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With the evolution of temporomandibular (TMJ) prosthetic total joint replacement, there has been much
debate around the advantages of custom over stock prostheses. The aim of this study is to compare the
clinical outcomes of a TMJ stock prosthesis (Zimmer-Biomet) to a custom prosthesis (OMX).

Clinical data from 139 prosthetic joints placed in 117 patients was retrospectively collected and
analysed. All patients were diagnosed with end-stage joint osteoarthritis and were treated by a single
surgeon. Minimum follow up was 2 years post-surgery.

The cohort was divided into 2 groups, 60 stock prosthetic joints in 54 patients and 79 custom
prosthetic joints in 63 patients. This comprised of 110 males and 7 females. The average age at the time of
surgery was 53.4yr ± 12.7yr. There was no statistical difference in pre-operative MIO and pain scores
between the two groups. Post-operatively, patients fitted with a custom prosthesis showed statistically
significant (P ¼ 0.013) improvement in Maximum Interincisal Opening (MIO) (þ6.33 mm vs þ2.53 mm)
and fewer complications. Following surgery, no difference noted in pain scores and patient satisfaction
between the two groups.

In experienced hands, both stock and custom TMJ implants work well. However, the added advan-
tages of custom prostheses together with growing access to digital technology is likely to result in
custom devices dominating the market in TMJ total joint replacement systems.

© 2022 European Association for Cranio-Maxillo-Facial Surgery. Published by Elsevier Ltd. All rights
reserved.
1. Introduction

Alloplastic replacement of the temporomandibular joint (TMJ)
has cemented its place in the armamentarium of Oral & Maxillo-
facial (OMF) surgeons. It is an area of surgery that continues to grow
and expand leading to a rise in the number of joint devices being
implanted (Onoriobe et al., 2016). As more OMF surgeons are
trained in the art and science of TMJ surgery, the question about the
use of stock, custom, or patient fitted devices in advanced degen-
erative joint disease is a topic of discussion. In this study, a stock
device is defined as an off-the-shelf product which is mass pro-
duced and comes in various generic sizes with the best fit deter-
mined at the time of surgery. Patient-fitted refers to those devices
that are pre-measured prior to surgery but still require bone
resection to make them fit. Custom devices are those that are
specifically manufactured to the patient's unique anatomy and are
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perfectly fit the patient without the need for any bone surgery,
other than condylectomy for implantation (Wolford and Mehra,
2000).

The Zimmer-Biomet (ZB) TMJ prosthesis has seen popularity
amongst Oral & Maxillofacial Surgeons (OMF) around the globe. It
is a stock device that has demonstrated good outcomes over the last
2 decades (Leandro et al., 2013). Currently, there is limited research
that directly compares different types of prostheses. Furthermore,
in recent years, there are more custom TMJ prostheses being
released on the market, improving access and adding diversity to
the custom joints available for OMF surgeons (Zou et al., 2018a).
Consequently, further research comparing stock and custom pros-
thetic joints is warranted. This will further guide surgeons to best
practice.

In 2016, a fully custom, 3D printed OMX TMJ prosthesis entered
the Australian market after gaining approval for human use by the
Australian Therapeutic Goods Administration (TGA). This followed
4 years of pre-clinical testing at the University of Melbourne
(Ackland et al., 2017). The aim of this study is to directly compare
Elsevier Ltd. All rights reserved.
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Table 1
Highlights patient demographics, disease characteristics and operative details of
individuals treated with the OMX or Zimmer-Biomet TMJ prosthesis.

Custom (OMX) Stock (ZB)

Patient Characteristics N ¼ 63 N ¼ 54

Gender
Female 58 52
Male 5 2

Duration of Symptoms
>1 year 54 44
>5 years 26 26
>10 years 18 20

Median duration of symptoms 4yrs ± 7.67 4yrs ± 6.80
Previous surgical treatment
Yes 23 31
No 40 23

Age at time of surgery 48.87yr ± 13.86 54.15yrs ± 10.55
Locality of Symptoms
Left 40 38
Right 42 29
Bilateral 21

Locality of TMJ prosthesis
Unilateral 47 48
Bilateral 16 6

Number of joint replacements 79 60
Complications
Yes 24 28
Paraesthesia 9 9
Weakness (CN7) 13 20
Abdominal Haematoma 2 1
Infection e 1
Malocclusion 1 e

No 39 26
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the clinical outcomes of the stock ZB TMJ prosthesis with the
custom OMX TMJ prosthesis implanted in patients with a uniform
diagnosis (ie. TMJ Osteoarthritis) by a single surgeon.

