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Abstract

Background: This study aims to evaluate the functional improvement, pain reduction,
and esthetic outcomes including scar satisfaction and donor-site morbidity following au-
togenous dermal-fat graft reconstruction for temporomandibular joint (TM]) ankylosis.
Methods: This retrospective clinical study included 12 adults with TMJ ankylosis treated
surgically with autogenous dermal fat graft reconstruction. Outcomes measured included
pre- and postoperative maximum mouth opening (MMO), pain intensity via the Visual
Analog Scale (VAS) at postoperative day 2, week 1, and month 6, and scar-satisfaction
scores. Changes in functional and esthetic outcomes over time and the correlation between
preoperative mouth opening and postoperative pain were analyzed using appropriate
parametric or non parametric tests and correlation analyses. Results: Mean MMO signifi-
cantly improved from 8.17 + 6.72 mm to 29.58 + 5.68 mm (p = 0.002). Mean VAS pain scores
declined steadily from 5.50 + 1.88 at day 2 to 1.50 + 1.73 at 6 months (p < 0.001). A strong
negative correlation was found between preoperative MMO and postoperative pain at all
intervals (p < 0.001), indicating that more severe preoperative restriction is associated with
higher postoperative pain. Esthetic satisfaction was high (patients: 2.08 + 1.38; surgeons:
1.58 £ 1.00), and donor-site morbidity was minimal. No re-ankylosis occurred during the
36-month mean follow-up. Conclusions: Autogenous dermal fat grafting for TMJ ankylosis
provided favorable functional recovery, esthetic outcomes, and manageable donor site
morbidity. Analysis suggests that restricted preoperative mouth opening is associated
with greater postoperative pain, supporting perioperative analgesia and physiotherapy
for patients.

Keywords: TM] disease; rehabilitation; pain assessment; donor site; scar quality

1. Introduction

Temporomandibular joint (TMJ) ankylosis is a pathological condition characterized
by fusion of the mandible to the glenoid fossa by fibrous or bony tissue. This condition
impairs mastication, speech, oral hygiene, and daily activities, and may become poten-
tially life-threatening in situations where emergency airway management is required [1].
Moreover, in growing patients, ankylosis can result in facial asymmetry and dentofacial
deformities [2]. Various etiological factors have been reported, with trauma being the
most common, followed by infections, arthritis, previous surgical interventions, congenital
deformities, and idiopathic conditions [3-5]. The epidemiological data reveals significant
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geographic variation in TMJ ankylosis occurrence. The condition shows notably high
prevalence in regions of Asia and Africa [6], while incidence has been declining in Eu-
rope and North America but remains common in developing countries [4,7]. In India,
the incidence reaches 0.46 per 1000 cases in the 3-15 age group, with 128 cases identified
among 1607 pediatric patients [6]. A Nigerian study reported TMJ ankylosis in 1.6% of
3596 mandibular condylar fractures over 16 years [8]. The diagnosis is established through
clinical examination and imaging techniques such as CT or MRI [2]. The primary goals of
TM]J ankylosis management are to restore adequate mouth opening, prevent re-ankylosis,
correct asymmetry, and reduce pain [1].

Various surgical approaches have been described, including gap arthroplasty, interpo-
sitional arthroplasty, and total joint reconstruction, with interpositional materials such as
temporalis muscle flap, costochondral grafts, dermal fat grafts, skin grafts, and alloplastic
implants [9]. Although patient-specific total joint reconstruction has become a preferred
treatment for adult TM] ankylosis due to its superior long-term functional stability and
lower recurrence rates, autogenous dermal-fat grafting remains a relevant biological alter-
native. It is particularly valuable in cases where cost-effectiveness, patient preference for
autogenous tissue, or lack of access to custom-made prostheses are primary considerations.
Dermal fat grafts are preferred due to their availability, low donor site morbidity, low im-
munogenicity, vascular structure, and anti-fibrotic properties, and the presence of stem cells
in adipose tissue that can support healing [10]. In the present study, dermal-fat grafting
was selected in cases where facial symmetry could be achieved following removal of the
ankylosed mass, as the limitation was primarily due to joint immobility and not associated
with significant ankylosis-related mandibular growth disturbance, which would otherwise
necessitate reconstruction with a patient-specific total joint reconstruction, and where cost
considerations also favored the use of autogenous tissue.

While the use of dermis-fat grafts in TMJ ankylosis surgery remains, the available litera-
ture provides only limited information on patient-reported outcomes and pain. The present
study aims to evaluate the association between restricted preoperative mouth opening and
postoperative pain intensity, which has not been quantitatively or systematically assessed
to date, as well as secondary outcomes including patient satisfaction, scar characteristics,
and pain at both the recipient and donor sites.

2. Patients and Methods
2.1. Patient Data

This single-center retrospective cohort study was approved by the Institutional Review
Board (IRB, No. E.5375 and date of approval 13 February 2020) of this hospital and adhered
to the principles of the Declaration of Helsinki. Due to the retrospective nature of the study
and the use of de-identified data, the requirement for informed consent was waived by the
IRB. Written informed consent for surgery and the use of anonymized data and images
for research and publication purposes was obtained from all patients. This retrospective
study included 12 patients who underwent autogenous dermal-fat grafting for the surgical
management of TM] ankylosis at the Department of Oral and Maxillofacial Surgery, Gazi
University Faculty of Dentistry, between 2015 and 2019. All procedures were performed by
the same surgical team.

