochrane, and Embase databases using the descriptors “low-level laser therapy,” “photobiomodulation,” 
“transcutaneous electrical nerve stimulation,” and “temporomandibular joint disorders,” without restrictions on 
publication year or language. The reporting quality and selected methodological characteristics of the included 
studies were critically appraised using a CONSORT-based assessment framework. A total of 402 records were 
identified, of which 14 met the inclusion criteria, comprising 620 patients with joint pain, muscle pain, and/or 
disc displacement. A greater number of included studies reported numerically larger improvements in pain relief 
and maximum jaw opening following PBMT than TENS. However, twelve of the fourteen included studies were 
classified as Level III, indicating limited reporting quality according to the adapted CONSORT-based methodolog-
ical appraisal framework. Substantial heterogeneity in diagnostic characteristics, treatment protocols, and out-
come assessment limited direct comparisons between interventions. Overall, the available evidence suggests 
that both PBMT and TENS may improve pain and mandibular function in patients with temporomandibular dis-
orders. However, these findings should be interpreted cautiously, as the absence of quantitative synthesis and 
the substantial clinical and methodological heterogeneity preclude definitive conclusions regarding the compar-
ative efficacy or superiority of either modality. 
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Introduction 

Temporomandibular disorders (TMD) are among 
the most common musculoskeletal conditions af-
fecting the orofacial region and represent a major 
cause of chronic non-dental pain. According to the 
Diagnostic Criteria for Temporomandibular Disor-
ders (DC/TMD), TMD comprise a heterogeneous 
group of conditions involving the temporomandibu-
lar joint (TMJ), masticatory muscles, and associated 
structures, encompassing both physical disorders 
(Axis I) and psychosocial factors that influence pain 
perception and disability [1]. These conditions are 
frequently associated with pain, restricted mandib-
ular function, joint sounds, and impaired oral 
health-related quality of life, often requiring long-
term conservative management. 
 
The global burden of TMD is substantial. A recent 
systematic review and meta-analysis estimated that 
approximately 29.5% of the general population pre-
sents signs or symptoms of TMD, with women being 
disproportionately affected [2]. Despite this high 
prevalence, many symptomatic individuals remain 
undiagnosed or untreated, emphasizing the im-
portance of accessible, effective, and evidence-
based conservative therapies capable of reducing 
pain and restoring mandibular function. 
 
Among the available non-invasive interventions, 
photobiomodulation therapy (PBMT), traditionally 
referred to as low-level laser therapy (LLLT), and 
transcutaneous electrical nerve stimulation (TENS) 
are frequently incorporated into clinical practice. 
PBMT promotes photobiomodulation through 
wavelengths typically ranging from 600 to 1100 nm, 
stimulating mitochondrial activity, improving local 
microcirculation, and modulating inflammatory me-
diators involved in pain processing. These biological 
effects have been associated with reductions in pain 
intensity and improvements in mandibular function 
in both muscular and intra-articular TMDs [3,4]. 
Conversely, TENS produces analgesia through elec-
trical stimulation of peripheral afferent fibers, re-
ducing nociceptive transmission according to the 
gate control theory while also promoting muscle re-
laxation and improving functional performance. 
Randomized clinical trials have demonstrated im-
mediate reductions in pain intensity and improve-
ments in masticatory muscle activity following TENS 
therapy, particularly in patients with myogenous 
TMD [5,6]. 
 

Although both therapies are widely used as con-
servative management options, clinicians continue 
to face uncertainty when selecting between them. 
Most published studies have evaluated PBMT or 
TENS independently, whereas direct comparative 
evidence remains scarce. Furthermore, considera-
ble variability in treatment parameters—including 
irradiation protocols, stimulation settings, treat-
ment duration, follow-up periods, diagnostic crite-
ria, and outcome measures—has resulted in incon-
sistent findings across studies. This heterogeneity 
limits the interpretation of existing evidence and 
may hinder the development of standardized, evi-
dence-based clinical recommendations [4]. 
 
An additional challenge is the heterogeneity of the 
TMD populations evaluated in comparative clinical 
studies. Different studies have included patients 
with muscular conditions, such as myalgia or myo-
fascial pain, articular conditions, such as arthralgia 
or disc displacement, mixed TMD presentations, 
and patients with concomitant pain conditions. Be-
cause these diagnostic presentations may differ in 
pathophysiology, clinical characteristics, and re-
sponse to conservative therapies, differences in pa-
tient populations should be considered when inter-
preting comparative findings between PBMT and 
TENS. 
  
Another important consideration is the quality and 
completeness of methodological reporting in the 
available clinical trials. Incomplete reporting of ran-
domization procedures, allocation concealment, 
blinding, sample size calculation, and follow-up may 
limit the transparency with which study methods 
can be evaluated. Therefore, in addition to compar-
ing clinical outcomes, assessing the reporting of key 
methodological characteristics may help identify 
important gaps in the existing literature and guide 
the design and reporting of future clinical trials. 
 
