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Abstract 

Introduction  Resection of the mandible and temporomandibular joint (TMJ) without formal reconstruction is a 
devastating condition that negatively affects all aspects of the patient’s life. We have approached the reconstruction 
of mandibular defects that include the condyle with simultaneous reconstruction with a vascularized free fibular 
flap (FFF) using Surgical Design and Simulation (SDS) and alloplastic TMJ prosthesis. The objective of this study is to 
report the functional and quality of life (QOL) outcomes in a cohort of patients that had undergone our reconstructive 
protocol.

Methods  This was a prospective case series of adult patients that underwent mandibular reconstruction with FFF 
and alloplastic TMJ prosthesis at the our center. Pre-operative and post-operative maximum inter-incisal opening 
(MIO) measurements were collected, and patients completed a QOL questionnaire (EORTC QLQ—H&N35) during 
those perioperative visits.

Results  Six patients were included in the study. The median patient age was 53 years. Heat map analysis of the QOL 
questionnaire revealed that patients reported a positive clinically significant change in the domains of pain, teeth, 
mouth opening, dry mouth, sticky saliva, and senses (relative change of 2.0, 3.3, 3.3, 2.0, 2.0, and 1.0 respectively). 
There were no negative clinically significant changes. There was a median perioperative MIO increase of 15.0 mm, and 
this was statistically significant (p  =  0.027).

Conclusions  This study highlights the complexities involved in mandibular reconstruction with involvement of the 
TMJ. Based on our findings, patients can obtain an acceptable QOL and good function following simultaneous recon-
struction with FFF employing SDS and an alloplastic TMJ prosthesis.
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Graphical Abstract

Introduction
Resection of the mandible and temporomandibular 
joint (TMJ) without formal reconstruction is a devas-
tating condition that negatively affects all aspects of the 
patient’s life. Many reconstructive techniques have been 
developed to address these complex defects with an 
overarching purpose of restoring function, cosmesis and 
quality of life in this patient population [1]. The main 
principles of these reconstructive protocols include the 
maintenance of the jaw continuity, maintenance of joint 
alignment and integrity, restoration of occlusion, and 
recreation of the facial contour.

The standard of care of modern mandibular recon-
struction are free tissue transfer techniques. These pro-
cedures have a proven record of restoring function and 
significantly improving the patients’ cosmetic outcomes 
[1, 2]. The reconstruction of the temporomandibular 

joint (TMJ), however, continues to be one of the most dif-
ficult and complicated reconstructive challenges [3]. The 
options range from no TMJ reconstruction, plating of the 
condyle on the flap bone, fabrication and attachment of 
the free flap reconstruction to the remnant joint capsule 
or disc (Fig. 1), to prosthetic joint replacement (Figs. 2, 3, 
4) [4].

Free flap reconstructive protocols for the mandible have 
been refined over the years, and presently the osteocuta-
neous fibula free flap (FFF) is considered one of the best 
options for mandibular reconstruction [4–7]. The FFF yields 
the least amount of resorption and is more stable in the long 
term in comparison to the iliac crest free flap (ICFF) and 
the scapula free flap (SFF) [6]. The contouring of the fibula 
allows for a three-dimensional reconstruction of the man-
dible, providing up to 26 cm of bone serving as a scaffold 
for the placement of dental implants if necessary [4]. When 
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the mandibular resection includes the condyle, reconstruc-
tive techniques of plating the condyle on the flap bone, fab-
ricating the fibular bone and attaching it to the remnant 
joint capsule and disc have the major disadvantage of degen-
eration and ankylosis secondary to heterotopic ossification 
[8–14]. This unfortunate complication can lead to loss of 
function and a severely hypomobile mandible [15–18].

