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Abstract

Background/Objectives: Temporomandibular joint (TMJ) ankylosis, characterized by
osseous–fibrous fusion, severely impairs mandibular function. While alloplastic total joint
replacement (TJR) is the gold standard, long-term outcomes remain understudied. The aim
of this study is to evaluate the long-term esthetic and functional outcomes of prosthetic
replacement and to retrospectively analyze our 20-year experience. Methods: A retrospec-
tive observational study (2003–2024) was conducted at a tertiary referral center in Turin
and enrolled patients who underwent alloplastic total joint replacement for TMJ ankylosis.
Data collected included demographic variables, etiology, characteristics of the ankylosis,
prosthesis type (stock/custom), surgical details, and outcomes (maximal interincisal open-
ing [MIO], pain, quality of life, diet consistency, Helkimo index, complications). Results:
Among 28 patients (61% female, mean age 51.8 years), etiologies included post-traumatic
(39%), osteoarthritis (32%), congenital (25%) and neoplastic (4%) causes. Custom prostheses
were used in 57% of cases. Median follow-up was 11.5 years. Significant improvements
were observed in MIO (p = 0.001), pain level (p = 0.001), quality of life (p = 0.001), diet score
(p = 0.002), and Helkimo index (p = 0.001). Complications included facial nerve dysfunction
(32.1%), salivary leakage (14.3%), and one recurrence (2.2%). Conclusions: Alloplstic
TJR provides durable functional and esthetic restoration for TMJ ankylosis, with custom
prostheses excelling in complex anatomies. Long-term stability (>10 years) supports its role
as a definitive solution.

Keywords: temporomandibular ankylosis; temporomandibular joint; prostheses and
implants; arthroplasty; replacement; osteoarthritis of the TMJ

1. Introduction
Temporomandibular joint (TMJ) ankylosis is a condition characterized by the osseous–

fibrous fusion of joint components, resulting in loss of function. It can arise from various
causes, including trauma, infections, inflammatory conditions, and systemic diseases. The
primary clinical manifestations include difficulty in performing mandibular movements [1],
progressive limitation of mouth opening, facial deformity, and obstructive sleep apnea
syndrome (OSAS) [2,3]. Consequently, TMJ ankylosis can lead to mastication, speech,
airway and deglutition problems [4], as well as esthetic, oral hygienic, and psychological
concerns [5].
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The pathogenesis of TMJ ankylosis is not yet fully understood; while several factors
have been identified in the literature as contributing to this condition and its recurrence
after surgical intervention, the exact mechanisms behind heterotopic bone formation in the
TMJ remain unclear [6–8].

Particularly challenging is the recurrence of ankylosis, a common issue. Chen et al.
identified several risk factors associated with this, including the onset of ankylosis during
childhood and temporomandibular joint (TMJ) reconstruction using a coronoid process
graft [9].

The incidence of TMJ ankylosis exhibits significant geographic variation, with notably
high prevalence reported in regions of Asia and Africa [10,11]. Epidemiological studies
indicate a predilection for pediatric and young adult populations, with trauma being the
predominant etiology. For instance, a tertiary-center survey in northern India identified
128 ankylosis cases among 1607 pediatric patients (mean age: 12.1 years; 56% female), with
trauma accounting for 98% of cases [10]. Similarly, a 9-year Ethiopian review documented
95 cases (56% female; median age: 20–29 years), where 78% were trauma-related [12].
While precise population-level prevalence remains undefined, a Nigerian cohort study
found TMJ ankylosis in 1.6% of 3596 mandibular condylar fractures over 16 years [13].
The economic burden of TMJ ankylosis is substantial yet poorly quantified: definitive
management requires complex surgery (e.g., gap arthroplasty or joint reconstruction) with
significant hospitalization and rehabilitation costs [14]. Indirect costs include long-term
loss of productivity and greatly reduced quality of life due to chronic disability. Notably,
early surgical release of the ankylosed joint dramatically improves jaw function and patient-
reported quality of life, suggesting that delays in treatment would further increase the
overall social and economic burden [12,14].

Therapeutic approaches for TMJ ankylosis remain a subject of debate in the literature.
Different opinions are reported, depending mainly on surgeon-related factors and age of
the patients involved. Several surgical approaches have been documented for treating TMJ
ankylosis, like gap arthroplasty, with or without the interposition of biological tissues (auto-
genous bone, myofascial flaps, cartilages, and fascia lata), or non-biological materials such
as acrylic and silastic [15,16]. Other options include reconstruction with autogenous bone
graft (costochondral [17], sternoclavicular [18], metatarsal [19], iliac crest [20], fibula [21],
and coronoid [22]), coronoidectomy, and total joint replacement with alloplastic prostheses.

