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Purpose: Alloplastic joint replacement is the mainstay treatment for end-stage temporomandibular joint (TMJ)
disease. The aim of this study is to evaluate the 2 year quality of life (QoL) outcomes for patients who have
undergone alloplastic TMJ total joint replacement with either custom or stock devices.

Methods: This was a retrospective cohort study of patients who had TMJ replacement with either Biomet stock or
OMX custom prostheses. All patients were recruited from the patient database of a single surgeon, at a single
location. QoL was assessed using a patient completed TMJ Surgery specific QoL (TMJ-S-QoL) questionnaire.
Patients answered questions pertaining to pain, diet, speech and aspects related to social and mental health.
Results: A 2 year follow up was completed by 26 Biomet and 40 OMX patients. Survey results demonstrated that
84.6% (N = 22) of Biomet stock and 92.5% (N = 37) of OMX custom prosthesis patients derived significant QoL
benefits from their surgery. There was no difference in QoL between the two groups (p > 0.4).

Conclusion: This study shows that TMJ total joint replacements provide an improved quality of life for patients

with end-stage TMJ disease regardless of whether the prosthesis is stock or individually custom made.

1. Introduction

Temporomandibular joint disorders are a common problem, with
epidemiological studies demonstrating that they affect up to 40% of the
population [1]. Whilst majority of patients respond well to
non-operative management, 5% will require operative management [2].

Patients with Category V (Dimitroulis Classification 2013) [3] TMJ
disorder have end-stage disease that is associated with significant
discomfort and functional decline resulting in severe degenerative joint
disease. When CT and MRI scans show anatomical destruction of com-
ponents which cannot be salvaged, treatment is TMJ total joint
replacement [3].

With a progressively ageing population, the demand for total joint
replacements will continue to grow [4]. Alloplastic replacement with
prosthetics has superseded autogenous bone grafting as the preferred
technique for joint replacement [5]. Alloplastic TMJ replacements are
currently available as stock or custom prosthetic devices.

The Biomet stock prosthesis is one of the most widely used TMJ
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replacement systems. It has been used successfully for over two decades
(Fig. 1) [6]. A stock device is a standard prefabricated design produced
in different sizes. The immediate availability and lower cost of the stock
device make it an attractive option.

As technologies advance, a range of custom and patient matched
prostheses have emerged. A custom device is made to match the pa-
tient’s unique anatomy using computer generated systems and three-
dimensional printing or CNC milling of implants. Custom devices do
not usually require reshaping of the host bone. The OMX TMJ prosthesis
is a print to order total joint replacement (TJR) system which was
developed in Melbourne, Australia and was first introduced in 2015
(Fig. 2). The OMX TMJ prosthesis boasts a 2-year prelimnary study
(Dimitroulis et al., 2018) [7] as well as Engineering related studies that
validate the unique design features of this joint (Ackland et al., 2017,
2018) [8,9]. The aim of this study is to compare the 2-year QoL out-
comes for patients who underwent TMJ total prosthetic joint replace-
ment with either Biomet stock or OMX custom prostheses.
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Fig. 1. Radiograph showing a right TMJ Biomet stock prosthesis that is still
functioning well 12 years after implantation in 2008.

Fig. 2. Radiograph showing a right side OMX custom prosthesis implanted
in 2016.

2. Materials and methods

2.1. Study design

A retrospective cohort study was undertaken on patients who had
undergone TMJ replacement with either Biomet stock or OMX custom
TMJ prosthesis. All procedures were performed by a single surgeon
(GD), at a single location, Epworth-Freemasons Hospital in East Mel-
bourne, Australia. Eligible patients were identified and traced from
digital medical records using operative codes that identified patients
who had TMJ TJR surgery. Demographic (age, sex, joints replaced, past
surgical history) and functional data (pre and post-surgery maximal
mouth opening) were gathered from consultation notes, operative re-
ports, hospital records and investigations. This information was coded
and recorded in a Microsoft Excel spreadsheet.

