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Abstract

Purpose End-stage temporomandibular joint (TMJ) dis-

ease are not uncommon and affects quality of life. Multiple

surgical procedures have been mentioned in literature for

management of TMJ disease which ranges from conser-

vative management to aggressive resection of involved

joint and replacement with alloplastic total joint prosthesis.

The purpose of the present paper was to provide an over-

view of the role of alloplastic total joint prosthesis in TMJ

replacement.

Methods and results Alloplastic total joint prosthesis is

nowadays considered as a standard of care in the adult

patients who require TMJ replacement. The requirement of

alloplastic total prosthesis has increased in present era with

the improvement in design and material of implants, sur-

gical skills and reported victorious outcome along with

improved quality of life after its use. It provides restoration

of form and functions, improvement in quality of life,

reduction in pain and maintenance of ramal height. Addi-

tionally, in TMJ ankylosis it reduces chances of re-anky-

losis and allows facial asymmetry correction. Currently,

enough evidence is however not available for replacement

in skeletally immature patient.

Conclusion The authors conclude that the total joint

replacement is a standard procedure for end-stage TMJ

disease. Every maxillofacial surgeon should be well-ac-

quainted with TMJ replacement.

Keywords Alloplastic temporomandibular joint �
Temporomandibular joint ankylosis � End-stage

temporomandibular disease

Introduction

Replacement of the temporomandibular joint (TMJ) is a

complex procedure as TMJ is among the most complicated

articulations in the body. End-stage TMJ disease can lead

to severe disability in mastication and speech affecting the

physical, social, psychological, and overall quality of life

[1–3]. It may also affect the esthetics and reduce the airway

space. Alloplastic replacement is the mainstay in treatment

for end-stage TMJ disease. Historically, the failure of TMJ

prosthesis has been well documented with device failure

[4]. Initially, alloplastic total joint replacement (TJR) was

used for trauma, severe joint disease, multiple failed open

joint surgery, and joint reconstruction after ablative surgery

[5]. The pathologies of TMJ can hamper the growth and

function of the mandible. The temporomandibular joint

ankylosis (TMJA) can cause immobility of joint and

shortening of the ramus and corpus of the mandible with

facial asymmetry. This, however, depends on at what stage

of growth of the individual the joint was affected. The end-

stage TMJ disease causes pain, reduced mouth opening, the

collapse of the joint, and severely hampered quality of life.

Both resorption and growth restriction can lead to back-

ward positioning of the mandible leading to obstructive

sleep apnea (OSA). With the increased availability of

evidence, the pendulum is now swinging more and more

toward the use of alloplastic replacements in adult TMJ

ankylosis and end-stage TMJ disease [6].

Alloplastic joint prostheses can fulfill all the goals of

TMJ reconstruction. The use of TJR in adults has been
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adequately researched and documented, but its use in

skeletally immature patients lacks significant evidence.

Only some sporadic, short-term successful reports of allo-

plastic replacement in skeletally immature patients are

available [7, 8]. The historical perspective, goals of TMJ

replacement, indications and contraindications, advantages

and disadvantages, the difference between normal and

alloplastic joint, presurgical consideration, custom, and

stock prosthesis, preoperative planning, and surgical tech-

nique of TMJ replacement and documented complications

have been discussed here.

Background

For severe joint disease, surgical excision was the preferred

treatment between 1536 and 1840 [9, 10]. In 1840, John

Murray Carnochan interposed a block of wood between

surfaces after resection of the diseased part of condyle [11].

In 1890, Gluck reported total joint arthroplasties with ivory

prosthetic TMJ [12]. Risdon used gold foil as interposi-

tional material in TMJA patients after gap arthroplasty.

The first total TMJ prosthesis was designed by Christensen

in 1965 [13]. This device had two components:

ramal/condylar component which articulates with a metal

fossa. The condylar head component was made up of

polymethylmethacrylate (PMMA) with cast Vitallium

ramal component fitting into as a post. Later, he abandoned

the use of PMMA because of potential side effects of

particulation under function. In 1997, Christensen invented

a metal-on-metal cast Vitallium prosthesis using a stere-

olithographic model [14]. It was approved as a CE-certified

medical device in 1998 and 2001 by European Union and

the US Food and Drug Administration (FDA), respectively.