Data obtained from patient records and follow-up examinations included sociodemo-
graphic characteristics, etiology, ankylosis classification, postoperative pain, scar length,
mouth opening, and nerve sensitivity. The diagnosis was retrospectively verified based on
clinical notes and radiographic findings observed on pre-existing cone-beam computed
tomography (CBCT) images. Ankylosis was classified as osseous, fibrous, or fibro-osseous
and further categorized according to the Topazian and Sawhney classification systems.
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2.2. Sample Size

An a priori sample size analysis was performed using G*Power 3.1.9.7. Considering the
rarity of TMJ ankylosis and the limited sample sizes reported in previous studies, effect size
values were determined based on findings from the literature rather than arbitrary assumptions.
Previous studies have demonstrated substantial postoperative improvements in mouth opening
following surgical treatment of TM] ankylosis. For example, Karamese et al. reported an
increase in maximum mouth opening (MMO) from approximately 5.6 mm preoperatively to
29.5 mm postoperatively, while Dimitroulis reported an increase from 15.6 mm to 35.7 mm.
These findings indicate marked clinical improvements following surgical intervention [11,12].
Based on these substantial improvements, large effect sizes were considered appropriate for
the present analysis. For the repeated assessment of Visual Analog Scale (VAS) scores across
three time points, a repeated-measures ANOVA model was used. Assuming a large effect size
(f = 0.40), a type I error rate of &« = 0.05, and a statistical power of 80%, the minimum required
sample size was calculated as 12 participants. Additionally, for the comparison of preoperative
and postoperative measurements within the same individuals, a paired-samples design was
considered. Based on the magnitude of improvement reported in previous studies, a large
effect size (d, = 0.80) was used (x = 0.05, power = 0.80), yielding a required sample size of
12 participants. Since both analytical approaches resulted in the same minimum sample size
requirement, the final sample size was determined as at least 12 participants.

2.3. Inclusion and Exclusion Criteria

Inclusion criteria were: (1) Age > 18 years; (2) diagnosis of TM] ankylosis requiring
surgical treatment; (3) reconstruction with autogenous dermal-fat graft; and (4) availability
of complete clinical and follow-up records. Two patients who had previously undergone
ankylosis surgery at another center and presented with re-ankylosis were also included.
A detailed history was obtained from all patients to determine etiological factors and the
cases were classified accordingly.

Patients who did not meet any of the above inclusion criteria were excluded.

2.4. Surgical Technique

Preoperative MMO was measured in all patients during clinical and radiographic
examination. Surgical treatment was performed under general anesthesia. Fiberoptic nasal
intubation, considered the gold standard for difficult airway management in ankylosis
patients [13], was used in 11 cases, while 1 patient underwent tracheostomy due to a history
of previous tracheostomy.

After routine skin preparation and local anesthetic infiltration, a preauricular incision
was made to expose the ankylosed joint. The ankylosed mass and degenerated disc were
excised. Intraoperative mouth opening was measured and a bilateral coronoidectomy was
performed when MMO remained <35 mm.

Dermal-fat grafts were simultaneously harvested from the abdominal region through
an elliptical incision. The epidermis was carefully removed (Figures 1 and 2) and grafts
measuring approximately 4 x 2 cm were prepared (Figure 1).

The grafts were then placed in the surgically created joint spaces (Figure 2). Donor
and recipient sites were closed in layers. A pressure dressing was applied over the donor
site for 3—4 days to prevent hematoma or seroma formation. All patients received standard
postoperative antibiotic and analgesic therapy. The sutures were removed on postoperative
days 10-14.

Passive mouth-opening exercises were initiated on postoperative day 3, after reduc-
tion of edema, and followed by progressive physiotherapy over the subsequent days.
The patients were examined at the 1 week, 3 months, and 6 months postoperatively.
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Figure 1. (a) The epidermis layer was carefully removed from the fat graft. (b) Harvesting of the
dermal fat graft from the abdominal region. (c) Dermal fat grafts from the abdominal region.

Figure 2. Placement of dermal-fat grafts in the created joint space.

2.5. Outcome Measures and Data Collection

The following parameters were recorded:

*  Pain intensity, assessed with the VAS on postoperative day 2, week 1, and month 6.
*  Duration of mouth-opening exercises and physiotherapy.

Scar characteristics (length, width, appearance, texture, keloid /hypertrophic/normal)
at both TMJ and donor sites.

Patient satisfaction with scar appearance (patient and surgeon scores).
Patient satisfaction regarding treatment outcome and recommendation to others, assessed

using a structured binary questionnaire (yes/no responses) during follow-up visits.
*  Pre- and postoperative MMO.

Complications, including facial nerve paralysis, infection, hematoma, and wound
dehiscence.

Demographic data (age, gender, date of operation, type and classification of anky-
losis) and follow-up findings were obtained from detailed postoperative records and
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clinical examinations. Patients were evaluated at predefined postoperative intervals (day 2,
week 1, month 3, and month 6), during which VAS pain scores, and scar characteristics
were systematically recorded. Beyond 6 months (mean follow-up: 36 months, range
12-60 months), follow-up visits primarily involved clinical assessment of complications,
functional status, and signs of re-ankylosis, with quantitative measurements repeated only
when clinically indicated.