Patients who met the study’s inclusion criteria were given a TMJ-S-
QoL questionnaire at their 2-year post-operative review (Fig. 3). Patients
provided responses to their experience of pre- and post-operative TMJ
TJR pertaining to pain, diet, speech and aspects related to social and
mental health. The responses were answered on a 5 point scale with 1
being the most positive and 5 being the most negative response. The
TMJ-S-QoL has previously been validated as an effective tool for eval-
uating the patient experience in relation to their TMJ-related quality of
life post-surgery [10-12].

The study’s inclusion criteria were; patients over 18 years with
radiological (MRI or CT) evidence of Category V end-stage TMJ disease
[3]; and patient reported symptoms of severe joint pain and dysfunction;
that had failed to respond to at least 6 months of non-operative treat-
ment (medication, occlusal splints, physiotherapy). The treatment with
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TMJ - Surgery
Quality of Life Questionnaire
(TMJ-S-Qol.)

A. PAIN?

1. | have no pain

2. There is mild pain but | do not need medication

3. | have moderate pain which requires regular analgesics eg: Paracetamol

4. | have severe pain controlled only by strong analgesics eg: Panadeine forte

5. | have severe pain which is not controlled by analgesics.
B. DIET & CHEWING?

1. | can chew and eat whatever | like

2. | can chew most things except tough foods like steak and apples

3. | only stick to soft foods such as pasta and soft bread

4. | need to cut up all food into small pieces

5. | can only eat food that has been put through the blender
C. SPEECH?

1. My speech is normal

2. | have difficulty in saying some words

3. | have difficulty in being understood over the telephone

4. Only my friends and family can understand me

5. | cannot be understood at all
D. ACTIVITY?

1. | am as active as | have ever been

2. There are times where | can't keep up my old pace, but not often

3. | am often tired and have slowed down my activities though | still get out

4. 1don't go out very often because | don't have the strength

5. | am usually in bed or chair and don’t leave home
E RECREATION

1. There are no limitations to recreation at home or away from home

2. There are a few things | can't do but | still get out and enjoy life

3. There are many times where | wish | could get out more, but | am not up to it

4. There are severe limitations to what | can do, mostly | stay at home and watch TV

5. | can't do anything enjoyable.
F. MOOD?

1. My mood is excellent and unaffected by my TMJ disorder

2. My mood is generally good and only occasionally affected my TMJ disorder

3. 1 am neither in a good mood nor depressed about my TMJ disorder

4. | am somewhat depressed about my TMJ disorder

5. | am extremely depressed about my TMJ disorder
G. ANXIETY?

1. 1 am not anxious about my TMJ disorder

2. lam a little anxious about my TMJ disorder but | am coping

3. 1am very anxious about my TMJ disorder and finding it difficult coping

4. | am severely anxious about my TMJ disorder and not coping at all
H. Which issues have been upper most in your mind during the past month? (circle
up to 3 answers)
Nothing
Pain
Diet & Chewing
Speech
Activity levels
Recreation
Mood
. Anxiety
1. Compared to the month before you had your TMJ surgery, how would you rate
your overall health-related quality of life? (Post-surgical patients only)

1. Much better

2. Somewhat better

3. About the same

4. Somewhat worse

5. Much worse
J. In general, would you say your health-related quality of life during the past
month has been:

1. Excellent

2. Very Good

3. Good

4. Fair

5. Poor
K. Considering everything in your life that contributes to your personal well-being such
as family, friends, spirituality and personal leisure activities, please rate your overall
quality of life over the past month:

1. Excellent

2. Very Good

3. Good

4. Fair

5. Poor
L. If a relative or friend had experienced TMJ problems very similar to what you had,
would you: (post-surgery group only)

1. Recommend TMJ surgery as the primary treatment

2. Recommend TMJ surgery only if other such as physif y and splint

therapy and medications fail.

3. Recommend TMJ surgery only as a very last resort

4. Do not recommend TMJ surgery at all.

sampooo®

Fig. 3. The TMJ surgery-specific quality of life questionnaire (TMJ-S-QoL) used
in this study was modified and adapted from the University of Washington
Quality of Life Questionnaire (Weymuller et al., 2001) for head and neck cancer
patients and was first published by Dimitroulis et al., 2010. The responses are
graded 1-5, with 1 rated as excellent and 5 as poor for all questions. Repro-
duced with courtesy of Dimitroulis et al., 2010.

a TMJ TJR using the Biomet stock prosthesis between 2009 and 2014, or
the OMX custom prosthesis between 2016 and 2018 with a minimum of
2 year follow up data. Patients with insufficient follow up data were
excluded from the study.

