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Abstract

Background: The medial pterygoid muscle (MPM) is frequently implicated in pain and
dysfunction in patients with temporomandibular disorders (TMDs), owing to its functional
complexity, susceptibility to overload, and rich neuromuscular control. Paradoxically, in
patients rehabilitated with tubero-pterygoid implants, whose apices often penetrate or
traverse the MPM attachment, no pain, trismus, or TMD-related symptoms are typically
observed. Objective: The aim of this study was to evaluate the impact of implant penetra-
tion into the medial pterygoid muscle using CBCT and clinical examination after surgery
and during follow-up visits. Methods: A retrospective observational study was conducted
on 56 patients receiving a total of 116 tubero-pterygoid implants protruding beyond the
pterygoid process of the sphenoid bone. Patients were divided into two groups according
to implant penetration depth (<2 mm and >2 mm), with a minimum follow-up period
of 12 months. Clinical outcomes related to pain, muscle disorders, and TMD symptoms
were assessed. Results: Throughout the observation period, all patients remained free
of pain, muscular disorders, and signs or symptoms of TMD, regardless of the degree of
muscular penetration. Statistical analysis revealed no association between penetration
depth and adverse clinical outcomes. Conclusions: The combined clinical and statistical ev-
idence indicates that transmuscular penetration of the MPM by tubero-pterygoid implants
is safe and well tolerated. These findings challenge traditional assumptions regarding
MPM sensitivity and provide important guidance for surgical planning and maxillary
rehabilitation strategies.

Keywords: medial pterygoid muscle; dental implants; maxillary rehabilitation; cone-beam
computed tomography; temporomandibular joint disorders

1. Introduction

The medial pterygoid muscle is the one of the four paired muscles responsible for
chewing. It typically consists of two heads, the deep and superficial. The deeper head
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arises from the medial surface of the lateral pterygoid plate and from the pyramidal process
of the palatine bone when the superficial head arises from the pyramidal process and from
the tuberosity of the maxilla and together ends at the medial surface of the mandible near
its angle [1,2].

Nonetheless, in the literature, there is some inconsistency in descriptions of the origin
of the deep head of the muscle [3-5]. With the development of reconstructive and rehabilita-
tive dentistry, the pterygoid muscles have become an area of interest for several specialties,
including temporomandibular joint (TM]) disorders, dental prosthetics, traumatology, and,
more recently, implantology—particularly with the increasing use of tubero-pterygoid
anchorage [6-11]. Although its clinical importance suggests that a proper understanding
of their function is beneficial, both the physiological and anatomical descriptions of these
muscles are sometimes contradictory. On the one hand, it is sensitive to injury, tension, and
pressure, often serving as an indicator of TMJ disorders. On the other hand, in implantol-
ogy, where tubero-pterygoid implants are used, the implant apex frequently penetrates the
muscle’s attachment site between the pterygoid processes of the sphenoid bone without
causing pain or affecting the function of the stomatognathic system.

Where do these discrepancies come from? Clinical studies show that only 4.0% of
needle insertions into the muscle tissue elicit pain [12]. In contrast, during dry needling of
the medial pterygoid muscle, four out of five patients report pain [13]. Moreover, unlike
a needle, an implant has a diameter that is several dozen times larger, is permanently
placed within the muscle, may have a rough surface or threads, and chronically irritates
the tissue—yet clinical incidents of pain from such implants are extremely rare.

To explain this phenomenon, we must consider the motor and sensory innerva-
tion of the medial pterygoid muscle, as well as the number and distribution of muscle
spindles, which are sensory receptors that detect muscle stretch and may also contain
pain receptors [14-16].

Currently, cone-beam computed tomography (CBCT) is the gold standard for imaging
after implant placement and during follow-up visits. However, it provides limited soft
tissue resolution for structures such as muscles. While less effective than MRI for visualizing
muscle tissue, CBCT can still be used to assess muscle changes, often with the aid of
specialized software [17-19].

The aim of this study was to evaluate the impact of implant penetration into the
medial pterygoid muscle using CBCT and clinical examination after surgery and during
follow-up visits.

This study was conducted and reported in accordance with the STROBE guidelines
for observational studies.

2. Materials and Methods
2.1. Study Design and Setting

This retrospective observational study analyzed CBCT scans and clinical outcomes
collected between January 2023 and December 2025 from dental implantology centers in
Poland, Romania, and India. The study period refers to the dates of CBCT acquisition and
clinical follow-up documentation available in the archives.

