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ABSTRACT

Objectives. Patients suffering from osteoarthritis, ankylosis (e.g. post-trauma or tumour) 
in the temporomandibular joint (TMJ) can present with symptoms such as severely 
restricted mouth opening, pain or other dynamic restrictions of the mandible. To 
alleviate the symptoms, a total joint prosthesis can be indicated, such as the Groningen 
TMJ prosthesis. This was developed as a stock device with a lowered centre of rotation 
for improved translational and opening capacity. This study aimed to improve the design 
of the prosthesis, and produce a workflow for a customized Groningen TMJ prosthesis, 
in order to make it more accurate and predictable. 

Methods. The fossa and mandibular components of the Groningen TMJ prosthesis 
were customized. A series of five human cadavers was operated and bilateral TMJ 
prostheses were placed using custom cutting and drilling guides. Placement accuracy 
was evaluated based on post-operative CT data.

Results. A total of N=10 prostheses were placed and analysed. The average Euclidean 
distance deviation from planned to actual position was 0.81mm (SD 0.21). All prostheses 
were placed according to the routine surgical approaches and had an excellent 
alignment with the bony structures.

Conclusion. The newly developed custom Groningen TMJ prosthesis can be placed with 
great accuracy and is the first step for improving TMJ total joint replacement surgery.
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INTRODUCTION

Patients suffering from osteoarthritis, ankylosis, post-traumatic ankylosis or tumours 
in the temporomandibular joint (TMJ) area can present with symptoms such as 
severely restricted mouth opening, pain or other dynamic restrictions of the mandible. 
If conservative treatments or regular open joint surgery (gap-osteotomy with 
arthroplasty) do not suffice, a total joint prosthesis may be indicated(1). Previous studies 
have reported that placement of total joint prostheses can also improve the maximum 
mouth opening and reduce pain (1, 2). Moreover, the total joint prosthesis was reported 
to be a predictable and flexible instrument for reconstruction of the TMJ (2). 

One of the challenges in replacing the TMJ is the imitation of the complex movements of 
the natural TMJ, including both a rotational and translational component. Multiple TMJ 
prosthesis variants have been produced, which were reported to have limitations with 
regards to the translational component of the joint movement (3-5). As a result of the 
design of the prosthesis and the lacking attachment of the lateral pterygoid muscle to 
the condyle, the translational freedom was substantially restricted to a few millimetres 
only. The natural translation movement of the TMJ was reported to be in the order of 
16mm (6). As was described by van Loon et al., the optimal position for a fixed centre 
of rotation (CR) in TMJ prostheses, thereby mimicking the physiological movement, is 
15mm inferior to the natural CR (6). 

This inferiorly located CR was incorporated in the Groningen TMJ prosthesis, which was 
developed between 1983 and 1999 as a stock prosthesis (7, 8). A series of eight patients 
who received this prosthesis was analysed after a period of eight years of follow-up. 
This follow-up study of Schuurhuis et al. reported that patients were satisfied, despite 
the limited improvement of the maximum mouth opening due to continuation of their 
pre-operative chronic (3).

Stock prostheses can however have a suboptimal fit; requiring per-operative bone re-
contouring or resulting in post-operative dis-occlusion due to inadequate condylar 
length (2). Moreover the TMJ prostheses require osseo-integration in order to remain 
functional on the long-term, and this can only be achieved as long as the fossa and 
mandibular parts are in proper and primary stable contact with the host bone (9, 10). 
In general, a stock prosthesis is reported to be hard to fit, as the target area is usually 
mutilated especially at the fossa level (5). The customisation of the TMJ prosthesis, 
adaption of the bone connective surfaces to the anatomy of the individual patient, can 
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contribute to overcome these problems. In addition, the use of custom prostheses and 
the use of placement surgical guides can save time within the surgical procedure, as for 
example the exact location, angulation and length of the screws are pre-determined. 

As already used in other applications of patient-specific implants for oral and 
maxillofacial surgery (11-13), the current techniques for 3D planning, design and 
manufacturing, e.g. 3D milling and printing, enable accurate customised implants. 
Due to these developments, the customisation of the prostheses and production of 
custom placement/drilling guides is now readily available. However, to our knowledge, 
no combined cutting, drilling and placement guides are included in current available 
(custom) TMJ prostheses (14, 15).

