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Abstract
Purpose Various procedures have been adopted for eminence augmentation for treatment of recurrent temporomandibular joint
dislocation. The aim of this study is to assess maximal incisal opening (MIO) using a custom-made titanium implant versus inlay
autogenous augmentation from the patient’s chin for more stable condylar movements.
Methods Ten patients were treated in this study (20 joints) five patients with bilateral patient-specific titanium onlay implant and
five for autogenous inlay grafting technique; each implant in the study group was virtually designed using a specific software and
milled from titanium grade V blocks, then fixed with mini screws at the lateral aspect of the zygomatic arch while in the control
group, autogenous corticocancellous bone block was harvested from the chin and wedged at the created defect of the eminence to
increase its height.
Results The follow-up period ranged from 6 months to 1 year to access the maximal incisal opening (MIO). The mean preop-
erative maximal incisal opening was 47.8 mm and that of the postoperative was 33.2 mm in the study group and 35.4 mm in the
control group, respectively. One patient reported postoperative slight unilateral edema and pain that gradually diminishes after 1
month postoperative.
Conclusion No statistical difference between both groups p value 0.3.
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Introduction

Recurrent condylar dislocation (RCD) of the temporoman-
dibular joint (TMJ) is an uncommon incidence. The main
cause of such condition depends mainly onsudden anatom-
ic alteration in either joint soft tissue as laxity of liga-
ments, capsule, and muscles or bony component as con-
dylar head and eminence. Also, disturbance in the relation
between the mandibular condyle and the articular emi-
nence and some arthritic diseases could be another cause

of anterior condylar dislocation. Various treatment modal-
ities have been introduced in the literature starting either
from conservative treatment as intermaxillary fixation, in-
jection of sclerosing agents, or intra articular surgical man-
agement to limit the condylar path hypermobility.

The selection of the proposed treatment protocol is
still a debated issue [1], as most of the surgical proto-
cols used previously for treatment of condylar disloca-
tion showed either donor site morbidity, prolonged intra
operative time, or unpredictable results specially those
procedure altering the bony component of the temporo-
mandibular joint as removal of eminence obstacle or
increasing its height.

[2]. Fortunately, the development of computer surgical
simulation software allowed for emitting highly customized
implants that may be used successfully to reconstruct different
maxillofacial defects. The aim of this study was to determine
the efficiency of onlay custom-made titanium eminence ver-
sus inlay autogenous eminoplasty grafting technique in pre-
vention of recurrent condylar dislocation.
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Materials and methods

Criteria of patient selection

& This study was approved by the ethical committee Faculty
of Dentistry, Cairo University. Patients from both genders
with an age range of 25–55 and a history of recurrent
dislocation of the mandibular condyle (a minimum of 2
incidents per day that was reduced manually and this was
for 3 months before any surgical interventions) were se-
lected from the outpatient clinic of the Department of Oral
and Maxillofacial Surgery, Faculty of Dentistry, Cairo
University. Patients with systemic diseases as uncon-
trolled diabetics, bleeding disorders, generalized osteoar-
thritis, previous surgeries at the TMJ, osteoporosis, inter-
nal derangements, osteophytes, and other bone metabolic
diseases were excluded from the study.

& A thorough history was taken for each patient and they
were examined clinically to know the frequency of dislo-
cation, any parafunctional habits, and pain and determine
the maximum inter-incisal distance (MIO) beyond which
the joint is dislocated. A routine panoramic x-ray and
OPG were requested to exclude any underlying infection
foci, tumors, or osteoarthritic changes of the condyle. And
a preoperative MRI was also done to properly diagnose
and detect the integrity of the interpositional articular disc.

Study design and randomization

& A total of 10 patients (7 females and 3 males) were select-
ed with bilateral temporomandibular joint dislocation (20
joints). Patients were allocated into two groups; each
counted five patients, in a random pattern using a comput-
er software; the patients were identified by concealed con-
sequent numbers; none of the authors was involved in this
process, where a customized titanium implant was de-
signed to augment the bony eminence as an onlay in the
study group while in the control group, autogenous
corticocancellous bone block was harvested from the chin
and wedged at the created defect of the eminence as an
inlay graft to increase its height. All the patients suffered
from bilateral chronic dislocation, their age ranged from
25 to 55, and the mean inter-incisal opening was 2 cm
before dislocation and 43 mm after dislocation.

Virtual planning and implant fabrication

& A preoperative multislice CT was ordered in a DICOM
(Digital Imaging and Communications in Medicine) format
then imported to DICOM viewer software (Mimics 19.0;
Mimics Medical 19.0, Materialise, Leuven, Belgium) to

obtain the axial, sagittal, and coronal cuts. After evaluating
the relationship of the articular eminence with the condyle, a
3D model of the patient’s skull was calculated. Then, after
virtual segmentation process was performed, the skull was
duplicated (Fig. 1). Using “cut with a cutting plane” tool, the
articular eminence was separated from the zygomatic arch
bilaterally and translated to a lower and more anterior posi-
tion by 4 mm and 3 mm, respectively.