We have approached the reconstruction of man-
dibular defects that include the condyle by employ-
ing simultaneous reconstruction with a vascularized 
FFF using Surgical Design and Simulation (SDS) and 
alloplastic TMJ prosthesis. The goal of TMJ total joint 
replacement surgery was to restore the patients to 

full function and maintain their quality of life (QOL). 
There are currently two FDA-approved alloplastic TMJ 
total joint replacement systems available in the USA: 
the stock Total Mandibular Joint Replacement System 
by Zimmer Biomet® (Warsaw, IN) and the custom fit 
TMJ Concepts® TMJ Reconstruction Prosthesis System 
(Ventura, CA) [19]. TMJ Concepts® was recently pur-
chased by Stryker® and the two have essentially become 
one company.

According to the American Association of Oral and 
Maxillofacial Surgeons (AAOMS), indications for TMJ 
replacement surgery include failure of satisfactory out-
comes following repeated operations on the TMJ, per-
sistent functionally limiting symptoms despite attempted 

Fig. 1  Fibula free flap reconstruction with contouring of the distal 
end to allow for the fibula to fit passively into the glenoid fossa with 
anchoring to the remnant joint capsule or disc

Fig. 2  The fibula and fossa reconstructed was secured to the residual 
mandible with a Synthes 2 mm plate. Once this was completed, an 
additional 3 or 4 screws were placed to hold the fossa prosthesis in 
place

Fig. 3  Stock alloplastic TMJ prosthetic joint replacement plated to 
FFF. L-shaped reconstruction of the mandible with the fibula was 
fashioned. The condylar prosthesis was adapted to the fibula and 
secured in place, and a narrow 45 or 50 mm stock Biomet prosthesis 
was normally used

Fig. 4  Reconstructive construct of the fibula and the alloplastic joint 
is anchored in place with the masseter muscle and parotid fascia 
reattachment to the FFF. Plating of the FFF to native mandible is also 
seen
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conservative therapies, TMJ destruction due to connec-
tive tissue, autoimmune, inflammatory, infective, or reac-
tive diseases, TMJ ankylosis, failed reconstruction with 
autogenous grafts, and neoplasia [20].

There are several case reports describing outcomes of 
simultaneous FFF with alloplastic TMJ prosthesis [21, 
22], but the literature is lacking a long-term series of 
fibular free flap and alloplastic joint replacement in the 
reconstruction of large mandibular defects that assess 
the patients functional and quality of life outcomes. The 
objective of this study is to report the functional and 
QOL outcomes on a cohort of patients that had under-
gone FFF with SDS and an alloplastic TMJ prosthesis 
employing the stock Biomet® joint.

Materials and methods
Study design
This was a prospective case series of adult patients who 
underwent resection of the mandible with condylectomy 
and mandibular reconstruction with FFF and stock allo-
plastic TMJ prosthesis between August 2004 and Decem-
ber 2022. Ethics approval was obtained under number 
Pro00087350. Surgical teams from the Division of Oral 
and Maxillofacial Surgery and the Division of Otolaryngol-
ogy—Head and Neck Surgery at the University of Alberta 
were involved in all aspects of patient management. The 
manuscript was prepared according to the appropriate 
EQUATOR guidelines. We have read the Helsinki Declara-
tion and have followed the guidelines in this investigation.

All adult patients who underwent mandible recon-
struction with FFF and alloplastic TMJ prosthesis at 
the University of Alberta were assessed. We included 
patients that:

(1)	 Underwent simultaneous reconstruction with a FFF 
and an alloplastic stock Biomet® TMJ prosthesis.

(2)	 Had been followed in the interdisciplinary Head 
and Neck Surgery Functional Assessment Labora-
tory (HNSFAL) at the Institute for Reconstructive 
Sciences (iRSM).

Surgical technique
For all jaw reconstructions, preoperative planning 
was undertaken with an SDS methodology. This tech-
nique involves utilization of a pre-operative high reso-
lution helical computed tomography (CT) scan of the 
facial bones with subsequent CT scan of the fibular flap 
donor site based on a previously developed protocol at 
our center [23, 24]. The CT images were converted into 
three-dimensional renderings which were then analyzed 
virtually and used to develop the surgical plan. Digitally 
designed and additive manufactured surgical drilling and 

cutting guides were fashioned from the virtual models 
and translated to a physical model which could be steri-
lized and used intraoperatively.

