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Abstract

Purpose: The present study aimed to introduce an accurate, less morbid and less

time-consuming approach that secures the stability of the condylar movement's

range for treating recurrent TMJ dislocations.

Methods: Five patients were treated by surgical implantation of bilateral patient-

specific titanium onlay eminoplasties; each implant was virtually designed using spe-

cific software and milled from grade V titanium blocks. Intraoperatively, each implant

was fixed with three mini-screws along the lateral aspect of the zygomatic arch.

Results: The follow-up period ranged from 6 months to 1 year, which targeted the

assessment of the maximal incisal mouth opening (MIO). The mean preoperative

maximal incisal mouth opening figured (47.8 mm) vs (33.2 mm) for that recorded

postoperatively. One patient reported postoperative slight unilateral pain that was

gradually diminished through the first postoperative month.

Conclusion: The innovated patient-specific titanium eminoplasty represents an accu-

rate alternative for treatment of chronic recurrent TMJ dislocation.
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1 | INTRODUCTION

Recurrent temporomandibular joint (TMJ) dislocation is a multifactorial

condition that occurs due to laxity of TMJ capsule and the attached lig-

aments, hyperactivity of the lateral pterygoid muscle, mechanical dis-

harmony between the mandibular condyle and the articular eminence

and arthritic degeneration. Various treatment options have been intro-

duced in the literature from as conservative as intermaxillary fixation or

intraarticular injection of sclerosing agents, to as extensive as surgical

interference aiming at either creating or removing mechanical obstacles

in front of the hypermobile condylar process.

The selection of the ideal treatment option is still a debatable

issue1; as most of the surgical protocols for the treatment of condylar

dislocation demand donor site morbidity, prolonged intraoperative

time and carry the hazard of unpredictable results.2

Fortunately, the development of surgical simulation software had

allowed for designing highly precise patient-specific implants that

would successfully mimic different parts of the human body. The aim

of this study was to determine the efficiency of onlay, custom-made,

patient-specific titanium eminence implants in preventing recurrent

condylar dislocation.

2 | MATERIALS AND METHODS

2.1 | Criteria of patient selection

This study was approved by the ethical committee; Faculty of Den-

tistry, Cairo University. Patients with a history of at least two incidents

of condylar dislocation per day were recruited from the outpatient

clinic of oral and maxillofacial surgery at the Faculty of Dentistry, Cairo

University. Those patients with neurogenic problems, bleeding disor-

ders, osteoarthritis, previous TMJ surgeries, osteoporosis and other

bone metabolic diseases, diabetics, and those undergoing or planning
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to receive chemotherapy or radiotherapy were excluded from the

study.

The candidates were examined clinically to note the frequency of

(TMJ) dislocation, the affected side, presence or absence of either

pain or parafunctional habits, the opening interincisal distance beyond

which the joint is dislocated, and the range of lateral jaw movements.

A routine orthopantomogram (OPG) was requested to exclude the

presence of tumors or osteoarthritic changes in the condyle.

2.2 | Virtual planning and implant fabrication

For each patient, a multislice CT was requested in DICOM (Digital

Imaging and Communications in Medicine) format, which was impo-

rted to surgical simulation software (Mimics 19.0; Mimics Medical

19.0, Materialize, Leuven, Belgium) to illustrate the axial, coronal, and

sagittal views. After evaluating the relationship of the articular emi-

nence with the condyle, and checking the degree of pneumatization

into the eminence, a 3D model of the patient's skull was calculated

(Figure 1). The articular eminence was virtually separated from the

zygomatic arch bilaterally and repositioned to a 4 mm inferior and a

3 mm anterior position.

The skull model was subtracted from both articular eminences in

their new position to generate virtual patient-specific implants with

intimately adapted fitting surfaces (Figure 2). Virtual holes were

designed for three fixation screws, corresponding to adequate bone

heights along the articular eminence or the zygomatic arch

(Figures 3 & 4). Finally, both implants were exported in a binary

stereolithography (STL) format to be fabricated from grade V titanium

alloy (Figure 5) (CL 41TI ELI Titanium alloy, Concept Laser, GE Addi-

tive, Lichtenfels, Germany) by selective laser sintering (SLS) additive

manufacturing (Mlab cusing R, Concept Laser, GE Additive,

Lichtenfels, Germany).