As the Groningen TMJ prosthesis was developed and placed as a stock prosthesis, it 
was not fitted with the use of individual placement guides. This might have caused a 
suboptimal placement and realisation of the pre-determined CR, 15 mm inferior to the 
natural CR. For the previously placed Groningen TMJ prostheses, no accuracy analyses 
were performed of the placement accuracy. Therefore no exact comparison between 
the theoretical model of patient-specific planning and the actual post-operative result 
could be made. For other (stock or custom) prosthesis, to our knowledge, no additional 
accuracy analysis was performed either. In order to effectuate the concept of lowering 
the pivot point of the patient, and thereby improving the simulation of the rotation/
translational movement, the prosthesis should be placed as it was planned. 

The aim of this study is optimise the design of the Groningen TMJ prosthesis, by means 
of implementation of patient-specific planning and customisation. This should lead 
to an accurate placement in a cadaver series. It is hypothesized that the customized 
TMJ prosthesis and the introduction of custom placement guides provides an accurate 
translation of the virtual planning towards the cadaver. The design and fabrication is 
described in this manuscript, as well as the validation of the placement accuracy using 
the guides, including inter-observer variation. The results are based on analysis of 
planning and post-operative imaging of 5 human cadavers. 

MATERIALS AND METHODS

The original Groningen TMJ prosthesis consisted of a total of six parts of which four 
parts were available in multiple sizes to ensure a close fit to the patient’s anatomy. 
The overview, together with an exploded view, of this original design is presented in 
Figure 1A. Titanium was used for the fossa part (1B part B), fitting member (1B part A) 
and mandibular part (1B part F) while the condylar sphere (1B part E) and translation 
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plate (1B part C) were manufactured from zirconia. An Ultra-High Molecular Weight 
Polyethylene (UHMWPE) disc (1B part D) formed the counter bearing surface to the 
zirconia parts, as is presented in Figure 1B.

Figure 1: A. Stock Groningen TMJ prosthesis  B. exploded view of stock groningen TMJ prosthesis: 
a fittingmember (titanium), b fossa part (titanium), c ceramic plateau, d UHMWPE disc, e ceramic 
condylar head, mandibular part (titanium) . 

Two types of movements in this TMJ prosthesis were distinguished: translational and 
rotational movements. This took place on separate sites. The rotational movement 
was achieved by a ball and socket joint whereas the translational articulation was 
obtained through an artificial disc which could freely slide over a translation site, to 
the inferior side of the fossa part. The separation of these articulating sites is unique 
in TMJ prostheses and enables the use of relatively large load-bearing areas for both 
articulations, resulting in low contact stress and therefore low wear rates (16, 17). 
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In order to customise the design the technical drawings were retrieved from the original 
manufacturer to function as a base for the 3D design of the patient specific prosthesis. 
In this customised TMJ prosthesis, the concepts of the original Groningen prosthesis 
where maintained -i.e., the inferiorly located CR and the separated articulation sites for 
rotational and translational movements. A prosthesis that consists of a customised fossa 
and mandibular part was designed in order to match the individual patient’s anatomical 
geometry. Figure 2 presents an example of the custom Groningen TMJ prosthesis, 
including an exploded view (2B) for a detailed description per part. For this customised 
prosthesis titanium alloy was used for the fossa-(2B part A) and mandibular part (2B part 
E).  Zirconia for used for both the condylar sphere (2B part B) and translation plate (2B 
part D) while the disc (2B part C) is made of UHMWPE. 

Figure 2: A. Customized Groningen TMJ prosthesis B. Exploded view of the custom Groningen 
TMJ prosthesis:  a printed titanium fossa part, b ceramic gliding part (tapered fixation to fossa 
part), c UHMWPE disc, ceramic condylar head (tapered fixation to mandibular part).
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In addition to the customised prosthesis design, surgical guides for per-operative 
placement where designed, matching the prosthesis design and the individual anatomy 
(Figure 3). These surgical guides were designed to implement the virtual planning in 
the actual surgical procedure, and consisted of a condylectomy guiding flange and 
drill guiding cylinders for creating screw pilot holes. Guides were manufactured from 
Polyamide by means of Additive Manufacturing using an EOS P396 SLS printer (EOS, 
Krailling, Germany).  The drill guiding cylinders were machined from stainless steel 
(316L) in order to minimise wear particles due to high-speed drill contact. All titanium 
parts used during this study were 3D printed from medical grade titanium alloy powder 
(Ti-6Al-4V ELI/ Grade 23) using an EOS M 290 Direct Metal Laser Sintering printer (EOS, 
Krailling, Germany). In the original Groningen TMJ prostheses, commercially pure 
titanium (Ti-CP) was used. In current TMJ prosthesis, the mechanically superior medical 
grade 23 titanium alloy was used as material for the fossa part and mandibular part. Ti-
CP is reported to have a lower strength and resistance to fatigue than (3D printed) grade 
23 titanium (18, 19). In order to obtain a smooth surface finish to all soft-tissue facing 
sites of the printed titanium parts, the parts were milled after printing. The articulating 
zirconia and UHMWPE parts were milled using high precision milling machines.  