2.6. Statistical Analysis

Statistical analysis was performed using SPSS version 20.0, and a p-value < 0.05
was considered statistically significant. Data were presented as mean + standard devi-
ation, median (min-max), and number (percentage), as appropriate. The normality of
data distribution was assessed using the Shapiro-Wilk test, which is considered more
reliable for small sample sizes (n < 50). Due to the limited sample size and non-normal
distribution of the data, non-parametric methods were preferred. For comparisons of
preoperative and postoperative repeated measurements, the Wilcoxon Signed Ranks test
was used. For repeated measurements across three time points, the Friedman two-way
analysis was applied, and Bonferroni-adjusted post hoc comparisons were performed
when significant differences were detected. The relationships between preoperative mouth
opening and postoperative VAS scores were evaluated using Spearman correlation analy-
sis. In accordance with current recommendations for statistical reporting in clinical and
dental research [14], effect sizes were reported alongside p-values and interpreted based
on Cohen’s criteria. For the Wilcoxon Signed Ranks test, the effect size (r) was calculated
asr = Z/+/N. Kendall’'s W was used as the effect size measure for the Friedman test,
and Spearman’s rho (p) was reported for correlation analyses. To enhance the interpretabil-
ity of the results, 95% confidence intervals (Cls) for effect sizes and correlation coefficients
were estimated using bootstrap resampling (5000 iterations). Although the primary analy-
ses were conducted in SPSS, CI estimation was performed in R (Version 4.4.1, R Foundation
for Statistical Computing, Vienna, Austria), since SPSS does not provide built-in procedures
for calculating confidence intervals for non-parametric effect size measures (e.g., r for the
Wilcoxon signed-rank test and Kendall’s W). Therefore, R was used as a supplementary
tool to obtain robust bootstrap-based confidence intervals. Confidence intervals were
successfully obtained for the Friedman test and Spearman correlation analyses. However,
for the Wilcoxon signed-rank test, in cases where all non-zero paired differences were in
the same direction, bootstrap resampling yielded identical effect size estimates across all
iterations, resulting in zero variance in the bootstrap distribution. Consequently, confidence
intervals could not be computed for the Wilcoxon effect size in these comparisons.

3. Results
3.1. Patient Characteristics

A total of 12 patients (9 females, 3 males) were included, comprising 10 unilateral
and 2 bilateral ankylosis cases. The mean age was 35 years (range 18-55) and the mean
follow-up period was 36 months (range 12-60). The most common etiology was trauma
(7 patients), followed by head and neck radiotherapy (3 patients), childhood ear infection
(1 patient) and rheumatoid arthritis (1 patient). According to the Topazian classification,
64.3% of ankylosed joints were stage 1, 21.4% stage 2, and 14.3% stage 3. According to the
Sawhney classification, 35.7% were type 1, 28.6% type 2, 28.6% type 3, and 7.1% type 4.

3.2. Surgical Details and Hospital Course

Unilateral surgery was performed in 83.3% of the cases and bilateral surgery in 16.7%.
Bilateral coronoidectomy was required in 33.3% of the patients. Condylar reshaping was
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performed in 25% of the patients. The mean hospital stay was 1.42 + 0.68 days. All sutures
were removed within 10-14 days and no wound dehiscence was observed. The mean
duration of mouth-opening exercises and physiotherapy was 2.83 + 1.27 months. By the
6-month follow-up evaluation, quantitative pain scores had significantly subsided, with the
majority of patients reporting minimal to no residual discomfort. At later follow-up visits,
no patient reported clinically relevant persistent pain on routine clinical questioning.

3.3. Scar Characteristics and Patient Satisfaction

Scar characteristics for both the TMJ region and dermal-fat graft donor site are
summarized in (Table 1), presenting mean + standard deviation values along with mini-
mum-maximum ranges for scar length, width, and appearance scores. In the TM] region,
the mean scar length was measured as 50.83 + 7.93 mm (40-70). For the dermal-fat graft
donor site, the mean scar length was 60.83 + 18.32 mm (40-90) and the mean scar width was
0.36 + 0.20 mm (0.20-0.80). Regarding scar appearance scores, patient assessments yielded
a mean score of 2.08 + 1.38 (0—4), while surgeon assessments demonstrated a mean score
of 1.58 + 1.00 (0-3). The distribution of scar color, scar appearance, and scar consistency
is presented as frequencies (n) and percentages (%). In the TM] region, all scars exhibited
tissue-matched color (100%), normal appearance (100%), and soft consistency (100%). In the
dermal-fat graft donor site, scar color distribution was as follows: tissue-matched color in
75% (n =9), light color in 8.3% (n = 1), and dark color in 16.7% (n = 2) of cases. Notably,
both regions demonstrated normal scar appearance (100%) and soft scar consistency (100%).
In general, the scar characteristics were generally acceptable and contributed to high patient
satisfaction. All patients reported satisfaction with the surgical outcome and stated that
they would recommend the procedure to others.

Table 1. Distribution of scar characteristics and appearance scores of the TM] area and dermal-fat
graft donor site in terms of descriptive statistics.

