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bstract

e present outcomes following total joint replacement of the temporomandibular joint (TMJ) in adolescent and young adult patients with
uvenile idiopathic arthritis (JIA), and discuss a multidisciplinary treatment model. A retrospective review was performed of patients presenting
o the University of North Carolina Oral and Maxillofacial Surgery Service (Chapel Hill, NC) from 2016- 2018 who underwent unilateral
r bilateral total replacement of the TMJ for a diagnosis of end-stage joint disease secondary to JIA. Inclusion criteria included diagnosis
y a rheumatologist, presentation to our department in adolescence (under 18 years of age), surgical intervention in adolescence or young
dulthood (under 25 years of age), and documentation of preoperative and postoperative pain, maximum incisal opening (MIO), and quality
f life measures. A database was created and data were then analysed both qualitatively and quantitatively. Five patients met the inclusion
riteria. All achieved MIO of more than 35 mm with a mean improvement of 24 mm, and were able to tolerate a regular diet. All preoperative
ain had essentially been eliminated. All patients reported a considerable improvement in quality of life. To our knowledge, this is the first
eport to document a series of paediatric and young adult patients with JIA who required total replacement of the joint for end-stage joint
isease. To our knowledge, it is also the first to describe the use of a collaborative clinic of oral and maxillofacial surgeons, neuroradiologists,

ental radiologists, orofacial pain specialists, paediatric rheumatologists, and paediatric nurse practitioners, to care for these patients.

 2020 The British Association of Oral and Maxillofacial Surgeons. Published by Elsevier Ltd. All rights reserved.
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ntroduction

uvenile idiopathic arthritis (JIA) is a rheumatological dis-
ase that is diagnosed before the age of 16, with 17% -
7% of patients eventually exhibiting some degree of tem-

ormandibular joint (TMJ) disease. Joints in affected patients
ften show progressive bony erosion and loss of joint space,
ith intermittent periods of acute synovitis and/or effusion.
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ventually, they demonstrate obliteration of the articular disc
nd restrictive heterotopic calcification. There is currently a
aucity of studies describing total joint replacement in paedi-
tric JIA patients, with most reports being single case reports
r case series that include patients over the age of 30.1–4

The purpose of this study was to describe our experi-
nce of treating end-stage TMJ disease in paediatric and
oung adult patients with JIA by customised total joint
eplacement, and to report the outcomes of the procedure.

n addition, we have highlighted our integrated treatment
odel, which involves a monthly collaborative clinic with
ultiple disciplines including oral and maxillofacial, and

blished by Elsevier Ltd. All rights reserved.
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aediatric rheumatology providers. All surgeries were per-
ormed using custom joints from the TMJ Concepts system
TMJ Concepts).

atients  and  methods

 retrospective review was performed of patients who
resented to the University of North Carolina Oral and Max-
llofacial Surgery Service (Chapel Hill, NC) from 2016 –
018, and who underwent unilateral or bilateral alloplastic
otal joint replacement for end-stage joint disease secondary
o JIA. Inclusion criteria included diagnosis secured by

 rheumatologist, presentation to our department in ado-
escence (under 18 years of age), surgical intervention in
dolescence or young adulthood (under 25 years of age), as
ell as complete documentation of preoperative and post-
perative pain measured on a visual analogue scale, and
aximum incisal opening (MIO). Exclusion criteria included

o formal diagnosis of JIA, no need for total joint replace-
ent before the age of 25, or incomplete documentation. Five

atients met the inclusion criteria. A database was created
onsisting of each patient’s age at presentation, chief com-
laint, age at surgery, pain, MIO, and subjective quality of
ife at each visit. The data were analysed both qualitatively
nd quantitatively.