2. Materials and methods

This was a retrospective study that compared the clinical out-
comes of 2 different TMJ prosthetic devices, one stock (ZB) and the
other custom (OMX) in patients with category 5 end-stage joint
disease specifically confined to cases of TMJ osteoarthritis that
failed to respond to other conservative and surgical measures
(Dimitroulis, 2013). The prostheses were implanted between 2008
and 2018 at a single centre. Ethics approval was obtained from the
St Vincent's Hospital Research Committee (LRR240/20) and no
funding was provided for the study.

A secure electronic database of all the patient hospital records
was used as the basis for collecting and collating the data that was
done independently by the first author (SK). Individuals who un-
derwent TMJ prosthetic joint replacement with either the stock ZB
or customOMX devices were identified. Patient demographics, pre-
operative and post-operative details were gathered and clinical
results including, but not limited to, maximum interincisal opening
(MIO), visual analogue scale (VAS) for pain (0e10 scale) and sur-
gical complications were recorded. Inclusion criteria included;
operated on by single surgeon, a primary diagnosis of TMJ osteo-
arthritis, adults >20yr of age, and minimum follow up of 2 years.
Exclusion criteria included; non-osteoarthritis related aetiology
such as ankylosis, condylar hyperplasia/resorption, tumours,
Rheumatoid and other inflammatory arthropathy, follow up less
than 2 years and incomplete data sets.

Using IBM SPSS Statistics for Windows, Version 23.0, data was
analysed with paired and non-paired T-tests. ANOVA analysis was
performed to investigate any correlation between covariates, VAS
and MIO outcomes. Values of p < 0.05 were deemed as statistically
significant.

3. Results

One-hundred and seventeen individuals met the inclusion
criteria for this study. Fifty-four patients were fitted with a stock
Zimmer-Biomet prosthesis and 79 with custom OMX prosthesis.
The cohort comprised of 110 females and 7 males. The mean age at
the time of surgery was 53.4yr ± 12.7yr. Statistical comparison
noted a significant difference in age between the two groups (ZB
e54.2yr ± 10.6yr; OMX e 48.9yr ± 13.9yr, p ¼ 0.025). 57.4% of the
ZB cohort underwent prior surgical treatment compared to 36.5% in
the OMX cohort (P ¼ 0.027). There were no other significant de-
mographic differences between the cohorts.

A total of 139 joints were replaced. This included 60 stock
prostheses (ZB) and 79 custom TMJ prostheses (OMX). Majority
(n¼ 95, 81%) of the cohort underwent unilateral joint replacement.
The stock (ZB) cohort demonstrated an 83% decrease in VAS for
pain at the time of the first post-operative review (from 6.3 ± 2.2 to
1.1 ± 1.4, P < 0.001 at 6 weeks). After a median follow up of 5.2yr
(95% CI 4.73e5.62yr), mean VAS pain scores continued to decrease
to 1.0 ± 2.0 (P < 0.001). The custom (OMX) prosthesis demonstrated
similar results with a decrease in VAS pain scores by 84% at the
initial 6 week review (from 6.2 ± 2.0 to 1.0 ± 2.3, p < 0.001). A final
VAS pain score of 0.6 ± 1.0 (P < 0.001) was demonstrated after a
median follow up of 2.95yrs (95% CI, 2.53e3.58). No statistical
difference was observed in the reduction of the VAS pain scores
(P ¼ 0.527) between the two groups. Post-operatively, the MIO of
the implanted stock (ZB) at the initial 6 week review decreased by
2.32 mm (p ¼ 0.162). In contrast, the MIO of the custom (OMX)
joints increased by 0.95 mm (p ¼ 0.00.325) at the 6 week timeline.
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At the time of last follow-up, both stock (ZB) and custom (OMX)
patients showed significant improvement in MIO by an average of
2.5 mm (P ¼ 0.037) and 6.33 mm (P¼<0.001) respectively. ANOVA
comparison between the two systems demonstrated that patients
who received a custom prosthesis had significantly greater MIO
improvements (p ¼ 0.013, Table 4).

Surgical complications following device implantation were
present in 44% of patients (Table 1). The most common complica-
tion was facial nerve weakness (n ¼ 33, 28%) followed by paraes-
thesia (n ¼ 18, 15%). The majority of these either resolved or
improved by the time of the last follow up (Table 3). Five patients
developed complications which were not neurological in origin.
Three patients developed abdominal haematomas at their adipose
graft donor sites. Two of these were treated conservatively whilst
one required surgical drainage. One patient required removal of
their prosthesis (ZB) secondary to ongoing infections. This was in a
patient suffering from significant psychiatric relapses, resulting in
scratching and disruption of the of the pre-auricular wound. Post-
operative malocclusion was noted in one patient. This involved an
anterior open bite secondary to dental interference of a super-
erupted lower wisdom tooth which resolved following extraction.
The presence of complications had no significant impact on VAS
and MIO outcomes within both cohorts (Table 2). There was also no
difference in overall complication rates between the two groups
(Table 4).