Figure 3: A. Custom polyamide surgery guides with stainless steel bur inserts used for cutting, 
drilling and placement indication of the prosthesis. B. Condylectomy performed according to the 
guide. Fossa guide applied to the bone as well.
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In order to produce the prosthesis, all connected parts were fixed through mechanical 
connections. No additional adhesives were required. For fixating the condylar sphere, 
a self-locking taper connection was used. For fixation of the translation plate an 
interference-fit was chosen. The resulting force, when functioning in the patient, for 
these mechanical connections is mainly compressive. This is comparable to the original 
design (8). Both connections are illustrated in Figure 2B, exploded view. The Groningen 
TMJ prosthesis as well as the surgical guides where provided by Xilloc Medical, (Sittard-
Geleen, The Netherlands). The produced TMJ prosthesis consists of three parts: fossa 
part, mandibular part, and the UHMWPE disk. 

A cadaver test was set up to validate the surgical procedure and accuracy of the surgical 
implantation of the customise TMJ total joint prosthesis. A total of five fresh-frozen 
human cadaver heads (n=10 prostheses, =20 fixed prosthesis parts) were individually 
operated and received a bilateral patient specific TMJ prosthesis. In order to make a 
virtual planning and design, a CT scan of the cadaver heads was made in frozen condition. 
Anatomical 3D-models of the skull, mandible and mandibular nerve were acquired 
using Mimics 19.0 (Materialise, Leuven, Belgium) software. Based on these models, the 
fossa and mandibular prosthesis parts where designed using 3-Matic 11.0 (Materialise, 
Leuven, Belgium). The virtual planning included the anatomical CR of the mandible, the 
inferiorly located prosthesis CR, resection planes for condylectomies, screw positions 
and screw lengths. For all parts that required screw fixation a surgical guide/template 
was designed to translate the virtual 3D-planning towards per-operative guidance for 
the surgeon.

The patient specific parts of the prosthesis are fixed to the bone using 2.0mm cortical 
locking screws (KLS Martin, Tuttlingen, Germany), therefore matching internal threads 
were integrated into the design.

Surgery
The cadaver heads were thawed several days before surgery. Implantation was 
performed according to regular pre-auricular and retro-mandibular approaches. The 
surgical guides were fixed to the skull and mandible using 2.0mm surgical screws. After 
drilling of the screw pilot holes through the guides, guides were removed and the 
prosthesis parts were positioned with a set of three centring pins before screw fixation, 
see Figure 4A and 4B. This allowed for an exact alignment of these particular prosthesis 
parts to the pilot holes, therefore making sure the prosthesis is already in place before 
final screw fixating. Furthermore, alignment using centring pins provides the surgeon 
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a visual check to see whether or not all pilot holes line up properly with the prosthesis 
parts. After bilateral implantation the heads underwent a post-operative CT scan for 
analysis as presented in Figure 4C and 4D.

Figure 4: Per-operative images of the custom prosthesis placement. A. The mandibular and 
fossa guides are placed.  B. The prosthesis (fossa part) is aligned using the centering pins (orange 
arrow). Note the glass marker sphere for post-operative analysis (yellow arrow). C. The fossa part 
is placed by screw fixation. D. Final result of prosthesis placement.
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Placement accuracy
On CT images titanium causes streak artefacts, thereby it can obstruct a reliable 
post-operative analysis. To enable accurate post-operative evaluation, all skull- and 
mandibular parts were supplied with three 2.0 mm spherical glass radiopaque markers, 
with an offset from the titanium main parts (see Figure 4B, yellow arrow for an example). 

