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Abstract: Hyaluronic acid (HA) is a glycosaminoglycan composed of D-glucuronic acid and
N-acetylglucosamine with an up-to-several-million-Daltons chain-length responsible for the lubri-
cating properties of the temporomandibular joint (TM]) synovial fluid. Arthritis results in the
predominance of HA degradation over synthesis leading to temporomandibular disorders (TMDs).
TMD injection treatments are divided into HA supplementation and platelet-rich plasma (PRP)
inflammation suppression. We questioned whether either approach lubricated the TMJ better and
answered it in a two-arm equal-allocation trial with a non-concurrent active treatment control (two
groups of 39 patients each). HA statistically significantly improved (p < 0.01) and PRP did not statis-
tically significantly change (0.06 < p < 0.53) articular mobility compared to baselines in 128 TM]Js.
Statistically significant inter-group discrepancies were observed for abduction (MD = —4.05 mm;
SE =1.08; p = 0.00; d = —0.85) and protrusion (MD = —0.97 mm; SE = 0.43; p = 0.03; d = —0.51) but
not for rightward (MD = —0.21; SE = 0.43; p = 0.63; d = —0.11) and leftward (MD = —0.30; SE = 0.42;
p =0.47;d = —0.16) movements. HA supplementation proved superior to PRP autografting in ad hoc
TM]J lubrication and hence is more appropriate in hypomobile TMD cases of symptomatic treatment.

Keywords: temporomandibular joint; temporomandibular disorders; intra-articular injections;
hyaluronic acid; platelet-rich plasma

1. Introduction

Hyaluronic acid (HA) belongs to the group of glycosaminoglycans, which are natural
structural elements of living organisms and can be characterized by biological activity [1].
From a molecular point of view, glycosaminoglycans are polysaccharides composed of
repeating disaccharide units, i.e., uronic acid and amino sugar. In the case of HA, these
are D-glucuronic acid and N-acetylglucosamine. They are alternately connected by (3-(1-4)-
and [3-(1-3)-glycosidic bonds [2].

In vivo, HA most often takes the form of sodium hyaluronate [3]. It is synthesized on
the inner side of the plasma membrane in the presence of hyaluronan synthase enzymes [2].
This process occurs in both eukaryotic cells and bacteria. Therefore, HA for pharmaceutical
purposes is obtained from fermentation, mainly in Streptococcus equi bacterial cultures [4].
The constant synthesis of HA in tissues is balanced by degradation involving enzymes,
namely hyaluronidases. The speed of the changes that occur affects the macroscopic
differences between tissues. The half-life of HA in the skin is up to a day and in cartilage
even 20 days [5,6].
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HA is a collective term for chemical compounds with different polymer chain lengths.
On this basis, basic types of HA are distinguished: low molecular weight (LMW-HA),
medium molecular weight (MMW-HA), and high molecular weight (HMW-HA). Concern-
ing commercially available injectables, their molecular weights are 500-1200, 10002900,
and 6000 kDa, respectively [7]. The size of hyaluronic acid molecules affects its physical
properties, which in turn determines its applications. In physiological conditions, synovial
fluid contains HA weighing more than 3000 kDa [8]. In the case of inflammation, this value
drops statistically significantly to a median of about 1500 kDa [8]. This indicates the pre-
dominance of degradation processes of polymer chains over their synthesis in arthritis and
justifies the idea of HA supplementation with intra-articular injections as a treatment [9,10].

Another approach for maintaining the correct composition of synovial fluid is to
stop the degradation processes resulting from inflammation. The first abnormalities in
the cartilage tissue may result from mechanical damage and systemic diseases, stimulat-
ing the secretion of inflammatory mediators from chondrocytes [11]. Cytokines are of
the greatest importance here, including interleukin 1 3 (IL-1-f) and interleukin 6 (IL-6),
tumor necrosis factor o (TNF-«), metalloproteinases (MMPs), and free oxygen radicals
(ROS) [12]. Inflammation of cartilage tissue leads to impaired chondrocyte differentiation
and the predominance of degenerative processes over regenerative ones [11]. This initiates
inflammation of the adjacent bone tissue and synovial membrane [11].

Synovitis begins in the vicinity of the cartilage degeneration foci and later progresses
to further areas. On the one hand, inflammatory mediators initiate synovium degeneration,
and on the other hand, they enhance the secretion of other mediators also from this
tissue [13,14]. In this way, biologically active substances originating from the synovial
membrane negatively affect the metabolism of cartilage tissue. Overall, this provides a
positive feedback loop. Full-blown TM] arthritis is characterized by the presence in the
synovial fluid of inflammatory mediators released from damaged cells of cartilage, bone,
and synovial tissue [14].

The mandible is moved by two temporomandibular joints (TMJs). A single TM]
consists of the cartilage-covered articular surfaces on the anterior part of the mandibular
fossa and the articular tubercle on the temporal bone, both articular disc surfaces, and the
articular surface on the mandibular head [15]. Therefore, movements in a TMJ involve two
functional joints, located above and below the articular disc [15-17]. During abduction, the
mandibular head initially rotates relative to the underside of the articular disc, and then,
the superior surface of the disc slides onto the articular tubercle [18-20].

The articular surfaces are covered with cartilage, allowing them to slide smoothly
against each other [21,22]. It comprises chondrocytes and an extracellular matrix
(Figure 1) [21,22]. The latter consists of type II collagen, responsible for mechanical
strength and elasticity, and HA, which forms complexes with proteoglycans [23,24]. These
complexes retain water, which further improves the elasticity and shock-absorbing abil-
ity [23,25]. Physiologically, articular cartilage lacks blood vessels, lymphatic vessels, and
nerves [26]. Its nutrition is mainly through diffusion from the subchondral bone and
synovial fluid [27,28].
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Figure 1. Articular surface. Adapted. Author: Mfigueiredo. License: CC BY-SA 3.0 (https://
creativecommons.org/licenses /by-sa/3.0/) [29].

Synovial fluid fills an articular capsule surrounding the above structures [28,30]. The
fluid (1) acts as a lubricant, reducing friction between joint surfaces; (2) acts as a shock
absorber, protecting articular cartilage against mechanical damage; and (3) nourishes joint
cartilage and helps maintain its elasticity [28,30]. The synovial fluid consists of hyaluronic
acid (HA), water, proteins, and lipids [9]. It also contains enzymes, cytokines, and growth
factors [31,32].

Internal derangement, autoimmune diseases, infections, and other factors trigger an
inflammatory response [33,34]. Synovitis affects the composition of the capsular fluid,
which are (1) decreased viscosity due to decreased HA production, (2) an increase in
the number of inflammatory cells, (3) an increased concentration of pro-inflammatory
cytokines, (4) an increase in the concentration of cartilage-damaging enzymes, (5) changes
in the composition of proteoglycans and lipids, and (6) the retention of tissue degeneration
products [31,33,34].

Temporomandibular disorders (TMDs) are a group of diseases that primarily present
with pain and masticatory dysfunction [35,36]. Patients suffering from TM] osteoarthritis,
internal derangement, and degenerative joint disease complain of articular pain, limited
mandibular mobility, and acoustic symptoms from the joint [35,36]. The prevalence of
TMDs is, according to a meta-analysis, approximately 31% in adults worldwide, and
approximately 11% in adolescents and children [37]. In the TMD group, the most common
diagnosis is a displacement of the articular disc without blockage, which produces acoustic
symptoms and may cause pain [36,37].

The progression of TMDs from TM]Js involves increasing the frequency of clicking and
cracking in the joints, transitioning from intermittent joint pain to chronic, and decreasing
mobility of the mandible in all directions [35,38,39]. This contributes to mastication difficul-
ties and, in severe cases, also spontaneous symptoms, resulting in a health-related quality
of life decrease [38,40,41].

A TMD diagnosis is attempted to be specified through a medical interview, physical ex-
amination, and additional tests under the applicable classifications [35,36,42]. In particular,
it is important to identify injuries, recurrent dislocation, and systemic diseases manifesting
in the TM]J [35,36,43]. After excluding the above, an attempt is made to diagnose arthritis,
disc displacement, or degenerative joint disease, although they may coexist [35,36,44]. The
group of diseases discussed is of interest to (1) dentists, in particular specialists in dental
prosthetics, orthodontics, dental surgery, and maxillofacial surgery, (2) physiotherapists,
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and (3) pain medicine physicians [45,46]. Unlike other joints, the TM] is rarely considered
an object of diagnosis and treatment by orthopedic specialists [47].

The various stages of degenerative TMJ disease involve progressive damage to the
cartilage of the joint surfaces [21,22,48]. The priority is to remove the etiological factors
of extra-articular overload resulting from excessive and incorrectly applied forces [49,50].
For this purpose, psychotherapy, physiotherapy, pharmacotherapy, and splint therapy
are used [51-53]. Therapeutic actions on the joint itself may be aimed at delaying the
development of degeneration or attempting to repair the damage [54,55].

The multitude of specialists involved in TMD treatment and the wide range of available
therapeutic methods are evidence of the complexity of the health problem and the lack of
simple solutions [46,56]. Natural matching of treatment to the disease is often impossible
due to the lack of the possibility of a specific diagnosis or the coexistence of several
disorders. In situations where causal action is impossible, symptomatic treatment is
undertaken. Depending on the needs, attempts are made to relieve pain and improve jaw
mobility [57,58]. Less invasive methods take precedence, which promotes physiotherapy
and splint therapy [56,59,60]. For a lack of response or inconvenience of previous treatment,
minimally invasive surgical techniques, such as joint cavity lavage (arthrocentesis) and
intra-articular injections, are worth considering [10,61].