Roychoudhury et al. [23], Gerbino et al. [24,25] and Mercuri et al. [26] demon-
strated that total alloplastic joint prostheses provide consistent results in terms of morpho-
functional results, avoiding donor site morbidity and shortening of operating time.

Prostheses can be stock, preformed, or patient-specific, tailored on patient’s TMJ anatomy.
In 2016, our group published a retrospective study which demonstrated that single

stage resection and reconstruction with total alloplastic TMJ reconstruction is an effective
and reliable method to re-establish stable long-term mandibular function in ankylotic
patients [27].

Moreover, different authors reported that both stock and custom implants allow
consistent results [28–30]; however, advancements in computer-assisted surgery (CAS),
refined planning protocols, and more intuitive software have enhanced the safety and
feasibility of custom prostheses, particularly in complex clinical scenarios [31].

However, two critical knowledge gaps persist: no surgical approach has demonstrated
consistent efficacy in preventing ankylosis recurrence [32] and long-term outcome data
remain notably scarce. To address these limitations, we conducted a 20-year retrospective
analysis of alloplastic TMJ reconstructions. This retrospective study aimed to test the hy-
pothesis that alloplastic TMJ reconstruction provides esthetic and functional improvements
in ankylosis patients, focusing on prosthesis survival, maximum interincisal opening stabil-
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ity, diet consistency, and patients’ quality of life. Furthermore, we investigated whether
these enhancements remained stable over time.

2. Material and Methods
In this retrospective observational study, we enrolled patients who underwent allo-

plastic total joint replacement for TMJ ankylosis from 2003 to 2024 at the Maxillo-Facial
surgery division of Città della Salute e della Scienza Hospital in Turin, Italy.

Inclusion criteria were as follows: patients with TMJ bony and fibrous ankylosis (BFA)
undergoing alloplastic total joint replacement between 2003 and 2024 in Maxillo-Facial
division in “Città della Salute e della Scienza di Torino” Hospital, older than 14 years,
with complete pre- and postoperative clinical and imaging records (clinical photos and
orthopantomography or computed tomography), and undergone a follow-up period of at
least 18 months.

Exclusion criteria were as follows: patients lost at follow-up, decline of general consent,
incomplete clinical or radiological data.

The following data were recorded: demographic variables (age, sex, comorbidities),
characteristics of the ankylosis (cause, type, grade according to the Sawhney classifica-
tion [33], duration), concomitant jaw repositioning, type of TMJ prosthesis, previous treat-
ments, and type of postoperative functional physiotherapy protocol. Outcome variables
were assessed before surgery and at last follow-up and included: maximum interincisal
opening (MIO in mm), pain during mandibular function (NRS from 0 to 10), dietary consis-
tency (in a scale from 0 to 10, in which liquid diet was represented by score 0–3, creamy by
4–6, soft by 7–8, and normal by 9–10), quality of life through Visual Analog Scale (VAS),
from 0 to 10 [34], TMJ dysfunction with Helkimo scale, and incidence of relapse. The
Helkimo Clinical Dysfunction Index (HCDI) is a simple and quick test used to evaluate sub-
jects affected by temporomandibular disorders, with evaluation of mandibular movements,
joint function, pain, and musculature, providing a quick general overview that could be
useful at different levels of care [35]. Scoring thresholds classify patients as follows:

- grade 0 (None): no dysfunction (0–1 points);
- grade I (Mild): 2–4 points;
- grade II (Moderate): 5–9 points;
- grade III (Severe): ≥10 points. (Table 1).

Table 1. Helkimo Clinical Dysfunction Index (HCDI).

Domain Criteria Score

Mandibular mobility
MIO > 40 mm, excursions > 7 mm 0
MIO > 30 mm, excursions > 3 mm 1
MIO ≤ 30 mm, excursions ≤ 3 mm 5

TMJ Dysfunction
No sounds/deviation on opening 0
Sounds and/or deviation > 2 mm 1

Locking and/or luxation 5

Muscle pain
No muscle pain 0

Pain on palpation at 1–3 sites 1
Pain on palpation at 4+ sites 5

TMJ pain
No tenderness to palpation 0

Lateral (superficial) TMJ pain 1
Posterior (deep) TMJ pain 5

Additionally, any complications after surgery were documented. To evaluate the
severity of facial paralysis and thus facial nerve function, the House–Brackmann scale was
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employed, a system which involves a six-point scale with I being normal and VI total,
flaccid paralysis [36].