Therefore, this systematic review aimed to critically 
compare the efficacy of photobiomodulation ther-
apy and transcutaneous electrical nerve stimulation 
in reducing pain and improving maximum jaw open-
ing (MJO) in patients with temporomandibular dis-
orders. Additionally, the reporting quality and se-
lected methodological characteristics of the in-
cluded clinical trials were critically appraised using a 
CONSORT-based assessment framework to provide 
a more comprehensive interpretation of the availa-
ble evidence and identify priorities for future re-
search. 
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Materials and methods 

Protocol and registration 
 
This systematic review was conducted in accord-
ance with the Preferred Reporting Items for System-
atic Reviews and Meta-Analyses (PRISMA) state-
ment. The review protocol was prospectively regis-
tered in the International Prospective Register of 
Systematic Reviews (PROSPERO; registration num-
ber CRD42025108761). 
 
Eligibility criteria and search strategy 
 
The review question was developed according to 
the PICOS framework, including: Population (pa-
tients with temporomandibular disorders), Inter-
vention and Comparator (transcutaneous electrical 
nerve stimulation [TENS] and photobiomodulation 
therapy [PBMT], respectively), Outcomes (pain in-
tensity and maximum jaw opening [MJO]), and 
Study design (comparative clinical trials, including 
randomized and non-randomized designs). 
 
The guiding research question was: “Among pa-
tients with temporomandibular disorders, how 
does transcutaneous electrical nerve stimulation 
compare with photobiomodulation therapy regard-
ing pain reduction and improvement in maximum 
jaw opening?” 
 
Eligible articles included patients with symptomatic 
TMD who received either TENS or PBMT as the pri-
mary therapeutic intervention. Randomized and 
non-randomized comparative clinical studies were 
considered eligible, provided that they directly com-
pared TENS and PBMT and that no additional thera-
peutic intervention was applied to the same ana-
tomical region during the study period. Non-ran-
domized comparative studies were included to cap-
ture the available comparative clinical evidence, 
given the limited number of studies directly ad-
dressing the research question, and their findings 
were interpreted cautiously considering their study 
design. 
 
Articles were required to report at least one clinical 
outcome before and after intervention using vali-
dated measures, including pain intensity assessed 
by the Visual Analog Scale (VAS) and/or MJO meas-
ured in millimeters.  
 
Articles were excluded if they did not directly com-
pare TENS and PBMT or if sufficient outcome data 

were unavailable. No restrictions regarding publica-
tion year or language were applied. 
 
Information sources and search strategy 
 
Electronic searches were performed in PubMed 
(MEDLINE), Scopus, Web of Science, Embase, and 
the Cochrane Library. 
 
Search strategies combined controlled vocabulary, 
when applicable, and free-text terms related to 
TENS, photobiomodulation, and temporomandibu-
lar disorders. Search terms included “transcutane-
ous electrical nerve stimulation,” “electrotherapy,” 
“cranial electrotherapy stimulation,” “low-level la-
ser therapy,” “laser therapy,” “photobiomodula-
tion,” “temporomandibular disorders,” “temporo-
mandibular dysfunction,” and related synonyms. 
Complete search strategies for each database are 
provided in the Supplementary Material. 
 
The electronic search was initially performed in 
June 2025 and updated in August 2026 before com-
pletion of the review. 
 
Study selection and data extraction 
 
Study selection and data extraction were performed 
independently by two reviewers (C.V.B. and 
J.E.M.O.). Any disagreements were resolved 
through discussion with three additional reviewers 
(A.J.A., E.L.S.M., and N.R.S.) until consensus was 
achieved. 
 
Retrieved references were imported into Rayyan 
Systematic Review Manager, where duplicate rec-
ords were removed prior to title and abstract 
screening. Full-text articles considered potentially 
eligible were subsequently assessed according to 
the predefined inclusion and exclusion criteria. 
 
For each included study, the following information 
was extracted: first author, year of publication, 
country, study design, sample characteristics, par-
ticipant demographics, diagnostic criteria, interven-
tion protocols, outcome measures, follow-up pe-
riod, and main findings. 
 
CONSORT-based assessment of reporting quality 
and selected methodological characteristics 
 
The reporting quality and selected methodological 
characteristics of the included studies were critically 
appraised using a CONSORT-based framework 
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adapted from previously published approaches 
[8,9]. As the CONSORT Statement is primarily a re-
porting guideline, the adapted framework was used 
as a pragmatic assessment of the completeness of 
reporting and selected methodological characteris-
tics of the included studies. It was not intended to 
assess internal validity, risk of bias, or certainty of 
evidence and therefore does not replace formal 
risk-of-bias assessment tools. 
 
The same adapted framework was applied to both 
randomized and non-randomized comparative clin-
ical studies to allow a consistent descriptive assess-
ment of reporting and selected methodological 
characteristics across the included evidence. The re-
sults from non-randomized studies were inter-
preted cautiously because their study design may 
present additional limitations regarding internal va-
lidity. 
 
 
 

Five domains were evaluated: sample size calcula-
tion, random sequence generation, allocation con-
cealment, blinding (participants, operators, and 
outcome assessors, whenever applicable), and com-
pleteness of follow-up. 
 
Each domain was rated as follows: A, adequately re-
ported and appropriately described; B, partially re-
ported or insufficiently described; or C, inade-
quately reported or not reported. 
 
An overall classification (Levels I–III) was assigned 
according to the combined performance across the 
evaluated domains, with the final classification de-
termined by the lowest rating observed, as previ-
ously proposed [8,9]. This conservative approach 
was adopted to provide a transparent summary of 
the reporting quality and selected methodological 
characteristics of the included studies. The detailed 
domain-level assessments and overall classifica-
tions are presented in Table 1. 
 