Location of the three fixation screwswas selected in areas
of sufficient bone along the zygomatic arch, and then, three
analysis cylinders with 1 mm radius were placed in these
locations and subtracted from both articular eminences cre-
ating the three fixation holes in each implant (Fig. 1). Finally,
customized implants were exported in a binary STL
(steriolithography) format to be fabricated from grade V ti-
tanium alloy (CL 41TI ELI Titanium alloy, Concept Laser,
GE Additive, Lichtenfels, Germany) by selective laser
sintering technology (SLS) using an additive CAMmachine
(Mlab cusing R, Concept Laser, GE Additive, Lichtenfels,
Germany).

Operative procedures

In all the patients, the operation was performed under
general anesthesia. An endaural incision without tempo-
ral extension was used to approach the articular emi-
nence bilaterally. The plane of dissection continued an-
terior to the tragal cartilage till the sub-galeal plane was
reached, deep to SMAS layer (superficial musculo-
aponeurotic layer). A pouch was made below layers of
the deep temporal fascia and followed downwards to the
zygomatic arch then incised and reflected in a
subperiosteal plane. The subperiosteal dissection contin-
ued forward until the articular fossa and eminence were

Fig. 1 implant fixed in place
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reached then it proceeded medially exposing the medial
pole of the eminence.

Graft harvest for chin inlay group

Local anesthesia was infiltrated into the anterior mandibular
vestibule; between the mental foramina and into the mentalis
muscle, the mucosal incision was carried out 1 cm labial to the
depth of the vestibule and the labial branch of the mental nerve
was identified and laterally retracted, exposing the mentalis
muscle, which was horizontally transected, followed by
subperiosteal dissection displaying the mental foramina as
well as the inferior border of the mandible, however preserv-
ing the superior attachment of the mentalis muscle.

Two cortical rectangles were marked with fine round burs
just lateral to the midline, extended to the canine region with a
minimum safety zone of 5 mm beneath the apices of the man-
dibular incisors and canine and above the inferior mandibular
border; fine fissure burs were selected to pass through the
drilled holes under copious saline irrigation, followed by care-
ful tapping of fine osteotomes to retrieve the mono-cortical
grafts, finally suturing of the mentalis muscle and the mucosal
incision in a standard layered fashion.

In the study group, the implant was inserted and checked
for 3 dimensional stability and then fixed with the three fixa-
tion screws as planned. Each side was checked after fixation
of the implant that the condyle could no longer be dislocated,
while in the control group, the autogenous corticocancellous
block graft was wedged by gentle tapping in the previously
prepared greenstick fracture at the bony eminence without any
other methods of fixation (Fig. 2). The wound was closed in
layers with 3-0 polyglycolic resorbable suture (AssuCryl,
Assut, Switzerland) material for the deep layers and polypro-
pylene 5-0 (Polypropylene, Assut, Switzerland) for the skin.

Postoperative care

Soft diet and routine oral hygiene instructions were given to
the patients and were also instructed not to widely open the
mouth for 3 weeks. Finally, an immediate postoperative CT
was ordered to evaluate the accuracy of the procedure.

The skin sutures were removed after 10–14 days. The first
follow-up appointment was scheduled on the third day after
the operation and then it was scheduled every other day during
the first week.

Results

No recurrence was observed in the ten cases, and all the de-
scriptive data are summarized in Tables 1 and 2. The mean
duration of the follow-up was 9 months and the mean preop-
erative maximal incisal opening was 47.8 mm in both groups,

and the postoperative was 35.4 mmwhile in the control group
was 33.2 mm, respectively. Only one patient reported postop-
erative slight unilateral pain that gradually diminishes after 1
month postoperatively. There were no postoperative joint
sounds, implant instability, or even radiographic evidence of
any resorption at the condylar head or the articular eminence.
The results showed no statistical significant difference
between the two groups where the paired t test revealed
p value (p = 0.38).

Discussion

Patients with chronic dislocation in whom surgical interven-
tion was indicted [1, 2] were included in this randomized
controlled clinical study for a novel approach compared with
inlay eminoplasty, in which a patient-specific titanium im-
plant was fabricated and inserted to augment the articular em-
inence. Different surgical protocols were implemented for
treatment of chronic TMJ dislocations, starting from soft tis-
sue alteration of the joint as capsuloraphy and myotomy of the
lateral pterygoid muscle [3, 4]; shortening of the temporalis
tendon by scarification also has been advocated [5].