The study was approved by the institutional review board
t the University of North Carolina Hospitals (Chapel Hill,
C; IRB number 19-1974).

esults

ase  1

 17-year-old female was referred to our department by her
heumatologist with a diagnosis of polyarticular JIA that had
reviously been treated with methotrexate. She was on no
edications at the time of referral. Her chief complaint was

imited mouth opening, subjective joint “stiffness”, and base-
ine TMJ pain of 2/10 with maximum jaw pain of 7/10 on
unction. Her initial physical examination revealed MIO of
2 mm, mild tenderness of the bilateral TMJ, and bilateral
MJ clicks on opening and closing. Initial magnetic reso-
ance imaging (MRI) revealed small effusions bilaterally.

She underwent multiple triamcinolone/bupivacaine TMJ
njections, jaw physiotherapy, systemic treatment with

ethotrexate, etanercept (later abatacept), and eventually
dalimumab. Her pain continued, MIO deteriorated to 20 mm
ith severely restricted excursive movements of no more

han 1 mm in all directions, and she developed 3-4 mm of
pertognathia. Repeat MRI revealed advanced inflammatory
rthrosis of the bilateral TMJ with evidence of right TMJ

nkylosis (Fig. 1).

She subsequently underwent orthodontic treatment in
ombination with bilateral alloplastic total joint replacement.

A
r

l and Maxillofacial Surgery 59 (2021) 21–27

t the most recent follow up (29 months), she had no pain
nd could tolerate a normal diet. MIO was 48 mm (Fig. 2).

ase  2

 9-year-old female was referred to our department by her
heumatologist with a diagnosis of polyarticular JIA. She
as currently undergoing methotrexate and etanercept ther-

py. Her chief complaint was limited mouth opening, with
aseline TMJ pain of 2/10 and maximum jaw pain of 4/10 on
unction. Her initial physical examination revealed MIO of
8 mm and mild tenderness of the bilateral TMJ. Initial MRI
evealed condylar flattening and erosive changes bilaterally
ith right intrameniscal signal degeneration.
She underwent a single round of triamci-

olone/bupivacaine TMJ injections and continued systemic
reatment with methotrexate and etanercept. Her pain
ontinued and MIO deteriorated to 18 mm. Repeat MRI
evealed no bilateral TMJ translation on opening with appre-
iable right pannus formation and heterotopic ossification.
he subsequently underwent right alloplastic total joint
eplacement. At the most recent follow up (14 months) she
ad no pain on the operated side and could tolerate a normal
iet. MIO was 36 mm.

ase  3

 13-year-old male was referred to our department by his
heumatologist with a diagnosis of oligoarticular JIA that
as being treated with methotrexate. His chief complaint
as limited MIO, subjective joint stiffness, and baseline TMJ
ain (worse in the right than the left) with maximum jaw
ain of 7/10 on function. His initial physical examination
evealed MIO of 55 mm, mild-moderate tenderness to the
ilateral TMJ, and bilateral TMJ clicks on opening. Initial
RI revealed condylar flattening and erosive changes bilat-

rally with synovial thickening that was greater on the right
han on the left.

He underwent a single round of triamci-
olone/bupivacaine TMJ injections, had jaw physiotherapy,
nd continued systemic treatment with methotrexate. His
ain continued and MIO deteriorated to 18 mm with severely
estricted excursive movements of no more than 1 mm in all
irections. A computed tomogram (CT) revealead bilateral
everely reduced joint spaces, as well as pericondylar
ony curtains descending from the skull base to encase the
ondylar heads (Fig. 3).

He subsequently underwent bilateral alloplastic total joint
eplacement and a sliding genioplasty camouflage procedure.
t the most recent follow up (20 months) he had no pain and

ould tolerate a normal diet. MIO was 48 mm (Figs. 4 and 5).

ase  4
 12-year-old female was referred to our department by her
heumatologist with a diagnosis of oligoarticular JIA that
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Fig. 1. Case 1: coronal cuts through the right (upper row) and left (lower row) temporomandibular joints demonstrating significant bilateral pericondylar
heterotopic bone formation and complete bony ankylosis on the right.