Co-variants were analysed using ANOVA to determine if there
was an impact on post-operative VAS and MIO values (Table 3).
Amongst the stock (ZB) group, the presence of symptoms for
greater than five years resulted in less VAS improvements
(P¼ 0.016). There was however, no impact on MIO results. No other
covariates had any significant impact on results.
ClinicalKey.com.au by Elsevier on October 04, 2022. 
 Copyright ©2022. Elsevier Inc. All rights reserved.



Table 2
Paired T-test analysis comparing the mean pre-operative, 1st follow up and final Visual Analogue pain and Maximal Incisor Opening scores amongst the OMX and ZB cohorts.

Visual Analogue Scale (0-10)

CUSTOM (OMX) STOCK (ZB)

Mean SD P-value Mean SD P-value

Pre-operative 6.22 2.03 6.28 2.17
1st follow up Median: 12w (CI 95%, 1-25w) 1.04 2.30 <0.001 Median: 6w (CI 95%, 5.5e6.5w) 1.1 1.43 <0.001
Last follow up Median: 2.95yrs (CI 95%, 2.54e3.58yrs) 0.60 1.00 <0.001 Median: 5.2yrs (CI 95%, 4.73e5.62yrs) 0.96 1.98 <0.001

Maximal Incisor Opening (mm)
CUSTOM (OMX) STOCK (ZB)

Mean SD P-value Mean SD P-value

Pre-operative 31.58 6.88 32.11 7.28
1st follow up Median: 12w (CI 95%, 1-25w) 33.06 5.62 0.325 Median: 6w (CI 95%, 5.5e6.5w) 29.26 5.35 0.162
Last follow up Median: 2.95yrs (CI 95%, 2.54e3.58yrs) 38.62 4.98 <0.001 Median: 5.2yrs (CI 95%, 4.73e5.62yrs) 34.48 6.28 0.037

Table 3
Analysis of the impact of covariates on VAS and MIO outcomes through homogeneity and ANOVA statistics representation as P-Values. Abbreviations: VAS, Visual Analogue
Scale; MIO, Maximal Incisor Opening.

Custom (OMX) Stock (ZB)

VAS MIO VAS MIO

Homogeneity ANOVA Homogeneity ANOVA Homogeneity ANOVA Homogeneity ANOVA

1yr duration 0.102 0.706 0.122 0.197 0.646 0.347 0.225 0.645
5yr duration 0.079 0.553 0.226 0.715 0.103 0.016 0.023 0.424
10yr duration 0.558 0.593 0.150 0.876 0.078 0.082 0.042 0.405
Prior surgery 0.606 0.706 0.086 0.835 0.937 0.740 0.135 0.156
Cx 0.519 0.421 0.701 0.699 0.957 0.654 0.073 0.951
MIO >35 mm 0.896 0.228 e e 0.761 0.196 e e

VAS >5 e e 0.927 0.169 e e 0.051 0.375

Table 4
Paired T-test analysis comparing pre-operative characteristics and post-operative
outcomes between patients treated with OMX and Zimmer-Biomet prosthesis.

Custom (OMX) Stock (ZB) p-value

Age 48.87yr ± 13.86 54.15yrs ± 10.55 0.025
Gender Female ¼ 58

Male ¼ 5
Female ¼ 52
Male ¼ 2

0.449

Duration of Symptoms 4yrs ± 7.67 4yrs ± 6.79 0.450
Sx > 1yr N ¼ 54 N ¼ 44 0.619
Sx > 5yr N ¼ 26 N ¼ 26 0.463
Sx > 10yr N ¼ 18 N ¼ 20 0.429
Previous surgical therapy N ¼ 23 N ¼ 31 0.027
Pre-operative VAS 6.22 6.28 0.527
Pre-operative MIO 31.58 32.11 0.708
Change in VAS �5.63 �5.33 0.527
Change in MIO þ6.33 mm þ2.53 mm 0.013
Complications N ¼ 24 N ¼ 28 0.142
Paraesthesia N ¼ 9 N ¼ 9 0.800
Weakness N ¼ 13 N ¼ 20 0.064
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4. Discussion