 

Table 1. Criteria used to assess the reporting quality and selected methodological characteristics. 
Authors / Year of 

Publication 
Sample 

Calculation Randomization Allocation 
concealment 

Blinding / 
masking 

Losses in 
follow-up RQ 

Order by 
publication date 

A A A A A 

I 

 
Adequate. 

 
Adequate. 

 
Adequate. 

 
Adequate. 

 
Adequate. 

Presents the 
sample calcula-

tion or mentions 
another article 
with the refer-

ence. 

Mention ran-
domization and 

strategy. 

Explain how the 
intervention was 
carried out and 
when it was re-

vealed. 

Triple or double-
blind. Explana-

tions of who was 
blinded. 

 
Reports including 

numbers and 
causes. Losses 
foreseen in the 
sample calcula-
tion and how 

they were dealt 
with. Should not 

exceed 10%. 
 

B B B B B 

II 

 
Partially re-

ported, confus-
ing, mentions an-

other article 
without citing 
the reference. 

 

It mentions but 
does not de-

scribe the strat-
egy. 

It mentions but 
does not de-

scribe the mo-
ment of revela-
tion. Confusing, 

not clear. 

Double-blind or 
single-blind, 

without explana-
tions or unclear. 

It partially re-
ports the losses. 

 
Does not explain 

numbers and 
causes. 

C C C C C 

III Not reported or 
inadequate. 

 
No mention or 

inadequate (date 
of birth, case reg-

istration num-
ber). 

 

No mention. 
Clearly inade-

quate. 

No mention. 
 

Open trial, not 
masked. 

Not reported. 

Font. adapted from He et al. [8] and Leonan-Silva et al. [9]. Abbreviations. RQ = Reporting Quality. Level 1 = High reporting quality; Level 2 = Moderate 
reporting quality; Level 3 = Low reporting quality according to the adapted methodological appraisal framework. 
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Results 

The electronic search identified 402 records across 
all databases. After removal of duplicate entries, 
185 unique records underwent title and abstract 
screening. Articles were excluded primarily because 
they did not directly compare TENS and PBMT, did 
not include patients with symptomatic TMD, or 
failed to report relevant outcomes related to pain 
intensity or maximum MJO. 
 

Following full-text assessment according to the pre-
defined eligibility criteria, 14 articles were included 
in the final qualitative synthesis. The study selection 
process is presented in Figure 1. 
 
 
 
 
 
 

 

 
Figure 1. Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) Flowchart for Study Selection. 
 
 
The characteristics of the included articles are sum-
marized in Table 2. 

 

 
 
 
 
 

Identification of studies through databases and registers 

Records identified from: 

PubMed (n = 267) 
Web of science (n = 26) 
Scopus (n = 36) 
Cochrane (n = 29) 
Embase (n = 44) 
Total = 402 

Records removed before screening: 

Duplicate studies removed (n = 217) 

 

Records screened (n = 185) Records excluded after title and abstract 
screening (n = 162) 

Reports sought for retrieval  
(n = 23) 

Reports not retrieved  

No access after attempts to contact au-
thors/library services (n = 9) 

Reports assessed for eligibility 
(n = 14) 

Reports excluded (n = 0) 

 

Studies included in the review 
(n = 14) 
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Table 2. Summary of data. 
Author (year 

of publication) 
Country 

Sample Sex/MA Interventions Assessment criteria Results and conclusion 

Kato et al. 
(2006) [10] 

Brazil 

18 patients 
10 F and 8 M 

MA= 25.6 years 

4 weeks 
G1: PBMT 
G2: TENS 

Pain (VAS), AJO, 
Muscle Palpation 

Both therapies were effective in reducing symp-
toms in patients with TMD; however, improve-

ment was observed only after multiple sessions, 
with no significant immediate effect. 

Rezazadeh et 
al. (2017) [11] 

Iran 

34 patients 
25 F and 9 M 
MA= 20–40 

years 

2 weeks 
G1: TENS 
G2: PBMT 

Pain (VAS), Helkimo In-
dex (objective assess-
ment of mandibular 

movement, muscle ten-
derness, joint sounds) 

Both interventions significantly reduced pain and 
improved Helkimo index. TENS demonstrated 

faster onset and longer-lasting analgesic effect. 

Seifi et al. 
(2017) [12] 

Iran 

40 patients 
Sex not reported 

MA= 18–50 
years 

5 weeks 
G1: TENS 
G2: PBMT 

G3: sham-TENS 
G4: sham- PBMT 

Pain (VAS) 
MJO (mm ruler) 

Both active therapeutic modalities reduced pain 
and sensitivity and improved MJO more than pla-
cebo. Short-term beneficial effect; no significant 

difference between TENS and PBMT. 

Budakoti et al. 
(2019) [13] 

India 

45 patients 
16 F and 29 M 

MA= 20–50 
years 

4 weeks 
G1: PBMT 

G2: Ultrasound Therapy 
G3: TENS 

Pain (VAS) 
of tender muscles 
joint tenderness 

MJO 

PBMT was the most effective, showing greater 
pain reduction and MJO improvement, followed 
by ultrasound and TENS. All therapies improved 

TMD symptoms. 