TMJ preparation
Fossa was recontoured with rotary instruments such as 
a mastoid bur or custom rasp to allow for passive seating 
of the fossa prostheses. Once this aspect was completed, 
a fossa prosthesis was adapted and secured in place with 
a two fossa screws. An additional 3 or 4 screws were then 
placed to hold the fossa prosthesis in place (Fig. 2).

TMJ reconstruction
An L-shaped reconstruction of the mandible with 
the fibula was fashioned. The condylar prosthesis was 
adapted to the fibula and secured in place, and a narrow 
45 or 50 mm stock Biomet prosthesis was normally used 
(Fig. 3). In one instance, the prosthesis itself was used to 
secure to horizontal component of the FFF to its verti-
cal component. Following completion of TMJ and fibula 
placement, the construct was held in place with the reat-
tachment of the masseter muscle and parotid gland fascia 
to the FFF. When these structures were deficient, tensor 
fascia was harvested and attached to the zygoma supe-
riorly and onto the bone of the fibula inferiorly. These 
maneuvers ensured that the condyle was well anchored 
in the fossa. (Fig. 4).

Objective measures
Each patient underwent pre-operative and post-opera-
tive assessments. Maximum inter-incisal opening (MIO) 
measurements were collected at each appointment.

Subjective measures
The EORTC QLQ—H&N35 questionnaire [25–28] was 
completed by patients during their assessments. Quality 
of life (QOL) domains that patients perceive as the most 
affected following surgery were identified. Measured on 
a scale from 0 to 100, a lower score corresponds with a 
subjective improvement in the patient’s QOL while a 
higher score indicates an unfavourable outcome.

Statical analysis
Statistical analysis was performed using IBM SPSS 25 
(Armonk, NY). We calculated descriptive statistics and 
compared pre-operative and post-operative maximal 
inter-incisal opening results using non-parametric test-
ing (Wilcoxon signed-rank test.) A p-value of < 0.05 was 
considered statistically significant. Several methods exist 
that are used to report the MCID [29–31]. A systematic 
review by Michaelsen et  al. reviewing quality of life in 
head and neck cancer patients concluded that the most 
studies accepted a 10% change of the maximal score as 
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corresponding to the MCID [31], which is also supported 
elsewhere in the literature [32–35]. Thus, this same prin-
ciple was adopted for the purposes of this study. Further, 
we have incorporated the same heat map analysis uti-
lized in their systematic review where “clinically impor-
tant differences" are presented in intervals of 10% of the 
maximal instrument score. For each domain, the relative 
QOL difference was calculated as the absolute difference 
between the QOL score at follow-up and the reference 
score, divided by the MCID. We refer to differences in 
QOL constituting 10–19.9% of the maximal instrument 
score as minimal (ratio 1.00–1.99), 20–29.9% differences 
as moderate (ratio 2.00–2.99), and ≥ 30% differences as 
large clinically important differences (ratio ≥ 3.00). For 
ease  of interpretation, ratios that designate improve-
ments in function have been assigned positive values, 
whereas negative values designate deteriorations [32].

Table 1  Patient demographics, pathology, and complications

Number of subjects 6

Female 3 50.0%)

Male 3 (50.0%)

Age (years; range) 53; 33–85

Pathology

Benign 6 (100.0%)

TMJ erosion 1 (16.7%)

Ameloblastoma 2 (33.3%)

Osteoblastoma 1 (16.7%)

Osteomyelitis 1 (16.7%)

Osteoradionecrosis 1 (16.7%)

Complications

Major (infection, successfully treated with IV antibiotics) 1 (16.7%)

Minor (displacement of the prosthetic head from the glenoid 
fossa, successfully reduced)

1 (16.7%)

Table 2  Perioperative median EORTC QLQ-H&N-35 scores, calculated MCID, and heat map analysis

