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a b s t r a c t
Approaches providing the positioning of human amniotic membrane (HAM) within the intra-articular
space of arthritic TMJs have never been investigated. This contrasts with the increasing amount of evidence suggesting the potential positive effects of HAM on a number of surgical conditions, even included
the interpositional arthroplasty for TMJ ankylosis. Thus, the possible usefulness of HAM to restore joint
functions in severely damaged TMJs could be hypothesized.
Based on these premises, the clinical research question ‘‘Is human amniotic membrane positioning
effective to reduce symptoms and restore jaw function in patients with severe inflammatorydegenerative disorders of the temporomandibular joint?” has been addressed by performing a systematic
review of the literature. Out of potential 11988 and 8883 citations in the PubMed and Scopus databases,
respectively, only five were of possible interest for inclusion in the review, but none of them addressed
specifically the clinical research question.
Thus, the hypothetical background for usefulness was discussed. The benefits of HAM positioning in
TMJs with severe inflammatory-degenerative disorders could be related with its anti-inflammatory
and anti-microbial and analgesic properties as well as its low immunogenicity. Studies in which HAM
is positioned within the joint space of patients with severe TMJ degeneration, either as a discreplacing film during major surgeries for discectomy and arthroplasty or as an injectable solution that
can be needle-inserted after an arthrocentesis procedure, should be designed to test the hypothesis.
Ó 2017 Elsevier Ltd. All rights reserved.