Among the numerous substances administered into the TM] capsule, the best studied
are hyaluronic acid, autologous platelet-rich plasma, and corticosteroids [46,62,63]. The
latter group causes most of the observed injection therapy adverse effects [64]. As explained
above, HA is a naturally occurring biopolymer, an important element of joint cartilage, and
the main component of synovial fluid [9]. Direct intracavitary injections can supplement its
deficiency resulting from chronic inflammation [10,48,58].

To regenerate damaged cartilage, attempts are made to reduce the concentration of
inflammatory mediators and lytic enzymes and provide stem cells [54,55]. For this purpose,
blood products and fat tissue autologous transplants are performed [55,63]. Various concen-
trates are centrifuged from peripheral venous blood, with the most literature regarding TM]
injection treatment involving platelet-rich plasma (PRP) [38,46,65]. Although experimental
studies support the validity of PRP injections into the temporomandibular joint cavities,
assessing such procedures’ ad hoc pro-mobility effectiveness is difficult due to various
therapeutic protocols [66,67].

This study aims to compare the multidirectional mandibular mobility following the
treatment of TM] disorders with same-protocol intra-articular injections of PRP and HA. It
is questioned whether there is direct clinical evidence of the superiority of PRP or HA in
the injection treatment of TMJ disorders.

2. Materials and Methods
2.1. Registration

The study was conducted according to the guidelines of the Declaration of Helsinki
and approved by the Bioethics Committee in Kielce at the Swietokrzyska Medical Chamber
(2.3/2024; 18 July 2024). The study was registered in ClinicalTrials.gov (NCT06530745).

2.2. Trial Design

This study was designed as a two-arm equal-allocation clinical trial with a non-
concurrent active treatment control. The study group consisted of consecutive patients
receiving PRP injections into the TM]J cavities. The control group consisted of the same
number of patients who received HA according to the same protocol. Controls were
recruited consecutively, men and women separately, to maintain a consistent male-to-
female ratio.

2.3. Participants

The main condition for recruitment was the diagnosis of TM] pain by a specialist in
orthodontics or dental prosthetics and, on this basis, a referral for injection treatment. TM]
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pain was diagnosed under the International Classification of Orofacial Pain, 1st edition
(ICOP 2020) guidelines [36]. Detailed eligibility criteria are presented in Table 1. The
treatment was performed at the Maxillofacial Surgery Clinic in Kielce, Poland.

Table 1. Eligibility criteria.

Criteria for Inclusion

Criteria for Exclusion

ICOP 2020 detailed diagnosis of TM]J pain

Diagnosis ICOP 2020 diagnosis of TM] pain [36] attributed to subluxation [36]
A history of unsuccessful treatment of TM] pain
Medical history with less invasive methods, in particular, systemic Previous TM]J arthroscopy or replacement

pharmacotherapy, physiotherapy, or splint therapy

General condition

Ability to attend scheduled medical appointments

Active cancer, hematopoietic system disease,
or bleeding diathesis

Local conditions

Possibility of discontinuing other TMJ pain
treatment methods for the duration of the study

Disease of the skin or subcutaneous tissue of the
preauricular area of the affected side,
temporomandibular joint ankylosis, or
temporomandibular joint prosthesis

Settings

Undergoing an initial and final examination and
receiving a series of TM]J injections

Withdrawal from participation in the study at
any stage

ICOP—International Classification of Orofacial Pain.

2.4. Interventions

The study group received PRP from peripheral venous blood of the elbow bend
centrifuged at 160 revolutions per minute for 5 min. The control group received 2%
(20 mg/mL) 2100 kDa HA. In both groups, 0.4 mL of the solution was injected per joint.

The active substance was administered via percutaneous injection into the TM] cavity:
(1) the injection point was located on the skin of the preauricular area according to the typi-
cal protocol; (2) the skin surface was disinfected; (3) the active substance was administered
using a sterile 2 mL syringe with a sterile injection needle (various manufacturers); (4) post-
operative recommendations were given (cooling the pre-auricular area, soft diet, reporting
if complications were observed) [68]. No anesthesia or arthrocentesis was performed.

2.5. Outcomes

Self-authored questionnaires, including the medical history and physical examination,
were prospectively designed. To assess outcomes, the following variables were collected:
(1) range of maximum mandibular abduction; (2) range of anterior mobility of the mandible
(protrusion); (3) extent of mandibular movement to the right; (4) extent of mandibular
movement to the left. Mandibular mobility was assessed between the anthropometric points
Incision superius (Is) and Incision inferius (li). Maximum values of unassisted movements
were collected. The measurements were made by specialists who referred the patient for
injection treatment and were aware of which preparation the patient was receiving.

2.6. Sample Size

The sample size was calculated using ClinCalc (version 2019.07.24; ClinCalc LLC,
Arlington Heights, IL, USA) based on preliminary data on mandibular abduction for the
5-intervention injection treatment protocol [9,65]. The input abduction increase means
were 4.5 mm (SD = 4.2 mm) in the HA group and 1.6 mm in the PRP group [9,65]. It
was determined that for two independent study groups, a continuous primary endpoint,
probability of type I error a = 0.05, probability of type Il error 1 — B = 80%, and an equal
enrollment ratio, it was necessary to include n; = 33 patients in the study group and

np = 33 patients in the control group.
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2.7. Statistical Methods

The collected data were summarized in tables and visualized in charts. Means, stan-
dard deviations, mean differences, and standard errors were calculated. To determine
statistical significance, p, a two-sided Student’s t-test was used, paired for calculations
regarding changes in variable values in a single group of patients and homoscedastic
for calculations between groups of patients. The effect size was estimated by calculating
Cohen’s d for the confidence interval CI = 95%. Correlations were expressed with Pearson’s
r coefficient.

Possible confounding factors were controlled for in three ways: (1) a control group was
included to allow for a direct comparison of results and better isolation of the intervention
effect from other potential variables, (2) matching based on the number and sex of patients
was used to ensure comparability between the experimental and control groups, and (3) the
absence of statistically significant differences in the baseline values of the variables between
the groups was ensured.

Software used was as follows: (1) Google Workspace package (version 2024.05.31,
Google LLC, Mountain View, CA, USA), (2) MedCalc software (version 22.023, MedCalc
Software Ltd., Ostend, Belgium), and (3) Practical Meta-Analysis Effect Size Calculator
application (version 2023.11.27, Campbell Collaboration, Philadelphia, PA, USA).

3. Results
3.1. Participant Flow

A total of 78 patients and 128 joints were included in the study, 39 patients and 69 joints
in the PRP group and 39 patients and 59 joints in the HA group. Initially, the PRP group
size was planned to be 42, but 3 patients withdrew after completion of the intervention
but before the final physical examination (Figure 2). The HA group was matched to the
PRP group in terms of the identical number of patients and sex structure, as well as similar
baseline values of mandibular mobility.

I=

()

£ Referred to PRP treatment

© n=42

c

w

S A

b Allocated to PRP intervention

ks n=42

<

g_ A

2 Lost to follow up Matched as HA controls
=2 n=3 n =239

@)

(1

.(Q v y

2 Analyzed in PRP group Analyzed in HA group
o n=239 n=39

<

Figure 2. Flow diagram.
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3.2. Recruitment

Patients were recruited to the study group from 1 January 2021, to 31 December 2023.
The control group included patients treated from the beginning of 2019. Patients in both
groups were treated under individual schedules. The intervention was performed five times
at intervals of 7 to 10 days, depending on organizational possibilities and the availability
of patients. A medical history was collected, and a physical examination was performed
immediately before and after the series of intra-articular administrations. Patients returned
to their previous treatment immediately after completing the intervention protocol and
collecting study outcomes.

3.3. Baseline Data and Numbers Analyzed

All patients enrolled in the study were Caucasian, aged 15 to 79 years. The male-to-
female ratio was 0.11 in both patient groups. Table 2 presents further characteristics and
baseline values of the mandibular mobility range variables. No statistically significant
differences were observed between baseline values in the PRP and HA groups. The
distributions were normal. Figure 3 presents the distributions of the initial values for
individual mandibular movements in the entire sample. All patients were included in
the analyses.

Table 2. Characteristics and baseline values.