The accuracy of implantation was evaluated after each cadaver test. This accuracy was 
derived by superimposing our final design file (STL format) onto the post-operative 
CT scan, using the glass tracer spheres as a reference. This placement was performed 
by 2 independent observers (JK, BM) in random order. The inter-observer variation is 
determined for all 20 prostheses parts (both fossa and mandibular). A post-operative 
segmentation was carried out and matching of the post-operative result to the pre-
operative planning was performed. Skull and mandible, including the corresponding 
prosthesis part, were matched separately. Using a best fit alignment function in 
Geomagic Studio 2012 (3D Systems, Rock Hill, USA) based on an iterative closest point 
algorithm, both the planned and post-operative situations where matched. 

The deviation between the planning and post-operative result was registered by centre 
point distances, the Euclidean distances based on the x, y, z coordinates of all glass tracer 
spheres. From these three values, a mean Euclidean error value and standard deviation 
for all fixed prosthesis parts was derived. 

Data analysis was performed using IBM SPSS statistics version 23 (IBM corp., Armonk, 
NY, USA). Both the mean and standard deviation where calculated for the difference 
between the identified landmarks. The inter-observer variability was supported by the 
calculation of the intra class coefficient (ICC), in which the value of <0.40 is reported as 
poor, 0.4-0.59 fair, 0.60-0.74 good and 0.75-1.00 as excellent (20).

RESULTS

All planned prostheses were successfully implanted, resulting in the total series of 10 
implanted prostheses (=20 fixed implanted prosthesis parts –i.e., fossa and mandibular). 
After matching with the post-operative CT data, a mean Euclidean error of 0.81 [mm] (SD 
0.29, R: 0.49 – 1.60) was found. The mean difference on the fossa parts was 0.80mm (SD 
0.29) and for the mandibular parts was 0.82mm (SD 0.31). The values for all implanted 
prosthesis parts are presented in Table 1.
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Table 1: Result of post-operative analysis.

Prosthesis

Mean Euclidean dist. [mm]

Fossa Mandibular

I-L 1.42 0.64

I-R 0.69 0.84

II-L 0.49 0.69

II-R 1.17 1.04

III-L 0.68 0.70

III-R 0.63 1.60

IV-L 0.68 0.71

IV-R 0.77 0.89

V-L 0.91 0.62

V-R 0.60 0.49

Mean 0.80 0.82

SD 0.29 0.31

Total of n=20 prostheses

Mean 0.81

SD 0.29

The inter-observer variation was found to be 0.39mm Euclidean distance, with an 
inter class correlation (two-way mixed) of 0.99. The mean deviation between the two 
observers was 0.23mm, 0.17mm and 0.16mm in the x, y, z axis respectively.  

The surgical approach used for the total joint insertion comprising a pre-auricular and 
retro-mandibular incision provided sufficient exposure, resulting in proper implantation 
of the prostheses using surgical guides, according to our pre-operative virtual plan. 
Figure 4 presents a per-operative impression of the surgical procedure. After guide 
removal and positioning of to be fixed prosthesis parts using our centring pins, a clear 
visual check was acquired by the surgeon, as well as proper pre-fixation positioning of 
the prostheses. Figure 4 shows this per-operative pre-fixation visual check.
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DISCUSSION

We developed and validated a customized TMJ prosthesis, based on the previous 
Groningen principles, of the stock prosthesis,  in a humane cadaver series (N=10 
prostheses). The virtual planning was directly translated to the cadaver using a newly 
developed surgical custom made template. This template includes bony fixation, 
guidance for the condylectomy and pre drilling of the screw-holes. An exact translation 
of the planning was realised and confirmed by post-operative analysis based on CT 
imaging.

The Groningen TMJ prosthesis, as it was described in this manuscript, combines both 
a validated concept of the previous Groningen TMJ prosthesis and approved methods 
for (2)3D virtual planning and design. In addition the translation from virtual planning 
to the surgical procedure and post-operative analysis were derived from an oncologic 
reconstructive surgery workflow as was described by Schepers et al. 2015 (12).

The design of the Groningen TMJ prosthesis includes a lowered CR, which simulates 
the anatomical combination of both rotational- and translational movements of the 
condyle (6). In comparison to other commercially available TMJ prostheses, this is 
an unique feature (2, 21). In order to realise the planned location of the lowered CR, 
accurate translation from planning towards surgical procedure is required. Therefore 
the proven methods for placement and drilling guides were used (12), supplemented 
with the described centring pins.