Variable Mean + SD Min-Max
Temporomandibular Joint Area—Scar Length (mm) 50.83 + 7.93 40-70
Dermal Fat Graft Site—Scar Length (mm) 60.83 + 18.32 40-90
Dermal Fat Graft Site—Scar Width (mm) 0.36 +0.20 0.20-0.80
Scar Appearance (0-Acceptable, 10-Ugly)—Patient 2.08 +1.38 04
Scar Appearance (0-Acceptable, 10-Ugly)—Surgeon 1.58 + 1.00 0-3
n %
Light Color - -
Temporomandibular Joint Area—Scar Color Skin-Colored 12 100
Dark Color - -
Light Color 1 8.3
Dermal Fat Graft Site—Scar Color Skin-Colored 9 75
Dark Color 2 16.7
Keloid - -
Temporomandibular Joint Area—Scar Appearance Hypertrophic - -
Normal 12 100
Keloid - -
Dermal Fat Graft Area—Scar Appearance Hypertrophic - -
Normal 12 100
Temporomandibular Joint Area—Scar Texture 59& 12 100
Firm - -
Dermal Fat Graft Area—Scar Texture ngt 12 100
Firm - -
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3.4. Mouth Opening Outcomes

The difference between preoperative and postoperative MMO values was analyzed
using the Wilcoxon Signed Ranks test (Table 2). The mean preoperative MMO was
8.17 £ 6.72 mm (median: 9, range: 1-20), which significantly increased to 29.58 + 5.68 mm
(median: 31, range: 20-37) in the postoperative period. This increase was found to be
statistically significant (Z = —3.062, p = 0.002). These findings demonstrate that all
patients showed a substantial increase in mouth opening capacity following treatment.
The effect size was large (r = 0.88), according to Cohen’s criteria [14], indicating a strong
and clinically meaningful improvement in mouth opening following treatment. For the
Wilcoxon Signed Ranks test, the effect size (r) was calculated by dividing the Z value by
the square root of the sample size (r = Z/+/N), as recommended in the literature.

Table 2. Comparison of preoperative and postoperative maximum mouth opening.

Variable Mean + SD (mm) M. (Min-Max) (mm) Z p
Preoperative 8.17 + 6.72 9 (1-20)

Postoperative 29.58 + 5.68 31 (20-37) —3.062 0.002 *
Difference 21.42 +7.27 10-33

* p < 0.05, Z: Wilcoxon Signed Ranks Test Statistics, Effect size (r) = 0.88.

3.5. Pain Outcomes

Postoperative pain was assessed using the VAS pain scores at three time points.
According to the results, the mean VAS score on postoperative day 2 (T1) was 5.5 + 1.88
(median: 5, range: 3-9), which decreased to 3.25 + 1.36 (median: 3, range: 1-5) at week 1
(T2), and further declined to 1.5 + 1.73 (median: 1, range: 0-6) at month 6 (T3) (Table 3).
The change in pain scores over time was evaluated using the Friedman two-way analysis,
and a statistically significant difference was found between the repeated measurements
(x? = 22.167, p < 0.001). Post hoc Bonferroni analysis revealed that the VAS scores at
month 6 (T3) were significantly lower than those at day 2 (T1) (p < 0.001), and the scores at
week 1 (T2) were also significantly lower than those at day 2 (T1) (p = 0.024). No significant
difference was observed between week 1 (T2) and month 6 (T3). The effect size was large
(Kendall’s W = 0.924), according to Cohen’s criteria, indicating a strong reduction in pain
over time. The 95% confidence interval ranged from 0.812 to 1.000.

Table 3. Assessment of postoperative pain scores using the Visual Analogue Scale (VAS).

Mean + SD (mm) M. (Min-Max) (mm) Two-F\X;:;l rX:lglysis p Bonferroni
Day 2 (T1) 55+1.88 5(3-9)
T3 < T1 (<0.001 *)
Week 1 (T2 3.25+1.36 3(1-5 *
eek 1 (T2) + (1-5) 22.167 <0.001 T2 < T1(0.024 %)
Month 6 (T3) 1.5+1.73 1(0-6)

* p <0.05, Effect size (Kendall’s W) = 0.924, indicating a very large effect, 95% CI = [0.812, 1].

3.6. Correlation Between Preoperative Mouth Opening and Postoperative Pain

The relationship between preoperative MMO and pain (VAS) was evaluated using
Spearman correlation analysis. The results demonstrated a statistically significant and
strong negative correlation between preoperative MMO and VAS scores at all postoperative
time points. Specifically, strong negative correlation was observed on day 2 (0 = —0.930,
p < 0.001, 95% CI: —0.9855 to —0.7705), week 1 (o = —0.952, p < 0.001, 95% CI: —0.9980 to
—0.8111), and month 6 (0 = —0.891, p < 0.001, 95% CI: —0.9708 to —0.6969). According
to Cohen’s criteria, all correlations were in the strong range. These findings indicate that
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as mouth opening increases, postoperative pain levels decrease significantly across all
follow-up periods (Table 4).

Table 4. Correlation between preoperative maximum mouth opening and pain (VAS) at differet
follow-up intervals.

VAS Correlation Coefficient (p) p Value
Day 2 —0.930 ** <0.001 *
Week 1 —0.952 ** <0.001 *
Month 6 —0.891 ** <0.001 *

*p <0.05,** p <0.01, p: Spearman correlation coefficient.

3.7. Long-Term Surveillance and Recurrence

During extended follow-up (mean 36 months, range 12-60), no cases of re-ankylosis
were observed. All patients maintained functional mouth opening with sustained satis-
faction. Clinical assessment confirmed preserved functional capacity without progressive
restriction or major complications.