PRP + HA SD PRP SD HA SD MD SE p
Mean age 40.10 13.70 38.00 14.50 42.21 12.70 —421%t 3.09 0.18
Mandibular abduction 41.58 8.01 43.08 7.72 40.08 8.11 3.00 + 1.79 0.10
Mandibular protrusion 5.48 1.82 5.55 1.89 541 1.77 0.14 t 0.42 0.74
Rightward movement 8.06 243 8.38 241 7.74 244 0.64 t 0.55 0.25
Leftward movement 8.14 2.41 8.33 2.52 7.95 2.31 0.38 + 0.55 0.49

HA—hyaluronic acid patient group; MD—mean difference; p—statistical significance; PRP—platelet-rich
plasma patient group; PRP + HA—all participants; SE—standard error; SD—standard deviation; t—no
statistical significance.
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Figure 3. Distribution of baselines, quantified at 2 mm intervals. Abduction values scaled down by a
factor of 10 for visualization consistency, with all other variables presented without scaling.
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3.4. Outcomes and Estimation

Raw data for patient groups are available in Tables A1 and A2. The mean mandibular
mobility values for the PRP and HA groups and the differences between these groups
are presented in Table 3. Mandibular mobility in all tested directions in the HA group
changed statistically significantly compared to the baseline values. In the PRP group,
the movement range did not change statistically considerably regarding each direction.
Intergroup differences in abduction and protrusion were statistically significant, but not
in lateral movements. Negative Cohen’s d values confirmed higher mandibular mobility
improvements in the HA group than in the PRP group. The effect sizes were large and
medium for abduction and protrusion, respectively. The values of the mandibular abduc-
tion change in individual patients are visualized in Figure 4. Data points in the charts
are arranged from the top left to the bottom right, graphically representing the negative
correlations between initial and increment values (r coefficients were —0.54 and —0.69 for
PRP and HA, respectively).

Table 3. Outcomes in millimeters (mean values).

CI

PRP SD P HA SD p MD SE p d SE from CI to
Initial abduction 43.08 7.72 40.08 8.11 3.00 t 1.79 0.10
Final abduction 4362 6.58 44.67 6.04
Abduction increase 054t 532 053 459* 418 000 —4.05* 1.08 000 -0.85024 —-131 -0.38
Initial protrusion 5.55 1.89 5.41 1.77 0.14 + 042 0.74
Final protrusion 6.32 1.66 715 144
Protrusion increase 077+ 231 006 1.74* 137 0.00 —-097* 043 0.03 -051023 -096 —0.06
Initial rightward movement 8.38 2.41 774 244 0.64 055 0.25
Final rightward movement 891 223 849 213
Rightward movement increase 053+ 233 0.17 074* 133 000 —-021t 043 063 -—0.11023 -055 033
Initial leftward movement 8.33 2.52 795 231 0.38 + 0.55 0.49
Final leftward movement 8.99 2.32 8.90 1.82

Leftward movement increase

065t 227 008 095* 126 000 -030t+ 042 047 -0.16023 —-061 028

Abduction change, mm

20.

15.

10.

Cl—confidence interval; &—Cohen’s d; HA—hyaluronic acid patient group; MD—mean difference; NA—not
applicable; p—statistical significance; PRP—platelet-rich plasma patient group; SD—standard deviation; SE—
standard error; *—statistical significance; t—no statistical significance

A HA group abduction change M PRP group abduction change

@ Mean HA group abduction change @ Mean PRP group abduction change
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Figure 4. Mandibular abduction change compared to initial mandibular abduction.
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3.5. Harms

There were 10 (26%) and 17 (44%) non-responders for TM] pain in the PRP and HA
groups, respectively. In a 30-year-old female treated with PRP bilaterally, the initially mild
pain increased by 7 and 8 points on a 0-10 scale, in the right and left TM], respectively. In a
29-year-old female, the left joint deteriorated by 7 points, and the right joint improved by
1 point due to PRP treatment. The remaining non-respondents presented no change in pain
intensity or worsening up to 3 points.

4. Discussion

TM]J injections are a minimally invasive surgical technique [69]. Open TM] surgery is
being replaced by arthroscopic surgery whenever possible, and blind TM] injection is an
approach derived from arthroscopy [70,71]. Intra-articular injections reduce the skin wound
size and tissue trauma [69,70]. Although not allowing for surgery on tumors or fractures,
they enable rinsing of the joint capsule, disruption of adhesions, removal of inflammatory
mediators, supplementation of hyaluronic acid in synovial fluid (viscosupplementation),
and administration of autografts or drugs [46,55,57,63,71]. In arthritis, disk displacement,
and degenerative joint disease, injection therapy may effectively relieve articular pain and
improve the mandibular range of motion [72]. Additional advantages of such treatment
include a low risk of complications, low inconvenience of potential complications, ease of
performing procedures, the possibility of outpatient treatment, short time of visits, quick
results, the possibility of repeating the intervention in the case of a lack of response, and
low price [9,58,64,65,68].

Among injection therapies, intra-articular administration is less invasive than arthro-
centesis [65,68]. The superior compartment of the temporomandibular joint is more easily
achieved, but there are scientific reports on the justification of administration to the inferior
one [16,17]. The choice of the ideal injectable substance is the subject of current dispute
among researchers [46,63]. It is already known that the administration of local anesthetics in
this way is not justified [73]. Non-steroidal anti-inflammatory drugs used for this indication
are being studied, and the current systematic review showed that individual drugs from
this group should be treated individually [74].

Systematic reviews on HA intra-articular injections are contradictory [58,75,76]. How-
ever, it should be realized that it is difficult to evaluate therapies heterogeneous in terms
of the use of arthrocentesis, the specific preparation, its concentration, volume, and num-
ber of administrations. This study was conducted under a protocol of a fixed number of
five administrations. In everyday clinical practice, it seems reasonable to evade further
interventions when the desired therapeutic effect is achieved [9].

It is presumed that in patients treated with HA, the composition of the synovial fluid
improves by adding the lubricant. In the PRP group, there was neither improvement nor de-
terioration. This means that PRP does not affect joint lubrication. However, mechanical joint
lubrication is not the only factor influencing mastication. Joint pain subsides with both HA
and PRP treatment [9,38,65]. Its presence affects the range of painless mouth opening [65].
Therefore in this study, the maximum range of mandibular mobility was analyzed.

Recognizing the difference between HA and PRP in the presence or absence of the
lubrication effect is important for more the appropriate qualification of patients for injection
treatment. This is because not every TMD case presents limited mobility within TMJ [35,36].
PRP has anti-inflammatory and regenerative potential [22,77]. Nevertheless, it cannot be
directly demonstrated in clinical studies with outcomes limited to a physical examination.
Therefore, it should be emphasized that the better immediate effect presented in the HA
group does not exclude a generally better treatment result in patients receiving PRP.

Regarding the above considerations, the appropriate placement of TMJ injectors on the
therapeutic ladder is a current challenge. The selection of the study group from previously
untreated patients and those for whom non-surgical treatment options have been exhausted
takes two extremely different approaches, which may significantly affect the trial results.
Our study recruited patients whose previous, less invasive treatment was ineffective.
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The lack of statistically significant differences in the age structure and initial values
of all examined mandibular mobility variables supports the stability of eligibility criteria
despite non-simultaneous recruitment. The discrepancy between the study and control
group results for all variables was unequivocal, and the effect size for the predominant one,
abduction, was calculated to be large.

Despite the strengths mentioned, it must be emphasized that the trial was non-
randomized and the control was non-concurrent. Both recipients and providers were
aware of the assigned intervention during the trial. Therefore, the study outcomes are
preliminary and ineligible for the highest evidence-level meta-analyses. The lack of a
placebo group excluded the possibility of assessing the effect of needling alone or the depo-
sition of a biologically inactive substance. It is known from other studies that the influence
of the above-mentioned elements of the intervention cannot be neglected [78,79]. The
lack of physical examinations between interventions precluded assessing the dynamics of
mandibular mobility changes, which could be useful in investigating the most appropriate
injection series length. Due to the study design, long-term therapeutic effects could not
be determined.

Within the limits presented above, a five-intervention HA injection treatment protocol
without arthrocentesis demonstrated a statistically significant improvement in mandibular
mobility in patients with all types of TMJ pain except that attributed to subluxation [36].
Mandibular mobility increased statistically significantly in all tested directions following
the proposed HA administration protocol. In the HA group, there was one case of a 4 mm
deterioration and three cases of no change, which means a 90% response to treatment.

The overall rate of non-respondents for abduction in the PRP group was 22 (56%). In
the study group, 17 patients showed a deterioration of no more than 10 mm, and in the
remaining 5, no difference from the baseline value was observed. Combined with the lack
of a statistically significant improvement from the initial values in all four tested directions
of movements, this precludes the short-term effectiveness of the fivefold intra-articular
PRP administration.

The superiority of HA over PRP was observed clinically but requires tissue-level
interpretation. Intra-articular injections of PRP, although undoubtedly beneficial for sup-
pressing inflammation, did not appear to produce a statistically significant increase in
mandibular mobility in any of the movements tested. The predominance of HA results is
probably due to the biochemical characteristics of this substance. It consists of repeating
glucuronic acid and N-acetylglucosamine forming long polymer chains of several thousand
to several million Daltons in molecular weight [80]. Patients of the study were provided
with a 2.1 million Dalton HA. Such a high-weight HA creates viscous, elastic solutions that
lubricate joints effectively [81]. Long HA chains form molecular networks retaining water
and increasing the viscosity of synovial fluid. HA forms complexes with proteins and binds
water, further improving the viscosity and elasticity of synovial fluid [82]. HA provides
effective lubrication, shock absorption, and protection against mechanical damage in all
physiological joint functions [10,80,82]. Inflammation, especially when chronic, reduces the
HA content in synovial fluid. Therefore, HA supplementation restores the properties of the
fluid and thus improves the functioning of the joints [40,83].