Mansourian et 
al. (2019) [14] 

Iran 

108 patients 
88 F and 20 M 

MA= 18–60 
years 

10 weeks 
G1: PBMT + medication 
G2: TENS + medication 

G3: Medication only 

Pain (VAS) 
MJO 

Both PBMT and TENS combined with medication 
accelerated pain resolution and recovery of man-
dibular mobility, with PBMT + medication achiev-

ing faster pain relief. 
Chellappa 

(2020) [15] 
India 

60 patients 
Sex and age not 

reported 

3 weeks 
G1: PBMT 
G2: TENS 

Pain (VAS) 
MJO 

Both therapies were effective; however, PBMT 
was more effective than TENS 

Kim (2020) 
[16] 

South Korea 

36 patients 
Sex and age not 

reported 

2 weeks 
G1: TENS 
G2: PBMT 

G3: Placebo 

MJO 
PPT 

Stress 

PBMT was most effective in controlling TMD-re-
lated pain, while TENS also showed long-term 

pain control efficacy 

Anupriya et al. 
(2023) [17] 

India 

60 patients 
Mixed sex 

Age >16 years 

2 weeks 
G1: TENS therapy 

G2: PBMT (non-contact 
scanning mode) 

Pain (VAS) intensity 
muscle tenderness (dig-

ital palpation, 
present/absent) 

MJO (Vernier Caliper) 

Both PBMT and TENS achieved satisfactory re-
sults; PBMT was slightly superior in measures re-

lated to muscle tenderness 

Darwin et al. 
(2024) [18] 

India 

45 patients 
24 F and 21 M 

MA= 18–40 
years 

2 weeks 
G1: Therapeutic Ultra-

sound 
G2: TENS 
G3: PBMT 

Pain (VAS) 
Helkimo Clinical 

Dysfunction Index (HI) 
MJO (Vernier Caliper) 

All three therapeutic modalities showed signifi-
cant improvements, but PBMT demonstrated su-
periority over both therapeutic ultrasound and 

TENS 

Kalaivanan et 
al. (2024) [19] 

India 

10 patients 
Mixed sex 

MA= 18–60 
years 

9 sessions on alternate 
days 

G1: PBMT 
G2: TENS 

Pain (VAS) 
MJO (mm) 

Both therapeutic modalities resulted in continu-
ous VAS reduction per session; PBMT showed 

slightly greater improvement, reaching zero pain 
perception by the 9th session, whereas TENS 

maintained minimal perceptible pain 

Mishra et al. 
(2024) [20] 

India 

50 patients 
Sex and age not 

reported 

4 weeks 
G1: TENS 
G2: PBMT 

Pain (VAS) 
muscle tenderness (dig-

ital palpation) MJO 
(caliper) 

Both groups showed significant improvement, 
but PBMT demonstrated superior results in pain 

reduction and muscle tenderness. PBMT was con-
cluded to be more effective than TENS 

Nemani et al. 
(2024) [21] 

India 

48 patients 
Mixed sex 

MA= 18–60 
years 

Up to 1 year 
G1 (n=12): Counseling 

(CP) 
G2 (n=12): Exercises + 

night occlusal splint 
G3 (n=12): CP + Exer-

cises + TENS 
G4 (n=12): CP + Exer-

cises + PBMT 

Pain (VAS) 
Thermography 

Both TENS and PBMT effectively reduced VAS 
scores. Virtually tied in efficacy, with PBMT 

slightly superior. Thermographic imaging con-
firmed pain reduction in all modalities. Other in-

terventions were less effective and slower 

Yeladandi et 
al. (2024) [22] 

India 

30 patients 
19 F and 11 M 
MA = 18–65 

years 

2–4 weeks 
G1: TENS therapy 

G2: PBMT diode laser 
G3: Ultrasound therapy 

Pain (VAS) 
MJO (Digital Caliper) 

All three modalities were equally effective post- 
intervention; however, differences were not sta-

tistically significant 

Bhoi et al. 
(2025) [23] 

India 

36 patients 
20 F and 16 M 

Age not reported 

30 days 
G1: TENS 
G2: PBMT 

G3: Ultrasound therapy 

Pain (VAS) of muscle 
tenderness 

Pain-Free MJO 

TENS, PBMT, and ultrasound were equally effec-
tive in managing TMD. G1 (TENS) showed better 

mean MJO, while G2 (PBMT) showed better mus-
cle tenderness outcomes 

Font. Adapted from He et al. [8], Leonan-Silva et al. [9]. Abbreviations. AJO = Active Jaw Opening; MJO = Maximum Jaw Opening; PPT = Pressure Pain 
Threshold; F = Female; M = Male; MA = Mean Age; G1 = Group 1; G2 = Group 2; G3 = Group 3; G4 = Group 4; PBMT = photobiomodulation therapy; 
TENS = Transcutaneous Electrical Nerve Stimulation; CG = Control Group; n = sample size; CP = Cervical Physiotherapy; VAS = Visual Analog Scale. 
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The assessment of reporting quality and selected 
methodological characteristics according to the five 
predefined domains is presented in Table 3. Consid-
erable clinical and methodological heterogeneity 
was observed among the included studies, preclud-
ing a formal meta-analysis. This heterogeneity in-
volved multiple aspects, including differences in 
TMD diagnostic criteria and subtypes, laser param-
eters (wavelength, energy density, output power, ir-
radiation time, and therapeutic protocol), TENS 

application protocols (electrode placement, stimu-
lation parameters, session frequency, and treat-
ment duration), follow-up periods, and outcome as-
sessment methods for pain intensity and MJO. 
Given these substantial variations, quantitative 
pooling of the results was considered inappropriate, 
and the findings are therefore presented descrip-
tively. 
 