All patients followed a standardized postoperative protocol: a 7-day course of broad-
spectrum antibiotic (amoxicillin/clavulanic acid 1000 mg every 8 h) and analgesic therapy
(paracetamol 1000 mg every 8 h). A soft diet was prescribed for the first 5 days, with
progression to a regular diet as tolerated. Physiotherapy was initiated on postoperative day
1, with gradual intensification based on patient tolerance. Long-term physiotherapy was
recommended for a minimum of 1 year, with potential extension depending on individual
recovery. The postoperative physiotherapy protocol implemented was as follows:

Phase 1: Early Postoperative (weeks 1–2)

• assisted active hinge opening: 5 repetitions (max 15 mm).
• lateral excursions: 5 repetitions per side (2–3 mm amplitude).
• isometric contractions: light resistance during jaw closing (5-sec hold, 5 repetitions).

Phase 2: Intermediate (weeks 3–6)

• active-assisted range of motions (ROM):

# goldfish exercise: opening to tolerance with tongue stabilized on palate
(10 repetitions).

# protrusion/retrusion: controlled forward/backward movements (5 repetitions).

• scar mobilization: gentle circular massage around incision sites (2 min/site).
• postural training:

# chin tucks + shoulder rolls (10 repetitions to correct cervicoscapular alignment).

Phase 3: advanced (weeks 6–12+)

• dietary progression: advanced to solid foods as tolerated.
• resisted training:

# elastic band resistance for opening/closing (3 sets × 8 repetitions).

• functional chewing: soft gum chewing (5 min, 2×/day).
• proprioceptive training:

# mirror biofeedback for symmetrical jaw movement (10 repetitions, 1×/day).

Every session was performed 4–5 times per day for almost 5 min. During hospitaliza-
tion, patient compliance was assessed daily by the treating physicians. Following discharge,
compliance was monitored weekly through scheduled outpatient clinic visits. Someone
only performed opening and closure exercises.

Radiographic evaluation consisted of orthopantomography (OPG) and computed
tomography (CT) within the first postoperative week to assess the prostheses components
position, and the relationship between fixation screws and the inferior alveolar nerve.
Follow-up imaging was performed annually and as needed in cases of complications.

Statistical Analysis

Normality testing was performed using the Kolmogorov–Smirnov test, which con-
firmed a normal distribution of all quantitative variables (p ≤ 0.003 for all datasets).

Descriptive statistics, including mean and standard deviation (SD), were used to
summarize the central tendency and dispersion of the data for each parameter both preop-
eratively (T0) and postoperatively (T1). To compare the mean values of each parameter
before and after surgery, a paired t-test was applied.

The statistical analysis aimed to compare preoperative and postoperative outcomes across
the measured parameters to evaluate the effectiveness of the TMJ replacement surgeries.
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To compare the mean values of each parameter before and after surgery within the
same group of patients and between the three groups of patients undergone to “No previous
surgery”, “1–3 previous surgeries” and “>3 previous surgeries”, a paired t-test was applied.
This comparative analysis specifically tested the hypothesis that fibrotic scarring and
anatomical alterations from previous interventions may attenuate functional improvements.
For the mean difference between preoperative and postoperative values, a 95% confidence
interval (CI) was calculated to estimate the range within which the true mean difference
lies with 95% certainty. A p-value was calculated to determine the statistical significance of
the observed differences, with a p-value of less than 0.05 considered statistically significant,
indicating that the observed changes were unlikely to be due to chance.

To quantify treatment efficacy, we calculated Cohen’s d for paired preoperative and
postoperative outcomes, with 95% confidence intervals adjusted for multiple comparisons.

3. Results
This retrospective observational study included 28 patients—11 males and 17 females—

with a mean age at surgery of 51.8 years. The average follow-up period was 10.9 years,
with a median of 11.5 years. Six patients had a diagnosis of OSAS. The mean age at the
onset of ankylosis was 26 years, and the average time between the onset of the underlying
cause and prosthetic replacement was 16.5 years. The diagnoses included in the study
were varied: 9 cases of end-stage TMJ osteoarthrosis (32%), 11 cases of post-traumatic
ankylosis (39%), 1 case of previous excision of mandibular osteosarcoma (4%) and 4 cases
of congenital syndromes (14%) and 3 cases of perinatal pathologies (11%) (Table 2).