Fig. 2. Case 1: preoperative (upper row) and postoperative (lower row) occlusion including perioperative orthodontic treatment.

Fig. 3. Case 3: axial cut through the right and left temporomandibular joints
d
(

w
w
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i

w
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emonstrating appreciable bilateral pericondylar heterotopic bone formation
white arrows).

as being treated with methotrexate. Her chief complaint

as occasional mild to moderate pain in the left TMJ with

ntermittent open lock. She denied baseline TMJ pain. Her
nitial physical examination revealed MIO of 42 mm and

l
2
c

Fig. 4. Case 3: postoperative panoramic radiograph.

as otherwise normal. Initial MRI revealed bilateral ante-
ior disc displacement with moderate effusions, and the left
isc appeared buckled and irregular.

She underwent multiple triamcinolone/bupivicaine TMJ
njections and systemic treatment with methotrexate and

ater etanercept. Her pain continued and MIO deteriorated to
5 mm. MRI and CT revealed complete erosion of the right
ondyle and severe erosion of the left with contact between
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he condyle and glenoid fossa on both sides. Pericondylar
eterotopic ossification could be seen descending from the
kull base to encase the condylar heads.

She subsequently underwent bilateral total joint replace-
ent and a sliding camouflage genioplasty procedure. At the
ost recent follow up (14 months) she had minimal pain and

ould tolerate a normal diet. MIO was 45 mm.

ase  5

 16-year-old female was referred to our department by her
heumatologist with a diagnosis of oligoarticular JIA that was
urrently being treated with methotrexate. Her chief com-
laint was a “grinding” sensation in her TMJ, with baseline
MJ pain of 1/10 and maximum jaw pain of 5/10 on function.
er initial physical examination revealed MIO of 46 mm and
MJ crepitus that was greater in the right than in the left. Ini-

ial MRI revealed severe condylar erosion that was greater in
he right than the left, bilateral synovitis, and bilateral anterior
isc displacement with maceration of the right disc.

She underwent multiple rounds of triamci-
olone/bupivacaine TMJ injections, and had targeted
plint therapy for parafunctional habits. She continued
ystemic treatment with methotrexate and later with lefluno-
ide. Her pain continued and MIO deteriorated to 28 mm
ith severely restricted excursive movements of no more

han 1-3 mm in all directions. Repeat MRI revealed new
eterotopic bone formation surrounding the condylar head
n the left TMJ.

She subsequently underwent bilateral total joint replace-
ent. At the most recent follow up (10 months), she had no

ain and could tolerate a normal diet. MIO was 50 mm.

iscussion

IA is a rheumatological disease that is diagnosed before
he age of 16, and 17% - 87% of these patients eventually
xhibit some degree of TMJ disease.5 In affected patients
hese joints often show progressive bony erosion, loss of joint
pace, intermittent periods of acute synovitis and/or effusion,
nd eventual restrictive heterotopic calcification. Our series
f patients had total joint replacements at a young age.

Practice patterns in the treatment of TMJ disease in the
IA population have varied widely. Guidelines have been put
orth regarding what should be considered the “bare mini-
um” for clinical examination,6 yet we know that clinical

xamination in this group not only often falls short but is fre-
uently misleading.7,8 Controversy remains about whether
ntra-articular corticosteroid injection has a role in early TMJ
nflammatory disease,9,10 although as total joint replacement
ecomes more routine, its predictable result in the manage-

ent of end-stage disease is becoming a near unanimous

tandard. Although guidelines for total replacements have yet
o be created in the United States, they do exist elsewhere.11

w

e

l and Maxillofacial Surgery 59 (2021) 21–27

As a solution to the uncertainty regarding monitoring and
reatment in early-stage JIA, we have developed a collabo-
ative, multidisciplinary clinic model between the following
pecialties at the University of North Carolina – Chapel Hill,
C, and Duke University – Durham, NC: oral and maxillofa-

ial surgery, neuroradiology, dental radiology, orofacial pain,
aediatric rheumatology, and paediatric nurse practitioners.