2.2. Surgical technique

All patients underwent the same surgical procedure with the same
surgeon. Each patient had the Biomet or OMX fossa inserted via a pre-
auricular approach. The Biomet fossa required surgical flattening of the
fossa whilst the OMX did not. The fossa component was secured with
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titanium-alloy screws and wired into occlusion using arch bars. The
lateral ramus was accessed via a retro-submandibular approach with the
Biomet condylar-ramus secured with titanium-alloy screws. The OMX
device used custom splint, cutting and drilling guides with the condylar-
ramus prosthesis secured with titanium-alloy screws. An abdominal fat
graft was placed around the neck of the condyle to prevent heterotopic
bone formation. Intermaxillary fixation was released, and occlusion and
function checked before closure in layers. All patients underwent a
minimum of 6 weeks of jaw physiotherapy commencing 7-10 days
following surgery.

2.3. Statistical analysis

All data was recorded on a Microsoft Excel spreadsheet and statis-
tically analysed with SPSS software V.20 (SPSS Inc., Chicago, IL, USA).
QoL survey results were grouped into positive vs negative outcomes and
examined using a paired t-test for statistical significance. The functional
measurement data was statistically examined using a paired t-test to
compare pre- and post-operative data to look for statistical significance
with p values < 0.05 taken to be statistically significant.

3. Results

A total of 36 Biomet stock and 60 OMX custom patients were iden-
tified who matched the inclusion criteria. 26 Biomet and 40 OMX pa-
tients returned their TMJ-S-QoL questionnaires. The Biomet group
consisted of 24 unilateral and 2 bilateral cases, and the OMX group with
30 unilateral and 10 bilateral cases. There was no difference between
unilateral vs bilateral joint replacement between the two groups (p >
0.05). The OMX cohort was younger (p < 0.01) with the mean age of 56
+ 8.1 yr in the Biomet cohort compared to 45.7 + 14.1 yr in the OMX
cohort. There was no difference between the sexes with a total of 58
females (24 Biomet; 34 OMX) and 8 males (2 Biomet; 6 OMX)
completing their questionnaires. There was no difference in previous
TMJ surgery history between the groups with 42.3% Biomet having
previous operations compared to 35% OMX (p > 0.05). From the TMJ-S-
QoL questionnaire, patients reported largely positive outcomes
(Table 1).

Functional improvement was measured with maximum interincisal
mouth opening. Post-surgery, 65% (N = 26) of patients in the OMX
cohort compared to 42.3% (N = 11) of the Biomet cohort, had

Table 1
Summary of patient demographics and functional outcomes.
Biomet OMX P-Value

Cohort Size, n (%) 26 (39) 40 (61)

Demographics:

Age (years), mean (SD) 56 (8.1) 45.7 (14.1) < 0.01
Sex: female, n (%) 24 (92) 34 (85) >0.05

Pre-Operative:

Previous TMJ Surgery, n (%) >0.05
Nil 15 (57.7) 26 (65)
Arthrocentesis/Arthroscopy 5(19.2) 8 (20)

Discectomy 4 (15.4) 5(12.5)
Arthroplasty 1(3.8) 1(2.5)
Costochondral Rib graft 1(3.8) 0(0)

MMO (mm), mean (SD) 34.3 (7.1) 32.6 (7.9) >0.3

Joint Replacement:

Bilateral, n (%) 2(7.7) 10 (25) >0.05
Unilateral, n (%) 24 (92.3) 30 (75) >0.05

Post-Operative (2 year):

A MMO (mm), mean (SD) 2.9 (8.6) 8.2(7.2) < 0.01
MMO improvement: n (%)

> 5 mm 11 (42.3) 26 (65) < 0.04
0-5 mm 10 (38.4) 13 (32.5)

<0 mm 5(19.2) 1(2.5)

Abbreviations: SD, standard deviation; MMO, maximal mouth opening; A MMO,
change in maximal mouth opening.
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significant improvements > 5 mm in mouth opening. A decline in mouth
opening was reported in 2.5% (N = 1) of the OMX cohort compared to
19.2% (N = 5) in the Biomet cohort. The mean mouth opening
improvement in the OMX cohort was 8.2 &+ 7.2 mm compared to 2.9 +
8.6 mm in the Biomet cohort. Patients who had undergone surgery with
the OMX custom prosthesis had significantly better functional
improvement in mouth opening (p < 0.04) (Table 1).