4. Discussion

TM]J ankylosis represents a significant functional disability that requires surgical inter-
vention to restore jaw function and quality of life. While various interpositional materials
have been proposed to prevent re-ankylosis following gap arthroplasty, the optimal choice
remains debatable. This study evaluated the clinical outcomes of autogenous dermal-fat
grafting in the surgical management of TMJ ankylosis in 12 patients over a mean follow-up
period of 36 months.

According to previous reports, trauma was the most common etiology of TMJ anky-
losis in this series, followed by radiotherapy, childhood ear infection, and rheumatoid
arthritis [3,7,15-19]. The predominance of female patients also aligns with the distribution
reported in the literature [20,21] Osseous ankylosis was the most common type, which is
also in agreement with earlier clinical series [20].

The present study achieved a mean postoperative MMO of 29.58 + 5.68 mm at
6 months of follow-up, representing a clinically significant improvement from the pre-
operative baseline of 8.17 + 6.72 mm. Importantly, this gain reflects not only a statistical
difference but also a functional milestone enabling the restoration of daily activities such
as effective mastication and speech, both fundamental to a patient’s quality of life. This
outcome is consistent with Rahman et al., who reported a mean MMO of 30.1 mm at
6 months using abdominal dermal fat grafts in patients with comparable preoperative
severity (mean preoperative MMO: 5.1 mm) [15]. Although Kilinskaite et al.’s systematic
review reported higher MMO values (40.0 + 2.7 mm at 3 months, 40.80 + 4.26 mm at
6 months, 41.9 + 4.0 mm at 12 months, and 43.5 mm beyond 12 months) [22], these find-
ings derive from heterogeneous populations. The variability in reported MMO outcomes
across studies is therefore more likely attributable to differences in case complexity rather
than graft efficacy. Notably, our cohort included two patients with re-ankylosis following
previous failed surgery and 35.7% of patients with Sawhney Type 1 ankylosis representing
a more severe clinical subset. Despite these challenging baseline characteristics, all patients
achieved substantial functional improvement with no recurrence at final follow-up, fur-
ther supporting the effectiveness of abdominal dermal fat grafts even in complex cases.
However, these findings should be interpreted with caution given the limited sample size,
which may influence the precision of the estimated treatment effect.
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Patient-specific total joint reconstruction has demonstrated long-term functional stabil-
ity and low recurrence rates in adult TMJ ankylosis, with custom-made prostheses offering
precise fit and accuracy, particularly in cases of severe anatomical disruption that demand
patient-specific solutions [4,23]. Despite these advantages, autogenous dermal-fat grafting
remains a compelling biological alternative. It is particularly valuable in cases where cost-
effectiveness, patient preference for autogenous tissue, or lack of access to custom-made
prostheses are primary considerations.

Gap arthroplasty remains a widely accepted technique when complete removal of the
ankylotic mass and an adequate gap (>1 cm) are achieved, with complete resection—first
emphasized by Humphrey—remaining the cornerstone of treatment [24,25]. In the present
series, gap arthroplasty combined with abdominal dermal fat interposition resulted in zero
reankylosis during follow-up, supporting the validity of our surgical protocol and address-
ing a key limitation of plain gap arthroplasty, which has reported recurrence rates of 13.9%
despite adequate gap creation [5]. Our choice of dermis fat interpositional arthroplasty
rather than gap arthroplasty alone was based on two critical factors: (1) the established su-
periority of interpositional materials in preventing heterotopic bone formation and (2) the
specific advantages of dermal fat over alternative materials [5,22].

The absence of reankylosis in our cohort is consistent with previous reports, as Wolford
documented no recurrence in fat-grafted patients with reoperation required in non-grafted
cases [26], and Andrade et al. similarly demonstrated zero recurrence over a 3-year follow-
up in a prospective randomized trial [27]. This consistency across studies supports the
concept that interpositional materials may modify the biological environment of the resec-
tion gap by limiting pluripotential mesenchymal cell migration and subsequent heterotopic
ossification [10]. Nevertheless, the absence of a control group in the present study limits
direct attribution of this outcome specifically to dermal-fat grafting.

The abdomen is the most common donor site for autogenous fat harvesting, typically
via suprapubic or periumbilical incisions, with the possibility of using pre-existing scars
(e.g., cesarean, hysterectomy, appendectomy). Other potential donor sites include the hips,
thighs, buccal fat pad, and breasts [22,28]. Beyond recurrence prevention, dermal fat from
the lower abdomen or iliac crest provides superior functional outcomes compared to buccal
fat pad or temporalis fascia, with Kilinskaite et al.’s systematic review of 369 patients
demonstrating the greatest maximal mouth opening improvements, lowest pain intensity,
and least volumetric contraction [22]. The technique most widely recommended involves
removing the epidermis and transplanting the graft with the dermal layer intact to stabilize
the fat, reduce fragmentation, and facilitate adaptation [12,15]. In this study, all grafts were
harvested from the abdominal region and transplanted with the dermal layer preserved,
resulting in acceptable scar characteristics and high patient satisfaction.

The VAS pain scores in the present study decreased from a mean of 5.5 + 1.88 on
postoperative day 2 to 3.25 + 1.36 at week 1 and 1.5 + 1.73 at 6 months, demonstrating a
marked and sustained reduction in pain intensity over time. This progressive reduction in
pain intensity is consistent with findings from comparable investigations using dermal fat
grafts [15,16,22].