The metal-on-metal device, however, resulted in early

metal wear debris causing lymphocyte type rejection and

foreign body response [15]. In 1995, Mercuri et al. used

patient-fitted TJR (TMJ Concept, Ventura, CA) [16]. TMJ

Concept Prosthesis was approved by FDA in 1999. The

TMJ concepts prosthesis has a fossa component made of

ultra-high molecular weight polyethylene (UHMWPE).

The surface facing the temporal bone/fossa has a pure

titanium mesh. The ramus component has a titanium alloy

shaft including a chromium–cobalt molybdenum (Cr–Co–

Mo) condylar articular head. The prosthesis is said to

provide maximum host-prosthesis contact despite difficult

anatomical form. In the year 2000, Quinn introduced a

stock TMJ replacement device (Zimmer Biomet, Jack-

sonville, FL) [5]. The Biomet (formerly Lorenz) total TMJ

prosthesis combines a prosthetic shaft with a sphere-shaped

head of cobalt–chromium or titanium and UHMWPE fossa

component. The Biomet stock prosthesis has three fossa

baseplate sizes and five different ramus components along

with an offset ramus variant in all five sizes. Both stock and

custom-made prostheses have shown satisfactory outcomes

in the long-term studies [17, 18].

Both safety and effectiveness are required from a

material to be biocompatible. Along with its biocompatible

nature, the material should be able to bear the functional

load of TMJ and should be stable in the implanted site.

Currently, FDA-approved material for alloplastic TMJ TJR

includes cobalt–chromium alloys, commercially pure tita-

nium (cpTi), alloyed titanium (Ti6Al4V), and ultra-high

molecular weight polyethylene (UHMWPE).

Goals of TMJ Replacement

The goals of TMJ replacement include restoration of form

and functions of TMJ as close as possible to the natural

joint; to improve quality of life; to maintain ramal height

and prevent facial asymmetry; to provide pain-free maxi-

mal incisal opening (MIO); prevention of recurrence like in

TMJA cases; concomitant orthognathic surgery for facial

correction; to limit excessive treatment and cost; and to

prevent further morbidity.

Indications and Contraindications of TMJ TJR

Indications for alloplastic TMJ replacement include [5]:

severe inflammatory arthritis involving the TMJ not

responsive to other treatment modalities; recurrent fibrous

or bony ankylosis especially in cases where joint is

anatomically mutilated; failed autogenous graft and allo-

plastic devices; destruction of graft tissue by pathology;

loss of ramus height and condylar resorption; connective

tissue and autoimmune disease (juvenile idiopathic arthri-

tis, ankylosing spondylitis, scleroderma).

Relative contraindications of alloplastic total TMJ

replacement are [5]: the age of the patient (the use of TJR

in skeletally immature patients is still not proven as allo-

plastic prosthesis does not have growth potential); uncon-

trolled systemic disease; active infection at the surgical

site; allergy to the implant material.

Advantages and Disadvantages

Advantages of alloplastic prosthesis are no second surgical

site, thereby avoiding the donor site morbidity and reduc-

tion in the surgical time as autogenous graft harvesting is

not required. Alloplastic total joint prosthesis resembles the

anatomy of the natural joint resulting in biomechanically

better adaptation. Physiotherapy exercise can begin

immediately when the chances of heterotopic bone
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formation are greatest; a concomitant orthognathic surgery

can be carried out for facial asymmetry correction. Cost of

the prosthesis; material wear and failure; potential allergic

reaction; long-term stability and inability to provide growth

required in skeletally immature patients are potential

disadvantages.

Difference Between Normal Joint and Alloplastic
TMJ TJR

TMJ is a bilateral ginglyoathroidal joint that is divided into

two compartments (superior and inferior). The superior

compartment is responsible for translation, and the inferior

joint space is for rotation or hinge movements. After TMJ

TJR, only a single space exists where only pure rotational

movements are possible. In natural TMJ, there are muscles

and ligaments which are responsible for functions of TMJ.