Introduction
Temporomandibular Disorders (TMD) are a heterogeneous
group of pathologies affecting the temporomandibular joint
(TMJ), the jaw muscles, or both [1]. They are characterized by a
classically described triad of clinical signs: muscle and/or TMJ
pain; TMJ sounds; and restriction, deviation, or deflection of the
mouth opening path. TMD are considered the most common orofacial pain conditions of non-dental origin, but the frequent concurrent presence of other symptoms, such as earache, headache,
neuralgia, and tooth pain, which may be related to the TMD or
be present as ancillary findings to be assessed in the differential
diagnosis process, makes the assessment of TMD prevalence a
complex issue [2].
The actual TMD prevalence at the population level is a matter of
debate, due to the lack of homogeneity in the diagnostic criteria
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adopted in the different investigations. There is evidence that the
prevalence of TMD signs and symptoms may be high in the general
population. Early investigations suggested that 1–75% of general
population subjects showed at least one objective TMD sign, and
that 5–33% reported subjective symptoms. TMD symptoms have
been always considered to have a broad prevalence peak between
20 and 40 years of age, with a lower prevalence in younger and
older people. For specific TMD conditions, distinct peaks were
recently identified in patient populations, one around the age of
30 for subjects with disc displacements and one over the age of
50 for inflammatory-degenerative joint disorders [3].
Within this framework, degenerative disorders of the temporomandibular joint (TMJ) are thus becoming an increasingly frequent
cause of orofacial pain, being diagnosed in about one-third (30.1%)
of subjects belonging to patient populations [4]. Over the years,
several approaches have been proposed to manage symptoms
associated with such disorders and to improve joint function;
among those, viscosupplementation with hyaluronic acid (HA)
injections has been gaining diffusion [5]. Such strategy has been
introduced within the practice of TMJ disorders as a consequence
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of the progressive modification of TMJ arthrocentesis [6–8] as well
as of the increasing knowledge about the potential application of
hyaluronic acid to manage osteoarthritis (OA) of larger joints [9–
11].
The potential role of joint lubrication impairment as a risk factor for TMJ internal derangements and the subsequent
inflammatory-degenerative disorders has provided a rationale for
TMJ viscosupplementation, and there is an amount of clinical evidence showing that it may be an effective treatment modality
[12–17]. Since the time of their introduction in the field of TMJ disorders’ practice, strategies to provide viscosupplementation to the
TMJ joint have gone through a progressive expansion of their
potential clinical indications, with particular regard to joints with
inflammatory-degenerative disorders. Protocols for symptoms
management in larger joints provided the adoption of a cycle of
five weekly HA injections immediately, and encouraging findings
soon emerged also from long-term case series on patients with
TMJ disorders.
Contrarily, approaches providing the positioning of human
amniotic membrane (HAM) within the intra-articular space of
arthritic TMJs have never been investigated. This contrasts with
the increasing amount of evidence suggesting the potential positive effects of HAM on a number of surgical conditions, even
included the interpositional arthroplasty for TMJ ankylosis
[18,19]. Thus, the possible usefulness of HAM to restore joint functions in severely damaged TMJs could be hypothesized.
Based on these premises, the clinical research question ‘‘Is
human amniotic membrane positioning effective to reduce symptoms and restore jaw function in patients with severe
inflammatory-degenerative disorders of the temporomandibular
joint?” has been addressed by performing a systematic review of
the literature and discussing the hypothetical background for
usefulness.
Evaluation of the idea
Evidence
As a first step, a systematic search in PubMed, Scopus, Web of
Science, SciELO, and Google Scholar databases was performed on
March 13, 2017, combining the MeSh and keyword terms (amniotic membrane) AND (temporomandibular joint). No time, language, or article type limits were set. Five manuscripts were found.
As a second step, the literature search was extended to the full
citation lists identified by the term ‘‘amniotic membrane” in the
above databases. In addition, the search was also expanded to
the related article lists and to the authors’ personal collections.
An author (DT) screened the abstracts of the full list of citations
to identify potential articles for full-text retrieval. Any decision
about the inclusion/exclusion in the review was made by consensus with the two supervisors (LGN; DM).
Empirical data
The first search step did not identify any citation pertinent to
the potential use of amniotic membrane to manage
inflammatory-degenerative TMJ disorders. Thus, the search was
extended to the full citation lists identified by the term ‘‘amniotic
membrane” alone, which provided 11988 and 8883 citations in the
PubMed and Scopus databases, respectively. Examination of the
titles and abstracts (TiAb) led to the exclusion of all papers: none
had a study design specifically aimed at addressing the clinical
research question or discussing its potential plausibility. As a general remark, only two articles dealing with preliminary data on the
positioning of HAM during interventions on TMJ ankylosis [18,19],
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two experimental articles on its effects in rabbits’ TMJs [20,21], and
an article reviewing the available knowledge on the possible developments in the field of oral and maxillofacial surgery [22] were of
potential interest, but none of them addressed specifically the clinical research question. Therefore, all articles were excluded.
Thus, because of the absence of relevant literature on the topic,
a background for the hypothesis of HAM effectiveness in TMJs with
severe inflammatory-degenerative disorders is provided below.

The hypothesis
The amniotic membrane is the inner layer of the fetal membranes and is comprised of three distinct layers; epithelium, basement membrane and stroma, the inner most layer that further
consists of an inner compact layer, middle fibroblast layer and an
outermost spongy layer.
HAM has been used in a variety of surgical procedures. First
employed in skin transplantation by in the early decades of past
century [23], it was subsequently found to be useful as a biological
wound dressing for burns [24,25], acute [26] and chronic wounds
[27,28], and in the reconstruction of the dura mater [29,30], oral
cavity [31], vaginal vault [32], tendons [33] and nerves [34]. Currently, HAM is also widely used for ocular surface reconstruction
and treatment of several important ocular diseases [35] such as
cicatricial pemphigoid, Stevens–Johnson syndrome [36], pterygium [37], persistent epithelial defects with ulceration [38], conjunctival and ocular surface reconstruction [39,40].
The benefits of HAM positioning in TMJs with severe
inflammatory-degenerative disorders could be related with its
anti-inflammatory and anti-microbial properties [41] and low
immunogenicity [42,43]. In addition, thanks to its analgesic properties, it has been demonstrated that the application of HAM to
wounds markedly reduces patients’ experienced pain intensity
[44].

