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Temporomandibular Joint Surgery
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1  Introduction

The history of temporomandibular joint (TMJ) surgery encompasses a list of many 
successful and unsuccessful attempts at re-establishing form and function and 
decreasing pain in the orofacial region. The first TMJ surgeries were thought to be 
performed in BC, primarily for treatment of pathologies such TMJ ankylosis and 
dislocation (Indresano and Mobati 2006). The first documentation of an intra- 
articular TMJ procedure is by Annandale in 1887, during which he performed a disc 
repositioning procedure for treatment of closed lock (Annandale 1887). Over the 
next several hundreds of years, the pendulum of surgical tenets, approaches, and 
options offered to patients with TMJ disease swung widely. This included a strong 
movement that promoted nonsurgical treatments after many catastrophic outcomes, 
followed by the use of alloplastic implants which had previously been shown to 
have poor biocompatibility. More recently, oral and maxillofacial surgeons (OMS) 
have played a major role in innovating devices and techniques in TMJ surgery 
through appropriately designed clinical trials, demonstrating highly effective surgi-
cal options for patients. Some of these procedures include TMJ disc excision with 
or without autogenous replacement, TMJ disc repositioning, autogenous costochon-
dral TMJ reconstruction, stock and custom prosthetic TMJ replacement, as well as 
minimally invasive procedures such as arthrocentesis and arthroscopy. In this chap-
ter, we will explore the history of different TMJ surgical techniques, as well as 
highlight landmark articles that resulted in the field of contemporary TMJ surgery 
that continues to evolve today with the advent of advanced technology. While we 
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attempt to arrange this chapter in chronological order in regard to when the tech-
niques were developed, the history of TMJ surgery is convoluted, and thus organiza-
tion is quite challenging.

2  Gap Arthroplasty/Discectomy/Disc Repositioning

While ancient cultures were familiar with certain TMJ pathologies such as ankylo-
sis of joints and jaw dislocation, there was no documentation of surgical treatment 
of these disease processes until the late 1800s. TMJ ankylosis was first treated via 
simple gap arthroplasty, but this procedure was often complicated by re-ankylosis 
(Topazian 1966). John Murray Carnochan, a prominent New  York surgeon, is 
praised for his ideology of inter-posing a material (a block of wood) between the 
bony surfaces of the mandible and temporal bone after gap arthroplasty for treat-
ment of TMJ ankylosis (Carnochan 1860). Soon thereafter, many different surgeons 
used this same principle of gap arthroplasty with inter-positional grafting for treat-
ment of TMJ ankylosis.

While Gluck first made use of an Ivory prosthetic stabilized with cement to 
bridge the gap in 1891 (Gluck 1891), Murphy was the first to use temporalis fascia 
as an inter-positional graft for gap arthroplasty (Murphy 1913). In 1914, he pub-
lished a case series in which he described his use of an axial rotational inter- 
positional flap of temporal fat and fascia to line the TMJ with the goal of restoring 
joint function and preventing re-ankylosis (Murphy 1914). Since then, surgeons 
have attempted to use many different types of inter-positional materials to restore 
function and range of motion, including temporalis muscle (Risdon 1933), gold foil 
(Risdon 1933), tantalum foil (Eggers 1946), stainless steel (Smith and Robinson 
1952), dermis (Georgiade et  al. 1957), full thickness skin (Popescu and Vasiliu 
1977), and in the modern era, silastic and polytetrafluoroethylene (PTFE) a.k.a. 
Teflon materials.

Perhaps one of the darkest ages of TMJ surgery lies in the years during which 
silastic and Teflon implants began to be placed within the joint in the 1960s. At the 
time, silastic materials were known for their high thermal stability as well as their 
relative inertness within the human body (Mercuri 2016). Silicone was first used as 
an inter-positional material in 1968 during reconstructive hand surgery (Swanson 
1997). Subsequently, Brown et al. reported on the use of silicone material to serve 
as a barrier in preventing TMJ ankylosis after gap arthroplasty (Brown et al. 1963), 
and others reported similar techniques (Robinson 1968). Short-term studies revealed 
that the silicone implants would incite formation of a reactive fibrous capsule that 
could possibly serve as a new disc while helping to prevent re-ankylosis (Brown 
et al. 1963; Spagnoli and Kent 1992).