There is no role of ligaments in TJR. In TJR, the absence of

translation is due to detachment of lateral pterygoid mus-

cle. Some translation, however, can happen after TJR by

recruiting the suprahyoid, masseter, and medial pterygoid

muscles or the design of the fossa which may allow

pseudotranslation. (Zimmer Biomet). After TJR, the kine-

matics is different because of the geometry of the bearing

surfaces of the device components and the loss of bony and

soft tissue components that are responsible for normal

movements. In the natural joint, a concave articular disk is

present between the condyle and the glenoid fossa. This

allows the bony components of the joint to remain con-

gruent during wide mandibular movements. In TJR, this

congruency depends on the design of the implant.

Stock versus Custom-Made Alloplastic Prosthesis

The stock and custom-made prosthesis have different

articular surface geometries and material compositions. In

the case of stock, prosthesis bone fits the prosthesis, and

custom devices are manufactured/printed from the preop-

erative CT scan data of anatomy of the lateral surface of

mandible and the fossa so that it fits the lateral surface of

mandible and fossa without much preparation. Advantages

of the stock prosthesis are immediate availability, size

flexibility, and lower cost than a custom joint. Disadvan-

tages are questionable fit of the joint especially in a long-

standing disease-causing warping of the mandible [19],

longer intraoperative time as the bony surface has to be

prepared to fit the prosthesis, limited potential for anterior-

inferior movement of the mandible, and surgical experi-

ence is required to manage the variability of fit. Imper-

fections in fit can cause material fatigue, and subsequent

micromotions eventually lead to prosthesis failure [20–24].

Custom-made TJR can adapt easily; no alteration of

patient’s bone is required. It also addresses the issue of

distorted anatomy like warping of the mandible. It requires

less operative time, excessive anterior-inferior movement

is possible, and the total contact surface between prosthesis

and bone allows improved osseointegration and stability

[20]. Custom TJR allows controlled occlusal correction and

proper mastication without simultaneous orthognathic

surgery. The posterior stop present in the fossa design

reduces the chances of dislocation. In case of severe

hypoplasia of joint as in hemifacial microsomia, the

extended mandibular and fossa component can act as a

substitute for the missing bone [25]. Similarly, custom TJR

can be used for defects due to trauma, osteomyelitis,

pathological resection [25, 26]. Screw position and length

can be determined preoperatively to prevent damage to the

inferior alveolar nerve [27, 28]. For simple cases, the

custom-made prosthesis can be inserted through a mini-

retromandibular incision, decreasing the risk of damage to

the marginal mandibular branch of the facial nerve [29].

Disadvantages of custom joints are longer fabrication time,

need for a significant amount of planning by the surgeon

and technical team, excessive cost, and limited flexibility.

Many authors have used custom-made prostheses in cases

with severe anatomical abnormalities [27, 30–33]. Wolford

et al. [34] compared MIO after stock and custom prosthe-

ses. They have reported adequate MIO after the use of both

types of joints. Zhao et al. [24] calculated the amount of

bone required to trim from skull base and mandible to fit

stock prosthesis. Their calculation suggests that bone

trimming required was 150–300 mm3 in 46% of the skull

base and more than 300 mm3 in 33% of cases. Medium to

large amounts (27% and 29%) of bone trimming were

required for the mandible. Due to extreme variability in

mandibular anatomy and angulation of fit of the condylar

head to the fossa, a custom joint is preferred in TMJ.

One-Stage versus Two-Stage Protocol
for Alloplastic TMJ Replacement

Both one-stage or two-stage treatment protocols have been

used for TMJ replacement [35–38]. Indications of the one-

stage protocol are when the patient can maintain occlusion

in CT, when aesthetics are satisfactory, and when fossa

anatomy is easily adjusted with minor corrections at

planned surgery. Indication of two-stage alloplastic

replacement is fossa or condyle anatomy that requires

significant modifications or resection, significant bony

ankylosis, when significant occlusal alterations are neces-

sary, resection of large tumors of the TMJ region with

associated hard tissue defects, and removal of failed allo-

plastic hardware. Due to reduction in cumulative operative
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and anesthetic risk and decrease in duration and number of

hospital admission and stay, one stage is preferred. It is

straightforward to expose the TMJ and avoid nerve injury

in a one-stage protocol as compared to the two-stage

approach. Two-stage protocol, however, has the advantage

of confirming successful arthroplasty with no heterotopic

bone formation. This also allows for orthodontic prepara-

tion for concomitant TJR and orthognathic surgery. In the

two-stage protocol, osteoarthrectomy/condylectomy along

with interposition of medical-grade silastic as a spacer is

performed at stage one, and in the second stage recon-

struction of TMJ with alloplastic joint is done.