Beyond its immediate clinical relevance, postoperative pain represents a critical deter-
minant of functional recovery. The recurrence of TM] ankylosis is largely driven by two
key factors: the enhanced propensity for heterotopic bone formation following surgery
and the inhibition of effective physiotherapy due to postoperative pain [15]. In this regard,
Ezoe et al. underscored the critical role of sustained physiotherapy in minimizing relapse
over a 24-month follow-up period [29], while systematic reviews further indicate that
postoperative physiotherapy significantly improves maximal mouth opening and alleviates
pain following open TM] procedures [30].
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In line with these considerations, the present study demonstrated a significant neg-
ative correlation between preoperative maximal mouth opening and postoperative pain
intensity at all measured time points (day 2, week 1, and month 6), with patients presenting
with more severe preoperative restriction experiencing higher postoperative pain levels.
Several mechanisms may explain this observation. First, chronic TM] ankylosis leads to
adaptive shortening of masticatory muscles and periarticular soft tissues, requiring more
extensive surgical release and resulting in greater tissue trauma. Second, prolonged immo-
bilization may contribute to altered pain processing, potentially increasing postoperative
pain perception. Third, more severe restriction is often associated with more extensive
ankylosis, necessitating more aggressive surgical intervention [4,29].

Clinically, this finding suggests that patients with severe preoperative restriction may
represent a higher-risk subgroup requiring optimized perioperative pain management
strategies and more intensive, closely supervised physiotherapy programs to maximize
rehabilitation adherence and functional outcomes [5,27]. However, this implication should
be considered exploratory until validated in larger prospective cohorts.

In this context, long-term success after TM]J ankylosis surgery hinges not only on the
selected surgical technique, but also on the timing of intervention, and well-structured
postoperative rehabilitation emerges as a pivotal factor in the management. In this context,
Olate.et.al. argue that customised TM] replacement should be performed before the disease
progresses to an end-stage, particularly when marked mandibular morphological changes
are present, because early surgery can prevent irreversible skeletal deformities [31].

This study has several limitations. The small sample size and retrospective design
may limit the generalizability of the findings. The structured quantitative follow-up was
limited to the first 6 months, which precludes detailed assessment of long-term changes
in functional outcomes. In addition, the absence of a control group prevents direct com-
parison across treatment modalities, and scar satisfaction was evaluated using subjective
measures. Despite these limitations, the study provides clinically relevant preliminary data
on functional, pain-related, and cosmetic outcomes following dermal-fat grafting in TM]
ankylosis. Further prospective studies with larger cohorts and standardized long-term
quantitative follow-up are needed to validate these findings.

5. Conclusions

Autogenous dermal-fat grafting is a safe and effective technique for managing TM]
ankylosis, providing substantial improvements in mouth opening, low donor site morbidity,
and high patient satisfaction with scar appearance. An exploratory association was ob-
served between more restricted preoperative mouth opening and higher postoperative pain,
suggesting that patients with severe preoperative restriction may benefit from enhanced
perioperative analgesia and intensive physiotherapy. However, given the retrospective
design, modest sample size, and multifactorial nature of postoperative pain, this finding re-
quires cautious interpretation and validation in larger prospective cohorts before definitive
clinical recommendations can be established. The present findings underscore the critical
importance of tailored rehabilitation protocols in achieving optimal functional outcomes.

Author Contributions: Conceptualization, O.GK. and S.AK; methodology, O.GK. and S.AK;
validation, O.G.K. and A.O.; formal analysis, O.GK; investigation, O.GK. and A.O.; resources,
S.AK.; data curation, O.GK. and A.O,; writing—original draft preparation, O.GK. and A.O.;
writing—review and editing, A.O.; visualization, O.G.K. and A.O.; supervision, S.A.K.; project ad-
ministration, S.A K. All authors have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.

https://doi.org/10.3390/jcm15082924


https://doi.org/10.3390/jcm15082924

J. Clin. Med. 2026, 15, 2924 11 of 12

Institutional Review Board Statement: This single-center retrospective cohort study was approved
by the Institutional Review Board (IRB, No. E.5375 and date of approval 13 February 2020) of Gazi
University and adhered to the principles of the Declaration of Helsinki.

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.
Data Availability Statement: The data are available upon request from the corresponding author.

Conflicts of Interest: The authors declare no conflicts of interest.

References

1.  Movahed, R.; Mercuri, L.G. Management of temporomandibular joint ankylosis. Oral Maxillofac. Surg. Clin. 2015, 27, 27-35.
[CrossRef] [PubMed]

2. Karatas, O.H.; Toy, E. Three-dimensional imaging techniques: A literature review. Eur. J. Dent. 2014, 8, 132-140. [CrossRef]

3. Erol, B; Tanrikulu, R.; Gorgun, B. A clinical study on ankylosis of the temporomandibular joint. J. Cranio-Maxillofac. Surg. 2006,
34, 100-106. [CrossRef]

4. Gerbino, G.; Omede, M.; Raveggi, E.; Silvestri, S.; Zavattero, E.; Ramieri, G. Temporomandibular Joint Ankylosis: Long-Term
Outcomes with One-Stage Resection and Reconstruction Using Total Joint Alloplastic Replacement—A 20-Year Experience. J.
Clin. Med. 2025, 14, 4639. [CrossRef]

5. Rikhotso, R.E.; Sekhoto, M.G. Surgical Treatment of Temporomandibular Joint Ankylosis: Our experience with 36 cases. |.
Craniofac. Surg. 2024, 35, e536-e540. [CrossRef]