Unfortunately, by the 1980s, studies began to describe significant complications 
related to silastic materials placed within the TMJ.  Severe inflammatory foreign 
body reactions with associated regional lymphadenopathy as well as erosion of con-
dylar heads were described in multiple reports (Dolwick and Aufdemorte 1985; 
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Eriksson and Westesson 1986; Hartman et al. 1988). Further studies even revealed 
that fragmented silicone particles had migrated within the regional lymphatics 
(Hartman et al. 1988). Additional follow-up studies were published conveying poor 
results associated with silastic implants within the TMJ (Eriksson and Westesson 
1992). After review of a multitude of studies demonstrating the negative conse-
quences of the implantation of silicone materials into the joint space, the American 
Association of Oral and Maxillofacial Surgeons (AAOMS) published a consensus 
paper recommending that the use of permanent silastic implants be discontinued 
(American Association of Oral and Maxillofacial Surgeons 1993a). The publication 
of these results was preceded by a workshop in 1992, during which AAOMS orga-
nized a meeting consisting of OMS experts, nonsurgical clinician experts in manag-
ing TMJ disorders, and biomaterial experts tasked with developing a consensus on 
the use of alloplastic inter-positional materials within the TMJ. The experts devel-
oped a consensus stating that silastic implants should no longer be permanently 
placed in the TMJ as an inter-positional material (American Association of Oral and 
Maxillofacial Surgeons 1993a). However, silastic implants have continued to be 
used as temporary spacers after arthroplasty and disc excision. The workshop also 
made detailed recommendations regarding the need for removal of implants and 
follow-up intervals (American Association of Oral and Maxillofacial 
Surgeons 1993a).

Around the same time that silastic materials began to be used for reconstruction 
of the TMJ, surgeons such as Small also began to report on their use of PTFE as a 
material for joint reconstruction after large mandibular resections (Small et  al. 
1964). PTFE was found to have a high density as well as a self-lubricating property, 
which was believed to be suitable for a ginglymoarthrodial joint such as the 
TMJ. Despite prior studies demonstrating Teflon fragmentation under loading that 
resulted in significant foreign body reactions (Charnley 1963), Cook proceeded to 
use Teflon as an alloplastic inter-positional material in the TMJ in 1972 (Cook 1972).

Later in that decade, Vitek Inc. (Houston, TX) began to fabricate implants in 
which Teflon was combined with other materials. In the 1960s, a chemical engineer 
by the name of Charles Homsy designed a material named Proplast, which was 
originally intended for use in orthopedic surgery. Given its porous nature and thus 
potential for tissue ingrowth and implant stabilization, it was thought to be suitable 
for use as an inter-positional material in TMJ surgery (Homsy 1970; Homsy et al. 
1972). Proplast I (PTFE + carbon/graphite) was first developed, followed by 
Proplast II (PTFE + aluminum oxide) to allow for more neutral coloration of 
implants placed superficially (Westfall et al. 1982). Again, despite several studies 
demonstrating the presence of giant cells and macrophages around these intra-joint 
materials (Homsy et al. 1973), others continued to use Proplast implants within the 
TMJ and reported short-term successful outcomes (Kirsch 1984; Wade et al. 1986; 
Bee and Zeitler 1986). However, it was not long until there were widespread studies 
reporting on the deleterious effects of Teflon-based materials placed within the TMJ.

The most notable complications included severe condylar degeneration (Florine 
et  al. 1986; Bronstein 1987), remodeling/erosion of condylar and glenoid fossa 
bony structures (Heffez et al. 1987), implant fragmentation (Heffez et al. 1987), and 
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foreign body giant cell reactions in regional lymph nodes (Lagrotteria et al. 1986). 
Additional longer-term studies demonstrated similar negative clinical and radio-
graphic outcomes in patients with prior implantation of Teflon materials within the 
TMJ (Morgan 1988; Kaplan et al. 1988; Schellhas et al. 1988). As clinical symp-
toms were delayed compared to radiographic signs, patients soon began reporting 
symptoms including preauricular pain and swelling, limited mouth opening, occlu-
sal changes, lymphadenopathy (Wagner and Mosby 1990), and even perforation 
into the middle cranial fossa (Fig. 1) (Berarducci et al. 1990).

Eventually, studies published by El-Deeb et al. and Valentine et al. demonstrated 
evidence of fragmentation of the Proplast implants with associated significant 