Table 2. Causes of ankylosis.

Cause Number Percentage

Inflammation 9 32%

Trauma 11 39%

Congenital syndromes 4 14%

Perinatal infections 3 11%

Neoplasm 1 4%

According to Sawhney classification, 5 patients were affected by grade I ankylosis
(17.9%), 3 by grade II (10.7%), 9 by grade III (32.1%) and 11 by grade IV (39.3%) (Figure 1).

 

17.9%

10.7%

32.1%

39.3%

I II III IV

Figure 1. Grade of ankylosis according to Sawhney classification.
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Regarding surgical procedures, 11 unilateral and 17 bilateral joint replacements were
performed, summing up to a total of 45 joints being replaced. For 12 patients, Biomet
stock prostheses were used, while in 16, custom-made prostheses with cutting guides were
utilized (10 Biomet, 1 TMJ-Concept, 5 CADSkills).

Ten patients underwent concomitant jaw repositioning.
Four patients had not undergone previous surgical treatments, while 21 had under-

gone one to three prior surgeries. Three patients had more than three interventions. Of
these, 13 underwent coronoidectomy, 10 underwent arthroplasty without material in-
terposition, 7 experienced maxillo-facial fractures osteosynthesis, 2 had condylectomies,
2 mandibular distraction, 4 costochondral grafts, 1 an iliac crest graft, 2 arthroplasty with
silastic interposition, 1 dermal fat interposition, and 2 had previous total joint replacements
with stock prostheses. Three patients’ cases are illustrated in Figures 2–4.

Figure 2. Clinical case of TMJ ankylosis with previous costochondral graft. (A) Clinical frontal
preoperative view and preoperative maximum interincisal opening of patient (less than 1 cm).
(B) Axial and coronal TC scans show bilateral ankylosis. (C) Postoperative orthopantomography
shows mandible reconstruction with costochondral graft. (D) Virtual planning of the resection and
virtual planning and design of the prosthesis. (E) Postoperative clinical view and postoperative
maximum interincisal opening of patient at 1 year follow up (3 cm).
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Figure 3. Clinical case of TMJ ankylosis resulted from severe osteoarthrosis. (A) Clinical frontal preop-
erative view and preoperative maximum interincisal opening of patient (less than 1 cm). (B) Coronal
and axial TC scans show left TMJ ankylosis. (C) Postoperative clinical view and postoperative
maximum interincisal opening of patient at 1 year follow up (2.5 cm). (D) Virtual planning of the
resection and virtual planning and design of the prosthesis and of the mandibular repositioning.

Significant postoperative improvements were observed. The maximum interincisal
opening (MIO) increased from 10.4 mm to 29.7 mm, with a mean difference of 19.3 mm,
which was statistically significant (p < 0.001). Pain levels, measured on a Numerical Rating
Scale (NRS), decreased from 6.0 to 1.3, with a mean reduction of 4.7 points (p < 0.001). The
diet score improved from 5.9 to 9.1, and the quality of life (QoL) score increased from 3.8
to 8.6, both changes being statistically significant (p < 0.001). Additionally, the Helkimo
Index, which measures TMJ dysfunction, decreased significantly from 14.2 to 2.0 (p < 0.001)
(Table 3).

Table 3. Mean values of each parameter before and after surgery within the same group of patients.

BFA n = 28 T0
Mean (SD)

T1
Mean (SD) Mean Difference (IC) p

MIO (mm) 10.4 (6.8) 29.7 (8.1) 19.3 (15.6; 23.1) <0.001

PAIN (NRS) 6.0 (3.4) 1.3 (2.0) −4.7 (−6.1, −3.3) <0.001

Diet score 5.9 (2.5) 9.1 (1.7) 3.2 (2.3, 4.2) <0.001

VAS QoL 3.8 (1.5) 8.6 (1.4) 4.8 (4.0; 5.6) <0.001

HELKIMO INDEX 14.2 (5.8) 2.0 (2.0) −12.2 (−14.3, −10.0) <0.001
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Figure 4. Clinical case of TMJ ankylosis caused by perinatal infection, treated by stock TMJ prostheses.
(A) Clinical frontal preoperative view, preoperative maximum interincisal opening of patient (less
than 1 cm) and preoperative 3D TC scan, that shows bilateral ankylosis. (B) Postoperative clinical
view, maximum interincisal opening (3 cm) and postoperative radiographs of the patient at 2 years
follow up. (C) Postoperative clinical view, maximum interincisal opening of patient (1.5 cm) and
postoperative radiographs at 17 years follow up.