Preoperative Planning

It is always prudent to preoperatively plan the TJR on a

virtual platform by importing the CT DICOM (Digital

Imaging and Communications in Medicine) data from a

recent CT scan acquired with an interslice thickness of

1 mm.

Custom 3D Printed Prosthesis

Custom devices are manufactured to fit the patient’s

mandible and zygomatic arch. Custom prosthesis requires

considerable time for planning the design of the device.

DICOM data are imported in MIMICS Materialize soft-

ware 22.0 (Belgium). A virtual condylectomy is performed.

The engineer in consultation with the surgeon jointly

designs the fossa and the mandibular component for a snug

fit according to the available anatomy. After 360-degree

visualization of the fit of the designed fossa and the

mandibular implant and satisfactory fit, a 3D model can be

printed for handheld visualization and further modifica-

tions in design. The custom joint is ordered for manufac-

turing after the surgeon and engineering team are satisfied.

The manufacturing can be done by computer numerical

control (CNC) machining or by 3D printing. Planning for

an ankylosed joint is slightly more cumbersome as there is

a component of a superior bone cut and inferior bone cut.

There is also precision required for the transfer of the

virtually planned cuts to the operating table. Superior

osteotomy is planned parallel to FH plane without

encroaching the auditory canal and inferior osteotomy

should be planned such that the inferior alveolar canal is

not violated. During the planning of the inferior osteotomy

cut, it should be kept in mind that the complete ankylotic

mass should be removed and inferior osteotomy should be

below the level of ankylotic mass. Cutting or positioning

guides to help to transfer exact virtual planning to operat-

ing table [39–46]. Cutting guides are mostly used for

custom-fitted joints. The cutting guide allows the sub-

condylar bone cut to be performed at the exact site planned

virtually. Various types of cutting guides have been used.

Some are fixed to the lateral surface or the posterior border

and used to mark the areas of subcondylar osteotomy. We

prefer to use fossa-based cutting guides, as the superior and

inferior osteotomy cuts can be exactly transferred to the

operative site with its use. A cutting guide with pre-drilled

holes that coincides with the final fossa drill hole position

is used. We print the guide in titanium with channels for

piezo cutting exactly as planned in virtual surgery and

ordered for the printing of the prosthesis. Removing the

cutting guide after osteotomy allows the fossa to be fixed in

the same holes that were used for guide fixation. Nerve

mapping (to avoid injury to neurovascular bundle), screw

mapping (to know the length of the screw), finite element

analysis (to know the area of stress and strain) should be

done in each case. A complete case of the custom-made

prosthesis with planning is shown in Fig. 1a–i.

Stock Prosthesis

Checking the fit feasibility of the stock prosthesis on the

virtual platform before the operation saves the embarrass-

ment of non-fit intraoperatively. The stock implants

available have limited sizes that may not be suitable for the

Indian population. After importing the CT DICOM data of

the patient to MIMICS Materialize 22.0 (Belgium), 3D

reconstruction is done. Checking of fit feasibility of stock

joint and fossa is the next step. If there is no ankylosis, a

virtual condylectomy gap of 1.5-2 cm should be provided

for the condylar head of the implant to be accommodated.