a
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Fig. 1 (a) Coronal and (b) sagittal view of a CT scan demonstrating a Proplast implant within the 
TMJ resulting in erosion into the middle cranial fossa. (c) Explanted Proplast with evidence of 
significant wear leading to material perforation and implant fragmentation
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foreign body reactions composed of active giant cells/osteoclasts that resulted in 
severe degeneration of adjacent bony structures (El Deeb and Holmes 1989; 
Valentine Jr. et  al. 1989). Wagner and Mosby also published a long-term study 
revealing 95% of patients with Proplast implants reporting severe pain, along with 
100% of cases with condylar degeneration (Wagner and Mosby 1990). In light of 
the plethora of studies revealing potential negative consequences associated with 
implantation of Teflon substances in the TMJ, the FDA and Center for Devices and 
Radiological Health issued a Public Health Advisory in September 1991 regarding 
the recall and close monitoring of patients with previously placed Teflon implants 
within the joint (Johnson 1991). In 1992, this was followed by the release of a TMJ 
Implant Advisory sent to all OMS regarding the published data revealing the nega-
tive outcomes seen in patients implanted with Proplast-Teflon materials (American 
Association of Oral and Maxillofacial Surgeons 1992). Further evaluation of pub-
lished studies on the topic resulted in an AAOMS-sponsored workshop that pub-
lished recommendations for discontinuation of Proplast-Teflon as an inter-positional 
implant for the TMJ, as well as either removal of the implant with reconstruction 
using autogenous tissue or close monitoring with yearly CT and/or MRI evaluation 
(American Association of Oral and Maxillofacial Surgeons 1993b). As a result of 
these devastating results associated with Teflon-Proplast implants, very strict mea-
sures have appropriately been put in place to rigorously investigate the use of any 
further materials to treat pathologies of the TMJ. Furthermore, these failed materi-
als were shown to having lasting consequences, as it has been shown that TMJR 
outcomes are less likely to be successful after Proplast-Teflon implant failure (Henry 
and Wolford 1993).

In addition to treatment of ankylosis, surgical methods and approaches began to 
focus on treatment to improve symptoms of internal derangement of the TMJ. As 
such, discectomy became one surgical treatment modality, originally described by 
Lanz in 1909 (Lanz 1909) and further popularized by Pringle (1918) and Ashhurst 
(1921). Although the discectomy procedure was found to have favorable results in 
follow-up studies (Boman 1947; Dingman and Moorman 1951), there was a signifi-
cant amount of controversy over its use given the uncertainty regarding the patho-
physiology of disease within the TMJ.  It wasn’t until Bowman published his 
dissertation (Bowman 1947), and other long-term follow-up studies were published 
(Eriksson and Westesson 1985; Holmlund et al. 1993; Silver 1984) that discectomy 
became a broadly accepted, effective treatment modality for TMJ pathologies.

Although the discectomy became standard of care by the 1970s (Dingman and 
Moorman 1951; Kiehn and Desprez 1962), there was still controversy regarding the 
necessity of replacing the disc with autogenous versus alloplastic materials to pre-
vent recurrent disease/ankylosis. Several long-term follow-up studies have shown 
success with discectomy without replacement of the disc (Holmlund et al. 1993; 
McKenna 2001). However, surgeons continued to search for a disc replacement 
material due to concerns regarding persistent joint noise, crepitus, and condylar 
resorption seen in patients who had underwent discectomy without replacement 
(Dimitroulis 2011a). In 1958, Gordon had described his technique of replacing the 
intra-articular disc with polyethylene caps to prevent re-ankylosis and collapse of 
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vertical dimension (Gordon 1958). In addition to their use as inter-positional mate-
rials for gap arthroplasty, alloplastic materials such as silastic and Teflon were also 
used to replace discs. In light of the disastrous complications resulting from insert-
ing these materials within the TMJ, surgeons began to search for autogenous grafts 
to serve as an articular disc replacement (Dimitroulis 2011a). Expanding upon 
Murphy’s use of the temporalis fat-fascia axial flap for management of TMJ anky-
losis (Murphy 1913, 1914), Dimitroulis introduced the use of abdominal dermis- fat 
as an inter-positional graft for use in ankylotic patients (Dimitroulis 2004). Given its 
relative success, Dimitroulis also introduced the concept of using abdominal der-
mis-fat grafting after TMJ discectomy and demonstrated its ability to survive and 
withstand the intra-articular forces (Dimitroulis et al. 2008). Fat grafting alone after 
discectomy was not shown to prevent additional bony morphological changes in the 
mandibular condyle (Dimitroulis 2011b), and it has been found to significantly 
decrease in size over time in orthopedic studies (Kanamori et al. 2001). While der-
mis-fat grafting has been shown to resist the reduction in size of the grafting as seen 
with fat alone (Dimitroulis et al. 2008), prevent ankylosis (Dimitroulis et al. 2008), 
and result in overall improvement in quality of life (Dimitroulis et al. 2010), severe 
condylar changes after its placement in the joint have prevented its regular use 
(Dimitroulis 2011b).