The aim of this study was to evaluate and compare the clinical
outcomes of individuals with TMJ osteoarthritis receiving either a
stock (ZB) or custom (OMX) TMJ prostheses. The TMJ is unlike any
other joint in the human body and over the last four decades much
progress has been made in the design and manufacture of allo-
plastic temporomandibular joints. In recent years, multiple new
TMJ devices are appearing on the market with variable data
(Wolford et al., 2015; Zou et al., 2018b; Mercuri et al., 2007). The
Zimmer-Biomet stock prosthesis utilized in this cohort remains
widely used with good long-term results (9,10). It consists of a
CobalteChromium ramus component, an ultra-high molecular
weight polyethylene (UHMWPE) fossa fixed with titanium screws.
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The custom joint (OMX) utilized in this study is a more recent
product based on a fully digital work flow that was designed,
developed and approved for use in Australia (Dimitroulis et al.,
2018). It consists of a 3D printed medical grade titanium condylar
component and custom designed, CNC-milled UHMWPE fossa
secured with titanium alloy bone screws. Each prosthesis is
designed and manufactured using CAD/CAM technologies based on
DICOM files derived from patient CT Scans. Since its introduction,
the OMX TMJ total joint replacement system has shown promising
outcomes (Elledge et al., 2019).

While the condylar designs of both prosthesis are similar, the
fossa designs are indeed different. The Biomet stock prosthesis
fossa does not have a posterior stop whereas the custom OMX
prosthesis does. Furthermore, the fossa cup of the stock prosthesis
has a prominent anterior wall that may limit anterior condyle
translocation. This is in contrast to the custom fossa which has a
small anterior wall thus permitting greater freedom of anterior
movement. Ultimately, this may explain greater mouth opening
results with the custom prosthesis compared to the stock pros-
thesis (Fig. 3).

This cohort is the largest known study to directly compare stock
and custom prostheses (139 prosthesis in 117 patients). The results
of this study highlighted improvements in VAS and MIO for both
stock (ZB) and custom (OMX) devices following TMJ replacement
(Figs. 1 and 2). The improvement in MIO was statistically better in
the custom (OMX) group, showing a greater increase by 3.8 mm
(p ¼ 0.013). This translated to wider mouth opening
(OMX¼ 38.6mm± 4.9, ZB¼ 34.5mm± 6.3) despite the two groups
showing no statistical significance between their perioperativeMIO
values (OMX ¼ 32.1 mm ± 7.8, ZB ¼ 31.6 mm ± 6.9, p ¼ 0.527).
There were also fewer complications in the custom group, notably
in relation to facial nerve weakness (Table 1). This may be due to
less tension on the facial nerve because no bone removal is required
ClinicalKey.com.au by Elsevier on October 04, 2022. 
 Copyright ©2022. Elsevier Inc. All rights reserved.



Fig. 1. Orthopantomogram demonstrating bilateral temporomandibular prosthesis in situ. A stock Zimmer-Biomet TMJ prosthesis (A) is seen on the left of the image and a custom
OMX TMJ prosthesis (B) is seen on the right of the image. This patient was not included in the dataset.

Fig. 2. Changes in pain scores demonstrated by pre-operative and post-operative Visual Analogue Scale (VAS) values. The custom OMX prosthesis highlighted significant (P < 0.001)
improvement from 6.22 ± 2.03 to 0.60 ± 1.00. The stock Zimmer-Biomet (ZB) highlighted significant (P < 0.001) improvement from 6.28 ± 2.17 to 0.96 ± 1.98.
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for fitting a custom joint. This reduces the operative time and limits
the need for broad exposure thereby reducing the incidence of
facial nerve weakness. Regardless, both groups showed resolution
of their facial nerve (frontal branch) weakness after an average of
7 ± 7.12 months. Furthermore, as screw holes are selectively placed
in custom joints, neuropraxias should be theoretically lower.
Regardless, there wasno significant difference (p¼ 0.718) in rates of
paraesthesia of the inferior alveolar nerve. This may be due to
intermaxillary fixation screws placed in close proximity to the
mental foramen rather than direct screw trauma from the TMJ
devices.