6. Mishra, N.; Sharma, N.K.; Dhiman, N.K,; Jaiswara, C.; Tiwari, P.; Singh, A.K. Temporomandibular joint ankylosis: A tertiary
center-based epidemiological study. Natl. |. Maxillofac. Surg. 2021, 12, 392-396. [CrossRef]

7. Chidzonga, M.M. Temporomandibular joint ankylosis: Review of thirty-two cases. Br. ]. Oral Maxillofac. Surg. 1999, 37, 123-126.
[CrossRef]

8. Mani, B.; Balasubramaniam, S.; Balasubramanian, S.; Jayaraman, B.; Thirunavukkarasu, R. Role of custom-made prosthesis for
temporomandibular joint replacement in unilateral ankylosis—An evaluative study. Ann. Maxillofac. Surg. 2020, 10, 344-352.
[PubMed]

9. Khadka, A.; Hu, J. Autogenous grafts for condylar reconstruction in treatment of TMJ ankylosis: Current concepts and considera-
tions for the future. Int. J. Oral Maxillofac. Surg. 2012, 41, 94-102. [CrossRef] [PubMed]

10. Dimitroulis, G. A critical review of interpositional grafts following temporomandibular joint discectomy with an overview of the
dermis-fat graft. Int. J. Oral Maxillofac. Surg. 2011, 40, 561-568. [CrossRef]

11. Karamese, M.; Duymaz, A.; Seyhan, N.; Keskin, M.; Tosun, Z. Management of temporomandibular joint ankylosis with temporalis
fascia flap and fat graft. J. Craniomaxillofac. Surg. 2013, 41, 789-793. [CrossRef]

12.  Dimitroulis, G. The interpositional dermis-fat graft in the management of temporomandibular joint ankylosis. Int. ]. Oral
Maxillofac. Surg. 2004, 33, 755-760. [CrossRef]

13. Saini, V.K.; Saini, P.; Soni, P.; Khandelwal, M. Retrospective comparative evaluation of airway management with different
techniques of fiberoptic intubation in patients undergoing surgery for temporomandibular joint ankylosis. J. Appl. Pharm. Res.
2024, 12, 35-41. [CrossRef]

14. Cobhen, ]. Statistical Power Analysis for the Behavioral Sciences, 2nd ed.; New York University: New York, NY, USA, 1988.

15. Rahman, S.A.; Rahman, T.; Hashmi, G.S.; Ahmed, S.S.; Ansari, M.K.; Sami, A. A clinical and radiological investigation of the
use of dermal fat graft as an interpositional material in temporomandibular joint ankylosis surgery. Cranio-Maxillofac. Trauma
Reconstr. 2020, 13, 53-58. [CrossRef] [PubMed]

16. Sami, A.; Hashmi, G.S.; Rahman, S.A.; Rahman, T.; Ansari, M.K. Comparative evaluation of temporal fascia and dermal fat graft
in the management of temporomandibular joint ankylosis. Natl. |. Maxillofac. Surg. 2023, 14, 277-281. [CrossRef] [PubMed]

17.  Wetzels, ].W.; Merkx, M.A.; de Haan, A.F.; Koole, R.; Speksnijder, C.M. Maximum mouth opening and trismus in 143 patients
treated for oral cancer: A 1-year prospective study. Head Neck 2014, 36, 1754-1762. [CrossRef] [PubMed]

18. Takaishi, M.; Kurita, K.; Hatano, Y.; Matsuura, H.; Borg, M.; Goss, N.A. Effects of postoperative radiotherapy for temporo-
mandibular joint ankylosis after gap arthroplasty: An animal study using sheep. J. Oral Maxillofac. Surg. 2010, 68, 1763-1769.
[CrossRef]

19.  Weber, C.; Dommerich, S.; Pau, HW.; Kramp, B. Limited mouth opening after primary therapy of head and neck cancer. Oral
Maxillofac. Surg. 2010, 14, 169-173. [CrossRef]

20. Kaban, L.B.; Perrott, D.H.; Fisher, K. A protocol for management of temporomandibular joint ankylosis. . Oral Maxillofac. Surg.
1990, 48, 1145-1151. [CrossRef]

21. Loveless, T.P.; Bjornl, T.; Dodson, T.B.; Keith, D.A. Efficacy of temporomandibular joint ankylosis surgical treatment. J. Oral

Maxillofac. Surg. 2010, 68, 1276-1282. [CrossRef]

https://doi.org/10.3390/jcm15082924


http://dx.doi.org/10.1016/j.coms.2014.09.003
http://www.ncbi.nlm.nih.gov/pubmed/25483442
http://dx.doi.org/10.4103/1305-7456.126269
http://dx.doi.org/10.1016/j.jcms.2005.07.008
http://dx.doi.org/10.3390/jcm14134639
http://dx.doi.org/10.1097/SCS.0000000000010223
http://dx.doi.org/10.4103/njms.NJMS_57_20
http://dx.doi.org/10.1054/bjom.1997.0089
http://www.ncbi.nlm.nih.gov/pubmed/33708578
http://dx.doi.org/10.1016/j.ijom.2011.10.018
http://www.ncbi.nlm.nih.gov/pubmed/22088390
http://dx.doi.org/10.1016/j.ijom.2010.11.020
http://dx.doi.org/10.1016/j.jcms.2013.01.027
http://dx.doi.org/10.1016/j.ijom.2004.01.012
http://dx.doi.org/10.18231/j.joapr.2024.12.1.25.41
http://dx.doi.org/10.1177/1943387520903876
http://www.ncbi.nlm.nih.gov/pubmed/32642033
http://dx.doi.org/10.4103/njms.njms_452_21
http://www.ncbi.nlm.nih.gov/pubmed/37661991
http://dx.doi.org/10.1002/hed.23534
http://www.ncbi.nlm.nih.gov/pubmed/24478217
http://dx.doi.org/10.1016/j.joms.2009.09.009
http://dx.doi.org/10.1007/s10006-010-0220-2
http://dx.doi.org/10.1016/0278-2391(90)90529-B
http://dx.doi.org/10.1016/j.joms.2009.10.014
https://doi.org/10.3390/jcm15082924