Additional autogenous materials used as a disc replacement include temporalis 
muscle flaps (Feinberg and Larsen 1989; Pogrel and Kaban 1990), auricular carti-
lage (Matukas and Lachner 1990), and dermis grafts (Meyer 1988; Dimitroulis 
2005). Given studies that have shown fragmentation of the grafts, low survivability, 
and inability to prevent condylar changes, there has not been a graft that has shown 
adequate strength or biologic compatibility in serving as a replacement for the TMJ 
articular disc (Dimitroulis 2005; Yih et al. 1992; Sandler et al. 1997). Animal stud-
ies comparing meniscectomy alone versus different disc replacement grafts have 
largely demonstrated similar clinical outcomes in regard to pain relief, improve-
ment in mouth opening, and osteoarthritic changes of the condyle with or without 
replacement. Histologic studies revealed that discectomy alone does not result in 
regeneration of the disc, but rather arthritic condylar changes along with replace-
ment of the articular surfaces by infiltration of adjacent fibrovascular tissue (a 
pseudo-disc) (Tong and Tideman 2000). Discectomy with replacement using autog-
enous grafting demonstrated an extensive fibrotic response without survival of the 
graft. Given these results and similar clinical outcomes in human studies comparing 
discectomy alone versus discectomy plus replacement with graft, the decision 
whether or not to replace the disc remains controversial (Dimitroulis 2011a).

In addition to complete removal of the disc, other approaches including reposi-
tioning of the disc were attempted. While Annandale performed the first disc repo-
sitioning procedure in 1887, the concept of this surgical method for the treatment of 
internal derangement was not well-supported until Wilkes described the form and 
function of the TMJ in his arthrographic studies (Mehra and Wolford 2001; Wilkes 
1978a, b). McCarty described the classic disc repositioning method of performing a 
high condylar shave with disc release and repositioning by suturing to the posterior 
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attachments (McCarty and Farrar 1979). Leopard described posterior repositioning 
of the disc via suturing of the disc to the inferior aspect of the temporalis fascia 
(Leopard 1984). Walker and Kalamchi recommended condyloplasty with freeing of 
the articular disc, which allowed for suturing of the disc to the lateral capsule in a 
new position atop the condylar head (Walker and Kalamchi 1987). Eventually, 
Weinberg demonstrated successful outcomes in meniscocondylar plication for disc 
repositioning, which provided the foundation for the idea of the Mitek mini anchor 
(Weinberg and Cousens 1987). In 1993, Wolford et  al. developed a technique in 
which a bone anchor, named a Mitek mini anchor (DePuy Synthes Mitek Anchor, 
Raynham, MA, USA), is implanted into the posterior condylar head and subse-
quently sutured to reposition and stabilize the articular disc (Fig. 2) (Cottrell and 
Wolford 1993). Since this time, the FDA has approved its use in patients for the 
treatment of internal derangement of the TMJ. Additional bone anchors, including 
the JuggerKnot Mini Soft anchor (Zimmer BioMet, Warsaw, IN, USA) (Hanley 
et al. 2015) and the Arthrex Corkscrew anchor (Arthrex Inc., Naples, USA) (Ryba 
et al. 2015), have also been developed for use in TMJ disc repositioning surgery.

TMJ ankylosis, along with internal derangement, served as the primary patholo-
gies that led to the development of partial and total reconstruction of the joint. 
Although gap arthroplasty with inter-positional grafting for TMJ ankylosis has been 
shown to promote improved joint range of motion compared to gap arthroplasty 
alone (Ma et al. 2015), many studies have shown variable results in regard to re- 
ankylosis and restoration of function (Topazian 1966) (Ramezanian and Yavary 
2006; Zhi et al. 2009). This, along with incomplete resolution of symptoms after 

Fig. 2 Insertion of 
JuggerKnot Mini Soft 
anchor into the condylar 
head for the purpose of 
TMJ disc repositioning
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discectomy/disc repositioning in the case of internal derangement, inspired sur-
geons to develop techniques for excision with TMJ reconstruction of joint articula-
tion with both autogenous and alloplastic materials.

3  TMJ Reconstruction: Autologous and Alloplastic

The history of TMJ reconstruction includes unfortunate catastrophic failures and 
recent success. The goal of TMJ reconstruction is to restore form and function. In 
addition, the primary goal should focus on improving quality of life for the patient. 
Loss of TMJ functionality most often results from ankylosis, internally deranged 
joints/osteoarthritis, high inflammatory arthritides, as well as less common etiolo-
gies such as congenital abnormalities and neoplastic processes. The constant daily 
use of the TMJ, as well as the complex physiology of a joint that is capable of both 
rotational and translational movements, creates a significant hardship in effectively 
restoring form and function via reconstruction. A plethora of both autologous and 
alloplastic materials have been used to partially and totally reconstruct the TMJ.