The majority in both cohorts reported to be pain free at their 2 year
review post-surgery with 57.6% (N = 15) in the Biomet cohort and
57.5% (N = 23) in the OMX cohort. The OMX cohort reported having
better diet outcomes (p < 0.01) with 95% (N = 39) compared to 38.4%
(N = 10) in the Biomet cohort having no to mild limitations with diet
and chewing. Overall 44 of the 66 patients reported to have normal
speech (16 Biomet; 28 OMX) (Table 2).

50 of the 66 patients reported no limitation in their ability to engage
in recreational activities at follow-up. 53.8% (N = 14) of the Biomet
cohort compared to 90% (N = 36) of the OMX cohort reported having no
limitations in their recreational activities (p < 0.01). When asked if their
mood was impacted by their TMJ, 60 of the 66 patients reported that
their mood was improved or not impacted (22 or 84.6% Biomet; 38 or
95% OMX). Both cohorts reported improvements in their anxiety about
their TMJ post surgery (19 or 73.1% Biomet; 29 or 72.5% OMX)
(Table 2).

Overall, majority of the cohort with 59 of the 66 patients reported an
improvement in their QoL compared to before surgery (22 or 84.6%
Biomet; 37 or 92.5% OMX) with no statistically significant difference
between the two groups (p > 0.4) (Table 2). Interestingly, all patients (N
= 66) would recommend TMJ TJR surgery with 40.9% (N = 27) rec-
ommending surgery as the primary treatment (Fig. 4).

4. Discussion

This study evaluates the long-term quality of life outcomes following
alloplastic TMJ TJR surgery and compares Biomet stock with OMX
custom replacement systems. The Biomet prosthesis has been used
successfully for over two decades and is one of the most widely used TMJ
prosthetic replacement systems [6]. The OMX prosthesis is a new gen-
eration medical device which takes advantage of new technologies and
digital platforms. It is a print to order TJR system which was developed
in Melbourne, Australia and was first implanted in May 2015. Custom
devices have the advantage of eliminating the need for measuring and
sizing the prosthesis with a template during surgery and may reduce the
procedure time.

Prosthetic replacement of the TMJ is most commonly indicated as a
result of Category V end-stage TMJ disease [3]. Patients often present
with pain, limited mouth opening, and restricted diet. Therefore, these
same factors are used as the markers of success of TMJ TJR [13]. Other
factors such as mood, anxiety and ability to engage in recreational ac-
tivities are also incorporated into TMJ-S-QoL.

With follow-up at one and five years after TMJ TJR surgery, Side-
bottom et al. [14,15] showed improvements in pain, mouth opening and
diet. Similarly, a two-year prospective study of 68 patients treated with

Table 2
TMJ-S-QoL questionnaire outcomes comparing Biomet stock and OMX custom
systems.

Outcome Measure: Patients reporting improvement, n (%)

Biomet OMX P-Value
Pain 15 (57.7) 23 (57.5) >0.4
Diet 10 (38.5) 38 (95) < 0.01
Speech 16 (61.5) 28 (70) >0.4
Recreation 14 (53.8) 36 (90) < 0.01
Mood 22 (84.6) 38 (95) >0.2
Anxiety 19 (73) 29 (72.5) >0.4
QoL post-surgery 22 (84.6) 37 (92.5) >0.4
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Recommendation of Surgery

OMX (N=40)

Biomet (N = 26)

0 2 4 6

M Recommend as last resort
B Recommended as primary treatment

10 12 14 16 18 20

M Recommended if conservative measures fail

Fig. 4. Survey results of if patients would recommend TMJ surgery for a friend with a similar problem.

Biomet stock prosthesis by Gonzales-Perez et al. [16] had consistent
positive results. These two studies did not measure the impact that
surgery had on the patient’s QoL.