Pre- and postoperative measurements of maximum interincisal opening (MIO), tem-
poromandibular joint (TMJ) pain, diet consistency, quality of life (QoL), and Helkimo Index
scores were compared across three patient groups: those with no prior surgery, one to three
prior surgeries, and more than three prior surgeries.

In the “No previous surgery” group (n = 4), three variables showed statistically
significant improvements after treatment: MIO increased from 6.8 mm to 35 mm (p = 0.001),
QoL scores improved from 4.3 to 9 (p = 0.005), and the Helkimo Index decreased from 10 to
1.5 (p = 0.016). (Table 4).

These results were observed in the “1–3 previous surgeries group” (n = 21): all
measured parameters demonstrated statistically significant improvements (TMJ pain:
p-value < 0.001; diet consistency: p-value < 0.001; MIO: p-value < 0. 001; quality of life:
p-value 0.006; Helkimo score: p-value < 0.001). Specifically, patients exhibited a mean
increase of 16.9 mm in MIO, a 5-point reduction in TMJ pain, a 3.5-point improvement in
diet consistency, a 4.9-point gain in QoL scores, and a 12.7-point decrease in Helkimo Index
values (Table 5).
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Table 4. Mean values of each parameter before and after surgery within the group of patients
never operated.

0 Prior Surgeries (n = 4)
T0 T1

Mean Difference (IC) p
Mean (SD) Mean (SD)

MIO (mm) 6.8 (5.2) 35 (5) 28.2 (21, 35.5) 0.001

PAIN (NRS) 4.8 (3.2) 1.8 (2.1) −3 (−4.9, 10.9) 0.314

Diet score 7.5 (2.1) 9.5 (0.6) 2 (−1.9, 5.9) 0.201

VAS QoL 4.3 (1) 9 (0.9) 4.7 (2.7, 6.7) 0.005

HELKIMO INDEX 10 (3.2) 1.5 (0.6) −8.5 (−13.9, −3.1) 0.016

Table 5. Mean values of each parameter before and after surgery within the group of patients operated
1–3 times before.

1–3 Prior Surgeries (n = 21)
T0 T1

Mean Difference (IC) p
Mean (SD) Mean (SD)

MIO (mm) 11.5 (7.3) 28.4 (8.6) 16.9 (12.6, 21.3) <0.001

PAIN (NRS) 6.4 (3.3) 1.4 (2.1) −5 (−6.5, −3.5) <0.001

Diet score 5.6 (2.6) 9.1 (1.9) 3.5 (2.3, 4.6) <0.001

VAS QoL 3.7 (1.7) 8.7 (0.9) 4.9 (4.1, 5.8) 0.006

HELKIMO INDEX 14.7 (6.4) 2.0 (1.7) −12,7 (−15.5, −9.9) <0.001

The “>3 previous surgeries” group (n = 3) also displayed statistical significant improve-
ments, though the small sample size limits statistical reliability. TMJ pain scores dropped
from 8 to 1.3 (p = 0.01), the Helkimo Index improved from 15.7 to 3.3 (p = 0.026), MIO
increased from 5 mm to 33 mm (p = 0.008), and QoL scores rose from 3.3 to 9 (p = 0.003).
Diet consistency showed a numerical improvement (6.7 to 9.3), but this did not reach
statistical significance (p = 0.208) (Table 6). The sample size, however, is too small for
reliable inference.

Table 6. Mean values of each parameter before and after surgery within the group of patients operated
>3 times before.

>3 Prior Surgeries (n = 3)
T0 T1

Mean Difference (IC) p
Mean (SD) Mean (SD)

MIO (mm) 5 (1) 33 (4.6) 28 (17.2, 38,8) 0.008

PAIN (NRS) 8 (2) 1.3 (2.3) −6.7 (−9.5, −3.8) 0.01

Diet score 6.7 (1.5) 9.3 (1.1) 2.6 (−3.6, 8.9) 0.208

VAS QoL 3.3 (0.6) 9 (1) 5.7 (4.2, 7.1) 0.003

HELKIMO INDEX 15.7 (2.3) 3.3 (3) −12.3 (−21, −3.6) 0.026

To quantify treatment efficacy, we calculated Cohen’s d for paired pre- and post-
surgical outcomes on total sample and in the three groups, with 95% confidence intervals
adjusted for multiple comparisons; results are summarized in Table 7 and in Table 8.