 
 
Table 3. Assessment of reporting quality and selected methodological characteristics of the included articles. 

Author/year of publication Sample  
calculation Randomization Allocation concealment Blinding / masking Losses in  

follow-up RQ 

Kato et al. (2006) [10] C B C A A III 
Rezazadeh et al. (2017) [11] A A C B A III 
Seifi et al. (2017) [12] C A B B C III 
Budakoti et al. (2019) [13] C B C B C III 
Mansourian et al. (2019) [14] C B C B B III 
Deepika Chellappa (2020) [15] C B C C C III 
Kim (2020) [16] A A A B A II 
Anupriya et al. (2023) [17] A C C C C III 
Darwin et al.  (2024) [18] C B C C C III 
Kalaivanan  et al. (2024) [19] C C C C C III 
Mishra et al. (2024) [20] C A C C C III 
Nemani et al. (2024) [21] A A A B A II 
Yeladandi et al. (2024) [22] A B C C A III 
Bhoi et al. (2025) [23] B A C C A III 

Font. adapted from He et al. [8] and Leonan-Silva et al. [9]. Abbreviations. RQ = Reporting Quality. Level 1 = High reporting quality; Level 2 = Moderate 
reporting quality; Level 3 = Low reporting quality according to the adapted methodological appraisal framework. 
 
 
To facilitate interpretation of the comparative evi-
dence, Table 4 summarizes the between-group find-
ings reported in each included clinical trial for the 
main outcomes, particularly pain intensity and MJO. 
The table indicates whether the reported results fa-
vored PBMT, favored TENS, or showed no statisti-
cally significant between-group difference. This ap-
proach was adopted to emphasize within-study 
comparisons rather than absolute outcome values 
across different trials. 
 
Overall, several included trials reported statistically 
significant between-group differences favoring 
PBMT, whereas others found no significant be-
tween-group differences or favored TENS for spe-
cific outcomes. However, these findings should be 
interpreted cautiously because of substantial clini-
cal and methodological heterogeneity, including dif-
ferences in diagnostic criteria, intervention param-
eters, treatment duration, outcome assessment 
methods, and follow-up periods. Therefore, the di-
rection of the findings across individual trials should 
not be interpreted as evidence of comparative su-
periority between PBMT and TENS. 
 

Four trials specifically evaluated patients with 
chronic pain. Nemani et al. [21], using a one-year 
treatment protocol, reported substantial reductions 
in VAS scores in both groups, with no statistically 
significant between-group difference. Similarly, 
Mansourian et al. [14], Rezazadeh et al. [11], and 
Chellappa [15], despite employing considerably 
shorter intervention periods (2–5 weeks), also re-
ported reductions in pain following both interven-
tions. Because of differences in patient characteris-
tics, treatment protocols, and outcome assessment 
methods, direct quantitative comparisons of the 
magnitude of changes across these trials were not 
considered appropriate. 
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Table 4. Descriptive summary of the between-group comparisons of pain intensity and maximum jaw opening reported in the included 
comparative studies.  

Study Pain intensity Maximum jaw opening 

Kato et al. (2006) [10] No statistically significant difference between groups No statistically significant difference between 
groups 

Rezazadeh et al. (2017) [11] TENS favored at 4, 8, and 16 weeks after treatment — 

Seifi et al. (2017) [12] No statistically significant difference between groups No statistically significant difference between 
groups 

Budakoti et al. (2019) [13] PBMT favored PBMT favored 

Mansourian et al. (2019) [14] No statistically significant difference between groups No statistically significant difference between 
groups 

Chellappa (2020) [15] PBMT favored PBMT favored 

Kim (2020) [16] PBMT favored* No statistically significant difference between 
groups 

Anupriya et al. (2023) [17] PBMT favored PBMT favored 
Darwin et al. (2024) [18] PBMT favored PBMT favored 
Kalaivanan et al. (2024) [19] PBMT favored PBMT favored 
Mishra et al. (2024) [20] PBMT favored PBMT favored 
Nemani et al. (2024) [21] No statistically significant difference between groups — 

Yeladandi et al. (2024) [22] PBMT favored 
No statistically significant difference between 
groups 

Bhoi et al. (2025) [23] No statistically significant difference between groups TENS favored 
Abbreviations. PBMT = photobiomodulation therapy; TENS = transcutaneous electrical nerve stimulation. *Comparison based on pressure pain thresh-
old rather than pain intensity. 
 
 
Discussion 

This review compared the clinical efficacy of PBMT 
and TENS for the management of temporomandib-
ular disorders while assessing the reporting quality 
and selected methodological characteristics of the 
available clinical trials. The present review did not 
formally assess the certainty of the evidence using 
the GRADE approach. Although a greater number of 
included studies reported numerically larger im-
provements in pain intensity and MJO following 
PBMT compared with TENS, these descriptive find-
ings should be interpreted cautiously. The confi-
dence that can be placed in these observations re-
mains limited by the substantial clinical and meth-
odological heterogeneity and the reporting limita-
tions identified across the included studies [4]. 
Therefore, these findings should not be interpreted 
as evidence of comparative superiority of PBMT 
over TENS. 
 
