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ARTICLE INFO ABSTRACT

Keywords: The purpose of this retrospective cohort study is to assess the indications for combining a unilateral total
Unilateral total temporomandibular joint temporomandibular joint replacement (TTJR) with a contralateral mandibular sagittal split osteotomy (SSO) and
replacement . ) ) to compare the functional outcomes with unilateral TTJR alone. Fourteen patients who received TTJR were
g:t:::;;t}e,ral mandibular sagittal split divided into 2 groups according to whether an additional sagittal split osteotomy (and further ostotomies) had
™) been performed. The indications for the SSO (and further bone corrections) were acquired or congenital

mandibular asymmetry, dysgnathic skeletal deformities and malocclusion. Postoperative results (average follow
up time = 25 months) of the entire patient cohort were as follows: jaw opening (maximal interincisal distance)
ranged from 28 mm to 45 mm (mean 35 mm). Laterotrusive movement to the non-reconstructed side varied
between 2 mm and 7 mm (mean 4.3 mm). Laterotrusion to the reconstructed side reached from 5 mm to 15 mm.
Protrusion extended between 2 mm and 8 mm; The separate analysis for the two patient groups did not reveal
significant functional differences. Our patient series confirmed that a combination of TTJR and contralateral SSO
does not lead to any functional disadvantages. In patients with stable occlusion where unilateral TTJR is used as

a kind of reconstruction after condylar resection contralateral SSO is usually not necessary.

1. Introduction

Patient-specific alloplastic total temporomandibular joint recon-
struction (TTJR) is acknowledged as a promising treatment option to
manage end-stage disease of the temporomandibular joint (TMJ).
Consequently, there is a broad variety of indications for TTJR depending
on the underlying disease. Common indications for TJR are degenerative
disease, ankylosis, post-traumatic deformities, idiopathic condylar
resorption, craniofacial deformities such as hemifacial microsomia,
benign and malignant tumors as well as rheumatoid and juvenile idio-
pathic arthritis (Westermark et al., 2011; Sidebottom and Gruber, 2013;
Pruszynska et al., 2024; Brown et al., 2020).

TTJR can be performed unilaterally or bilaterally depending on the
involvement of one or both TMJs by the pathologic process. Irregular-
ities in biomechanical loading and movement paths of unilateral TTJR

have been suspected of having adverse effects on the opposite side, since
the TMJs are mutually interacting bicondylar diarthrodial joints due
linked by the mandibular arch.

(Trento et al., 2025). In a ten-years prospective study Linsen et al.
reported on the functional impact of a unilateral TTJR on the
non-treated side employing an ultrasound tracking system. They found
that 2 (5.1%) of 39 patients required a contralateral TTJR after 5 and 7
years, respectively, due to pain, impaired function and arthrosis (Linsen
et al., 2021). Based on their results, bilateral TTJR is not required when
the contralateral TMJ is healthy, since the contralateral TMJ seems to
adapt to the TTJR kinematics.

Motion analysis of the jaw in six patients by Woodford et al. (2023)
showed that unilateral TTJR was associated with jaw opening capacity
within normal limits relative to healthy controls, but with reduced
anterior movement, restricted protrusion and lateral excursions of the
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artificial condyle.

A further kinematic study of the mandible by Zumbrunn Wojczyniska
et al. by means of a dynamic stereometric technique described clinically
inapparent changes of the condylar motion and excursions. The clinical
assessment however demonstrated that the movement of the unaffected
contralateral joints in 7 patients with unilateral TTJR did not differ from
the joints of a healthy control group (Zumbrunn Wojczynska et al.,
2021).

Our study aimed to go a step further in addressing the question of the
impact of SSO and additional osteotomies on the functional clinical
outcomes regarding the mobility of the mandible in a group of complex
conditions with mandibular/dentofacial deformities. A patient group
undergoing a unilateral TTJR alone served as the control.

2. Patients and method

This study was approved by the institutional review board of the
University Hospital of Munich (LMU Munich, Germany; No. 22-0306).

Between 2015 and 2025 14 patients (female n = 9; male n = 5)
underwent unilateral TTJR with (n = 6) or without (n = 8) contralateral
mandibular sagittal split osteotomy. The indications for TTJR were the
following.

e posttraumatic condylar deformity n = 5,
e posttraumatic ankylosisn =1,

e degenerative joint disease n = 2,

e inflammatory ankylosis n = 1,
odontogenic keratocyst n = 1,
hemifacial microsomian = 1,
osteosarcoman =1,

idiopathic condylar resorption n = 1 and
e juvenile idiopathic arthritis n = 1.