Postoperative complications included: one case of recurrence (0,02%) on 45 temporo-
mandibular joint replacements, caused by heterotopic bone formation, four cases of salivary
leakage and one case of prosthesis infection. Facial nerve function could be assessed in
twenty-five patients, as three patients had pre-existing facial paralysis. Four (16%) showed
permanent facial nerve dysfunction; three had mild motor dysfunction according to the
House–Brackmann scale (grade II), affecting mainly the upper, mid and lower face, while
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two reported moderate or moderately severe dysfunction (grade IV–V). Five patients (20%)
experienced facial nerve weakness that resolved within 6 months.

Table 7. Effect size estimates (Cohen’s d with 95% CIs) for pre-to-post surgical improvements in the
total cohort. The effect size interpretation is the following: 0.1 = small; 0.3 = medium; 0.7 = large [37].

Variable Cohen’s d 95% CI Interpretation

NRS 1.92 [1.32, 2.52] Large Effect

Diet 1.05 [0.55, 1.55] Large Effect

MIO 1.78 [1.20, 2.36] Large Effect

Helkimo 2.31 [1.65, 2.97] Large Effect

VAS 0.89 [0.40, 1.38] Large Effect

Table 8. Effect size estimates (Cohen’s d with 95% CIs) for pre-to-post surgical improvements in the
three groups stratified by prior surgical history (Group 1: no previous surgeries, Group 2: 1–3 prior
surgeries, and Group 3 > 3 prior surgeries). The effect size interpretation is the following: 0.1 = small;
0.3 = medium; 0.7 = large [37].

Variable Group 1 (n = 4) Group 2 (n = 21) Group 3 (n = 3)

NRS 2.10 [1.01, 3.19] 1.85 [1.21, 2.49] 2.40 [0.01, 4.79]

Diet 1.25 [0.20, 2.30] 1.02 [0.50, 1.54] 0.90 [−0.60, 2.40]

MIO 2.80 [1.40, 4.20] 1.65 [1.05, 2.25] 3.10 [1.20, 5.00]

Helkimo 2.50 [1.25, 3.75] 2.30 [1.60, 3.00] 1.80 [0.10, 3.50]

VAS 1.10 [0.10, 2.10] 0.85 [0.35, 1.35] 1.20 [−0.30, 2.70]

Two patients experienced hardware malpositioning requiring surgical revision. The
first case involved a stock prosthesis with postoperative malocclusion, which necessitated
hardware repositioning four days after the initial surgery. The second case concerned a
custom-made prosthesis with jaw repositioning, in which the planned occlusal relationship
could not be achieved due to excessive soft tissue tension in a patient with a history
of multiple surgeries. The surgical plan was revised, new devices were fabricated, and
the hardware was replaced, resulting in a less ambitious yet stable repositioning of the
maxillomandibular complex. Maximum interincisal opening (MIO) was 30 mm.

The relapse case underwent reoperation, including intraoperative hardware removal,
heterotopic bone resection, replacement of the original hardware, and free fat graft placement.
The patient has remained asymptomatic with no recurrence after a five-year follow-up.

The infection case involved an early postoperative infection, managed with prompt
surgical debridement, retention of the prosthesis following the Wolford protocol [38], and
prolonged intravenous antibiotic therapy. The infection resolved, and the patient has shown
good clinical outcomes at five-year follow-up.

A total of 16 patients followed a mobilization protocol with specific mandibular
exercises, while 12 patients followed a traditional opening and closing exercise regimen.
No significant difference in MIO was observed between the two mobilization protocols
(p = 0.272).

4. Discussion
Management of TMJ bony ankylosis remains a significant clinical challenge. A great

variety of techniques have been described, like gap arthroplasty with or without interpo-
sition of material [39], with better outcomes for interpositional arthroplasty in terms of
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mouth opening and re-ankylosis [40], and reconstruction arthroplasty with autogenous and
alloplastic material [41]. However, no single strategy has been universally accepted [6,7].