This monthly clinic model involves a “virtual” morning
linic during which patients’ imaging and progress notes
re reviewed and initial treatment planning is collaboratively
etermined. The “virtual” clinic utilises Health Insur-
nce Portability and Accountability Act (HIPAA)-compliant
oom teleconferencing software to facilitate communication
ith all remote participating clinicians. The morning clinic is

hen followed by a “real-time” afternoon clinic when patients
re seen face-to-face and treatment plans are finalised. This
ocused collaboration amongst specialties has streamlined
ur ability to confidently determine the best treatment options
or individual patients, given that there is no consistent algo-
ithm for the successful treatment of this complex population.
n addition, the opportunity for the patient and their fam-
ly to meet a team of providers, each dedicated to different
spects of their treatment, not only builds the patient’s trust
nd confidence, but expedites therapeutic interventions. In
ummary, this multidisciplinary clinic model, which lies at
he interface of interprofessional collaboration and telehealth,
s cost-effective, time-saving, and provides a consensus view
f the patient’s treatment. It also allows us to better under-
tand the patient’s disease process and the rationale for the
hosen treatment.

What is universally seen in our young patients with end-
tage TMJ disease is a pericondylar curtain of heterotopic
one descending from the skull base to the condylar neck.
lthough this is often appreciated on routine panoramic

maging, the presentation is impressive on 3-dimensional
adiography, and it is well-documented that chronic inflam-
ation is a risk factor for heterotopic bone formation.12 It

s unclear whether this presentation is part of the disease
rocess itself in a subset of JIA patients, but the possi-
ility of intra-articular corticosteroid injection leading to
ntrajoint or perijoint heterotopic bone formation, including
round peripheral extremity joints, has been highlighted in
he rheumatological literature.13,14

Multiple studies have specifically reported on the pres-
nce of heterotopic bone formation in JIA patients who have
ntra-articular corticosteroid injections (IACS), but a cause-
nd-effect relation has never been proven.15,16 More recently,
toll et al retrospectively reviewed their experience with JIA
atients and IACS.17 Their results illustrate the complexity
f the cause-and-effect relation, as they found that the total
umber of these injections and time-to-first injection were
ssociated with an increased risk of heterotopic bone forma-
ion, yet they noted that children with more severe arthritis

ere more likely to receive IACS.
We acknowledge the inherent concerns regarding the

ffects on facial growth and development of surgical inter-
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(lower row) occlusion. The patient refused orthodontic treatment.
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Table 1
Summary of preoperative and postoperative maximum incisal opening
(MIO) and pain scores.

Case No. MIO (mm) Pain

Preoperative Postoperative Preoperative Postoperative

1 20 48 (29 months) 3/10 to 7/10 0/10
2 18 36 (14 months) 2/10 to 4/10 1/10
3 18 48 (20 months) 0/10 to 7/10 0/10
4 25 45 (14 months) 1/10 to 7/10 0/10
5
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Fig. 5. Case 3: preoperative (upper row) and postoperative 

entions that involve alloplastic implants in the paediatric and
oung adult population. Indeed, these same concerns related
o IACS injections have been raised in this group. Tradi-
ionally, neurocranial growth—including the lateral temporal
one, glenoid fossa, and eminence —is considered to be 95%
omplete by approximately 10 years of age. The spheno-
ccipital synchondrosis typically begins to fuse in early
dolescence (12-15 years of age), and at this time maxillary
nd zygomatic growth has also nearly ceased.18 With regards
o growth, there are three questions that we wish to address:

 How does condylectomy affect mandibular growth in the
healthy patient?

 How does condylectomy affect mandibular growth in the
JIA patient?

 How does alloplastic joint replacement compare with cos-
tochondral graft reconstruction?