The age ranged from 18 to 64 years with a mean of 37 years. The
mean follow-up was 25 months (range: 7 months — 92 months). De-
mographic data of patients are shown in Table 1.

Data including all available pre- and postoperative documents and
radiographs were analyzed retrospectively. During follow up data on
peri- and postoperative complications such as screw loosening, wound
infection, wound dehiscence, malocclusion, sagging of the alloplastic
component, allergic reaction or loss of prosthesis were evaluated with a
focus on the mandibular movements.

Eight patients were reconstructed using a TTJR on the left side and 6
on the right side. The majority of the protheses were TMJ concepts®/
Stryker® (n = 11). In the remaining 3 cases one Materialise® prothesis,
one ZimmerBiomet® prosthesis (n = 1) and one KLS Martin prosthesis®
were used. Six patients underwent simultaneous contralateral mandib-
ular SSO. Miniplate fixation for osteosynthesis of the SSO was used in
one case, lag screw fixation in 2 cases and patient-specific plates in 3
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cases.

For virtual planning and CAD/CAM production of the TTJR, each
patient received a high-resolution (0.625 mm slice) computed tomog-
raphy (CT) of the facial skeleton, and plaster models and occlusal scans
of the dental arch were produced.

The resulting DICOM data from the CT scans and the stereo-
lithography (STL) data from the occlusal scans were sent to industrial
partners for subsequent virtual surgical planning.

The first planning step was to determine the natural head position
according to the Frankfurt horizontal line in the sagittal plane and to
both infraorbital rims in the frontal plane. In a second step the facial
skeleton was examined for skeletal asymmetry by cephalometric anal-
ysis, occlusal plane analysis, analysis of maxillary and mandibular pitch,
role and yaw as well as measurement of maxillary and mandibular
width. In case of a skeletal deformity virtual orthognathic surgery -
including contralateral SSO and Le Fort I osteotomy if required - was
performed prior to the virtual planning of the TTJR.

According to this decision-making process 6 patients were identified
for the need of contralateral SSO including 3 patients with additional Le
Fort I osteotomy for correction of occlusal plane canting. In the
remaining 8 patients virtual planning of TTJR was performed without
previous virtual planed orthognathic surgery.

In the group of 6 patients with TTJR plus contralateral SSO, later-
ognathia was present in 5 cases with a mean midline deviation of the
mandible of 7 mm (3 - 18 mm) (Table 2). Severe class II deformity was
found in 3 patients with an ANB angle of 9°, 12° and 13°and an occlusal
plane canting of 5°, 10° and 17°, respectively. Increased mandibular
width of 8 mm in the region of the first molars was present in one patient
with posttraumatic deformity and an open bite of 8 mm was found in a
patient with an idiopathic condylar resorption. In group 2 no skeletal
deformities were detected.

The cohort of 14 patients was divided into two groups. Group 1
consisted of patients with TTJR plus simultaneous contralateral
mandibular SSO. Group 2 served as a control including patients with
TTJR without contralateral mandibular SSO.

Patients of group 1 (TTJR plus contralateral SSO) were compared to
those of group 2 (TTJR alone) in terms of indication, maximum jaw
opening, laterotrusion to non-reconstructed and reconstructed side as
well as maximum protrusion.

Because of the small number of patients in this cohort no statistical
tests were performed.

3. Results

Group 1 consisted of 6 patients. Three patients had a posttraumatic
joint deformity. The other 3 patients suffered from hemifacial micro-
somia, idiopathic condylar resorption and inflammatory ankylosis. All
six patients presented with a malocclusion and dysgnathia as described
before.

Table 1

Demographic data.
Patient No age diagnosis follow up malocclucion contralateral SSO le fort osteotomy sex TJR
1 64 idiopathic resorption 26 yes yes no f Stryker
2 18 hemifacial microsomia 51 yes yes yes f TMJ concepts
3 41 inflammatory ancylosis 25 yes yes yes m TMJ concepts
4 30 posttraumatic deformaty 12 yes yes no f TMJ concepts
5 38 posttraumatic deformaty 12 yes yes yes f TMJ concepts
6 23 posttraumatic deformaty 10 yes yes no m TMJ concepts
7 40 posttraumatic deformaty 92 no no no m TMJ concepts
8 24 posttraumatic deformaty 24 no no no f Stryker
9 50 posttraumatic ancylosis 31 no no no m ZimmerBiomed
10 30 degenerative joint disease 16 no no no f ZimmerBiomed
11 48 degenerative joint disease 22 no no no f Stryker
12 55 benign lesion (keratocyst) 12 no no no m TMJ concepts
13 18 malignant lesion (osteosarcoma) 16 no no no f TMJ concepts
14 51 juvenile idiopathic arthritis 7 no no no f KLS Martin
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Table 2