The strengths of this study include the large cohort size (117
patients), minimum follow up of 2 years, a single operator and a
uniform diagnosis of osteoarthritis which helps reduce the
325
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number of confounding factors. Wolford et al. first highlighted
similar benefits of custom over stock TMJ prosthesis (Wolford
et al., 2003). However, this was in a small cohort (Stock ¼ 23,
Custom ¼ 22) with inherent differences in perioperative features
between the groups. For example, the stock group underwent
more prior operations than the custom group (3.9 vs 2.6 respec-
tively). This may ultimately translate to greater tissue distortion
(14). Segment et al. also published a small cohort series (n ¼ 28)
and showed a subjective benefit in patient well-being with
custom compared to stock prosthesis (100% vs 66%), although the
results may suggest an inherent bias in this particular study
(Siegmund et al., 2019). Other studies showed no difference be-
tween TMJ replacement types (Gonzalez-Perez et al., 2016;
Gerbino et al., 2017). Of note, some studies remain difficult to
ClinicalKey.com.au by Elsevier on October 04, 2022. 
 Copyright ©2022. Elsevier Inc. All rights reserved.



Fig. 3. Changes in Maximal Incisor Opening (MIO) measured in “mm” pre and post surgery. Both the stock Zimmer-Biomet (ZB) and custom (OMX) prosthesis showed significant
improvement in MIO by an average of 2.5 mm (P ¼ 0.037) and 6.33 mm (P¼<0.001) respectively.
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interpret, as patients with complex pathology and anatomy were
more likely to receive custom prostheses thus confounding results
when it came to direct comparisons with stock devices (Gerbino
et al., 2017).

Destruction of the TMJ can occur secondary to degenerative or
inflammatory arthritis, trauma, benign or malignant disease (Liu
and Steinkeler, 2013; Durham et al., 2015). Indications for pros-
thetic TMJ replacement include; patients with end-stage joint
disease that have failed conservative management, disease
involving condylar bone loss, restricted mouth opening (<35 mm),
occlusal derangement, loss of ramus height and other quality of life
issues (Sidebottom, 2007; Burgess et al., 2014; Mercuri et al., 2002).
Our report is one of the few studies that focuses on the clinical
outcomes of a single diagnosis of TMJ osteoarthritis in both groups.
This eliminates the confounding variables associated with multiple
disease processes such as inflammatory arthropathy and ankylosis
which would impact results making it impossible to provide a
direct comparison.

Limitations of this study include; the retrospective study design
and the absence of information about operative times between the
two groups. This is another essential piece of evidence that may
demonstrate whether custom devices are in fact easier and quicker
to implant than stock devices. QOL measures were also not
collected as another study awaiting publication has already done so
in relation to these two TMJ replacement systems. There may also
be an inherent difference between patients undertaking unilateral
and bilateral TMJ replacements whichmay impact results. However
due to the limited number of bilateral operations, this is unlikely
and additional data would be required for statistical analysis.
Similarly it is important to highlight that large MIO and VAS im-
provements in a small number of patients can impact final results.
This is demonstrated by the large standard deviations in the Biomet
cohort compared to the OMX cohort. These factors need to be
considered when interpreting results and a larger study population
would limit this.
326
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Both stock and custom TMJ prosthesis have their advantages and
disadvantages (Gonzalez-Perez et al., 2016). This study highlights
some benefits of custom TMJ prostheses (OMX) over stock options
(ZB). Virtual surgical planning (VSP) allows for custom joints to be
implantedwith the utmost accuracy (Sembronio et al., 2019).While
stock devices work well in most cases with normal anatomy
(Abramowicz et al., 2012), in cases where natural anatomy is
significantly distorted, custom made prosthesis can be fabricated
accordingly to give patients the best possible results through close
adaptation. As patient fitted prosthesis are individually made to
size, unlike fully custom devices, they tend to require some bone
removal and trimming to be fitted. However, this study did not
involve patient-fitted joints so no further comments can be made
with respect to these devices.

Traditional advantages of stock devices include lower cost and
immediate availability. With the evolution of 3D printing technol-
ogy and advances in software engineering, custom TMJ prostheses
are becoming cheaper and quicker to produce. For example, in
Australia the OMX prosthesis is equally priced to the stock ZB de-
vice and takes 14 days to manufacture. Although there is still a
significant role for stock joints, particularly in high volume in-
stitutions and developing countries, the increasing availability and
decreasing costs and production timelines of custom joints are
likely to drive growth in the use of custom devices as the preferred
option for alloplastic TMJ replacement. While in experienced
hands, both stock and custom TMJ implants work well, this study
highlights some advantages of the custom (OMX) TMJ prosthesis
when compared to stock (ZB) implants, even though stock devices
still showed good outcomes. In conclusion, further research is
warranted, particularly in the area of health econometrics, that will
help drive decision making between stock and custom medical
devices in the future.
ClinicalKey.com.au by Elsevier on October 04, 2022. 
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