The fossa would be, however, prepared intraoperative for a

flat or tripod stability. Previously scanned and saved

stereolithography (STL) file of standard Zimmer Biomet�

prosthesis is imported to assess for a virtual fit and feasi-

bility of the stock TMJ TJR. The imported STL file of the

mandibular component is then virtually implanted on the

patient mandible such that it is parallel to the posterior

border of the ramus, in maximum contact with the ramus of

the mandible and at least five fixation screws avoiding

injury to the neurovascular bundle. The virtual image is

rotated and viewed from all angles to see for superior-

inferior, mediolateral fit. The areas, which would require

intraoperative lateral ramus surface reshaping, should be

noted. The surgeon should reconfirm the fit feasibility of

the prosthesis from all angles. A complete case of a stock

joint prosthesis is shown in Fig. 2a–g.
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Surgical Consideration

Maintaining a strict aseptic surgical field is mandatory to

avoid contamination. The authors advise isolation of eyes,

mouth, and nares with iodine-impregnated incision drape

(Fig. 3), vancomycin-soaked gauze in the ear, meticulous

iodine preparation of oral cavity (if, intraoral coronoidec-

tomy or concomitant TJR and orthognathic surgery is

planned), change of surgeon scrub, and gloves every time

the intraoral and extraoral site is approached. Though

preauricular with extended temporal incision (Fig. 2d) is

used to access the diseased condyle for osteoarthrec-

tomy/condylectomy and preparation of the temporal bone

for fossa component fit, a standard preauricular endaural

incision (Fig. 4) should be used for improved cosmesis.

Retromandibular/submandibular incision is used to expose

the ramus and fixation of the mandibular component. The

mastoid process, sternocleidomastoid muscle, and the

Fig. 1 a Clinical preoperative picture showing 4-mm preoperative

maximal incisal opening. b Drawing of Frankfort horizontal plane

(the patient had maxillofacial trauma 5 years back, fixation was done

at symphysis with two plates). c Planning of superior and inferior

osteotomy on the right and left side. d A cutting guide for right and

left side. e Nerve mapping on right and left side to avoid

neurovascular injury. f Checking of fit and accuracy of the implant

on a 3D virtual model on right and left side. g Screw mapping to place

bicortical screws and to avoid neurovascular injury. h Follow-up

maximal incisal opening. i Follow-up orthopantomogram showing

bilateral total joint prosthesis in place
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posterior border of the mandible is marked. A 3-4-cm-long

incision is placed halfway the distance of the anterior

bFig. 2 a Clinical preoperative picture showing nil mouth opening.

b Preoperative orthopantomogram showing degenerative changes in

the bilateral joint. c Checking of fit and accuracy of the implant.

d Intraoperative picture showing placement of condyle in posterior-

most of fossa on the right side. e Intraoperative picture showing the

retromandibular approach to access ramus and fixation of ramal

component on the left side. f Follow-up clinical picture showing

adequate mouth opening. g Follow-up orthopantomogram showing

bilateral total joint prosthesis in place

Fig. 3 Iodine-based surgical drape for isolation of the surgical field

essential to prevent periprosthetic joint infection

Fig. 4 Preauricular endaural incision to expose temporomandibular

joint for improved cosmesis
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border of the sternocleidomastoid and posterior border of

the mandible. The scant fibers of platysma are cut. This

should enable entry to the fairly avascular zone between

the anterior border of the sternocleidomastoid and the

parotid gland. Further dissection should expose the poste-

rior belly of the digastric muscle. This is the limit of the

medial dissection. The terminal branch of the external

carotid lies beneath the digastric and can be quickly

accessed should any torrential hemorrhage is encountered

during osteoarthrectomy. One may encounter the retro-

mandibular vein or facial vein and artery. This should be

adequately ligated. Placing a large retractor and lifting the

posterior parotid will expose the pterygomassetric sling.

This should be released to expose the lateral surface of the

mandible, right up to the osteotomy from the lower border.

This is enough to have a footplate of the mandibular

component. The stock prosthesis will, however, need fur-

ther bone flattening at places but the custom prosthesis can

easily slip into position and be fixed using screws.