∤ Minimal clinically important difference equals 10% of maximal instrument score

⨎ Heat map: for each domain, the relative QOL difference was calculated as the absolute difference between quality-of-life score preoperatively and quality of life 
score postoperatively, divided by the MCID. Our study refers to differences in quality of life constituting 10 to 19.9% of the maximal instrument score as minimal (ratio 
1.00–1.99), 20 to 29.9% differences as moderate ratio (2.00–2.99), and ≥ 30% differences as large clinically important differences (ratio ≥ 3.00. To ease interpretation, 
ratios that designate improvements in function have been assigned positive values whereas negative values designate deterioration. Adapted from Michaelsen et al. 
Clinically important. [31]

Value Preoperative Postoperative Temporal QOL 
Change/MCID∤

Median score Median score Relative 
change⨎

Pain 36.7 16.7 2.0→

Swallow 31.7 35.0 −0.3⥈

Teeth 60.0 26.7 3.3⟹

Mouth opening 80.0 46.7 3.3⟹

Dry mouth 80.0 60.0 2.0→

Sticky saliva 40.0 20.0 2.0→

Senses 26.7 16.7 1.0⇢

Coughing 26.7 33.3 −0.7⥈

Felt Ill 26.7 26.7 0.0⥈

Speech 35.6 40.0 −0.4⥈

Social eating 53.3 50.0 0.3⥈

Contact 33.3 28.0 0.5⥈

Sexuality 33.3 37.5 −0.4⥈

Pain killers 20.0 26.7 −0.7⥈

Nutritional supplementation 20.0 20.0 0.0⥈

Feeding tube 6.7 0.0 0.7⥈

Weight loss 20.0 26.7 −0.7⥈

Weight gain 0.0 0.0 0.0⥈

Heat map spectrum

⟸  ←  ⇠ ⥈ ⇢  →  ⟹
≤ −3 −2 −1 0 1 2 ≥ 3

Negative clinically significant change (deterioation in function) No clinically significant 
change

Positive clinically significant change (improvement 
in function)
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Results
Six patients were included in the study. (3 females 
(50.0%), 3 males (50.0%)). The median patient age was 
53  years. Five patients completed the EORTC QLQ—
H&N35 questionnaire preoperatively and were included 
in the final quality of life calculations. The median follow-
up time was 14.38 years (range 4.03–17.43 years). Review 
of complications identified one major and one minor 
complication, with no implant losses overall. Complete 
patient demographics are listed in Table 1.

Quality of life outcomes were assessed preoperatively 
and postoperatively using the EORTC QLQ-H&N-35 
questionnaire. A heat map analysis revealed that patients 
reported a positive clinically significant change in the 
domains pain, teeth, mouth opening, dry mouth, sticky 
saliva, and senses (relative change of 2.0, 3.3, 3.3, 2.0, 
2.0, and 1.0 respectively). There were no negative clini-
cally significant changes. No patients required a feeding 
tube postoperatively. Results are highlighted in Table  2. 
MIO was recorded perioperatively for all patients. The 
preoperative median MIO was 15.5 mm while the post-
operative median MIO was 30.5 mm, yielding a median 
increase of 15.0 mm, and this was statistically significant 
(p = 0.027) (Table 3).

Discussion
This study is the largest reported single-center cohort 
of patients undergoing  simultaneous mandibular recon-
struction with FFF employing SDS and an alloplastic 
TMJ prosthesis. The present findings demonstrate that 
patients with mandibular defects that include the con-
dyle can be effectively reconstructed. Our patient cohort 
achieved a statistically significant improvement in their 
jaw opening. The patients also had clinically significant 
improvement in their quality of life as demonstrated by 
the EORTC QLQ-H&N-35 questionnaire. The heat map 
analysis revealed that patients had positive clinically 
significant change in the domains  of pain, teeth, mouth 
opening, dry mouth, sticky saliva, and senses with no 
negative clinically significant changes. Improvements in 
the teeth and mouth opening domains may be attributa-
ble directly to the improved jaw opening postoperatively, 
allowing the patient to utilize their teeth more effec-
tively. Decreased pain post-operatively is likely due to the 

removal of benign, function limiting pathologies whereas 
improved dry mouth symptoms are likely related to the 
increased oral intake.