Moreover, HA exhibits mechanisms of action beyond the discussed properties. In
addition to its known role in lubrication and shock absorption, HA has demonstrated an
inhibitory effect on matrix metalloproteinase 13 (MMP13) and acts as a senomorphic agent,
suggesting potential benefits in cellular aging and tissue regeneration [84]. Furthermore,
HA has been shown to reduce vascular endothelial growth factor (VEGF) following injec-
tion, indicating a possible anti-inflammatory effect [85]. These findings suggest that HA
may offer additional therapeutic advantages through its effects on inflammation and tissue
remodeling [84,85].



Biomolecules 2024, 14, 1216

11 of 16

5. Conclusions

The five-fold administration of hyaluronic acid into the temporomandibular joint
cavities statistically significantly improved mandibular abduction, protrusion, and lateral
mobility. Analogous treatment with platelet-rich plasma did not provide statistically
significant improvement. These differences can be explained by the lubricating properties
of hyaluronic acid. Therefore, in TMD cases manifesting mainly as a decrease in mandibular
mobility, the intra-articular administration of HA, rather than PRP, seems to be more
appropriate for symptomatic treatment.
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Appendix A

Table Al. PRP group raw data and change magnitudes.

Patient Initial Final Abduction  Initial Final Protrusion .Imhal 'Fmal Rightward _Initial Final Leftward
Number Abduction Abduction Change  Protrusion Protrusion Change Rightward - Rightward Movement ~ Leftward ~ Leftward ~Movement
Movement Movement Change Movement Movement Change
1 40.0 43.0 3.0 2.5 5.0 25 10.0 10.0 0.0 6.0 0.0 —6.0
2 42.0 50.0 8.0 5.0 5.0 0.0 10.0 7.0 -3.0 10.0 9.0 -1.0
3 40.0 30.0 —-10.0 2.0 4.0 2.0 8.0 8.0 0.0 6.0 7.0 1.0
4 45.0 45.0 0.0 9.0 8.0 -1.0 11.0 8.0 -3.0 4.0 11.0 7.0
5 47.0 42.0 —-5.0 5.0 4.0 -1.0 7.0 8.0 1.0 10.0 10.0 0.0
6 41.0 41.0 0.0 7.0 4.0 -3.0 12.0 9.0 -3.0 10.0 8.0 —2.0
7 56.0 50.0 —6.0 2.0 12.0 10.0 14.0 15.0 1.0 12.0 12.0 0.0
8 32.0 36.0 4.0 4.0 6.0 2.0 6.0 9.0 3.0 10.0 6.0 —4.0
9 42.0 37.0 -5.0 6.0 6.0 0.0 10.0 7.0 -3.0 7.0 10.0 3.0
10 50.0 54.0 4.0 6.0 7.0 1.0 12.0 13.0 1.0 12.0 13.0 1.0
11 420 52.0 10.0 5.0 6.0 1.0 7.0 8.0 1.0 7.0 9.0 2.0
12 37.0 35.0 —20 7.0 5.5 -15 10.0 8.0 -20 9.0 11.0 2.0
13 50.0 43.0 -7.0 6.0 5.0 -1.0 8.0 6.0 -2.0 6.0 6.0 0.0
14 40.0 420 2.0 5.0 6.0 1.0 8.0 8.0 0.0 10.0 10.0 0.0
15 46.0 45.0 -1.0 2.0 6.0 4.0 6.0 8.0 2.0 9.0 9.0 0.0
16 54.0 54.0 0.0 6.0 7.0 1.0 7.0 8.0 1.0 9.0 11.0 2.0
17 46.0 43.0 -3.0 5.0 5.0 0.0 7.0 12.0 5.0 14.0 12.0 -2.0
18 50.0 50.0 0.0 7.0 5.0 —2.0 10.0 11.0 1.0 13.0 13.0 0.0
19 25.0 34.0 9.0 5.0 5.0 0.0 8.0 9.0 1.0 9.0 8.0 -1.0
20 26.0 35.0 9.0 6.0 6.0 0.0 3.0 3.0 0.0 6.0 6.0 0.0
21 50.0 50.0 0.0 7.0 8.0 1.0 10.0 11.0 1.0 10.0 11.0 1.0
22 48.0 50.0 2.0 11.0 8.0 -3.0 6.0 9.0 3.0 7.0 10.0 3.0
23 43.0 40.0 -3.0 4.0 5.0 1.0 9.0 10.0 1.0 9.0 10.0 1.0
24 43.0 49.0 6.0 6.0 8.0 2.0 6.0 9.0 3.0 7.0 9.0 2.0
25 38.0 40.0 2.0 4.0 7.0 3.0 10.0 7.0 -3.0 8.0 10.0 2.0
26 35.0 46.0 11.0 3.0 9.0 6.0 6.0 9.0 3.0 5.0 8.0 3.0
27 32.0 37.0 5.0 3.0 3.0 0.0 3.0 6.0 3.0 5.0 8.0 3.0
28 55.0 47.0 -8.0 7.0 7.0 0.0 10.0 10.0 0.0 10.0 10.0 0.0
29 40.0 38.0 —20 7.0 7.0 0.0 13.0 7.0 —6.0 10.0 9.0 -1.0
30 34.0 36.0 2.0 6.0 6.0 0.0 8.0 10.0 2.0 7.0 9.0 2.0
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Table Al. Cont.

Patient Initial Final Abduction  Initial Final Protrusion
Number Abduction Abduction Change  Protrusion Protrusion Change

Initial Final Rightward  Initial Final Leftward
Rightward Rightward Movement Leftward Leftward Movement
Movement Movement Change Movement Movement Change

31 47.0 40.0 -7.0 5.0 5.0 0.0 6.0 6.0 0.0 5.0 7.0 2.0
32 58.0 57.0 —-1.0 7.0 7.0 0.0 10.0 13.0 3.0 9.0 9.0 0.0
33 43.0 41.0 -2.0 7.0 7.0 0.0 8.0 10.0 2.0 11.0 10.0 -1.0
34 47.0 49.0 2.0 7.0 6.0 —-1.0 10.0 11.0 1.0 11.0 9.0 —2.0
35 45.0 40.0 —5.0 7.0 8.0 1.0 8.0 11.0 3.0 10.0 9.0 -1.0
36 39.0 36.0 —3.0 6.0 6.0 0.0 9.0 7.0 —2.0 5.0 6.0 1.0
37 55.0 53.0 -2.0 5.0 6.0 1.0 8.0 8.5 0.5 5.0 7.5 2.5
38 40.0 48.0 8.0 5.0 8.0 3.0 6.0 9.0 3.0 5.0 9.0 4.0
39 37.0 43.0 6.0 7.0 8.0 1.0 7.0 9.0 2.0 7.0 9.0 2.0
Table A2. HA group raw data and change magnitudes.
Patient Initial Final Abduction  Initial Final Protrusion Initial Final Rightward Initial Final Leftward

Number Abduction Abduction Change  Protrusion Protrusion Change

Rightward Rightward Movement Leftward Leftward Movement
Movement Movement Change Movement Movement Change