Preservation of branches of the facial nerve is important

during dissection. Conventionally fissure bur/saw is used

for condylectomy, but the authors prefer to use the piezo-

electric saw as it reduces the chances of heterotopic bone

formation. Additionally, in an ankylosed joint, the piezo

cutting results in a flat surface where fossa can be fixed

without rocking. Where the anatomy of the fossa is

maintained, a thick diamond bur is used to flattened the

temporal bone to obtain tripod stability. When bur is used,

copious saline irrigation is done to remove all the bone

chips and slurry. This is an important step to reduce

heterotopic bone formation [47, 48]. The fossa component

should be parallel to FH plane with the anterior portion

slightly inferior to the posterior to avoid anterior disloca-

tion of the prosthesis. All the sharp bone, if any, should be

removed. The occlusion of the patient should be secured

with maxillomandibular fixation. During fixation of

mandibular component, it should be kept in mind that the

head of the condyle should be posterior in the fossa (allows

some amount of pseudotranslation) [49]. Also, anterior

positioning of the condyle in the fossa can lead to anterior

dislocation of the condyle. Fossa should be secured with a

2.0-mm screw at zygomatic bone with preferably 4-5

screws. For the ramus component, the most proximal screw

adjacent to ramal osteotomy is important. The mandibular

component should be fixed using at least five bicortical

screws. When using the stock prosthesis, care should be

exercised to have the best possible fit of the mandibular

component after reshaping the lateral ramus. Fat grafting

should always be performed by mobilizing the nearby

available buccal fat pad [50, 51] or abdominal fat pad

[52–54]. The authors, however, prefer abdominal fat due its

resistance to shrinkage. A rigorous postoperative mouth

opening exercise for a period of at least 6 months is

advised.

Discussion

Alloplastic joint replacement is well documented in

orthopedics [55–57]. Approximately 330,000 hip and

720,000 knee replacements were performed in 2010 in the

USA [58]. TMJ like all other joints like knee and hip can

be affected by joint disorders making the replacement of

joint a necessity. Alloplastic TMJ TJR can be considered as

a definitive treatment protocol in an adult patient with end-

stage TMJ disease [17]. Our clinical experience has shown

promising results with the use of alloplastic TMJ TJR in

TMJ replacement. The major advantage of alloplastic TJR

is its resemblance to TMJ anatomy. It also allows imme-

diate postoperative physiotherapy, when the chances of

heterotopic bone formation are maximum. Alloplastic total

joint prosthesis has been shown to yield better results when

autogenous reconstruction of TMJ was compared with

alloplastic prosthesis [59, 60].

A disease affecting the TMJ can lead to restricted mouth

opening either by the formation of heterotopic bone in the

joint area or affecting masticatory muscle thereby causing

pain leading to inability to open mouth or chew normally.

Adequate mouth opening is one of the important outcome

factors when measuring the success of TMJ replacement.

Successful results with adequate mouth opening have been

reported following the use of alloplastic joint replacement

[61–63]. One of the indications for alloplastic TMJ TJR is a

recurrent disease as scar tissue does not allow capillaries to

penetrate in multiple times operated cases leading to failure

of autogenous graft [64]. Significant pain problems can be

encountered related to fibrosis, calcifications, cervical

neuropathy, residual inflammatory disease, or immuno-

logical problems to alloplastic material in multiply oper-

ated patients. Inflammatory disease of TMJ can lead to pain

and abnormal sensation. Significant reduction in pain has

been reported after the use of alloplastic total joint pros-

thesis [22, 65]. The cause of the pain, however, should be

from the joint per se and not from the muscles for the

replacement to be effective in alleviating pain.

End-stage TMJ disorder can result in structural changes

that can affect all the functions of the jaw and esthetic of

the patient [66]. As discussed, improvement in mouth

opening is one of the most discussed parameters in disease

affecting TMJ. Recently, attention has been paid to the

importance of the reattachment of lateral pterygoid muscle

[67]. Collin et al. [68] compared stock prosthesis joints

with or without lateral pterygoid muscle reattachment and

found improved protrusive movement in the joint where

muscle reattachment was performed. Similar results were
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obtained by Mommaerts in three patients [69]. Recently

Edward Zebovitz stated that restoring the function of lat-

eral pterygoid can improve functions of the jaw along with

a reduction in pain with the use of custom-made devices

[67]. Zou et al. [70] have come out with a novel design of

TMJ prosthesis for lateral pterygoid muscle attachment.

They concluded that porous titanium scaffold structure in

the condylar neck area can help in lateral pterygoid muscle

re-attachment.

A significant advantage of alloplastic TJR lies in the fact

that simultaneous orthognathic surgery can be performed.