F IGURE 1 Three-dimensional reconstruction of the preoperative
CT scan showing the left eminence

F IGURE 2 Preoperative design of the implant showing its
locations of the fixation screws on the lateral aspect of the arch
(3D view)

F IGURE 3 Preoperative design of the implant showing its
vertical and antero-posterior dimensions (cross sectional cut)
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2.3 | Operative procedures

All the surgeries were performed under general anesthesia. An

endaural incision without temporal extension was used to approach

the articular eminence bilaterally. The plane of dissection continued

anterior to the tragal cartilage until the subgaleal plane was revealed,

deep to the superficial musculoaponeurotic (SMAS) layer. A pouch

was made below both layers of the deep temporal fascia and followed

downwards to the zygomatic arch, then the periosteum was incised

and reflected at the level of the zygomatic arch. The subperiosteal dis-

section continued forward until the articular fossa and the bony emi-

nence were exposed, then it proceeded medially uncovering the

medial pole of the articular eminence (Figure 6).

F IGURE 5 3D milling of the right and left patient-specific

implants

F IGURE 6 Intraoperative exposure of the left articular eminence

F IGURE 7 Intraoperative fixation of the of the left articular
eminence using 3 mini cortical screws

F IGURE 4 Bottom 3D view showing the medial extension of
both onlay implants

F IGURE 8 Intraoperative fixation of the of the right articular
eminence using 3 mini cortical screws
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After the implant was inserted, both of its adaptation and stability

were verified and finally fixed with the three fixation screws as

planned (Figures 7 & 8). The condylar pathway was then checked on

both the right and left sides ensuring that the condyle would no lon-

ger dislocate. Care was taken throughout the whole procedure not to

violate the TMJ capsule or its contents. The wound was closed in

layers with 3/0 polyglycolic resorbable suture (AssuCryl, Assut, Swit-

zerland) material for the deep layers and polypropylene 5/0

(Polypropylene, Assut, Switzerland) for the skin.

2.4 | Postoperative care medications

The postoperative medications for all the patients included; amoxicil-

lin clavulanic acid 1 g tab (Augmentin, GlaxoSmithKline, Cairo, Egypt),

every 12 hours for the first week. Also, a postoperative analgesic was

prescribed; diclofenac sodium (Voltaren 75 mg, Novartis, Egypt), twice

daily during the first week. A soft diet regimen and routine oral

hygiene instructions were detailed. Finally, an immediate postopera-

tive CT was ordered to evaluate the accuracy of the procedure.

The skin sutures were removed after 10 to 14 days. The first fol-

low up was scheduled on the third day after the operation and then it

was scheduled on every other day during the first week, weekly dur-

ing the first month, and monthly for the following 9 months to evalu-

ate the interincisal opening, presence or absence of any incidence of

dislocation, pain, or discomfort.

3 | RESULTS

A total of five patients; 3 females and 2 males; were selected for bilat-

eral patient-specific titanium eminoplasty (10 joints). All patients suf-

fered bilateral chronic dislocation, their ages ranged from 25 to

TABLE 1 Descriptive data of all patients and maximal incisal opening pre and post operatively

Patient number Gender/age
Frequency of preoperative
dislocation

Follow up
period (months)

MIO(maximal incisal opening) preop and postop.

Preop. (mm) Postop. (mm)

1 Female/25 2 times per day 12 49.1 35.1

2 Female/32 Once per day 12 48.6 33.2

3 Male/40 2 times per day 9 38.4 31

4 Female/28 3 times per day 9 50.9 36.6

5 Male/37 4 times per day 6 51.3 30.4

F IGURE 9 Postoperative
panoramic x ray showing the right and
left implants in place

F IGURE 10 Postoperative CT scan showing the right and left
implants in place in intimate contact with the native eminence
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40 years and their mean interincisal opening was 2 cm before disloca-

tion and 45 mm after a dislocation.

The healing went uneventful among all patients; however, one

patient reported slight postoperative pain unilaterally that gradually

faded through the first postoperative month. Postoperatively; none of

the patients complained of joint sounds or implant instability along

the whole follow-up period. Neither dislocation recurrence nor radio-

graphic evidence of bone resorption of the condylar head or the artic-

ular eminence were observed in any of the cases.

The descriptive data are summarized in Table 1. The mean dura-

tion of the follow-up period was 9 months; the mean preoperative

maximal incisal mouth opening measured 47.8 mm, vs 33.2 mm post-

operatively (Figures 9-11).