3.1  Autogenous

Several different autologous grafts have been used to attempt to reconstruct the TMJ 
(Lindqvist et al. 1986; MacIntosh and Henny 1977). In 1909, Lexer was the first to 
describe the use of “joint allotransplantation,” during which he used a costochondral 
graft to reconstruct a proximal tibia after excision of a sarcoma (Lexer 1909; 
Nikolaou and Giannoudis 2017). Bardenheur is then credited as the first surgeon to 
replace the mandibular condyle with an autograft (fourth metatarsal) in 1909 (Lexer 
1925), while Gillies is well-known for being the first to reconstruct the TMJ with a 
costochondral allograft (MacIntosh and Henny 1977; Gillies 1920). The use of an 
osteochondral allograft was promising, as it allowed for the use of an avascular tis-
sue to replace both hyaline cartilage and a significant bony deficiency.

Since this time, surgeons have attempted to use many different types of auto-
grafts for TMJ reconstruction, including iliac, metatarsal, tibial, fibula, and sterno-
clavicular tissues (Smith and Robinson 1952; Entin 1958; Dingman and Grabb 
1964; Plotnikov 1965; Ware and Taylor 1966; Snyder et al. 1971). The uses of these 
autografts have had variable results, specifically given their inconsistent adaptabil-
ity and lack of growth potential (Poswillo 1974). Most surgeons have collectively 
agreed that the costochondral graft functions best as a replacement of the mandibu-
lar condyle given its biological and physiological similarities, along with low donor 
site morbidity (Lindqvist et  al. 1986; Freihofer and Perko 1976; Kennett 1973). 
Furthermore, biologic studies were carried out to prove superiority of the costo-
chondral graft compared to other autografts, given its proliferative nature as well as 
its remodeling and growth properties (Poswillo 1974; Blackwood 1966; Durkin 
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et al. 1973). Long-term follow-up studies have also confirmed the efficacy of costo-
chondral grafts for TMJ reconstruction (Lindqvist et al. 1988; Perrott et al. 1994; 
Figueroa et al. 1984). Resnick et al. also recently developed a consensus regarding 
the use of costochondral grafts and other surgical modalities in the specific treat-
ment of patients with juvenile idiopathic arthritis (JIA) (Resnick et al. 2019).

3.2  Alloplastic

The safety and efficacy of alloplastic joints in the orthopedic literature encouraged 
the OMS community to seek alloplastic implant options for their patients with 
severe TMJ disease (Charnley 1961). While alloplastic TMJ replacement is now a 
widely accepted procedure within the scope of OMS today, the history of placing 
alloplastic implants within the TMJ is fraught with publications describing drastic 
failures of materials such as the Kent-Vitek prosthesis (Vitek, Houston, TX, USA) 
as well as the Christensen, Osteomed, and Delrin-Timesh prostheses (Mercuri 2016; 
Driemel et al. 2009). One of the major advantages of alloplastic joint reconstruction 
is that it afforded the surgeon the ability to efficiently and predictably restore form 
and function to the TMJ without any donor site morbidity or need for maxilloman-
dibular fixation (Donlon 2000).

Eggers was the first to describe placement of an alloplastic material between the 
mandible and cranium when he placed tantalum foil in the intra-joint space for the 
treatment of ankylosis (Eggers 1946). Subsequently, Smith and Robinson published 
on the use of a stainless steel fossa (Robinson 1960; Smith and Robinson 1957), 
while Henry published on the use of stainless steel as a means of replacing the man-
dibular condyle (Henry 1960). Ward, who also popularized the modified condylot-
omy approach for the treatment of TMJ internal derangement, published on the use 
of cobalt-chrome alloy to reconstruct the TMJ (Ward 1961). Notably in 1963, based 
on Robinson’s method of creating a fossa prosthesis, Christensen designed a 0.5- 
mm Vitallium-based glenoid fossa eminence prosthesis to reconstruct the TMJ as 
well as provide a mechanical barrier for prevention of re-ankylosis (Christensen 
1963, 1964). With this method, Christensen fabricated castings of 20 different-sized 
glenoid fossae prostheses made of rigid, polishable Vitallium that can be sized intra- 
operatively and anchored to the zygoma. Eventually, he expanded the stock of 
casted prostheses to 33 per side and then 44 to broaden the surgeons’ reconstructive 
options for anatomic variations (Fig. 3) (Christensen 1964). Eventually, Christensen 
went on to describe the first total joint replacement device for the TMJ. The device 
consisted of his previously described Vitallium fossa prosthesis along with a condy-
lar component made of cobalt-chrome (Co-Cr) alloy and a molded polymethyl-
methacrylate (PMMA) condylar head (Driemel et al. 2009; Christensen 1971). In 
1996, he eventually discontinued the use of the PMMA head given reports of mate-
rial resorption under function (Mercuri 1996). Almost 5000 Christensen prostheses 
had been implanted between 1993 and 2003, and their use continued until the FDA 
ordered a cease and desist order in 2015 due to non-compliance with 522 
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post- market surveillance studies (Christensen 1971; TMJ 2021). Christensen also 
eventually developed an all-cast-Vitallium custom total joint prosthesis using CAD/
CAM technology to treat more surgically and anatomically complex patients 
(Garrett et al. 1997).