In this study we validated the guided placement of the Groningen TMJ prosthesis, 
resulting in a mean Euclidean distance deviation of 0.81mm. Multiple studies have 
reported patient-related outcome measures, e.g. pain, mouth opening, however no 
detailed description of the placement accuracy was found (15, 22, 23). The study of 
Haq et al. 2014 reported the use of patient specific cutting guides in order to place a 
custom TMJ prosthesis as treatment for ankylosis of the TMJ, in a single stage surgical 
procedure. The described concept of the cutting guides is comparable to the methods 
described in this manuscript, however the report from Haq et al did not state the use of 
guides for pre-drilling the fixation screw holes in the fossa part, nor positioning check 
with the use of centring pins. The accuracy of placement of the custom TMJ prostheses 
was not reported (24).

The use of customized TMJ prostheses has been reported to have advantages over stock 
prostheses. In previous studies, the fitting and placement by guides realised accurate 
fit to the bone and stability, which improves osseointegration and thereby the long-
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term success (2, 9). Moreover, custom TMJ prostheses are less likely to exhibit micro 
movement when in situ and subject to forces of normal physiology. This is expected to 
contribute to an extended lifespan and reduced failure rate (24),  and concluded to be a 
safe and predicable treatment (25). 

This study presents a customised prosthesis that was optimised and validated in a human 
cadaver series. After this successfully completed pre-clinical phase and the recently 
obtained permission by the local medical ethics board, it can be applied in patients. 
At this stage however, no validation of clinical outcome in terms of improvement or 
consolidation of the opening of the mouth, decrease in reported pain of jaw function 
can be reported. Application of the custom Groningen TMJ prosthesis in a clinical series 
of patient will provide information with regard to these functional parameters and is 
currently approved by our medical ethical board.

CONCLUSION

This study presents an optimised design for the custom Groningen TMJ prosthesis. 
The workflow was validated in a series of 5 human cadavers, resulting in high accurate 
placement by using a routine surgical approach.

We conclude that the use of 3D virtual planning and custom production of the TMJ 
prosthesis enables accurate surgical placement, and thereby providing the first step in 
improvement of treatment options for patients suffering from restricted mouth opening 
or pain as a result of TMJ-related ankylosis.



150

Chapter 8

REFERENCES

1. Sidebottom AJ. Current thinking in temporomandibular joint management. Br J Oral 
Maxillofac Surg. 2009 March 01;47(2):91-4.

2. Kanatas AN, Needs C, Smith AB, Moran A, Jenkins G, Worrall SF. Short-term outcomes using 
the Christensen patient-specific temporomandibular joint implant system: a prospective 
study. British Journal of Oral and Maxillofacial Surgery. 2012;50(2):149-53.

3. Schuurhuis JM, Dijkstra PU, Stegenga B, de Bont, Lambert G M, Spijkervet FKL. Groningen 
temporomandibular total joint prosthesis: An 8-year longitudinal follow-up on function and 
pain. Journal of Cranio-Maxillofacial Surgery. 2012;40(8):815-20.

4. Mercuri LG, Wolford LM, Sanders B, White RD, Hurder A, Henderson W. Custom CAD/CAM 
total temporomandibular joint reconstruction system: preliminary multicenter report. J Oral 
Maxillofac Surg. 1995 February 01;53(2):6.

5. Driemel O, Braun S, Muller-Richter UD, Behr M, Reichert TE, Kunkel M, et al. Historical 
development of alloplastic temporomandibular joint replacement after 1945 and state of 
the art. Int J Oral Maxillofac Surg. 2009 September 01;38(9):909-20.

6. van Loon JP, Falkenstrom CH, de Bont LG, Verkerke GJ, Stegenga B. The theoretical optimal 
center of rotation for a temporomandibular joint prosthesis: a three-dimensional kinematic 
study. J Dent Res. 1999 January 01;78(1):43-8.

7. Falkenström CH. Biomechanical design of a total temporomandibular 
joint replacement [dissertation]. University of Groningen; 1993.

8. van Loon JP, de Bont LG, Stegenga B, Spijkervet FK, Verkerke GJ. Groningen temporomandibular 
joint prosthesis. Development and first clinical application. Int J Oral Maxillofac Surg. 2002 
February 1,;31(1):44-52.

9. Mercuri LG, Anspach WE. Principles for the revision of total alloplastic TMJ prostheses. Int J 
Oral Maxillofac Surg. 2003 August 01;32(4):353-9.