Preoperative dysgnathic findings of patients of group 1.
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Patient laterognathia (midline deviation of skelatal class IT occlusal plane open bite (interincisal increased Mandibular width (first molar
No. mandible) deformaty canting distance) region)

1 3 mm non non 8 mm non

2 18 mm ANB 13 10° non non

3 3 mm non 17¢ non non

4 5 mm ANB 9 non non non

5 non non 5° non non

6 6 mm ANB 12 non non 8 mm

Group 2 consisted of 8 patients. In this group, 2 patients had post-
traumatic joint deformities and further 2 degenerative joint disease. One
patient suffered from juvenile idiopathic arthritis and one from post-
traumatic ankylosis. In the 2 remaining cases the condylar process
needed to be resected due to benign (keratocyst) and malignant tumor-
related lesions (osteosarcoma). The main reason for treatment in pa-
tients with posttraumatic joint deformities, degenerative joint disease
and juvenile idiopathic arthritis was severe joint pain and restricted jaw
opening. In the case of posttraumatic ankylosis severely limited jaw
movements and interincisal opening were the main indication for TTJR.
None of the patients presented with a malocclusion or dysgnathia.

Complications such as screw loosening, wound infection, wound
dehiscence or malocclusion were not observed. One patient of the con-
trol group with an odontogenic keratocyst who underwent reconstruc-
tion of the resected ramus and condylar process with TTJR, developed
sagging of the mandibular component, which could be resolved by
resuspensioning using a facia lata graft. In another patient of group 2
with degenerative joint disease allergic reaction to the cobalt-
chromium-molybdenum alloy of the head component of the TTJR
(Materialise) caused severe preauricular swelling and pain. The device
was removed and replaced by a TTJR of pure titanium (ZimmerBiomet).
Subsequently the symptoms subsided.

For functional assessment mandibular movements were evaluated 6
months postoperatively.

Box plots were generated to visualize and directly compare the dis-
tribution of the measurements in both groups (Fig. 1).

Jaw opening in all patients (n = 14) ranged from 28 mm to 45 mm

with a mean of 35 mm. No pronounced differences were observed be-
tween the groups: in group 1 (n = 6) values fell within a range of 28 mm
to 45 mm (mean 36 mm), while in group 2 (n = 8) between 34 mm and
45 mm (mean 38 mm).

Laterotrusion to the non-TTJR side in all patients (n = 14) ranged
from 2 mm to 7 mm with a mean of 4.3 mm. Laterotrusion to the
reconstructed side ranged from 5 mm to 15 mm with a mean of 7.9 mm.
Hence, the range of mandibular movement toward the reconstructed
side was within the range of healthy individuals (Buschang, 2001)
whereas, the range of mandibular movement toward the non-
reconstructed side was limited compared to healthy individuals.

Laterotrusion per group:

Laterotrusion toward the non-reconstructed side in group 1 (n = 6)
ranged from 2 mm to 6 mm with a mean of 4 mm. Laterotrusion toward
the non-reconstructed side in group 2 (n = 8) ranged from 3 mm to 7 mm
with a mean of 4.5 mm. Laterotrusion toward the reconstructed side in
group 1 (n = 6) ranged from 6 mm to 15 mm with a mean of 7.7 mm.
Laterotrusion toward the reconstructed side in group 2 (n = 8) ranged
from 5 mm to 12 mm with a mean of 8 mm. Comparing the box plots,
there was no marked differences in the extent of laterotrusive move-
ments in both groups.

Protrusion of all patients (n = 14) ranged from 2 mm to 8 mm with a
mean of 4.2 mm. Hence, protrusion of patients with unilateral TTJR was
reduced compared to healthy individuals (Buschang et al., 2001). In
group 1 (n = 6), protrusion ranged from 3 mm to 8 mm with a mean of 4
mm. In group 2 (n = 8), protrusion rom 2 mm to 6 mm with a mean of
4.4 mm. Comparing box plots of both groups, no difference in the range
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Fig. 1. Box plots of mandibular movements in both groups.
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of protrusion was found.