1 33.0 41.0 8.0 5.0 7.0 2.0 12.0 12.0 0.0 8.0 10.0 2.0
2 38.0 43.0 5.0 5.0 7.0 2.0 10.0 11.0 1.0 5.0 8.0 3.0
3 50.0 52.0 2.0 5.0 7.0 2.0 11.0 11.0 0.0 8.0 10.0 2.0
4 59.0 55.0 —4.0 8.0 8.0 0.0 15.0 12.0 —-3.0 16.0 13.0 —-3.0
5 42.0 45.0 3.0 7.0 8.0 1.0 8.0 10.0 2.0 8.0 10.0 2.0
6 33.0 40.0 7.0 4.0 7.0 3.0 8.0 10.0 2.0 6.0 8.0 2.0
7 42.0 45.0 3.0 5.0 7.0 2.0 6.0 8.0 2.0 10.0 10.0 0.0
8 37.0 41.0 4.0 6.0 7.0 1.0 6.0 8.0 2.0 9.0 10.0 1.0
9 43.0 45.0 2.0 4.0 4.0 0.0 7.0 7.0 0.0 6.0 6.0 0.0
10 54.0 54.0 0.0 7.0 7.0 0.0 9.0 11.0 2.0 11.0 11.0 0.0
11 32.0 38.0 6.0 5.0 6.0 1.0 7.0 9.0 2.0 7.0 9.0 2.0
12 30.0 40.0 10.0 4.0 7.0 3.0 7.0 10.0 3.0 6.0 10.0 4.0
13 27.0 39.0 12.0 3.0 6.0 3.0 5.0 8.0 3.0 6.0 8.0 2.0
14 25.0 37.0 12.0 2.0 6.0 4.0 5.0 7.0 2.0 7.0 9.0 2.0
15 30.0 50.0 20.0 6.0 8.0 2.0 6.0 8.0 2.0 6.0 9.0 3.0
16 35.0 42.0 7.0 4.0 7.0 3.0 6.0 8.0 2.0 7.0 9.0 2.0
17 39.0 43.0 4.0 6.0 6.0 0.0 8.0 8.0 0.0 8.0 8.0 0.0
18 40.0 42.0 2.0 8.0 9.0 1.0 8.0 8.0 0.0 9.0 9.0 0.0
19 39.0 42.0 3.0 7.0 9.0 2.0 7.0 8.0 1.0 9.0 9.0 0.0
20 40.0 43.0 3.0 7.0 8.0 1.0 7.0 8.0 1.0 8.0 9.0 1.0
21 45.0 50.0 5.0 4.0 7.0 3.0 6.0 8.0 2.0 8.0 8.0 0.0
22 48.0 54.0 6.0 4.0 8.0 4.0 3.0 3.0 0.0 7.0 8.0 1.0
23 48.0 52.0 4.0 6.0 7.0 1.0 9.0 9.0 0.0 9.0 10.0 1.0
24 64.0 64.0 0.0 7.0 7.0 0.0 12.0 12.0 0.0 12.0 12.0 0.0
25 30.0 40.0 10.0 5.0 5.0 0.0 5.0 8.0 3.0 5.0 8.0 3.0
26 40.0 42.0 2.0 8.0 8.0 0.0 9.0 9.0 0.0 8.0 9.0 1.0
27 40.0 45.0 5.0 7.0 8.0 1.0 8.0 8.0 0.0 8.0 8.0 0.0
28 40.0 47.0 7.0 8.0 8.0 0.0 9.0 10.0 1.0 10.0 10.0 0.0
29 47.0 50.0 3.0 10.0 10.0 0.0 9.0 11.0 2.0 11.0 12.0 1.0
30 39.0 41.0 2.0 7.0 9.0 2.0 8.0 8.0 0.0 7.0 8.0 1.0
31 42.0 43.0 1.0 4.0 8.0 4.0 6.0 6.0 0.0 7.0 8.0 1.0
32 38.0 41.0 3.0 4.0 7.0 3.0 8.0 8.0 0.0 8.0 8.0 0.0
33 32.0 32.0 0.0 2.0 2.0 0.0 3.0 2.0 -1.0 2.0 2.0 0.0
34 36.0 39.0 3.0 4.0 6.0 2.0 4.0 5.0 1.0 5.0 6.0 1.0
35 41.0 44.0 3.0 5.0 9.0 4.0 9.0 8.0 -1.0 8.0 9.0 1.0
36 44.0 46.0 2.0 5.0 8.0 3.0 8.0 8.0 0.0 8.0 8.0 0.0
37 44.0 46.0 2.0 4.0 8.0 4.0 9.0 8.0 -1.0 9.0 9.0 0.0
38 42.0 49.0 7.0 5.0 7.0 2.0 10.0 9.0 —-1.0 9.0 10.0 1.0
39 35.0 40.0 5.0 4.0 6.0 2.0 9.0 9.0 0.0 9.0 9.0 0.0
References
1. Valachov4, K.; Hassan, M.E.; Soltés, L. Hyaluronan: Sources, Structure, Features and Applications. Mol. Basel Switz. 2024, 29, 739.
[CrossRef] [PubMed]
2. Nusgens, B.-V. Hyaluronic acid and extracellular matrix: A primitive molecule? Ann. Dermatol. Venereol. 2010, 137 (Suppl. 1),
S3-S8. [CrossRef] [PubMed]
3. Bayer, LS. Hyaluronic Acid and Controlled Release: A Review. Molecules 2020, 25, 2649. [CrossRef] [PubMed] [PubMed Central]
4. Zhang, Y,; Dong, J.; Xu, G.; Han, R.; Zhou, J.; Ni, Y. Efficient Production of Hyaluronic Acid by Streptococcus Zooepidemicus
Using Two-Stage Semi-Continuous Fermentation. Bioresour. Technol. 2023, 377, 128896. [CrossRef] [PubMed]
5. Zadnikova, P; Sinova, R.; Pavlik, V.; Simek, M.; Safrankova, B.; Hermannova, M.; NeSporova, K.; Velebny, V. The Degradation of

Hyaluronan in the Skin. Biomolecules 2022, 12, 251. [CrossRef]


https://doi.org/10.3390/molecules29030739
https://www.ncbi.nlm.nih.gov/pubmed/38338483
https://doi.org/10.1016/S0151-9638(10)70002-8
https://www.ncbi.nlm.nih.gov/pubmed/20435253
https://doi.org/10.3390/molecules25112649
https://www.ncbi.nlm.nih.gov/pubmed/32517278
https://www.ncbi.nlm.nih.gov/pmc/PMC7321085
https://doi.org/10.1016/j.biortech.2023.128896
https://www.ncbi.nlm.nih.gov/pubmed/36933576
https://doi.org/10.3390/biom12020251

Biomolecules 2024, 14, 1216 13 of 16

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

Knudson, W.; Ishizuka, S.; Terabe, K.; Askew, E.B.; Knudson, C.B. The Pericellular Hyaluronan of Articular Chondrocytes. Matrix
Biol. J. Int. Soc. Matrix Biol. 2019, 78-79, 32-46. [CrossRef]

Shewale, A.R.; Barnes, C.L.; Fischbach, L.A.; Ounpraseuth, S.; Painter, ].T.; Martin, B.C. Comparative Effectiveness of Low,
Moderate and High Molecular Weight Hyaluronic Acid Injections in Delaying Time to Knee Surgery. |. Arthroplasty 2017, 32,
2952-2957.€21. [CrossRef]

Takahashi, T.; Tominaga, K.; Takano, H.; Ariyoshi, W.; Habu, M.; Fukuda, J.; Maeda, H. A Decrease in the Molecular Weight of
Hyaluronic Acid in Synovial Fluid from Patients with Temporomandibular Disorders. J. Oral Pathol. Med. 2004, 33, 224-229.
[CrossRef]

Sikora, M.; Czerwiniska-Niezabitowska, B.; Checiriski, M.A.; Sielski, M.; Chlubek, D. Short-Term Effects of Intra-Articular
Hyaluronic Acid Administration in Patients with Temporomandibular Joint Disorders. J. Clin. Med. 2020, 9, 1749. [CrossRef]
Derwich, M.; Mitus-Kenig, M.; Pawlowska, E. Mechanisms of Action and Efficacy of Hyaluronic Acid, Corticosteroids and
Platelet-Rich Plasma in the Treatment of Temporomandibular Joint Osteoarthritis-A Systematic Review. Int. J. Mol. Sci. 2021, 22,
7405. [CrossRef]

Rahmati, M.; Nalesso, G.; Mobasheri, A.; Mozafari, M. Aging and Osteoarthritis: Central Role of the Extracellular Matrix. Ageing
Res. Rev. 2017, 40, 20-30. [CrossRef] [PubMed]

Li, Y,; Li, H.; Wang, L.; Xie, W.; Yuan, D.; Wen, Z.; Zhang, T.; Lai, ].; Xiong, Z.; Shan, Y.; et al. The P65-LOC727924-miR-26a/KPNA3-
P65 Regulatory Loop Mediates Vasoactive Intestinal Peptide Effects on Osteoarthritis Chondrocytes. Int. Immunopharmacol. 2023,
122,110518. [CrossRef] [PubMed]

Alivernini, S.; Firestein, G.S.; McInnes, I.B. The Pathogenesis of Rheumatoid Arthritis. Immunity 2022, 55, 2255-2270. [CrossRef]
[PubMed]

Maeda, K.; Yoshida, K.; Nishizawa, T.; Otani, K.; Yamashita, Y.; Okabe, H.; Hadano, Y.; Kayama, T.; Kurosaka, D.; Saito, M.
Inflammation and Bone Metabolism in Rheumatoid Arthritis: Molecular Mechanisms of Joint Destruction and Pharmacological
Treatments. Int. ]. Mol. Sci. 2022, 23, 2871. [CrossRef] [PubMed]

Iturriaga, V.; Bornhardt, T.; Velasquez, N. Temporomandibular Joint: Review of Anatomy and Clinical Implications. Dent. Clin. N.
Am. 2023, 67,199-209. [CrossRef]

Li, C,; Zhang, Y.; Lv, J.; Shi, Z. Inferior or Double Joint Spaces Injection versus Superior Joint Space Injection for Temporomandibu-
lar Disorders: A Systematic Review and Meta-Analysis. |. Oral Maxillofac. Surg. Off. ]. Am. Assoc. Oral Maxillofac. Surg. 2012, 70,
37-44. [CrossRef]

Checinski, M.; Checinska, K.; Turosz, N.; Sikora, M.; Chlubek, D. Intra-Articular Injections into the Inferior versus Superior
Compartment of the Temporomandibular Joint: A Systematic Review and Meta-Analysis. J. Clin. Med. 2023, 12, 1664. [CrossRef]
Park, J.-T.; Lee, J.-G.; Won, S.-Y.; Lee, S.-H.; Cha, ].-Y.,; Kim, H.-J. Realization of Masticatory Movement by 3-Dimensional
Simulation of the Temporomandibular Joint and the Masticatory Muscles. J. Craniofac. Surg. 2013, 24, e347-e351. [CrossRef]
Sava, A.; Scutariu, M.M. Functional Anatomy of the Temporomandibular Joint (I). Rev. Med. Chir. Soc. Med. Nat. Iasi 2012, 116,
902-906.