Future studies
Future studies should be performed to test the above hypothesis. The preparation of HAM for its positioning within the joint is an
important procedure to standardize.
Selection criteria for donors include absence of history of malignancies, absence of malformations or pathological conditions of
the baby, gestation period of at least 35 weeks, negative familiarity
for genetic diseases, and lifestyles of both parents not at risk for
infectious diseases. The donor is also screened during pregnancy
for neurodegenerative diseases and acute infections as well as for
blood Human Immunodeficiency Virus (HIV) 1 and -2 antibodies,
HTLV-1 and -2 antibodies, Hepatitis B (HBV) Surface Antigen and
Core Antibody, Hepatitis C (HCV) virus antibodies and syphilis.
Screening should also include IgM/IgG antibodies against Toxoplasmosis and Cytomegalovirus and nucleic acid amplification
tests (NAT) for HIV, HBV and HCV.
The placenta is usually sourced from donors undergoing caesarean sections and processed shortly after retrieval. The HAM is
carefully detached from the chorion and rinsed with sterile saline
solution to remove residual blood. The membrane is flattened on
a nitrocellulose membrane filter (Merck Millipore), with its stromal/mesenchymal side facing down, in contact with the filter.
The HAM should be immersed in a cocktail of antibiotics including
vancomycin 100 mg/ml (Hospira), meropenem 200 mg/ml (Fresenius Kabi Italia), gentamicin 200 mg/ml (Fisiopharma) at +4 °C
for 24 h in sterile conditions, validated for human tissues [45].
HAM then undergoes freeze-drying process in order to obtain
injectable end products.
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Fig. 2. HAM preparation (a) for intrarticular positioning after joint lavage with single-needle arthrocentesis (b).

It has been shown that freeze-drying process does not affect the
properties of HAM, both in terms of cytokines and growth factors
concentrations and biological ultrastructure, whereas the cirradiation process performed after freeze-dried process leads to
a
significant
decrease
in
the
tissue
inhibitors
of
metalloproteinase-4, basic fibroblast growth factor and epidermal
growth factor, and induces structural damage to the epithelium,
basement membrane and lamina densa. The higher the irradiation
dose the more severe the damage to the HAM [46].
Microbiological analyses are performed at several stages
throughout the process and only HAMs without microbial contamination were considered suitable for implants.
The so-obtained product is positioned within the joint space of
patients with severe TMJ degeneration, either as a disc-replacing
film during major surgeries for discectomy and arthroplasty
(Fig. 1) or as an injectable solution that can be needle-inserted after
an arthrocentesis procedure (Fig. 2).
In the former condition, comparison should be made against
existing disc-replacement materials, in line with current case series on the use of HAM in combination or instead of temporalis fascia for interpositional arthroplasty in patients with TMJ ankylosis
[18,19]. As for joint lavage procedure, HAM preparations could be
used as an alternative option to viscosupplementation following
joint lavage. Comparison trials should be performed to assess the
two techniques and test the potential of HAM as a joint tissue
regeneration enhancer.

Fig. 1. HAM placement within the intrararticular gap during interpositional
arthroplasty.

Consequences of the hypothesis
As a consequence of hypothesis testing, HAM placement within
the temporomandibular joint space may find a rationale for use
and a refinement of its indications. Several factors, including
cost-to-benefit ratio as well as the predictability of TMJ arthrosis
management within a biopsychosocial framework, should be considered for the possible introduction of HAM treatment within the
armamentarium of the TMD practitioners.
Conclusions
The possible usefulness of HAM positioning within the intraarticular space of temporomandibular joints with severe
inflammatory-degenerative disorders has never addressed in the
literature. Based on the emerging indications of its possible analgesic and regenerative effects, the design of trials on the topic
should be encouraged for its possible inclusion within the field of
TMD practice.
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