Most included articles reported favorable outcomes 
with PBMT, particularly regarding pain reduction. 
These findings are biologically plausible, as photobi-
omodulation has been associated with mitochon-
drial activity, modulation of inflammatory signaling, 
changes in local microcirculation, and tissue repair 
processes [24,25]. These effects may contribute to 
the modulation of pain and tissue function, alt-
hough the clinical response likely depends on multi-
ple interacting biological and clinical factors. The 
magnitude of the observed effects varied across 
studies, potentially reflecting differences in 

wavelength, energy density, irradiation sites, inter-
vention duration, and follow-up protocols. 
 
Similarly, TENS was associated with improvements 
in pain and mandibular function across the included 
studies. Its analgesic effects are thought to involve 
multiple mechanisms, including modulation of pe-
ripheral and spinal nociceptive processing and acti-
vation of endogenous pain-inhibitory pathways. The 
Gate Control Theory provides an important concep-
tual framework for understanding how non-noci-
ceptive afferent input may modulate nociceptive 
transmission, but contemporary pain science recog-
nizes that TENS-induced analgesia is not explained 
by a single mechanism and may also involve su-
praspinal and descending pain-modulatory pro-
cesses [26,27]. Although the overall descriptive 
analysis favored PBMT, individual studies reported 
either no statistically significant between-group dif-
ferences or outcomes favoring TENS for specific out-
comes. For example, Rezazadeh et al. [11] reported 
greater pain reduction with TENS at subsequent fol-
low-up assessments, whereas Seifi et al. [12] found 
no significant difference between the two modali-
ties and Budakoti et al. [13] reported greater im-
provements following PBMT. 
 
One noteworthy observation was the longer inter-
vention period reported by Nemani et al. [21]. The 
study, which applied the intervention over one year, 
reported substantial reductions in pain over a 
longer treatment period than those described in ar-
ticles using intervention periods of only two to five 
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weeks [11,14,15]. However, this difference cannot 
be attributed to intervention duration alone, as var-
iations in patient characteristics, study design, base-
line clinical status, concomitant interventions, ad-
herence, and other potential confounding factors 
may also have influenced the observed outcomes. 
Therefore, although longer intervention periods 
may represent one possible explanation for the 
findings reported by Nemani et al. [21], the availa-
ble evidence does not allow the independent effect 
of intervention duration to be established. 
 
The principal contribution of this review extends be-
yond comparing two conservative therapies. The 
adapted CONSORT-based appraisal identified im-
portant limitations in the reporting of methodolog-
ical characteristics across the included comparative 
studies. Twelve of the fourteen articles were classi-
fied as Level III according to the predefined ap-
praisal framework, mainly because several method-
ological characteristics, including sample size calcu-
lation, allocation concealment, blinding procedures, 
and reporting transparency, were not adequately 
described. Although incomplete reporting does not 
necessarily indicate that these methodological pro-
cedures were not performed, it limits the transpar-
ency with which the methodological rigor of the in-
cluded trials can be evaluated and may contribute 
to uncertainty when interpreting the reported ther-
apeutic effects [8,9]. 
 
Another important source of heterogeneity was the 
lack of protocol standardization. Considerable vari-
ation was observed in laser parameters—including 
wavelength, energy density, irradiation sites, appli-
cation time, and number of treatment sessions —as 
well as in TENS frequency, pulse duration, stimula-
tion intensity, electrode positioning, and interven-
tion duration. These methodological discrepancies 
hinder direct comparisons between articles and 
limit the establishment of standardized evidence-
based clinical protocols. Future randomized clinical 
trials should therefore prioritize standardized inter-
vention parameters and rigorous methodological 
design to facilitate comparison and enable future 
quantitative synthesis. 
 
From a clinical perspective, both PBMT and TENS re-
main valuable conservative therapy options for pa-
tients with TMD. PBMT may offer additional biolog-
ical benefits through photobiomodulation, whereas 
TENS represents a safe, inexpensive, and widely ac-
cessible modality capable of providing clinically 
meaningful analgesia, particularly in settings where 

laser equipment is unavailable [11]. Consequently, 
therapy selection should currently consider the pa-
tient's clinical presentation, resource availability, 
practitioner experience, and individual preferences 
rather than assuming the superiority of one modal-
ity over the other. 
 
Although most included studies reported statisti-
cally significant improvements in pain intensity and 
mandibular function following PBMT or TENS, sta-
tistical significance does not necessarily indicate 
clinical relevance. Interpretation should also con-
sider the magnitude and consistency of treatment 
effects and their clinical importance [28]. In the pre-
sent review, clinical relevance was difficult to assess 
because of heterogeneity in outcome measures, in-
cluding VAS, Helkimo Index, muscle tenderness, 
pressure pain thresholds, and methods for measur-
ing MJO. Moreover, most studies did not report 
minimal clinically important differences (MCIDs) or 
responder-based outcomes, limiting the assess-
ment of meaningful patient-perceived improve-
ment. Future trials should use standardized, pa-
tient-centered outcomes and prespecified MCIDs to 
facilitate interpretation of clinical relevance. 
 
The findings of the present review should also be in-
terpreted within the context of contemporary rec-
ommendations for the management of TMD. The 
recently published IN-fORM/IADR key points for 
good clinical practice emphasize a conservative, pa-
tient-centered, and diagnosis-oriented approach, 
with treatment decisions guided by the specific clin-
ical presentation and individual patient needs ra-
ther than by routine use of isolated therapeutic mo-
dalities [29]. Therefore, the comparative findings 
observed between PBMT and TENS should not be 
interpreted as establishing either modality as a pre-
ferred treatment for TMD. Instead, they provide in-
formation regarding the comparative effects re-
ported in the available clinical trials, which remain 
limited by considerable diagnostic, methodological, 
and therapeutic heterogeneity. This distinction is 
particularly important because evidence-based 
TMD management increasingly emphasizes individ-
ualized conservative care and avoidance of unnec-
essary or overly interventionist approaches. 
 