2.2. Participants and Inclusion Criteria

The study followed methodological standards established in earlier research by
the same scientific group [20,21]. Inclusion criteria were the presence of tubero-
pterygoid implants (single-piece implants with smooth surface) and a follow-up period of
at least 12 months. Exclusion criteria were incomplete visualization of the tubero-pterygoid
region, no implant protrusion beyond the bone plates, not attending control visits and
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follow-up shorter than 12 months. When multiple CBCT scans were available for the same
patient, only the scan corresponding to the qualifying follow-up period was included.
The study size reflected the number of eligible cases available in the archives during the
study period.

2.3. Imaging and Measurements

The dataset included 68 CBCT scans of the posterior maxilla region with 135 tubero-
pterygoid implants, retrospectively selected from patient archives. Inclusion was limited to
cases with complete visualization of the tubero-pterygoid region and implant penetration
of the bone plates by at least 1 mm. Participants were not actively recruited, and CBCT
images were anonymized prior to analysis, retaining only demographic data (age and
gender). Therefore, patient consent was not required, as the scans had been originally
acquired for clinical purposes unrelated to this study. No identifying information was
accessible to the researchers at any point during the selection or analysis process.

Assessment and measurement of the region of interest (ROI) were independently per-
formed by two experienced implantologists. Clinical outcomes assessed during follow-up
included muscle pain, limited mouth opening, and signs or symptoms of temporomandibu-
lar disorders. Beforementioned symptoms were identified based on documentation from
routine clinical examinations and follow-up visit records, without the use of standardized
diagnostic scales. Radiological outcomes assessed on CBCT included osteolysis around
the implant apex region, and implant mobility was assessed clinically during follow-up
visits. These evaluations were conducted on axial and sagittal radiological planes using
specialized imaging software (ver. 1.0.6.0.1, Ez3D-i; Vatech, Hwaseong-si, Gyeonggi-do,
Republic of Korea). To verify intra- and inter-observer reliability, a subset of scans was
randomly re-evaluated after several weeks. Additionally, two independent researchers
reviewed the images to confirm measurement accuracy and consistency. Discrepancies
were resolved through discussion and consensus.

Clinical follow-up data were extracted from routine postoperative and follow-up visit
records at each participating center.

2.4. Statistical Analysis

Chi-square tests, Student’s ¢-test, the Mann—-Whitney U test, Spearman’s correlation
analysis, and binomial tests were used for statistical evaluation. Statistical significance
was set at p < 0.05. Penetration depth was analyzed using a predefined categorical cut-off
of 2 mm (<2 mm vs. >2 mm). Analyses were performed at the patient level and implant
level as reported in the Results, using standard statistical software (ver. 13.3.721, Statistica,
Statsof, Krakéw, Poland). Subgroup analyses were performed according to sex and pene-
tration depth categories. There were no missing data for age, sex, penetration depth, or
clinical outcome variables in the included cases.

2.5. Ethics Statement

The study was conducted in accordance with the Declaration of Helsinki, and ethi-
cal review and approval were waived due to its retrospective character (Opinion of the
Chairman of the Bioethics Committee at the District Medical Chamber in Zielona Géra
No. 03/179/2025, dated 18 June 2025).

2.6. Bias

To reduce measurement bias, ROI measurements were performed independently by
two experienced implantologists, with repeat assessment of a subset of scans and consensus
resolution of discrepancies. Selection bias is possible due to retrospective archive sampling;
therefore, all cases meeting inclusion criteria within the study period were considered.
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number of patients

3. Results
A total of 68 CBCT scans with 135 tubero-pterygoid implants were initially identified
from archives. After applying eligibility criteria, 56 patients with 116 implants were

included in the final analysis.

3.1. Demographic Characteristics of the Study Group
Population Structure

The study group consisted of 56 patients (34 men and 22 women) with a to-
tal of 116 tubero-pterygoid implants (Figure 1). The mean age of the patients was
63.68 £ 10.92 years (range: 18-80 years). Although men constituted the majority (60.7%), a
chi-square test showed no statistically significant difference in sex proportions (x? = 2.5714,
p =0.1088).

sex distribution of the study group(n=56)

= male, n (%) = female, n (%)

Figure 1. Sex distribution of the study group.