In 1971, Morgan described alternative fossa eminence prostheses that consisted 
of a Vitallium eminence and eventually added a silastic articulating component 
given the degenerative changes seen within the condylar head (Morgan 1971; 
Morgan and Hall 1985). Eventually, the use of permanent silastic implants for TMJ 
surgery was discontinued given the significant foreign body reaction observed in 
patients (Eriksson and Westesson 1986; American Association of Oral and 
Maxillofacial Surgeons 1993a). Soon thereafter, Morgan went on to develop his 
own ramus-condyle replacement that consisted of an acrylic condylar head (House 
et al. 1984; Morgan 1992). Kiehn is also credited for the development of a Vitallium 
condylar-fossa prosthesis reinforced with PMMA (Kiehn et al. 1974).

Others had also reported on the idea of hemiarthroplasty, in which an alloplastic 
condylar component functions against a natural disc/fossa without an alloplastic 
fossa component. Authors have reported on the use of custom cast gold ramus- 
condyle units (Tauras et al. 1972), methyl methacrylate (Kameros and Himmelfarb 
1975), Delrin (polyoxymethylene)-titanium (Boyne et al. 1987), Vitallium (Kiehn 
et al. 1974; Silver et al. 1977; Hahn 1964), Vitallium with PMMA cement (Silver 
et al. 1977), as well as the controversial Proplast-coated Ticonium condylar prosthe-
sis (Hinds et  al. 1974). Despite studies on TMJ hemiarthroplasty demonstrating 
successful outcomes with low complication rates (Marx et al. 2008), other studies 
have discredited its use given the potential dreadful complication of severe bony 
erosion into the cranial base (Lindqvist et al. 1992; Westermark et al. 2006).

In 1976, Spiessl attempted to decrease the risk of glenoid fossa resorption by 
altering the condylar head design in his AO/ASIF system (Spiessl 1976). He 
designed both short and long models of a condylar reconstruction plate (Prein 
2002), although reports were still made describing erosions into the glenoid fossa 
(Lindqvist et al. 2002). Attempts were made to make use of the AO/ASIF system 

Fig. 3 Original set of Christensen set containing 33 variations of stock prostheses for reconstruc-
tion of the TMJ
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while preserving the articular disc or in conjunction with lining the glenoid fossa 
with a pedicled flap (Prein 2002; Klotch et al. 1998).

In 1972, Kent et al. published a pilot study describing the use of a condylar pros-
thesis with its head coated with Teflon-Proplast (Kent et  al. 1972). Accordingly, 
Kent added a Teflon-Proplast fossa prosthesis consisting of a Proplast superior layer 
with a Teflon inferior layer (Kent et al. 1983), which collectively with the condylar 
unit became known as the Vitek-Kent I (VK-I) total joint prosthesis. The Vitek-Kent 
II (VK-II) was then subsequently described, which also included PTFE within the 
fossa component (Kent et al. 1986).

Throughout the 1980s the Vitek-Kent prosthesis was commonly used as a means 
for alloplastic joint reconstruction. During this time, Rooney et al. published a study 
with concerning findings of significant foreign body reaction to PTFE resulting in 
condylar degeneration (Rooney et al. 1988). Given the concerns for fracturing of the 
Teflon-Proplast fossae resulting in significant foreign body reactions, the Teflon 
portion of the Vitek-Kent prosthesis was eventually replaced with polyethylene. 
Kent subsequently reported an update on the follow-up of the VK-I and VK-II pros-
theses, which had 80% success rate at 6 years and 20% success rate at 10 years 
(Kent et al. 1993). Given the material failure of the Proplast-Teflon with associated 
foreign body giant cell reaction, patients who had undergone reconstruction with 
these devices underwent frequent imaging and follow-up to evaluate for the need for 
device removal (Spagnoli and Kent 1992; Feinerman and Piecuch 1993). These 
complications resulted in millions of dollars in claims and the official revoking of 
prior FDA approval (Speculand et al. 2000). As such, TMJ devices were reclassified 
as class III devices, suggesting the high risk posed to the patient and thus necessitat-
ing stringent pre- and post-market approval processes (FDA 2021).