Although most included articles were randomized 
clinical trials, two non-randomized comparative 
studies were also included [17,19]. Their inclusion 
allowed the available comparative clinical evidence 
between PBMT and TENS to be considered compre-
hensively; however, differences in study design may 
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affect internal validity and introduce additional 
methodological limitations. Therefore, findings 
from these studies were interpreted cautiously and 
considered in the context of their methodological 
characteristics. Future systematic reviews may con-
sider restricting eligibility to randomized clinical tri-
als if sufficient comparative evidence becomes 
available, thereby providing a more homogeneous 
evidence base. 
 
An important characteristic of the available evi-
dence was the considerable diagnostic heterogene-
ity among the patient populations evaluated in the 
included studies. The included studies comprised 
patients with different TMD presentations, includ-
ing myalgia, myofascial pain, arthralgia, disc dis-
placement, mixed TMD populations, and myofascial 
pain dysfunction syndrome. One study also included 
patients with concomitant chronic cervical pain 
[21]. These clinical conditions differ in their under-
lying pathophysiological mechanisms and clinical 
characteristics and may therefore respond differ-
ently to conservative interventions such as PBMT 
and TENS. Consequently, treatment effects ob-
served in one diagnostic subgroup may not neces-
sarily be applicable to other TMD presentations. 
This heterogeneity among the included studies lim-
its direct comparison of their findings and may con-
tribute to the variability in treatment effects ob-
served across the available evidence [29]. Future 
clinical trials should adopt standardized and clearly 
defined diagnostic criteria and, whenever possible, 
report treatment outcomes separately according to 
specific TMD diagnoses. This would facilitate more 
clinically meaningful comparisons of the effects of 
PBMT and TENS across different TMD presenta-
tions. 
 
This review has several strengths, including pro-
spective registration in PROSPERO, adherence to 
PRISMA recommendations, comprehensive 
searches across multiple electronic databases, and 
a structured methodological appraisal based on key 
CONSORT domains [7].  
 
An important limitation of the present review was 
the substantial clinical and methodological hetero-
geneity among the included studies, particularly re-
garding diagnostic characteristics, intervention pro-
tocols, and outcome assessment. This heterogene-
ity precluded meaningful quantitative synthesis and 
limits the generalizability and direct comparability 
of the findings. Greater standardization of diagnos-
tic criteria, intervention protocols, and outcome 

measures is therefore needed in future randomized 
clinical trials. 
 
Another limitation of this review is that publication 
bias was not formally assessed. Given the relatively 
small number of included articles and the substan-
tial clinical and methodological heterogeneity 
among them, statistical approaches for evaluating 
publication bias, such as funnel plot analysis, were 
not considered appropriate. Consequently, the pos-
sibility that unpublished studies or selective publi-
cation of positive findings may have influenced the 
available evidence cannot be excluded. 
 
Current evidence indicates that both PBMT and 
TENS may improve pain and mandibular function in 
patients with temporomandibular disorders. Alt-
hough several included articles reported larger im-
provements following PBMT, the methodological 
limitations and heterogeneity of the available evi-
dence preclude definitive conclusions regarding 
comparative efficacy. High-quality randomized clin-
ical trials with standardized intervention protocols 
and outcome measures are needed to provide more 
robust evidence for clinical decision-making.  
 
Conclusions 

This systematic review suggests that both PBMT and 
TENS may contribute to improvements in pain in-
tensity and mandibular function in patients with 
temporomandibular disorders. Although some in-
cluded studies reported potential benefits following 
PBMT, these findings should be interpreted cau-
tiously given the substantial clinical and methodo-
logical heterogeneity, limitations in the reporting of 
methodological characteristics, and the absence of 
quantitative synthesis. Therefore, no definitive con-
clusion regarding the superiority of either modality 
can currently be established. Future well-designed 
randomized clinical trials with standardized diag-
nostic criteria, intervention protocols, and clinically 
relevant outcome measures, together with trans-
parent reporting of methodological procedures, are 
needed to strengthen the evidence regarding the 
comparative effects of PBMT and TENS. 
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Zusammenfassung 

Einleitung 
 
Temporomandibuläre Erkrankungen (TMDs) gehö-
ren zu den häufigsten Ursachen chronischer orofazi-
aler Schmerzen. Obwohl die Photobiomodulations-
therapie (PBMT), traditionell als Low-Level-La-
sertherapie (LLLT) bezeichnet, und die transkutane 
elektrische Nervenstimulation (TENS) häufig einge-
setzte konservative Behandlungsmethoden sind, 
bleibt ihre vergleichende Wirksamkeit aufgrund un-
einheitlicher Evidenz unklar. 
 