The median age was 65 years.
A comparison of mean age between men (63.12 4= 12.66 years) and women (64.55 £ 7.68 years)

showed no statistically significant difference (Figure 2). Student’s t-test (t = —0.4746,
p = 0.6370) clearly indicated no significant age difference between sexes.

age distribution of patients

=20

(20.27]  (27.33] (33.40] (40,47] (47.53] (53.60] (60,67] (67.73] (73.80]

age (years)
Figure 2. Age distribution of patients in the study group.

3.2. Distribution of Penetration Depth

Of the 116 implants, 69.0% (n = 80) protruded beyond the pterygoid process of the
sphenoid bone, thus penetrating medial pterygoid muscle (MPM) to a depth of <2 mm,
while 31.0% (n = 36) penetrated deeper than 2 mm (Figure 3).
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Figure 3. Distribution of penetration depth of the tubero-pterygoid implants into the MPM.

At the patient level, 46.4% (n = 26) had at least one implant penetrating the
muscle > 2 mm, whereas 53.6% (1 = 30) had all implants penetrating < 2 mm. The mean
number of implants per patient was 2.07 £ 1.37, with the most common configurations
being one implant (1 = 33) or four implants (1 = 17). This distribution reflects the varied
bone conditions of patients, from single tubero-pterygoid implants to double pterygoid
approach.

A chi-square test of independence showed no statistically significant association
between patient sex and implant penetration depth (x> = 0.8846, p = 0.3470) as shown
in Figure 4.

penetration depth depending on sex (n=56)
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Figure 4. Comparison of implant penetration depth between sexes.

The Mann-Whitney U test demonstrated no significant age differences based on pene-
tration depth (U = 336.5, p = 0.3832). Patients with >2 mm penetration had a mean age of
62.81 & 10.06 years, compared with 64.43 £ 11.73 years for those with <2 mm penetration.

Spearman’s correlation between patient age and number of implants was p = 0.0099
(p =0.9421).

https://doi.org/10.3390/1ife16020350


https://doi.org/10.3390/life16020350

Life 2026, 16, 350

6 0f 9

Representative CBCT images illustrating tubero-pterygoid implant penetration into

the medial pterygoid muscle region are shown in Figure 5.

Figure 5. Representative CBCT images of tubero-pterygoid implant penetration into the medial
pterygoid muscle region. (A) Sagittal CBCT view demonstrating limited penetration of a tubero-
pterygoid implant beyond the pterygoid process of the sphenoid bone <2 mm. (B) Sagittal CBCT
view from a different patient illustrating deeper implant penetration into the tubero-pterygoid
region >2 mm.

3.3. Clinical Outcomes

None of the 56 patients exhibited radiological osteolysis, implant mobility, pain,
limited mouth opening, or temporomandibular disorder symptoms during the 12-month
follow-up period.

4. Discussion

The medial pterygoid muscle (MPM) presents a unique paradox in maxillofacial
practice. It is often implicated as a source of pain in patients with temporomandibu-
lar disorders (TMDs), yet, paradoxically, in patients with pterygoid or tubero-pterygoid
implants—where the implant apex is positioned directly within or adjacent to the muscle’s
insertion—pain or dysfunction is typically not observed. Understanding this contrast
requires consideration of neuromuscular physiology, local inflammatory responses, and
the biomechanical context of both conditions.

The aim of this study was to evaluate the impact of implant penetration into the
medial pterygoid muscle using CBCT and clinical examination after surgery and during
follow-up visits. The absence of complications such as radiological osteolysis, implant
mobility, pain, trismus, and TMD symptoms after 12 months of follow-up confirms that the
study objectives were achieved.

The analysis of 56 patients with 116 tubero-pterygoid implants provides strong evi-
dence supporting the clinical safety of this implant technique.

In patients with TMD, particularly those with myofascial pain syndrome, pain associ-
ated with the MPM is primarily of myogenous origin, linked to excessive loading, parafunc-
tional habits, and central sensitization of the trigeminal nociceptive pathways [22,23]. The
MPM'’s dense motor innervation via the mandibular division of the trigeminal nerve (V3)
and its relatively rich in spindles in the middle part of the muscle but and few or no
spindles near the origins of the superficial and deep heads or near their insertion [15]. This
distribution may correspond to the localization of myofascial trigger points specified as a
hyperirritable spot that arises from muscles and their connective tissue [24]. Furthermore,
electromyographic studies have demonstrated increased resting tonus and spontaneous ac-
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tivity in symptomatic patients, supporting the hypothesis of neuromuscular over-excitation
rather than structural damage [25].