After the devastating material failure of the Teflon-Proplast system, several other 
surgeons set out to develop other materials for alloplastic reconstruction, including 
ceramic implants (Szabo et al. 1990), titanium-based implants (Raveh et al. 1984; 
MacAfee and Quinn 1992; Butow et al. 2001), and titanium-polyethylene combina-
tions (Sonnenburg et  al. 1984; Sonnenburg and Sonnenburg 1990). Van Loon 
reported biomechanical studies demonstrating the acceptable wear resistance of 
metal-on-UHMWPE total TMJ prostheses (Van Loon et  al. 1999, 2000). Others 
attempted to expand upon the AO/ASIF with adjustable/add-on condylar prosthe-
ses, but placement and positioning of the device proved to be quite technically dif-
ficult (Driemel et al. 2007; Raveh et al. 1980; Vuillemin et al. 1989).

In the early 1990s, Mercuri made use of the emerging advanced technology by 
developing the TMJ Concepts Prosthesis (Techmedica model) (Mercuri et al. 1995). 
This model made use of pre-operative CT scanning and CAD/CAM technology to 
fabricate custom condylar and fossa prostheses designed to fit the specific anatomy 
of each patient. Its condylar component consisted of a titanium alloy mandibular 
shaft with a cobalt-chromium-molybdenum (Co-Cr-Mo) condylar head, while its 
fossa component consisted of a titanium mesh with an articulating surface com-
posed of ultra-high-molecular-weight polyethylene (UHMWPE) that is designed to 
maximize contact with the condylar head (Fig.  4) (Mercuri 2000). Given the 
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extensive pre-operative surgical planning resulting in precise device fitting, the TMJ 
Concepts facilitated the reconstruction of TMJs that have been undergone multiple 
operations resulting in distorted anatomy (Mercuri et al. 2002; Wolford et al. 1994). 
After long-term follow-up studies demonstrating successful results, the TMJ 
Concepts prosthesis obtained FDA approval in 1999 (Driemel et al. 2009; Mercuri 
et al. 2002). Others such as Butow (Butow et al. 2001) and Hoffman and Pappas 
(Fig. 5) (Hoffman and Pappas 2000) had prostheses in development at the same 
time, but ultimately did not receive FDA clearance. These devices had titanium 
nitride at the condylar and fossa contacting surfaces to produce more wear-resistant 
components.

Also in the 1990s, Quinn and Van Loon built upon the ideology of a stock metal- 
on- polyethylene prosthesis to produce a more cost-effective, wear-resistant stock 
prosthesis (van Loon et al. 2000, 2002; Quinn 2000). In 1995, Quinn introduced the 
Biomet-Lorenz total joint stock prosthesis, which consisted of Co-Cr condylar 
heads with titanium plasma spray coating of different lengths and widths and a 
UHMWPE fossa of multiple flange sizes (Figs. 6 and 7) (Quinn 2000). This led to 

Fig. 4 Custom TMJ 
Concepts prosthesis with 
Co-Cr-Mo condylar head 
and titanium mesh + 
UHMWPE fossa 
component

a b

Fig. 5 Hoffman-Pappas device (a) implanted within the patient and (b) explanted
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an investigational device exemption study published in 2012 demonstrating the 
safety and efficacy of the Biomet-Lorenz stock prosthesis (Giannakopoulos et al. 
2012), and the device was approved by the FDA in 2010. A recent FDA post-market 
study by Granquist et al. revealed a similar survivorship rate and subsequent surgi-
cal intervention rate to that of other orthopedic joint replacements (Granquist 
et al. 2020).

4  Arthroscopy

As TMJ surgery continued to evolve throughout the 1900s with many successes and 
failures, OMS began to take notice of the orthopedic surgery literature and their 
minimally invasive techniques of treating diseased joints. A long history of endo-
scopic procedures exists in the orthopedic literature, dating back to the first use of 
an endoscope 1853. A French surgeon named Antoine Jean Desormeaux, now 
known as the “Father of Endoscopy,” first demonstrated the use of an endoscope 
(named the Lichtleiter) in a patient for a urology procedure (Indresano and Mobati 
2006; Figdor 2004). The endoscope primarily functioned as a cystoscope until 
1918, when Japanese surgeon Kenji Takagi described the use of a 3.5-mm 

Fig. 6 Original Biomet- 
Lorenz TMJ 
replacement set
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cystoscope to perform diagnostic arthroscopies of cadaver knee joints (de Mello 
Granata Jr 2012). He subsequently helped design an arthroscope in 1920 and then 
published a case series including photos of his knee arthroscopies (Indresano and 
Mobati 2006; de Mello Granata Jr 2012). As additional studies were published 
describing diagnostic techniques using the arthroscope (Kreuscher 1925) and tech-
nologic advances allowed for the development of smaller arthroscopes with 
improved optics, TMJ surgeons took notice of this minimally invasive technique.