Material und Methoden 
 
Diese systematische Übersichtsarbeit verglich die 
Wirksamkeit beider Therapien und bewertete kri-
tisch die Berichtsqualität sowie ausgewählte me-
thodische Merkmale der eingeschlossenen klini-
schen Studien. Die systematische Übersichtsarbeit 
wurde gemäß den PRISMA-Leitlinien durchgeführt 
und das Protokoll in PROSPERO registriert. Klinische 
Studien, die TENS und PBMT verglichen, wurden in 
den Datenbanken Medline, Web of Science, Scopus, 
Cochrane und Embase anhand der Deskriptoren 
„low-level laser therapy“, „photobiomodulation“, 
„transcutaneous electrical nerve stimulation“ und 
„temporomandibular joint disorders“ ohne Ein-
schränkungen hinsichtlich des Publikationsjahres 
oder der Sprache gesucht. Die Berichtsqualität und 
ausgewählte methodische Merkmale der einge-
schlossenen Studien wurden anhand eines auf CON-
SORT basierenden Bewertungsrahmens kritisch be-
urteilt. 
 

 
 
Resultate 
 
Insgesamt wurden 402 Datensätze identifiziert, von 
denen 14 die Einschlusskriterien erfüllten und 620 
Patienten mit Gelenkschmerzen, Muskelschmerzen 
und/oder Bandscheibenverlagerungen umfassten. 
Eine größere Anzahl der eingeschlossenen Studien 
berichtete über numerisch stärkere Verbesserun-
gen der Schmerzreduktion und der maximalen 
Mundöffnung nach PBMT als nach TENS. Allerdings 
wurden zwölf der 14 eingeschlossenen Studien als 
Level III eingestuft, was gemäß dem angepassten, 
auf CONSORT basierenden methodischen Bewer-
tungsrahmen auf eine eingeschränkte Berichtsqua-
lität hinweist. 
 
Diskussion 
 
Die erhebliche Heterogenität hinsichtlich diagnosti-
scher Merkmale, Behandlungsprotokolle und Er-
gebnisbewertung schränkte direkte Vergleiche zwi-
schen den Interventionen ein. Insgesamt deutet die 
verfügbare Evidenz darauf hin, dass sowohl PBMT 
als auch TENS Schmerzen und die mandibuläre 
Funktion bei Patienten mit temporomandibulären 
Erkrankungen verbessern können. Diese Ergebnisse 
sollten jedoch vorsichtig interpretiert werden, da 
das Fehlen einer quantitativen Synthese sowie die 
erhebliche klinische und methodische Heterogeni-
tät definitive Schlussfolgerungen hinsichtlich der 
vergleichenden Wirksamkeit oder Überlegenheit ei-
ner der beiden Methoden nicht zulassen. 
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Résumé 

Introduction 
 
Les troubles temporo-mandibulaires (TTM) comp-
tent parmi les causes les plus fréquentes de douleur 
orofaciale chronique. Bien que la photobiomodula-
tion (PBM), traditionnellement appelée thérapie la-
ser de faible intensité (LLLT), et la stimulation élec-
trique transcutanée des nerfs (TENS) soient large-
ment utilisées comme modalités thérapeutiques 
conservatrices, leur efficacité comparative reste in-
certaine en raison de résultats hétérogènes dans la 
littérature. 
 
Matériels et méthodes 
 
Cette revue systématique a comparé l’efficacité des 
deux thérapies et a évalué de manière critique la 
qualité du rapport ainsi que certaines caractéris-
tiques méthodologiques des études cliniques in-
cluses. La revue systématique a été menée confor-
mément aux recommandations PRISMA, et le pro-
tocole a été enregistré dans PROSPERO. Les essais 
cliniques comparant la TENS et la PBM ont été re-
cherchés dans les bases de données Medline, Web 
of Science, Scopus, Cochrane et Embase à l’aide des 
descripteurs « low-level laser therapy », « photobio-
modulation », « transcutaneous electrical nerve sti-
mulation » et « temporomandibular joint disorders 
», sans restriction concernant l’année de publica-
tion ou la langue. La qualité du rapport et certaines 
caractéristiques méthodologiques des études in-
cluses ont été évaluées de manière critique à l’aide 
d’un cadre d’évaluation fondé sur CONSORT. 
 

 
 
Résultats 
 
Au total, 402 références ont été identifiées, dont 14 
répondaient aux critères d’inclusion, représentant 
620 patients présentant des douleurs articulaires, 
des douleurs musculaires et/ou un déplacement 
discal. Un plus grand nombre d’études incluses ont 
rapporté des améliorations numériquement plus 
importantes de la réduction de la douleur et de l’ou-
verture maximale de la bouche après PBM qu’après 
TENS. Cependant, douze des quatorze études in-
cluses ont été classées au niveau III, indiquant une 
qualité de rapport limitée selon le cadre d’évalua-
tion méthodologique adapté de CONSORT. 
 
Discussion 
 
L’hétérogénéité importante des caractéristiques 
diagnostiques, des protocoles thérapeutiques et de 
l’évaluation des résultats a limité les comparaisons 
directes entre les interventions. Dans l’ensemble, 
les données disponibles suggèrent que la PBM et la 
TENS peuvent toutes deux améliorer la douleur et la 
fonction mandibulaire chez les patients atteints de 
troubles temporo-mandibulaires. Toutefois, ces ré-
sultats doivent être interprétés avec prudence, car 
l’absence de synthèse quantitative et l’importante 
hétérogénéité clinique et méthodologique ne per-
mettent pas de tirer des conclusions définitives con-
cernant l’efficacité comparative ou la supériorité de 
l’une ou l’autre des modalités. 
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