Hatcher, D.C. Anatomy of the Mandible, Temporomandibular Joint, and Dentition. Neuroimaging Clin. N. Am. 2022, 32, 749-761.
[CrossRef]

Matheus, H.R.; Ozdemir, S.D.; Guastaldi, FPS. Stem Cell-Based Therapies for Temporomandibular Joint Osteoarthritis and
Regeneration of Cartilage/Osteochondral Defects: A Systematic Review of Preclinical Experiments. Osteoarthr. Cartil. 2022, 30,
1174-1185. [CrossRef] [PubMed]

Cardoneanu, A.; Macovei, L.A.; Burlui, A.M.; Mihai, I.R.; Bratoiu, I.; Rezus, LI.; Richter, P.; Tamba, B.-I.; Rezus, E. Tem-
poromandibular Joint Osteoarthritis: Pathogenic Mechanisms Involving the Cartilage and Subchondral Bone, and Potential
Therapeutic Strategies for Joint Regeneration. Int. J. Mol. Sci. 2022, 24, 171. [CrossRef]

Lu, X.L.; Mow, V.C.; Guo, X.E. Proteoglycans and Mechanical Behavior of Condylar Cartilage. J. Dent. Res. 2009, 88, 244-248.
[CrossRef]

Ren, R.; Zhou, ].; Sun, Y,; Telha, W.; Song, N.; Zhan, Y.; Zhu, S.; Jiang, N. Interspecies Comparison of Temporomandibular Joint
Condylar Cartilage Extracellular Matrix from Macro to Microscopy. J. Mech. Behav. Biomed. Mater. 2023, 145, 106007. [CrossRef]
Yasuno, K.; Ito, A.; Yoshida, M.; Fukunaga, T.; Honda, T.; Tsumaki, H.; Yamaguchi, K.; Mizoguchi, I. Influence of Feeding a Soft
Diet on Proteoglycan Expression in Rat Temporomandibular Joint Discs. J. Oral Biosci. 2024, 66, 539-545. [CrossRef] [PubMed]
Liu, J.; Dai, J.; Wang, Y.; Lai, S.; Wang, S. Significance of New Blood Vessels in the Pathogenesis of Temporomandibular Joint
Osteoarthritis. Exp. Ther. Med. 2017, 13, 2325-2331. [CrossRef] [PubMed]

Meng, Q.-G.; Long, X. A Hypothetical Biological Synovial Fluid for Treatment of Temporomandibular Joint Disease. Med.
Hypotheses 2008, 70, 835-837. [CrossRef]

Zimmerman, B.K,; Bonnevie, E.D.; Park, M.; Zhou, Y.; Wang, L.; Burris, D.L.; Lu, X.L. Role of Interstitial Fluid Pressurization in
TM]J Lubrication. J. Dent. Res. 2015, 94, 85-92. [CrossRef]

Mfigueiredo. Glycosaminoglycans. Available online: https://commons.wikimedia.org/wiki/File:Glycosaminoglycans.png
(accessed on 9 August 2024).

Hill, A.; Duran, J.; Purcell, P. Lubricin Protects the Temporomandibular Joint Surfaces from Degeneration. PLoS ONE 2014, 9,
€106497. [CrossRef]


https://doi.org/10.1016/j.matbio.2018.02.005
https://doi.org/10.1016/j.arth.2017.04.041
https://doi.org/10.1111/j.0904-2512.2004.00024.x
https://doi.org/10.3390/jcm9061749
https://doi.org/10.3390/ijms22147405
https://doi.org/10.1016/j.arr.2017.07.004
https://www.ncbi.nlm.nih.gov/pubmed/28774716
https://doi.org/10.1016/j.intimp.2023.110518
https://www.ncbi.nlm.nih.gov/pubmed/37392568
https://doi.org/10.1016/j.immuni.2022.11.009
https://www.ncbi.nlm.nih.gov/pubmed/36516818
https://doi.org/10.3390/ijms23052871
https://www.ncbi.nlm.nih.gov/pubmed/35270012
https://doi.org/10.1016/j.cden.2022.11.003
https://doi.org/10.1016/j.joms.2011.04.009
https://doi.org/10.3390/jcm12041664
https://doi.org/10.1097/SCS.0b013e31828f2d73
https://doi.org/10.1016/j.nic.2022.07.009
https://doi.org/10.1016/j.joca.2022.05.006
https://www.ncbi.nlm.nih.gov/pubmed/35597373
https://doi.org/10.3390/ijms24010171
https://doi.org/10.1177/0022034508330432
https://doi.org/10.1016/j.jmbbm.2023.106007
https://doi.org/10.1016/j.job.2024.05.009
https://www.ncbi.nlm.nih.gov/pubmed/38830403
https://doi.org/10.3892/etm.2017.4234
https://www.ncbi.nlm.nih.gov/pubmed/28565845
https://doi.org/10.1016/j.mehy.2007.07.033
https://doi.org/10.1177/0022034514553626
https://commons.wikimedia.org/wiki/File:Glycosaminoglycans.png
https://doi.org/10.1371/journal.pone.0106497

Biomolecules 2024, 14, 1216 14 of 16

31.

32.

33.
34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

Zhang, D.; Zhang, Y.; Xia, S.; Shen, P; Yang, C. Metabolic Profiling of Synovial Fluid in Human Temporomandibular Joint
Osteoarthritis. Front. Immunol. 2024, 15, 1335181. [CrossRef]

Ulmner, M.; Sugars, R.; Naimi-Akbar, A.; Alstergren, P.; Lund, B. Cytokines in Temporomandibular Joint Synovial Fluid and
Tissue in Relation to Inflammation. J. Oral Rehabil. 2022, 49, 599-607. [CrossRef] [PubMed]

Ibi, M. Inflammation and Temporomandibular Joint Derangement. Biol. Pharm. Bull. 2019, 42, 538-542. [CrossRef] [PubMed]
Li, B.; Guan, G.; Mei, L.; Jiao, K,; Li, H. Pathological Mechanism of Chondrocytes and the Surrounding Environment during
Osteoarthritis of Temporomandibular Joint. J. Cell. Mol. Med. 2021, 25, 4902—4911. [CrossRef]

Schiffman, E.; Ohrbach, R.; Truelove, E.; Look, J.; Anderson, G.; Goulet, J.-P; List, T.; Svensson, P.; Gonzalez, Y.; Lobbezoo, F.; et al.
Diagnostic Criteria for Temporomandibular Disorders (DC/TMD) for Clinical and Research Applications: Recommendations of
the International RDC/TMD Consortium Network* and Orofacial Pain Special Interest Group*. J. Oral Facial Pain Headache 2014,
28, 6-27. [CrossRef] [PubMed]

The Orofacial Pain Classification Committee. (The Orofacial Pain Classification Committee. International Classification of
Orofacial Pain, 1st Edition (ICOP)). Cephalalgia Int. ]. Headache 2020, 40, 129-221. [CrossRef]

Valesan, L.E,; Da-Cas, C.D.; Réus, ].C.; Denardin, A.C.S.; Garanhani, R.R.; Bonotto, D.; Januzzi, E.; de Souza, B.D.M. Prevalence of
Temporomandibular Joint Disorders: A Systematic Review and Meta-Analysis. Clin. Oral Investig. 2021, 25, 441-453. [CrossRef]
Sikora, M.; Sielski, M.; Checiniski, M.; Checiniska, K.; Czerwiniska-Niezabitowska, B.; Chlubek, D. Patient-Reported Quality of Life
versus Physical Examination in Treating Temporomandibular Disorders with Intra-Articular Platelet-Rich Plasma Injections: An
Open-Label Clinical Trial. Int. . Environ. Res. Public. Health 2022, 19, 13299. [CrossRef]

Murphy, M.K.; MacBarb, R.F; Wong, M.E.; Athanasiou, K.A. Temporomandibular Disorders: A Review of Etiology, Clinical
Management, and Tissue Engineering Strategies. Int. J. Oral Maxillofac. Implants 2013, 28, e393-e414. [CrossRef]

Januzzi, M.-S.; Neto, C.-L.M.-M.; Moreno, A.; Dos Santos, E.-G.; de Caxias, F.-P; da Silva, E.-V.-F,; de Athayde, F.-F.; Volce, A.-H.S.;
Rodrigues, A.-S.; Dela Libera, J.; et al. Relationship between Self-Reported Pain, Pain Threshold, Pain Catastrophization and
Quality of Life in Patients with TMD. J. Clin. Exp. Dent. 2023, 15, e23—-e31. [CrossRef]

Onoda, N.; Mikami, T.; Saito, N.; Kobayashi, T. Evaluation of Oral Health-Related Quality of Life in Patients with Temporo-
mandibular Disorders. Cranio, . Craniomandib. Pract. 2023, 41, 486-493. [CrossRef]

Wozniak, K.; Szyszka-Sommerfeld, L.; Trybek, G.; Piatkowska, D. Assessment of the Sensitivity, Specificity, and Accuracy of
Thermography in Identifying Patients with TMD. Med. Sci. Monit. Int. Med. ]. Exp. Clin. Res. 2015, 21, 1485-1493. [CrossRef]
Checinski, M.; Checiniska, K.; Rapalska, I.; Turosz, N.; Chlubek, D.; Sikora, M. Autologous Blood Injections in Temporomandibular
Hypermobility: A Systematic Review. J. Clin. Med. 2023, 12, 5590. [CrossRef] [PubMed]