Re-ankylosis represents a frequently observed complication, with no currently avail-
able technique demonstrating consistent efficacy in preventing recurrence; predisposing
factors include costochondral grafts, inadequate surgery, low patient compliance for phys-
iotherapy, high remodeling and bone turnover in children and fibrosis of longstanding
inactive muscles involved in mastication [9,42].

Trauma and infections are the most common etiologies of ankylosis; however, cases
have also been reported involving systemic diseases, TMJ tumor resections, previous
TMJ surgical interventions, and failed alloplastic TMJ reconstructions [43]. In this study,
trauma accounted for 11 cases of ankylosis, a complication frequently resulting from
suboptimal management of condylar fractures, particularly those involving prolonged
immobilization. Four cases were congenital, associated with Klippel–Feil, Treacher–Collins,
and Goldenhar syndromes, while three were of perinatal origin secondary to local infections
(otogenic, dermatogenic, or odontogenic with subsequent osteomyelitis). Additionally, we
identified nine cases of end-stage temporomandibular joint (TMJ) osteoarthrosis and one
case following mandibular osteosarcoma resection.

The study conducted at the University of Torino provides a comprehensive evaluation
of the long-term clinical outcomes and complications associated with temporomandibular
joint (TMJ) prosthetic replacement.

All patients in this study were treated with single-stage resection of the ankylotic
block, followed by reconstruction with either stock or custom-made total TMJ prostheses.

Mercuri [44], in 2012, proposed a two-stage surgical protocol for ankylosis and re-
ankylosis management: initial resection of the ankylotic mass with interpositional spacer
placement to restore mandibular mobility, followed by definitive joint reconstruction.

However, a two-stage approach requires multiple surgeries, which increases the risk
of scarring and facial nerve damage.

The use of a fully digital workflow, with CAD-CAM cutting and positioning guide [27],
may eliminate the need for a two-stage procedure and enable reliable surgical outcomes, as
demonstrated by Haq [45] and Gerbino.

In our series, ten patients underwent concomitant jaw repositioning, in order to correct
skeletal deformity associated OSAS, occlusal, and esthetic features.

Concomitant TMJ replacement and orthognathic surgery allow us to reduce both
treatment time, surgical risks and increase the overall success of treatment [18,22,40,46].

The observed improvement in maximum interincisal opening (MIO from 10.4 mm
preoperatively to 29.7 postoperatively) is a significant outcome and aligns with findings
from other studies. For instance, Wolford et al. [47] reported an average postoperative MIO
of 32 mm in patients who underwent total joint replacement with custom-made prostheses,
highlighting the effectiveness of these devices in restoring jaw function.

In patients with ankylosis, the elasticity of periarticular soft tissues is significantly
diminished, particularly in those who have undergone multiple surgeries or have long-
standing ankylosis. Consequently, restoring normal jaw opening under these conditions is
unfeasible. Thus, achieving sustained mobility without a relapse of mandibular opening
limitations could be considered a successful outcome [29].

Regarding pain reduction, this study reports a decrease in mean pain levels from
6.0 to 1.3; Mercuri et al. and Sidebottom et al. [8,48] similarly noted substantial pain
relief following TMJ replacement, with long-term studies demonstrating sustained low
pain levels.



J. Clin. Med. 2025, 14, 4639 12 of 16

Quality of life (QoL) scores improved from 3.8 to 8.6, consistent with outcomes re-
ported by Driemel et al. [49] and Beret et al. [50], who found significant improvements in
patients’ quality of life following TMJ replacement.

The results of the Global Aesthetic Improvement Scale (GAIS) after TMJ prosthetic
surgery revealed a wide range of outcomes, highlighting the complexity of achieving both
functional and esthetic success in such cases. Gerbino et al. [31] emphasized that, while
functional restoration is the primary goal of TMJ prosthetic replacement, achieving satis-
factory esthetic outcomes can be difficult, especially in cases with significant preoperative
asymmetry or deformities. In this study, 35.7% of patients reported a large improvement
in their esthetic appearance, 10.7% reported a slight improvement and 53.7% of patients
reported no significant differences in appearance. No one reported worsening. These find-
ings must be interpreted with caution, given the clinical complexity of this patient cohort.
The majority presented with long-standing ankylosis—often since childhood—rendering
even marginal functional gains clinically significant.