Concomitant orthognathic surgery may be required in

patients with facial asymmetry, in patients with occlusal

cant, or patients with marked mandibular undergrowth, and

in OSA patients. The disadvantage of performing simul-

taneous TJR and orthognathic surgery is that it requires

additional planning with greater surgical and technical

expertise. In some TMJ diseases like TMJ ankylosis,

restricted mouth opening can hinder the fabrication of

splints. Splint-less orthognathic surgery with 3D-printed

plates can be performed in these cases. Performing only

orthognathic surgical procedures, in existing TMJ pathol-

ogy, may lead to exacerbation of preexisting pathology. In

the patients requiring both the surgical procedures, it can

be staged. Both one-stage and two-stage TMJ TJR have

their advantages and disadvantages. It is easy to use con-

comitant orthognathic surgery in unilateral cases. In bilat-

eral cases, a large gap and significant advancement may

jeopardize fixation with an adequate number of screws,

especially in a stock prosthesis. In these patients, custom

joints should be the preferred prosthesis. In cases, where

simultaneous maxillary surgery and alloplastic TJR is

required, the mandibular position should be determined

first as the prosthesis cannot be adjusted to fit once the

maxilla is moved, whereas minor adjustment of the maxilla

is possible once the prosthesis is in situ.

Alloplastic replacement has been used in orthopedics in

skeletally immature patients with successful outcome

[71, 72]. The use of alloplastic TMJ TJR may hamper the

growth of the mandible in skeletally immature patients and

may require future revision surgery. Limited evidence is

there in literature for alloplastic TMJ replacement in

skeletally immature patients [7, 8, 73]. Recently, Sinn et al.

have found encouraging outcomes of the mandibular

function after TJR in growing patients. The authors are

convinced that there will be no future harm to the growth of

the mandible after TJR in the growing patient as their

initial findings do demonstrate some growth [74].

Yadav et al. [47] in a recent publication explained

strategies to reduce the chances of heterotopic bone for-

mation in TMJ ankylosis patients. Recurrence can hamper

the quality of life of patients [75]. Numerous evidence

exists in the literature to support the use of autogenous fat

graft around the alloplastic joint [2, 3, 47, 52–54, 62]. The

authors prefer to measure the ankylotic mass through pre-

operative CT scan, complete removal of ankylotic mass by

the use of a piezoelectric scalpel, parallel and inferior

osteotomy at the narrowest part, copious irrigation with

saline to remove all the bone slurry and chips, abdominal

or buccal pad fat grafting around the alloplastic joint, use

of vacuum drain and aggressive physiotherapy. Other

methods reported in the literature to prevent heterotopic

bone formation are the use of non-steroidal anti-inflam-

matory drugs (NSAIDs) and radiation. These methods have

limited evidence and are associated with significant dis-

advantages [76, 77]. Selbong et al. [78] reported hetero-

topic bone formation in three patients (out of 3) requiring

removal and reimplantation. On contrary to this, Sahdev

et al. [79] reported heterotopic bone formation only in only

2.8% of patients.

Other complications of alloplastic stock and custom

joint are derangement of occlusion, dislocation of the

condyle, material hypersensitivity, foreign body reaction,

periprosthetic joint infection, temporary or permanent

facial nerve paralysis, component and/or fixation loosen-

ing, device failure, etc. Pain has been reported as the most

common complication after 2 years in 40% of the patients

after TMJ TJR [80]. Although rare, derangement of

occlusion has been reported in 1% of the patient from UK

data collected between 1994 and 2012 [81]. Our experience

over 7 years also suggests minimal occlusal derangement

even when concomitant orthognathic surgery with TJR is

performed.

Along with the mechanical response of alloplastic

prosthesis, biological response of the prosthesis like

hypersensitivity to metal should be considered. Metal

hypersensitivity can be a potential reason for pain after

alloplastic TJR [82]. Although rare but material hyper-

sensitivity with alloplastic TMJ replacement material can

occur [83, 84]. Routine testing is not common currently.

Different possible mechanisms have been discussed for

metal hypersensitivity [85–94]. Diagnosis of metal hyper-

sensitivity is considered as a diagnosis of exclusion [95].