4 | DISCUSSION

All the included patients were indicated for surgical treatment of

chronic recurrent TMJ dislocation.1,2 This case series study represents

a novel approach to eminoplasty, in which patient-specific titanium

implants were fabricated to surgically imitate a virtually designed cus-

tom articular eminence. Care was taken during the patients' selection

to avoid the inclusion of patients with temporomandibular joint

derangements (TMDs) and myofascial pain dysfunction (MPDs) to

limit the variables, to validate the efficacy of the proposed approach

in preventing the dislocation of the TMJ and to demonstrate the long

term outcomes in terms of pain, discomfort, and joint noise.

Different surgical techniques were described in the literature for

treating chronic recurrent TMJ dislocations including myotomy of the

lateral pterygoid muscle, scarification of the temporalis muscle

tendon, and modifying the topography of the bony obstacle ahead to

the condylar path (the articular eminence), either by removing or

augmenting it.3-6 The first to describe a total eminectomy was

Myrhaug in 19517 to allow for a smooth condylar translation without

obstruction, since then, it had been widely used with satisfactory

results.2,6,7

Down fracturing of the zygomatic arch was the first documented

procedure of choice, the procedure was modified by Leclerc and

Girard in 1943,8 and by Dautrey in 1975, which propagated a

greenstick fracture line at the zygomaticotemporal suture after cutting

the zygomatic arch posteriorly in an oblique direction, then the poste-

rior part is placed caudal to the articular eminence. It depends on the

elastic tendency of the bone to move back upwards and thus

maintaining the new position.9,10 However, drawbacks of this tech-

nique included instability of the zygomatic arch in its new position,

resorption of the displaced segment, and recurrence of dislocation,

unfavorable fracture during manipulation which is more likely in

elderly patients due to bone brittleness, postoperative pain, and joint

noises.9 Another reported cause of failure could be a small condyle

that could still dislocate due to the narrow mediolateral width of the

displaced zygomatic arch.11

The use of miniplates fixed to the zygomatic arch has also been

advocated,12-14 however; plate fracture was reported in some cases.15

Some grafting procedures were also reported where an oblique osteo-

tomy starting backwards and extending medially and forwards to the

root of the zygomatic arch was performed, followed by gentle

malleting; resulting in a greenstick fracture anteriorly and a gap poste-

riorly. The created gap is then obliterated by an interpositional graft,

such as hydroxyapatite, or autogenous bone harvested from the chin,

iliac crest, or the calvarium11,16,17 with an added donor site morbidity.

Moreover, in younger patients; the bone is elastic and complete sepa-

ration of the eminence could occur.

In 2019, the literature on eminoplasty was reviewed by Xu et al18

who treated patients with chronic recurrent dislocation by CAD/CAM

cutting guides, the postoperative measurements were recorded to

verify the effectiveness of the technique, which revealed an obvious

advantage, which coincides with the results reported by the authors

of this study.

Many reported trials utilized metallic patient-specific implants, for

reconstructing different parts of the human body.19 The aim of this

study was to introduce a highly precise and less morbid novel

approach; taking advantage of virtual planning and 3D additive

manufacturing technology, to fabricate a patient-specific titanium

implant that was placed as an onlay material for augmentation of the

articular eminence.

According to our knowledge, no recommendations existed con-

cerning the value of increase in height of the articular eminence, since

it is patient-relevant and accordingly differs from one case to another.

To offset this negative point, we depended mainly on utilizing the

average increase in height of most eminoplasty cases reported in the

literature that ranged from 3.5 to 5.0 mm. Among all of five cases, the

patient-specific implants enjoyed an intimate fit to the native emi-

nence, with no clinical signs of intraoperative dislocation or condylar

F IGURE 11 Postoperative CT scan showing the relation between
the condyle and the implant that is in intimate contact with the native
eminence
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bypass of the implanted eminence, except in one case, that showed

intraoperative unilateral anterior condylar dislocation in front of the

implant. This was further managed by unilateral scarification of the

masseter muscle through an intraoral vestibular approach and postop-

erative application of maxillary-mandibular fixation for 10 days.

After a 1 year follow up period; the patient-specific titanium

eminoplasty provided highly precise, less morbid and stable range of

condylar movements with neither recurrence nor condylar changes,

suggesting that this technique could be a good alternative for the

treatment of recurrent TMJ dislocations. The authors are rec-

ommending implementing a larger sample size with longer follow up

periods for verifying the long term results of this approach.
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