First, although it is well known that bony TMJ ankylosis in
hildhood can result in restricted mandibular growth, it seems
ess well known that condylectomy does not result in the
essation of growth. Indeed, both animal and human studies
ave shown not only that the condyle can reform, but that
andibular growth can continue (assuming a stable glenoid

ossa relation has been established).19–22 Therefore, at the
ost basic level, the loss of condylar tissue in the growing

atient does not result in the cessation of mandibular growth.
Secondly, the concern as to whether gap arthroplasty

nd alloplastic repair have a negative impact on mandibu-
ar growth is a moot point in the treatment of the JIA patient,
hose disease process is defined by a decelerated, backward-

otating growth pattern.23 In JIA, active TMJ involvement
esulting in end-stage disease—the very indication for joint
eplacement in these patients—is at times defined by a short-
ning of the ramus. It is therefore not the resection or
econstruction, but the untreated disease process, that is detri-
ental to growth.
Thirdly, although in theory, an autogenous reconstructive

ption with the potential for growth (such as a costochon-

ral graft) is appealing, in practice this not only involves

 second surgical site with associated morbidity, but also
given the patient’s underlying inflammatory TMJ arthritis)

p
a
t

 28 50 (10 months) 1/10 to 5/10 0/10

n unpredictable risk of re-ankylosis.24 Mercuri provided
n excellent comparison of alloplastic total joint replace-
ents and costochondral grafts in TMJ reconstruction,25

nd many others have documented the increased risk of re-
nkylosis in inflammatory conditions, as well as the fact that
esired, symmetrical growth is achieved only in the minor-
ty of cases.26–28 We have therefore adopted a thoughtful,
ultidisciplinary team approach that balances the detrimen-

al growth effects of the disease process itself—and possibly
f IACS injections—with that of definitive total replacement.

Our cohort of patients has responded remarkably well
o date (Table 1). Furthermore, all have reported consider-
ble improvements in overall quality of life, particularly with
egards to eating in social situations. Long-term follow up
ill shed light on the stability of these early postoperative

esults, particularly in this relatively young population. Six-
onthly to yearly clinical and radiographic reassessment of
MJ pain, function, and craniofacial growth is being under-

aken for all patients in this cohort until skeletal maturity has
een achieved. Minor alterations in occlusion will be the most
ensitive method of detecting any continued postoperative
rowth.

It should be noted that while preoperative orthodontic
reparation was offered to all of our patients, only one (Case
) opted to proceed. This highlights the severe effects that JIA
ffecting the TMJ can have on quality of life, with pain, lim-
ted MIO, and psychosocial impact being of such concern that

atients often wish to proceed with joint replacements as soon
s possible. In this complex clinical setting, we have found
hat the sliding camouflage augmentation genioplasty proce-
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ure helps total replacement to achieve one of the patient’s
oals - that of an improved facial appearance and profile - as
uickly as possible.

Our outcomes are consistent with recent reports from
ther institutions that use the TMJ Concepts system in non-
IA patients. Sidebottom and Gruber, in their report of 74
atients who had custom joint replacements, showed a mean
mprovement in MIO of 11.3 mm, improvement in pain on a
00-point visual analogue scale (VAS) from 72 to 8, and an
mprovement in tolerated dietary consistency on a 100-point
AS from 38 to 93. They also showed that 96% of patients

eported a better quality of life postoperatively.29 Similarly,
urgess et al reported on 42 patients who received custom

oint replacements, showing a mean MIO improvement of
7.3 mm and a mean improvement in pain of 6.6 on a 10-
oint VAS. They also showed that 90% of patients reported

 better quality of life.30

onclusion

o our knowledge, this is the first report to document a series
f exclusively paediatric and young adult patients with JIA
ho required total replacement of the TMJ for end-stage joint
isease. It is also the first report that describes the use of a
ollaborative clinic between six specialties to care for them.
e believe that the favourable postoperative outcomes we

ave experienced thus far can, in part, be directly attributed
o the investment that our patients feel they have in their
wn care, given the breadth of attention that they receive
reoperatively and postoperatively through this collaborative
linic.
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