The TMJ surgery specific quality-of-life (TMJ-S-QoL) survey used in
this study was first proposed by Dimitroulis et al., in 2010 [11]. This
survey was based on the University of Washington QoL questionnaire
that was used for head and neck oncology patients [17] and modified to
suit TMJ patients who underwent joint surgery. The TMJ-S-QoL ques-
tionnaire has been subsequently validated and used in other TMJ sur-
gery studies [10,12,18].

Elledge et al. [19] published a larger series of 252 patients 12 months
after TMJ TJR. To assess the QoL of their patients, they used an amal-
gamation of three QoL questionnaires that had been previously vali-
dated for use in oral rehabilitation of oral cancer. Although not using a
TMJ specific QoL survey, this study also showed improvements in pain,
diet and overall quality of life.

Gupta et al. [20] showed in a one-year prospective study of the
Concepts custom TMJ device significant improvement in pain, anxiety,
mood, diet and ability to chew in 36 patients. They used a modified short
form 36 questionnaire similar to the one used in this study to capture
TMJ related QoL data. Alakailly et al. [18] used the same TMJ-S-QoL
questionnaire which was used in this study on 18 patients treated with
either Concepts custom or Biomet stock devices. They found significant
improvement in pain, chewing, anxiety, activity and mood. Their study
did not compare results between the custom and stock prosthesis groups.

The use of these TMJ-related QoL surveys reinforce the validation of
the Dimitroulis survey used in this study [11]. These studies show that
regardless of the type of prosthesis used, recipients of TMJ TJR surgery
demonstrate significant improvements in QoL outcomes. The findings of
this study are consistent with previous studies, demonstrating that both
stock (Biomet) and custom (OMX) cohorts derived significant benefit
from their TMJ TJR surgery, with patients reporting improvement to
their quality-of-life post-surgery.

When comparing the Biomet stock prosthesis to the newer OMX
custom prosthesis a statistically significant benefit was seen in the OMX
cohort with regards to improvement in mouth opening, diet, chewing
and ability to participate in recreational activities. The improved func-
tional mouth opening in the OMX cohort (65%; N = 26; p < 0.04) may
be related to why there are higher rates of OMX patients (95%; N = 39)
reporting no to mild limitations with diet (p < 0.01). A greater mean
mouth opening improvement in the OMX cohort of 8.3 + 4.2 mm (p <
0.04) may contribute to their ability and comfort to bite and masticate
their meals.

The OMX custom cohort also reported a statistically significantly (p
< 0.01) higher rate of patients who had no limitations on their ability to
participate in recreational activities. This may be attributed to the
younger mean age in the OMX cohort (mean age 45.7 vs 56 yr; p < 0.01),
allowing them to better engage in recreational activities.

Limitations of this study must be taken into consideration. As the
OMX prostheses were implanted more recently, improvement in surgeon
experience and ability may affect the outcomes. This was a single sur-
geon, single location study; patient satisfaction outcomes may be biased
as there was a continuing patient-surgeon relationship. There are also
many factors which affect patient perception of TMJ TJR surgery and its
impact on QoL, which can make QoL a difficult marker to assess.

The TMJ-S-QoL is a validated post-surgical questionnaire; currently
there is no validated pre-surgical QoL questionnaire available. The re-
sults of this study are based on patient reported responses. The in-
dividual’s responses are subjective and are influenced by multiple
aspects such as their personality traits and current attitudes. Patient
behaviour and feelings related to QoL can change with time and expe-
rience which make QoL challenging to assess.

5. Conclusion

Although custom joints have become more widely available, our
study demonstrated that both cohorts derived significant benefit from
their TMJ TJR surgery, with 84.6% (N = 22) of the Biomet stock cohort
and 92.5% (N = 37) of the OMX custom cohort reporting improvement
to their quality-of-life post-surgery. The OMX cohort did report superior
benefits over the Biomet prosthesis in some areas such as functional
mouth opening, diet and recreational activities; however, further larger,
independent, multicentre studies into the QoL of recipients of these
newer custom TMJ prosthesis are required. The results of this study
show that patients largely show improved quality of life outcomes
following TMJ TJR surgery regardless of whether the prosthesis is stock
or custom.
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