Chung, M.-K,; Wang, S.; Alshangiti, I.; Hu, J.; Ro, J.Y. The Degeneration-Pain Relationship in the Temporomandibular Joint:
Current Understandings and Rodent Models. Front. Pain Res. Lausanne Switz. 2023, 4, 1038808. [CrossRef] [PubMed]
Kulesa-Mrowiecka, M.; Ciezarek, P; Pihut, M. Effectiveness of Rehabilitation for Disk Displacement of the Temporomandibular
Joint-A Cross-Sectional Study. J. Clin. Med. 2024, 13, 902. [CrossRef]

Checinski, M.; Checiniska, K.; Turosz, N.; Brzozowska, A.; Chlubek, D.; Sikora, M. Current Clinical Research Directions on
Temporomandibular Joint Intra-Articular Injections: A Mapping Review. J. Clin. Med. 2023, 12, 4655. [CrossRef]

Mercuri, L.G. Temporomandibular Joint Facts and Foibles. |. Clin. Med. 2023, 12, 3246. [CrossRef] [PubMed]

Katuzyrniski, K.; Trybek, G.; Smektata, T.; Masiuk, M.; Mysliwiec, L.; Sporniak-Tutak, K. Effect of Methylprednisolone, Hyaluronic
Acid and Pioglitazone on Histological Remodeling of Temporomandibular Joint Cartilage in Rabbits Affected by Drug-Induced
Osteoarthritis. Postepy Hig. Med. Doswiadczalnej Online 2016, 70, 74-79. [CrossRef]

Pihut, M.; Gala, A.; Kulesa-Mrowiecka, M. Temporomandibular Disorders and Their Impact on the Development of the
Overloading Changes within Temporomandibular Joints. Folia Med. Cracov. 2022, 62, 45-56. [CrossRef]

Chisnoiu, A.M.; Picos, A.M.; Popa, S.; Chisnoiu, P.D.; Lascu, L.; Picos, A.; Chisnoiu, R. Factors Involved in the Etiology of
Temporomandibular Disorders—A Literature Review. Clujul Med. 2015, 88, 473-478. [CrossRef]

Turosz, N.; Checiniska, K.; Checiniski, M.; Kaminska, M.; Nowak, Z.; Sikora, M.; Chlubek, D. A Scoping Review of the Use of
Pioglitazone in the Treatment of Temporo-Mandibular Joint Arthritis. Int. J. Environ. Res. Public. Health 2022, 19, 16518. [CrossRef]
Nitecka-Buchta, A.; Marek, B.; Baron, S. CGRP Plasma Level Changes in Patients with Temporomandibular Disorders Treated
with Occlusal Splints—A Randomised Clinical Trial. Endokrynol. Pol. 2014, 65, 217-223. [CrossRef] [PubMed]
Walczyriska-Dragon, K.; Kurek-Gorecka, A.; Niemczyk, W.; Nowak, Z.; Baron, S.; Olczyk, P.; Nitecka-Buchta, A.; Kempa, W.M.
Cannabidiol Intervention for Muscular Tension, Pain, and Sleep Bruxism Intensity-A Randomized, Double-Blind Clinical Trial. .
Clin. Med. 2024, 13, 1417. [CrossRef] [PubMed]

Sielski, M.; Checiniska, K.; Checiniski, M.; Sikora, M. Injectable Platelet-Rich Fibrin (I-PRF) Administered to Temporomandibular
Joint Cavities: A Scoping Review. |. Clin. Med. 2023, 12, 3326. [CrossRef]

Checiniski, M.; Checiriska, K.; Turosz, N.; Kamiriska, M.; Nowak, Z.; Sikora, M.; Chlubek, D. Autologous Stem Cells Transplants in
the Treatment of Temporomandibular Joints Disorders: A Systematic Review and Meta-Analysis of Clinical Trials. Cells 2022, 11,
2709. [CrossRef]

Garstka, A.A.; Kozowska, L.; Kijak, K.; Brzézka, M.; Gronwald, H.; Skomro, P; Lietz-Kijak, D. Accurate Diagnosis and Treatment
of Painful Temporomandibular Disorders: A Literature Review Supplemented by Own Clinical Experience. Pain Res. Manag.
2023, 2023, 1002235. [CrossRef] [PubMed]


https://doi.org/10.3389/fimmu.2024.1335181
https://doi.org/10.1111/joor.13321
https://www.ncbi.nlm.nih.gov/pubmed/35342975
https://doi.org/10.1248/bpb.b18-00442
https://www.ncbi.nlm.nih.gov/pubmed/30930413
https://doi.org/10.1111/jcmm.16514
https://doi.org/10.11607/jop.1151
https://www.ncbi.nlm.nih.gov/pubmed/24482784
https://doi.org/10.1177/0333102419893823
https://doi.org/10.1007/s00784-020-03710-w
https://doi.org/10.3390/ijerph192013299
https://doi.org/10.11607/jomi.te20
https://doi.org/10.4317/jced.59480
https://doi.org/10.1080/08869634.2021.1883378
https://doi.org/10.12659/MSM.893863
https://doi.org/10.3390/jcm12175590
https://www.ncbi.nlm.nih.gov/pubmed/37685657
https://doi.org/10.3389/fpain.2023.1038808
https://www.ncbi.nlm.nih.gov/pubmed/36846071
https://doi.org/10.3390/jcm13030902
https://doi.org/10.3390/jcm12144655
https://doi.org/10.3390/jcm12093246
https://www.ncbi.nlm.nih.gov/pubmed/37176685
https://doi.org/10.5604/17322693.1194616
https://doi.org/10.24425/fmc.2022.144082
https://doi.org/10.15386/cjmed-485
https://doi.org/10.3390/ijerph192416518
https://doi.org/10.5603/EP.2014.0030
https://www.ncbi.nlm.nih.gov/pubmed/24971923
https://doi.org/10.3390/jcm13051417
https://www.ncbi.nlm.nih.gov/pubmed/38592260
https://doi.org/10.3390/jcm12093326
https://doi.org/10.3390/cells11172709
https://doi.org/10.1155/2023/1002235
https://www.ncbi.nlm.nih.gov/pubmed/36760766

Biomolecules 2024, 14, 1216 15 of 16

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

Siewert-Gutowska, M.; Pokrowiecki, R.; Kaminiski, A.; Zawadzki, P.; Stopa, Z. State of the Art in Temporomandibular Joint
Arthrocentesis-A Systematic Review. J. Clin. Med. 2023, 12, 4439. [CrossRef]

Checinski, M.; Sikora, M.; Checiriska, K.; Nowak, Z.; Chlubek, D. The Administration of Hyaluronic Acid into the Temporo-
mandibular Joints” Cavities Increases the Mandible’s Mobility: A Systematic Review and Meta-Analysis. J. Clin. Med. 2022, 11,
1901. [CrossRef]

Wieckiewicz, M.; Boening, K.; Wiland, P,; Shiau, Y.-Y.; Paradowska-Stolarz, A. Reported Concepts for the Treatment Modalities
and Pain Management of Temporomandibular Disorders. ]. Headache Pain 2015, 16, 106. [CrossRef]

Derwich, M.; Pawlowska, E. Do the Mandibular Condyles Change Their Positions within Glenoid Fossae after Occlusal Splint
Therapy Combined with Physiotherapy in Patients Diagnosed with Temporomandibular Joint Disorders? A Prospective Case
Control Study. J. Pers. Med. 2022, 12, 254. [CrossRef]

Pihut, M.; Szuta, M.; Ferendiuk, E.; Zeficzak-Wieckiewicz, D. Evaluation of Pain Regression in Patients with Temporomandibular
Dysfunction Treated by Intra-Articular Platelet-Rich Plasma Injections: A Preliminary Report. BioMed Res. Int. 2014, 2014, 132369.
[CrossRef]

Lubecka, K.; Checifiska, K.; Blizniak, F.; Checifiski, M.; Turosz, N.; Rapalska, I.; Michcik, A.; Chlubek, D.; Sikora, M. Update on
Evidence and Directions in Temporomandibular Joint Injection Techniques: A Rapid Review of Primary Research. J. Clin. Med.
2024, 13, 4022. [CrossRef] [PubMed]

Checiniski, M.; Checiriska, K.; Nowak, Z.; Sikora, M.; Chlubek, D. Treatment of Mandibular Hypomobility by Injections into the
Temporomandibular Joints: A Systematic Review of the Substances Used. J. Clin. Med. 2022, 11, 2305. [CrossRef] [PubMed]
Turosz, N.; Checiniska, K.; Checiniski, M.; Michcik, A.; Chlubek, D.; Sikora, M. Adverse Events of Intra-Articular Temporo-
mandibular Joint Injections: A Systematic Search and Review. Pomeranian J. Life Sci. 2023, 69. [CrossRef]

Sikora, M.; Sielski, M.; Checiriski, M.; Nowak, Z.; Czerwinska-Niezabitowska, B.; Chlubek, D. Repeated Intra-Articular Admin-
istration of Platelet-Rich Plasma (PRP) in Temporomandibular Disorders: A Clinical Case Series. J. Clin. Med. 2022, 11, 4281.
[CrossRef] [PubMed]

Kittik, N.; Bas, B.; Soylu, E.; Gonen, Z.B.; Yilmaz, C.; Balcioglu, E.; Ozdamar, S.; Alkan, A. Effect of Platelet-Rich Plasma on
Fibrocartilage, Cartilage, and Bone Repair in Temporomandibular Joint. J. Oral Maxillofac. Surg. Off. ]. Am. Assoc. Oral Maxillofac.
Surg. 2014, 72, 277-284. [CrossRef]

Coskun, U.; Candirli, C.; Kerimoglu, G.; Taskesen, F. Effect of Platelet-Rich Plasma on Temporomandibular Joint Cartilage Wound
Healing: Experimental Study in Rabbits. J. Cranio-Maxillofac. Surg. Off. Publ. Eur. Assoc. Cranio-Maxillofac. Surg. 2019, 47, 357-364.
[CrossRef]

Nowak, Z.; Checiriski, M.; Mokrysz, ].; Zadka, P.; Checiriska, K. Analysis of the course of temporomandibular joint arthrocentesis
with the single puncture technique: A review paper. Twdj Prz. Stomatol. 2021, 5, 46-52.