In group 1 midline deviation of the mandible in patients with lat-
erognathia could be successfully corrected by TTJR plus contralateral
SSO in all cases. Open bite and increased mandibular width in two cases
of the same group were also completely corrected by the surgical pro-
cedure. Correction of severe class II deformity in 3 patients of group 1
was also fully treated by TTJR plus contralateral SSO. Presurgical ANB
angle of 9°, 12° and 13° could be reduced by surgery to 5°, 4° and 3°,
respectively. Occlusal plane canting in 3 patients of group 1 was also
successfully eliminated by the same surgical procedure.

4. Discussion

What happens biomechanically to the contralateral temporoman-
dibular joint in patients with unilateral TTJR has been evaluated by
Linsen et al. in a prospective cohort study of 39 patients (Linsen et al.,
2017). They found that contralateral condylar motion, laterotrusion and
protrusion decreased while jaw opening increased. Interestingly 2
(5.1%) of the patients required contralateral TTJR after a minimum
follow-up of 5 and 7 years. The authors concluded that bilateral TTJR is
not required when the contralateral TMJ is healthy. The contralateral
TMJ seems to adapt to the TTJR kinematics. The authors assume further
studies to be necessary to confirm that overload of the contralateral TMJ
is not caused by unilateral TTJR. If contralateral mandibular SSO has an
influence on the kinematics of the healthy contralateral TMJ has not
been evaluated. Hence, there is a need for further investigations.

Kinematics were assessed in patients with unilateral TTJR using
optoelectronic systems and dynamic stereometry techniques (Zumbrunn
Wojczynska et al., 2021; Woodford et al., 2023). Reduction in anterior
movement of the prosthetic condyle and, therefore, reduced protrusion
and lateral excursions were found, while the range of movement of the
healthy joint did not differ from that of the healthy control group. Jaw
opening of patients with unilateral TTJR was within the range of healthy
individuals. Hence, patients with unilateral TTJR have a good jaw
opening and good laterotrusion toward the side of the TTJR because this
movement is mainly dependent on the movement of the healthy joint.
Whereas protrusion and laterotrusion to the non-reconstructed joint is
reduced due to the restrictions of movement of the prosthetic joint.
Similar results were found in the present study. Furthermore, in the
present study there were no differences in the range of mandibular
movements in patients without SSO of the non-reconstructed side
compared to those patients with SSO of the non-reconstructed side.

In the present study, the indication for performing a contralateral
SSO was determined on the presence of malocclusion and dysgnathia.
The degree/extent of these deformities was assessed through preoper-
ative virtual surgical planning and patients were managed according to
the severity of these findings, i.e. allocated to one of the two groups.

The skeletal deformities indicating a TTJR plus contralateral SSO
were mandibular midline deviation, severe class II deformity distinct
occlusal plane canting, increased transversal mandibular width and
circular open bite. In general, all patients of group 1 had a major dys-
gnathia in addition to the end stage disease of the TMJ. From the outset,
it was clear that the deformities requiring a TTJR in combination with
contralateral SSO could be attributed to specific disorders.

The characteristics associated with each of the disorders occurring in
this study are discussed in detail below.

Sidebottom and Gruber reported on 35 patients with degenerative
temporomandibular joint disease who underwent unilateral TTJR
(Sidebottom and Gruber, 2013). In 2 of them, orthognathic surgeries
including contralateral SSO were performed to correct the skeletal Class
II deformity. The majority of patients were successfully treated with
TTJR without contralateral SSO.

In our study, both patients with degenerative temporomandibular
joint disease underwent TTJR without contralateral SSO with satisfying
results in terms of jaw opening and pain. It may be concluded that pa-
tients with degenerative temporomandibular joint disease usually do not
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require a contralateral SSO unless there is a need to correct accompa-
nying skeletal deformities.

The term posttraumatic TMJ deformities encompasses various dis-
orders occurring at different sites, limited either to the joint area/
condylar process or extending to the non-condylar (single or plural)
regions of the mandible as well as the maxillae.

In 2 of the 5 patients in our study, the posttraumatic TMJ deformity
was locally confined concurrent with a stable occlusion and thus a
unilateral TTJR without additional osteotomies was considered suffi-
cient in accordance with Pruszynska et al. (Pruszynska et al., 2024).
Three of the study patients presented with more extensive mandibular
deformities. These dysgnathic deformities required a mandibular
advancement by means of a bilateral approach — unilateral TTJR with a
personalized/custom designed prosthetic component in combination
with a contralateral SSO (Keyser et al., 2020).