By contrast, the physiological environment of the MPM surrounding a properly posi-
tioned pterygoid implant is markedly different. The implant apex traverses the pterygoid
process of the sphenoid bone and often engages the attachment zone of the head of the
MPM. However, this penetration does not elicit pain for several reasons. First, the os-
seofixation converts the implant-bone interface into a stable, immobile unit, eliminating
micro-motion that would otherwise activate nociceptors [26]. Secondly, the chronic adap-
tation of surrounding muscle fibers leads to a form of ‘functional desensitization” due
to neural accommodation and the absence of inflammatory mediators typical of overuse
injuries [27]. Histological evidence from animal models suggests that once the implant
surface becomes integrated with mineralized tissue, the adjacent soft tissue undergoes
fibrous reorganization, reducing the density of free nerve endings [28].

Another important factor is the mechanical context. In TMD, pain is driven by re-
peated, dynamic contraction against resistance or disc displacement, whereas the presence
of a fixated implant represents a static, non-contractile stimulus. The implant does not
produce tensile or shear stress but instead establishes a new mechanical equilibrium within
the muscle’s attachment zone. Moreover, MPM’s proprioceptive control depends primarily
on central modulation rather than continuous peripheral feedback; thus, once an implant is
integrated and non-inflammatory;, it ceases to provide nociceptive input [29,30].

Finally, the absence of pain in pterygoid implants may also reflect differences in
the microenvironment of neural endings. The neuromuscular spindles present in medial
pterygoid muscles are usually located in deep areas of this muscle [31], and its innervation
is primarily motor [32]. Once the local tissue adapts to the foreign body, the muscle
fibers reorganize around the implant, encapsulated by fibrous connective tissue with
reduced vascularity and neural density [33]. Therefore, while acute surgical trauma might
transiently stimulate nociceptors, long-term stability and lack of micromotion prevent
chronic pain.

In conclusion, the absence of pain in patients with single-piece, smooth-surface ptery-
goid implants, despite their transmuscular placement, likely results from the combination
of mechanical stability, absence of dynamic overload, neural adaptation, and fibrous en-
capsulation. In contrast, TMD-related MPM pain arises from continuous hyperactivity,
inflammatory microtrauma, and altered central pain modulation. This understanding
highlights the distinct pathophysiological mechanisms underlying the same anatomical
structure under different clinical conditions.

From a statistical perspective, the most relevant finding of this study is the uniform
absence of adverse clinical and radiological outcomes across all evaluated parameters
during the follow-up period. The consistency of complication-free outcomes in all patients
and implants suggests that these findings are unlikely to be attributable to random variation
and instead reflect a stable and reproducible clinical pattern. The absence of adverse
events precluded the application of multivariate statistical models for risk-factor analysis;
however, this limitation arises directly from the uniformly positive outcomes observed and
simultaneously indicates a robust short-term safety profile for tubero-pterygoid implants.

Clinical and Research Implications

The absence of complications despite the penetration of the sensitive medial ptery-
goid muscle confirms the clinical paradox described in the literature: mechanically stable
implants do not elicit pathological symptoms. The lack of association between pene-
tration depth, patient age, sex, or number of implants and the occurrence of complica-
tions suggests that this technique can be safely applied across a wide range of maxillary
rehabilitation cases.
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These findings support the hypothesis of neural adaptation and soft-tissue reorganiza-
tion around stable implants, which differentiates this scenario from the dynamic muscle
overload observed in temporomandibular disorders. This has important implications for
surgical planning and patient qualification in advanced maxillary rehabilitation.

5. Conclusions
This study draws the following conclusions:

1.  Tubero-pterygoid implant penetration into the medial pterygoid muscle is safe and
well-tolerated.

2. Neither shallow (<2 mm) nor deep (>2 mm) penetration produced pain, trismus,
osteolysis, or TMD symptoms.

3. Age, sex, and number of implants did not influence outcomes.

4. Mechanical stability, neural adaptation, and fibrous tissue reorganization may explain
the absence of adverse symptoms.
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