A notable finding is the difference in outcomes between custom-made and stock
prostheses. Patients with custom prostheses generally reported better outcomes, with
50% experiencing large improvements in quality of life, compared to only 16.7% in the
stock prosthesis group. Custom prostheses are more anatomically tailored on the patient
and more precise in restoring face contours, leading to better functional and esthetic
outcomes. The literature supports the superiority of custom prostheses in TMJ surgery:
Gerbino et al. [31] have demonstrated that the utilization of custom-made prostheses in
conjunction with virtual surgical planning provides superior precision and enhanced
predictability when compared to conventional stock devices, especially in difficult cases and
when jaw repositioning is deemed to be necessary. The precise fit of computer-generated
custom implants will reduce the chance of micromovement underloading, with less stress
on fixation systems, thus increasing the lifespan of the implants themselves.

In our study, we evaluated two protocols of physiotherapy for rehabilitation: mouth
opening and closure or specific exercises [51], which include also protrusion and lateral
deviation movement of the mandible; no significant differences were found in terms of MIO
between the two groups (p = 0.272). However, it is crucial for patients to begin mobilizing
the mandible immediately after surgery and to continue exercises long-term. This is
consistent with findings from Ravinder et al. [52], who demonstrated that physiotherapy
is essential to optimize postoperative outcomes and minimize adverse events such as
re-ankylosis.

Aagaard et al., Gerbino et al., and Haq et al. have evidenced that virtual surgical
planning, facilitated by advanced software systems, significantly improves the efficiency of
patient-specific total temporomandibular joint (TMJ) reconstruction [29,31,45]. Computer-
generated cutting guides enable accurate translation of virtual surgical planning to the
operative site. Patient-specific implant components are designed using computer-aided
design/computer-aided manufacturing (CAD/CAM) technology to precisely match indi-
vidual anatomical requirements.

An important issue in TMJ treatment is the risk of re-ankylosis: Chen, Yadav et al.
identified key risk factors for ankylosis recurrence [9], including its onset in childhood and
TMJ reconstruction with a coronoid process graft, and, with a retrospective study, defined
a protocol to minimize this risk [9,53]. They found that certain factors contribute to this:
(1) complete removal of the ankylotic mass; (2) use of a piezoelectric scalpel, with copious
irrigation to remove bone chips and slurry; (3) less trauma to the local tissue; (4) osteotomy
design parallel and inferior osteotomy at the narrowest part, which mostly corresponds
to the condylar neck; (5) performance of a coronoidectomy (if mouth opening is <30 mm),
(6) fat interposition; (7) aggressive physiotherapy; and (8) use of a vacuum drain.
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Fat grafting has been studied by several authors, including Roychoudhury et al.,
Mercuri et al. and Wolford et al. [8,54,55], who demonstrated that total joint replacement
with stock prostheses, along with fat grafting around the joint, provides adequate and
lasting mouth opening while reducing the chances of reankylosis.

Key factors in preventing re-ankylosis in our treatment protocol are the following:
(1) complete resection of the ankylotic mass, (2) coronoidectomy, and (3) single-stage

total joint resection and reconstruction using alloplastic prostheses. This comprehensive
approach facilitates immediate postoperative mobilization and enables early initiation of
intensive mandibular rehabilitation therapy.

The main limitation of this study is the relatively small sample; thus the median follow
up is consistent. Further large-scale, multicentric studies are required to assess a broader
population and enhance control over variables.

5. Conclusions
Evidence supports single-stage alloplastic total joint reconstruction as a durable so-

lution for restoring mandibular function in TMJ ankylosis patients, with stable long-term
outcomes, a reduction in TMJ pain, functional improvement, and enhanced quality of life,
as demonstrated by large effect sizes obtained with Cohen’s d. The low incidence of relapse
(1/45 TMJ replaced) further underscores its reliability. Custom-made prostheses with
cutting guides are particularly advantageous in congenital and perinatal ankylosis cases,
where severe anatomical disruption demands patient-specific solutions. While this study
highlights the potential benefits of custom prostheses, these conclusions require cautious
interpretation, especially concerning the alleged superiority of custom-made prostheses
compared to stock ones, due to the absence of direct statistical comparisons between pros-
thesis types in matched cohorts. The retrospective design limits control over confounding
variables, including heterogeneity in surgical indications, ankylosis severity, and rehabilita-
tion protocols. Additionally, the lack of a non-surgical control group precludes definitive
assessment of whether observed improvements exceed natural disease progression. Future
prospective randomized controlled trials are needed to validate these findings.
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