Primary treatment for patients with juvenile idiopathic arthritis is
systemic medication (antirheumatic drugs, immunosuppression)
(Brown et al., 2020). In select cases developing chronic TMJ changes,
prosthetic joint replacement may represent a reasonable surgical option
in end-stage conditions. Avoidance of surgical relapse makes alloplastic
TTJR a considerable alternative compared to autogenous graft recon-
struction (Brown et al., 2020; Lypka et al., 2020). In their respective
series with a majority of bilateral cases Brown et al. and Lypka et al. each
reported only of 1 patient with a unilateral TTJR. Presumingly Brown
et al. left the contralateral joint untreated, while Lypka et al. performed
a TTJR in combination with a contralateral SSO due to malocclusion and
mandibular asymmetry in his patient. Our patient (group 2) had local-
ized joint destruction but neither malocclusion nor mandibular asym-
metry. The main symptoms were pain and limited jaw movements. In
line with these findings, only the affected condyle was resected and
replaced with TTJR.

Treatment with TTJR after resection of pathologies confined to one
mandibular condyle was reported by Schlabe et al. (2023). Among the
12 patients prevailed benign tumors: ameloblastoma n = 6, keratocyst
(n = 1), odontogenic myxoma (n = 1), osteochondroma (n = 1). Given
the strictly unilateral involvement of the condylar/process ramus region
with preserved dental occlusion, unilateral TTJR was performed and no
procedure at the opposite side.

Our case with an odontogenic keratocyst principally corresponded to
the described technique, while the TTJR was inserted immediately after
the tumor resection.

Temporomandibular joint ankylosis is a severe joint disease that is
mainly caused by trauma or infection. When it occurs in childhood,
skeletal deformities may develop (Huang et al., 2024).

The only treatment modality for temporomandibular joint ankylosis
is surgery with TTJR being a promising option. In concurrent jaw de-
formities (asymmetry, hemimandibular hypoplasia, occlusal canting)
simultaneous contralateral SSO is usually required.

Seven patients in a recent study diagnosed with unilateral tempo-
romandibular joint ankylosis and jaw deformity were successfully
treated by simultaneous orthognathic surgery in a mandible first
sequence with ankylosis release, TTJR and a contralateral SSO followed
by a Le Fort I osteotomy (Huang et al., 2024).

The present study examined one patient with temporomandibular
joint ankylosis caused by infection during childhood, who had devel-
oped a severe facial deformity and was therefore treated according to
the concept described above — TTJR, contralateral SSO and Le Fort I
osteotomy.

If a temporomandibular joint ankylosis occurs in adult life, it usually
does not lead to a deformity. Thus, no additional orthognathic surgery is
necessary (Mani et al., 2020). One patient with traumatic temporo-
mandibular joint ankylosis after an injury sustained in adulthood in our
cohort showed no associated jaw deformity. The treatment in his case
was limited to the affected joint, consistent with the aforementioned
authors.

TTJRs have been described in the restoration of major TMJ
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deformities and associated mandibular defects in patients with
congenital mandibular hypoplasia, in cases where the autogenous grafts
or revascularized transplants were considered unsuitable (Westermark
et al., 2011; Zimmerer et al., 2023; Pinto et al., 2023).

Zimmerer and co-authors presented 2 hemifacial microsomia (HFM)
cases. Both patients were treated with TTJR and simultaneous orthog-
nathic surgery such as contralateral SSO and Le Fort I osteotomy, to
achieve facial symmetry and normal occlusion (Zimmerer et al., 2023).
Pinto et al. reported on a case of HFM using the same treatment protocol
(Pinto et al., 2023).

In addition to the TTJRs, HFM cases required simultaneous orthog-
nathic surgery, such as SSO or mandibular body osteotomies, and Le Fort
I osteotomy, for achieving facial symmetry and functional occlusion.
(Westermark et al., 2011).

In the HFM case in the present study, the contralateral SSO was part
of the treatment, as revealed already during the preoperative virtual
planning and successively implemented thereafter.

Limitations of the study are the small number of patients due to the
monocentric study design as well as the heterogeneity of the cohort,
which is related to the fact that various kinds of TMJ end-stage disease
require TTJR.

5. Conclusion

There are no differences in mandibular movements and function of
patients who received unilateral TTJR without contralateral SSO and
patients that underwent unilateral TTJR with contralateral SSO. Our
series confirms that a combination of TTJR and contralateral SSO does
not lead to any obvious functional limitations. In patients with a stable
occlusion where a unilateral TTJR is used as a kind of reconstruction
after condylar resection, contralateral SSO is usually not necessary.
Patient consent
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Ethical approval
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