After the development of the small joint arthroscope by Watanabe in 1958 
(Watanabe 1986; Watanabe and Takeda 1960) (Fig. 8), a Japanese surgeon by the 
name of Ohnishi was the first to describe its use for performing a TMJ arthroscopy 
in 1975 (Onishi 1975). As additional studies out of Japan by Murakami had 
described arthroscopy as a minimally invasive, useful adjunct in the treatment of 
patients with TMJ disorders (Murakami and Ono 1986; Murakami et  al. 1986; 

Fig. 7 Original design sketches by Dr. Peter Quinn demonstrating the biomechanical testing of 
the load and cyclic compressive fatigue for the Biomet-Lorenz TMJ prosthesis
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Murakami and Ito 1981, 1984), Sanders introduced the technique of TMJ arthros-
copy in the United States (Sanders 1986).

Subsequent clinical studies carried out by Sanders, Murakami, and McCain eval-
uated the efficacy of arthroscopy of the TMJ and solidified its diagnostic and thera-
peutic use in the United States (Murakami et al. 1986; Sanders and Buoncristiani 
1987; McCain 1988; McCain et al. 1989). In particular, Murakami published on the 
use of arthroscopy to evaluate joint adhesions (Murakami and Segami 1993), and 
Bronstein demonstrated its use in determining disc position (Bronstein 1989). 
McCain also published on advanced operative techniques in which the disc could be 
manipulated and repositioned using arthroscopy (McCain et al. 1992a). McCain and 
Sanders subsequently published a study describing high success rate of arthrosco-
pies of over 4800 TMJs in 1992 (McCain et  al. 1992b), with additional studies 
demonstrating high efficacy (Sanders and Buoncristiani 1993). Additional advanced 
techniques including the use of sclerotherapy (Merrill 1993) and laser treatments 
(Indresano and Bradrick 1993) were also developed and described. Further signifi-
cant technological advances have also been made to develop state-of-the-art arthro-
scopes specifically designed to improve upon visualization of the temporomandibular 
joint space (Fig. 9). In a controversial surgical field troubled by the recent failure of 
alloplastic materials in TMJ replacements, TMJ arthroscopy served as an initial, 
safe, inexpensive, effective means of treating TMJ disease via lysis and lavage and 
offered an option to patient to potentially spare an open procedure.

5  Arthrocentesis

Evidence of the first “arthrocentesis” as a treatment for intra-joint fluid accumula-
tion dates to the sixteenth century, during which it was described in the Aztec litera-
ture. During this time, the technique of simple paracentesis was often performed to 
treat joint effusions (Emmart 1940; Rodnan et al. 1966). In 1792, a French surgeon 
by the name of Jean Gay described the successful outcomes associated with his 
technique of paracentesis along with injection of “medication” into a knee joint. 
With the intention of decreasing inflammation, Gay injected a mixture of wine, 
brandy, and rum into the knee joint of two separate patients, noting a significant 
post-operative improvement in symptoms (Rodnan et al. 1966).

Fig. 8 The original no. 21 
arthroscope developed by 
Watanabe in 1958 
(Watanabe and Takeda 
1960)
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In 1947, Schultz was the first to describe injection into the TMJ. He injected 
sodium psylliate into the periarticular region with the intent of stimulating a fibrotic 
response to limit condylar mobility in order to treat joint hypermobility (Schultz 
1947). In 1950, McKelvey demonstrated successful patient outcomes of his own by 
injecting sclerosing solutions into the periarticular region of the TMJ to treat sub-
luxation (McKelvey 1950). Later in 1987, Murakami et al. published on their use of 
arthrocentesis in the treatment of closed lock. Their team described a technique of 
readjusting the mandible while inducing hydraulic pressure with lidocaine in the 
upper joint space with a 21-gauage needle (Murakami et al. 1987). Nitzan, Dolwick, 
and colleagues then built upon Murakami’s technique by describing the lavage of 
the TMJ with lactated ringers by placing two separate needles (one used for inflow, 
the other for outflow) into the superior joint space. They described successful results 
in patients with trismus, with lavage resulting in improvement in pain scores, 
improvement in maximal incisal opening, and lasting symptom relief (Nitzan et al. 

Fig. 9 Contemporary Karl 
Storz model all-in-one 
TMJ arthroscope system
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1991). Although initially only used for acute closed lock, TMJ arthrocentesis is now 
used for a variety of conditions associated with the joint including disc displace-
ment, synovitis, rheumatoid arthritis, disc adhesions, and hemarthrosis, with other 
medications such as steroids, anti-inflammatories, and lubricating agents commonly 
being injected.
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