J. Clin. Med. 2026, 15, 2924 12 of 12

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

Kilinskaite, G.; Kilinskaite, N.; Leketas, M. The effectiveness of using autologous fat in temporomandibular joint ankylosis
treatment with interposition arthroplasty method: A systematic literature review. Healthcare 2025, 13, 2241. [CrossRef]

Yadav, P; Roychoudhury, A.; Kumar, R.D.; Bhutia, O.; Bhutia, T.; Aggarwal, B. Total alloplastic temporomandibular joint
replacement. J. Maxillofac. Oral Surg. 2021, 20, 515-526. [CrossRef]

Babu, L.; Jain, M.K,; Ramesh, C.; Vinayaka, N. Is aggressive gap arthroplasty essential in the management of temporomandibular
joint ankylosis? A prospective clinical study of 15 cases. Br. J. Oral Maxillofac. Surg. 2013, 51, 473-478. [CrossRef]

Ma, J; Liang, L.; Jiang, H.; Gu, B. Gap arthroplasty versus interpositional arthroplasty for temporomandibular joint ankylosis: A
meta-analysis. PLoS ONE 2015, 10, e0127652. [CrossRef]

Wolford, L.M.; Movahed, R.; Teschke, M.; Fimmers, R.; Havard, D.; Schneiderman, E. Temporomandibular joint ankylosis can be
successfully treated with TM] Concepts patient-fitted total joint prosthesis and autogenous fat grafts. . Oral Maxillofac. Surg.
2016, 74, 1215-1227. [CrossRef]

Andrade, N.N.; Aggarwal, N.; Mathai, P.; Nerurkar, S.; Desai, H.; Gupta, V. Is dermis fat arthroplasty better than plain gap
arthroplasty? A prospective randomised controlled trial. Br. ]. Oral Maxillofac. Surg. 2020, 58, 970-974. [CrossRef] [PubMed]
Cakarer, S.; Isler, S.C.; Yalcin, B.K.; Diracoglu, D.; Uzun, A; Sitilci, T. Autogenous dermis-fat graft in temporomandibular joint
ankylosis surgery. Ann. Maxillofac. Surg. 2018, 8, 162-165. [CrossRef]

Ezoe, Y.; Nogami, S.; Otake, Y.; Chiba, M.; Takahashi, T.; Yamauchi, K. Clinical course of jaw function recovery following surgical
treatment in patients with temporomandibular joint ankylosis—correlation with mouth opening rehabilitation. BMC Oral Health
2025, 25, 423. [CrossRef] [PubMed]

De Meurechy, N.K.G.; Loos, PJ.; Mommaerts, M.Y. Postoperative physiotherapy after open temporomandibular joint surgery: A
3-step program. J. Oral Maxillofac. Surg. 2019, 77, 932-950. [CrossRef] [PubMed]

Olate, S.; Ravelo, V.; Munoz, G.; Gaete, C.; Goya, R.; Valente, R. Clinical analysis of TMJ replacement using a customized
prosthesis. J. Clin. Med. 2025, 14, 5314. [CrossRef]

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/10.3390/jcm15082924


http://dx.doi.org/10.3390/healthcare13172241
http://dx.doi.org/10.1007/s12663-021-01628-8
http://dx.doi.org/10.1016/j.bjoms.2012.11.004
http://dx.doi.org/10.1371/journal.pone.0127652
http://dx.doi.org/10.1016/j.joms.2016.01.017
http://dx.doi.org/10.1016/j.bjoms.2020.04.045
http://www.ncbi.nlm.nih.gov/pubmed/32456996
http://dx.doi.org/10.4103/ams.ams_179_17
http://dx.doi.org/10.1186/s12903-025-05806-9
http://www.ncbi.nlm.nih.gov/pubmed/40121466
http://dx.doi.org/10.1016/j.joms.2018.12.027
http://www.ncbi.nlm.nih.gov/pubmed/30689965
http://dx.doi.org/10.3390/jcm14155314
https://doi.org/10.3390/jcm15082924

	Introduction
	Patients and Methods
	Patient Data
	Sample Size
	Inclusion and Exclusion Criteria
	Surgical Technique
	Outcome Measures and Data Collection
	Statistical Analysis

	Results
	Patient Characteristics
	Surgical Details and Hospital Course
	Scar Characteristics and Patient Satisfaction
	Mouth Opening Outcomes
	Pain Outcomes
	Correlation Between Preoperative Mouth Opening and Postoperative Pain
	Long-Term Surveillance and Recurrence

	Discussion
	Conclusions
	References