10. Mercuri LG, Giobbie-Hurder A. Long-term outcomes after total alloplastic temporomandibular 
joint reconstruction following exposure to failed materials. J Oral Maxillofac Surg. 2004 
September 01;62(9):1088-96.

11. Kraeima J, Jansma J, Schepers RH. Splintless surgery: does patient-specific CAD-CAM 
osteosynthesis improve accuracy of Le Fort I osteotomy? Br J Oral Maxillofac Surg. 2016 
December 01;54(10):1085-9.

12. Schepers RH, Raghoebar GM, Vissink A, Stenekes MW, Kraeima J, Roodenburg JL, et al. 
Accuracy of fibula reconstruction using patient-specific CAD/CAM reconstruction plates 
and dental implants: A new modality for functional reconstruction of mandibular defects. 
Journal of Cranio-Maxillofacial Surgery. 2015;43(5):649-57.

13. Roser SM, Ramachandra S, Blair H, Grist W, Carlson GW, Christensen AM, et al. The accuracy 
of virtual surgical planning in free fibula mandibular reconstruction: comparison of planned 
and final results. J Oral Maxillofac Surg. 2010 November 01;68(11):2824-32.



151

Patient specific Groningen TMJ Prosthesis

14. Bai G, He D, Yang C, Chen M, Yuan J, Wilson JJ. Application of Digital Templates to Guide Total 
Alloplastic Joint Replacement Surgery With Biomet Standard Replacement System. Journal 
of Oral and Maxillofacial Surgery. 2014;72(12):2440-52.

15. Aagaard E, Thygesen T. A prospective, single-centre study on patient outcomes following 
temporomandibular joint replacement using a custom-made Biomet TMJ prosthesis. 
International Journal of Oral and Maxillofacial Surgery. 2014;43(10):1229-35.

16. van Loon JP, Verkerke GJ, de Vries MP, de Bont LG. Design and wear testing of a 
temporomandibular joint prosthesis articulation. J Dent Res. 2000 February 01;79(2):715-21.

17. Van Loon JP, Verkerke GJ, de Bont LG, Liem RS. Wear-testing of a temporomandibular joint 
prosthesis: UHMWPE and PTFE against a metal ball, in water and in serum. Biomaterials. 1999 
August 1,;20(16):1471-8.

18. Papakyriacou M, Mayer H, Pypen C, Plenk Jr H, Stanzl-Tschegg S. Effects of surface treatments 
on high cycle corrosion fatigue of metallic implant materials. International Journal of Fatigue. 
2000;22(10):873-86.

19. Rafi HK, Karthik NV, Gong H, Starr TL, Stucker BE. Microstructures and Mechanical Properties 
of Ti6Al4V Parts Fabricated by Selective Laser Melting and Electron Beam Melting. Journal of 
Materials Engineering and Performance. 2013;22(12):3872-83.

20. Cicchetti DV. Guidelines, criteria, and rules of thumb for evaluating normed and standardized 
assessment instruments in psychology. Psychological Assessment. 1994 Dec;6 (4):284-90.

21. Mercuri LG. The role of custom-made prosthesis for temporomandibular joint replacement. 
Revista Española de Cirugía Oral y Maxilofacial. 2013;35(1):1-10.

22. Gonzalez-Perez LM, Fakih-Gomez N, Gonzalez-Perez-Somarriba B, Centeno G, Montes-
Carmona JF. Two-year prospective study of outcomes following total temporomandibular 
joint replacement. International Journal of Oral and Maxillofacial Surgery. 2016;45(1):78-84.

23. Wolford LM, Rodrigues DB, McPhillips A. Management of the infected temporomandibular 
joint total joint prosthesis. J Oral Maxillofac Surg. 2010 November 01;68(11):2810-23.

24. Haq J, Patel N, Weimer K, Matthews NS. Single stage treatment of ankylosis of the 
temporomandibular joint using patient-specific total joint replacement and virtual surgical 
planning. British Journal of Oral and Maxillofacial Surgery. 2014;52(4):350-5.

25. Wolford L, Movahed R, Teschke M, Fimmers R, Havard D, Schneiderman E. Temporomandibular 
Joint Ankylosis Can Be Successfully Treated With TMJ Concepts Patient-Fitted Total 
Joint Prosthesis and Autogenous Fat Grafts. Journal of Oral and Maxillofacial Surgery. 
2016;74(6):1215-27.




	Chapter 8