Common causes of all symptomatic joints should be ruled

out. In vivo skin patch test and in vitro lymphocyte

transformation test have been advised in literature. History

of intolerance to jewelry or any prior allergic reaction

should always be asked [95]. Mercuri and Caicedo gave a

protocol for the management of material hypersensitivity

[95]. They advised to take an appropriate previous history

of allergy to any metal preoperatively, and if reported, then

allergen-free prosthesis should be considered. Postopera-

tively, if symptoms appear, then rule out all the other

possible reason, and if metal hypersensitivity detected then

observation and lymphocyte transformation test is advised.

If positive, then the explantation is advised. There are
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fewer chances of wear and particulation after TMJ TJR as

the functional load on TMJ is less than knee and hip joint.

Westermark has reported that modern TMJ prosthesis (with

condyle made up of Co–Cr–Mo and fossa made up of

UHMWPE) function without foreign body reaction [96].

Coronoidectomy is usually performed in TMJ replace-

ment. This can lead to dislocation of prosthesis especially

where bilateral coronoidectomy has been performed

[97, 98]. To avoid dislocation of prosthesis head, accurate

alignment of the head of mandibular component is

important particularly when simultaneous orthognathic

surgery has been performed [99]. Mustafa and Sidebottom

advised trying to dislocate the joint prosthesis intraopera-

tively; if the dislocation is noted, then the patient should be

kept on light elastics for one week to prevent postoperative

dislocation [100]. Relocation of the joint prosthesis is

easier in these patients as compared to normal patients.

Prevention of periprosthetic joint infections (PJIs) is

very important as the management of PJIs is a difficult

task. PJIs have been reported after the use of alloplastic

TJR [101]. Measures to prevent PJI [2] include preopera-

tive 1 gm ceftriaxone and 600 mg clindamycin 1 h before

the procedure, vancomycin-soaked gauze in ear, isolation

of eyes, mouth, and nose by iodine-based drapes, meticu-

lous iodine preparation of oral cavity if intraoral con-

tralateral coronoidectomy or simultaneous orthognathic

surgery is planned, change of gloves and scrub by the

surgeon when sites (intraoral and extraoral) are changed

and soaking of the implant in antibiotic solution.

Wolford et al. [17] found that the alloplastic TJR con-

tinued to function well after a follow-up of 21 years.

Leandro et al. [18] concluded that alloplastic TJR is a safe

and effective option for the reconstruction of TMJ. Ono-

riobe et al. [102] calculated the number of TMJ devices

that will be required in 2030, based on data provided by

one TMJ TJR manufacturer. They predicted a 65% increase

in TMJ TJR device production. The maxillofacial surgeons

should be well prepared in the coming years. TMJ TJR

should be performed by a surgeon who is experienced in

open joint surgery as TJR can be very unforgiving if not

done correctly. From all the results in the literature and our

experience, the authors can state that alloplastic total joint

prosthesis can provide long-term stability, improvement in

mandibular form and function, TMJ pain relief, and

enhanced quality of life in end-stage TMJ diseases.

Conclusion

The authors conclude that alloplastic TMJ replacement is a

successful and effective surgical option for the manage-

ment of end-stage TMJ diseases. Though the custom joints

have made the fit smooth and easy, thorough knowledge

and experience in open joint surgery and the ability to

interact with the technical team cannot be overstated. If

replacement is performed with proper surgical and tech-

nical expertise, it results in an improvement in mouth

opening and other mandibular functions, decrease in pain,

correction in facial asymmetry, and improvement in the

quality of life of patients. The knowledge of indication and

surgical procedure of TMJ replacement is necessary for all

surgeons dealing with the temporomandibular joint.

Key Points

• TMJ replacement is an effective surgical option for the

management of end-stage TMJ diseases in the hands of

an experienced surgeon.

• Patient selection, presurgical virtual planning ensures a

proper fit and is essential for a successful outcome.

• Strategies to prevent periprosthetic joint infection

should be strictly followed.

• The use of cutting guides helps in the exact transfer of

virtual planning of cuts and position of prosthesis onto

the operative table.

• The stock prosthesis requires bone preparation for

fitting, whereas custom prosthesis requires minimal host

bone preparation.

• The fossa and mandibular component should be fixed

with five screws each.

• Postoperative physiotherapy is essential for lasting

success.
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