Other protocols that had been focusing on alteration of the
bony obstacle to the condylar path (the articular eminence) were
also reported in the literature; some of them aim to remove the
obstacle to the condylar path while others aim to augment that
obstacle. Myrhaug in 1951 was the first to introduce the
eminectomy procedure allowing a smooth condylar forward
and downward translation without any anatomical limitation;
since then, it has been widely used with satisfactory results [2,
6, 7]. Mayer in 1933 used the zygomatic arch down-fracturing
that was modified later by Leclerc and Girard in 1943 [8], then
by Dautrey in 1975. It involved a greenstick fracture at the
zygomatico-temporal suture after cutting the zygomatic arch pos-
teriorly in an oblique direction, then the posterior part is placed
below the articular eminence. [9, 10] But unfortunately this

Fig. 2 preoperative virtual designing of the implant
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procedure showed high rate of recurrence together with resorp-
tion of the mobilized bony segment. Another cause of failure
could be a small condyle that could still be displaced due to a
narrow mediolateral width of the displaced zygomatic arch [11].

The use of miniplates fixed to the zygomatic arch has been
introduced [12–14]; however, plate fracture was reported in
some cases [15]. Some grafting procedures were also report-
ed where an oblique osteotomy starting backwards and ex-
tending medially and forward to the root of the zygomatic
arch was performed, followed by gentle malleting resulting
in a greenstick fracture anteriorly and a gap posteriorly, then
an interpositional graft was inserted such as hydroxyapatite,
or autogenous bone harvested from the chin, iliac crest, or the
calvaria [11, 16, 17].

Donor site morbidity is a drawback in addition to complete
separation of the eminence that could occur due to bone brit-
tleness. Many fixation methods to the interpositional graft had
been introduced as a dual-wire osteosynthesis or fixation with
micro screws. In the control group of this study, authors main-
ly depend on the primary stability of the wedged bone graft
with no added means of fixation. Failure to achieve adequate
width of the graft may allow medial escape of mandibular
condyle and further episodes of dislocation.

In 2019, the literature on eminoplasty for TMJwas reviewed
by Xu, C et al. [18] They have treated 2 (67 and 69 years old)
patients with chronic recurrent dislocation whom were treated
by the CAD/CAM-guided surgical technique in their study.
They found that the modified technique had an obvious

advantage with highly accurate cutting guides. Also in 2019,
Tocaciu, S [19] reviewed a total of 33 papers. Minimally inva-
sive techniques included autologous blood injection, which was
associated with an overall success of 80% at 12 months. Other
modalities investigated included OK-432 sclerotherapy, laser
capsulorrhaphy, and botulinum toxin of the lateral pterygoid
muscle.

This study is the second trial after Ihab et al. [20] to
manage condylar dislocation using a customized onlay im-
plant, and the authors stated that there was no direct cor-
relation between the amount of vertical augmentation of
the eminence and the postoperative maximal incisal open-
ing (MIO) as it is a case-dependent issue. From the au-
thors’ point of view, the virtual planning of the patient-
specific implant could be more reliable when the condyle
was in the articular fossa as the horizontal medial exten-
sion of the patient-specific implant was mainly determined
from the anatomical configuration of the medial pole of
the static condylar head taking the condyle as a fixed an-
atomical reference. So, if the condyle is closer to the ar-
ticular eminence (mouth is opened), there will be a possi-
ble bias concerning the medial dimensions of the onlay
implant.

In all of the five cases, after 1 year follow-up period, the
patient-specific implants were accurately fitted to the native
eminence, with no clinical signs of intraoperative dislocation
over the implant; only one case showed an intraoperative uni-
lateral anterior condylar dislocation in front of the implant,

Table 1 Descriptive data of all
patients and maximal incisal
opening (MIO) pre and postoper-
atively of the study group

Patient number Gender/age Frequency of
preoperative
dislocation

Follow-up period MIO (maximal incisal opening)
preop. and postop.

Preop. Postop.

1 Female/25 2 times per day 12 months 49.1 mm 35.1 mm

2 Female/32 Once per day 12 months 48.6 mm 33.2 mm

3 Male/40 2 times per day 9 months 38.4 mm 31 mm

4 Female/28 3 times per day 9 months 50.9 mm 36.6 mm

5 Male/37 4 times per day 6 months 51.3 mm 30.4 mm

Table 2 Descriptive data of all
patients and maximal incisal
opening (MIO) pre and postoper-
atively of the control group

Patient number Gender/age Frequency
of preoperative
dislocation

Follow-up period MIO (maximal incisal opening)
preop. and postop.

Preop. Postop.

6 Female/25 2 times per day 12 months 49.8 mm 37.1 mm

7 Female/42 Once per day 6 months 45.6 mm 36.2 mm

8 Male/48 2 times per day 9 months 38.4 mm 31 mm

9 Female/51 3 times per day 8 months 51.9 mm 39.6 mm

10 Female/55 4 times per day 6 months 50.3 mm 36.4 mm
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that was managed by unilateral scarification of the masseter
muscle through and intra oral vestibular approach with post-
operative maxillary-mandibular fixation for 10 days.

Conclusions

With the use of patient-specific titanium eminoplasty in the pres-
ent study, after 1 year follow-up period showed stable condylar
movementswith no recurrence and no condylar changes suggest-
ing that this technique could be a good alternative for treatment
of recurrent TMJ dislocation, but the maximal incisal opening
was not statistically significant when compared with those of the
inlay autogenous bone grafting technique.
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