Al-Moraissi, E.A.; Wolford, L.M.; Ellis, E.; Neff, A. The Hierarchy of Different Treatments for Arthrogenous Temporomandibular
Disorders: A Network Meta-Analysis of Randomized Clinical Trials. J. Cranio-Maxillofac. Surg. Off. Publ. Eur. Assoc. Cranio-
Maxillofac. Surg. 2020, 48, 9-23. [CrossRef] [PubMed]

Tran, C.; Ghahreman, K.; Huppa, C.; Gallagher, J.E. Management of Temporomandibular Disorders: A Rapid Review of Systematic
Reviews and Guidelines. Int. J. Oral Maxillofac. Surg. 2022, 51, 1211-1225. [CrossRef]

Sikora, M.; Checiniski, M.; Nowak, Z.; Chlubek, D. Variants and Modifications of the Retroauricular Approach Using in
Temporomandibular Joint Surgery: A Systematic Review. J. Clin. Med. 2021, 10, 2049. [CrossRef]

Turosz, N.; Checiniska, K.; Checiniski, M.; Lubecka, K.; Blizniak, F.; Chlubek, D.; Olszowski, T.; Sikora, M. Temporomandibular
Joint Injections and Lavage: An Overview of Reviews. J. Clin. Med. 2024, 13, 2855. [CrossRef] [PubMed]

Lubecka, K.; Checifiska, K.; Blizniak, F.; Checiniski, M.; Turosz, N.; Michcik, A.; Chlubek, D.; Sikora, M. Intra-Articular Local
Anesthetics in Temporomandibular Disorders: A Systematic Review and Meta-Analysis. J. Clin. Med. 2023, 13, 106. [CrossRef]
[PubMed]

Blizniak, F.; Checiniski, M.; Checiniska, K.; Lubecka, K.; Kaminiska, M.; Szuta, M.; Chlubek, D.; Sikora, M. Non-Steroidal
Anti-Inflammatory Drugs Administered Intra-Articularly in Temporomandibular Joint Disorders: A Systematic Review and
Meta-Analysis. J. Clin. Med. 2024, 13, 4056. [CrossRef]

Xie, Y.; Zhao, K.; Ye, G.; Yao, X.; Yu, M.; Ouyang, H. Effectiveness of Intra-Articular Injections of Sodium Hyaluronate,
Corticosteroids, Platelet-Rich Plasma on Temporomandibular Joint Osteoarthritis: A Systematic Review and Network Meta-
Analysis of Randomized Controlled Trials. ]. Evid.-Based Dent. Pract. 2022, 22, 101720. [CrossRef]

Moldez, M.A.; Camones, V.R.; Ramos, G.E.; Padilla, M.; Enciso, R. Effectiveness of Intra-Articular Injections of Sodium
Hyaluronate or Corticosteroids for Intracapsular Temporomandibular Disorders: A Systematic Review and Meta-Analysis.
J. Oral Facial Pain Headache 2018, 32, 53—-66. [CrossRef] [PubMed]

Marmotti, A.; Rossi, R.; Castoldi, F.; Roveda, E.; Michielon, G.; Peretti, G.M. PRP and Articular Cartilage: A Clinical Update.
BioMed Res. Int. 2015, 2015, 542502. [CrossRef]

Yu, S.P; van Middelkoop, M.; Deveza, L.A ; Ferreira, M.L.; Bierma-Zeinstra, S.; Zhang, W.; Atchia, L.; Birrell, F.; Bhagavath, V.;
Hunter, D.J. Predictors of Placebo Response to Local (Intra-Articular) Therapy In Osteoarthritis: An Individual Participant Data
Meta-Analysis. Arthritis Care Res. 2023, 76, 208-224. [CrossRef]


https://doi.org/10.3390/jcm12134439
https://doi.org/10.3390/jcm11071901
https://doi.org/10.1186/s10194-015-0586-5
https://doi.org/10.3390/jpm12020254
https://doi.org/10.1155/2014/132369
https://doi.org/10.3390/jcm13144022
https://www.ncbi.nlm.nih.gov/pubmed/39064062
https://doi.org/10.3390/jcm11092305
https://www.ncbi.nlm.nih.gov/pubmed/35566431
https://doi.org/10.21164/pomjlifesci.1000
https://doi.org/10.3390/jcm11154281
https://www.ncbi.nlm.nih.gov/pubmed/35893369
https://doi.org/10.1016/j.joms.2013.09.011
https://doi.org/10.1016/j.jcms.2018.12.004
https://doi.org/10.1016/j.jcms.2019.10.004
https://www.ncbi.nlm.nih.gov/pubmed/31870713
https://doi.org/10.1016/j.ijom.2021.11.009
https://doi.org/10.3390/jcm10102049
https://doi.org/10.3390/jcm13102855
https://www.ncbi.nlm.nih.gov/pubmed/38792396
https://doi.org/10.3390/jcm13010106
https://www.ncbi.nlm.nih.gov/pubmed/38202113
https://doi.org/10.3390/jcm13144056
https://doi.org/10.1016/j.jebdp.2022.101720
https://doi.org/10.11607/ofph.1783
https://www.ncbi.nlm.nih.gov/pubmed/29244893
https://doi.org/10.1155/2015/542502
https://doi.org/10.1002/acr.25212

Biomolecules 2024, 14, 1216 16 of 16

79.

80.

81.

82.

83.

84.

85.

Menéndez-Torre, A.; Pintado-Zugasti, A.M.; Zaldivar, ].N.C.; Garcia-Bermejo, P.; Gémez-Costa, D.; Molina-Alvarez, M.; Arribas-
Romano, A.; Fernandez-Carnero, J. Effectiveness of deep dry needling versus manual therapy in the treatment of myofascial
temporomandibular disorders: A systematic review and network meta-analysis. Chiropr. Man. Ther. 2023, 31, 46. [CrossRef]
Taconisi, G.N.; Gallo, N.; Caforio, L.; Ricci, V.; Fiermonte, G.; Della Tommasa, S.; Bernetti, A.; Dolce, V.; Fari, G.; Capobianco, L.
Clinical and Biochemical Implications of Hyaluronic Acid in Musculoskeletal Rehabilitation: A Comprehensive Review. J. Pers.
Med. 2023, 13, 1647. [CrossRef]

Mori, S.; Naito, M.; Moriyama, S. Highly Viscous Sodium Hyaluronate and Joint Lubrication. Int. Orthop. 2002, 26, 116-121.
[CrossRef]

Cook, S.G.; Bonassar, L.]. Interaction with Cartilage Increases the Viscosity of Hyaluronic Acid Solutions. ACS Biomater. Sci. Eng.
2020, 6, 2787-2795. [CrossRef] [PubMed]

Reid, M.C. Viscosupplementation for Osteoarthritis: A Primer for Primary Care Physicians. Adv. Ther. 2013, 30, 967-986.
[CrossRef] [PubMed]

Bernetti, A.; Agostini, F.; Paoloni, M.; Raele, M.V,; Fari, G.; Megna, M.; Mangone, M. Could Hyaluronic Acid Be Considered as a
Senomorphic Agent in Knee Osteoarthritis? A Systematic Review. Biomedicines 2023, 11, 2858. [CrossRef]

Wang, X.W.; Fang, W.; Li, Y.J.; Long, X.; Cai, H.X. Synovial fluid levels of VEGF and FGF-2 before and after intra-articular injection
of hyaluronic acid in patients with temporomandibular disorders: A short-term study. Br. J. Oral Maxillofac. Surg. 2021, 59, 64—69.
[CrossRef] [PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.


https://doi.org/10.1186/s12998-023-00489-x
https://doi.org/10.3390/jpm13121647
https://doi.org/10.1007/s00264-002-0330-z
https://doi.org/10.1021/acsbiomaterials.0c00100
https://www.ncbi.nlm.nih.gov/pubmed/33463274
https://doi.org/10.1007/s12325-013-0068-6
https://www.ncbi.nlm.nih.gov/pubmed/24203348
https://doi.org/10.3390/biomedicines11102858
https://doi.org/10.1016/j.bjoms.2020.07.013
https://www.ncbi.nlm.nih.gov/pubmed/32727671

	Introduction 
	Materials and Methods 
	Registration 
	Trial Design 
	Participants 
	Interventions 
	Outcomes 
	Sample Size 
	Statistical Methods 

	Results 
	Participant Flow 
	Recruitment 
	Baseline Data and Numbers Analyzed 
	Outcomes and Estimation 
	Harms 

	Discussion 
	Conclusions 
	Appendix A
	References