There are a variety of possible complications related to 
TMJ joint reconstruction with alloplastic materials in the 
setting of concurrent mandible reconstruction. Reported 
complications in joint reconstruction procedures include 
chronic pain, joint instability, and trismus as well as 
decreased interincisal opening secondary to radiotherapy 
and the extent of resection [15, 36]. Further, alloplastic 
TMJ prosthesis cases are associated with increased sen-
sitivity or allergy to metals, implant failure, malocclusion 
and infections [37, 38]. When free flap mandibular recon-
structive surgery is performed in addition joint recon-
struction, this can expose the patient to further risks such 
as significant bleeding, osteomyelitis, bony non-union, 
tissue  resorption, heterotropic bone formation and air-
way obstruction, with these patients typically undergoing 
a prophylactic tracheostomy to prevent the latter [39, 40]. 
Fortunately, there were only two reported complications 
within the cohort: one major (joint infection requiring IV 
antibiotic therapy, which subsequently resolved) and one 
minor (displacement of the prosthetic head from the gle-
noid fossa, successfully reduced).

Several methods of TMJ reconstruction following 
mandible and condyle resection have been described, 
each with varying results. Contouring the distal end of 
the FFF to allow for the fibula to fit passively into the 
glenoid fossa (Fig.  1) is one solution well described 
in the literature. Wax et  al. assessed 17 patients who 
underwent FFF reconstruction of the TMJ and con-
cluded that microvascular fibular flaps are an adequate 
method to reconstruct the TMJ, with most patients 
returning to normal function [15]. However, their study 
was retrospective with a shorter follow up period than 
our cohort. Further, their method involves suturing the 
fibular into the glenoid fossa, which may result in the 
rare, but devastating complications of ankylosis and 
lack of translation of the neocondyle due to decreased 
joint mobility and scar formation in the longer term 
[41]. Garcia-Gonzales et  al. who assessed six patients 
who underwent mandibular resection involving the 
condyle with FFF reconstruction. The authors con-
cluded that positioning the fibula flap directly into the 
glenoid fossa constitutes a reliable method for condylar 
reconstruction, but similarly warned of complications 
such as ankylosis 4. Additional outcomes measures that 
could be collected include swallowing with return to 
the level of oral intake similar to before the procedure, 
facial symmetry and intelligible speech, although there 
is variability in what is reported between centers [39, 
40].

Table 3  Perioperative maximal inter-incisal opening values

Preoperative Postoperative Median 
difference

p

Maximal inter-
incisal opening 
(mm)

15.5 30.5 15 0.027
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Reconstruction of mandibular defects is a complicated 
task for the surgical team. Furthermore, when there is 
involvement of the mandibular condyle, the difficulty 
of the reconstruction increases dramatically. The use of 
fibular free flaps in conjunction with alloplastic tempo-
romandibular joint prostheses is relatively novel and 
requires a great deal of surgical planning and technical 
expertise to garner continued success. Thus, an expe-
rienced team joining  Oral and Maxillofacial surgeons 
with reconstructive surgeons offers the patient the best 
chance for a functional reconstruction. Our findings are 
in keeping with previous work of TMJ total joint replace-
ment surgery where alloplastic TMJ replacement systems 
have demonstrated safety and efficacy in the treatment 
of end-stage TMJ disease. These studies show signifi-
cant improvement in quality of life, mandibular range of 
motion, function and speech while decreasing pain and 
dietary restrictions [42–44].

The use of FFF employing SDS and an alloplastic TMJ 
prosthesis results in similar functional outcomes and 
may avoid the common pitfalls associated with the other 
reconstructive methods, such as ankylosis, misposition-
ing, or instability. Our patient cohort maintained good 
long-term mandibular range of motion over a median 
follow-up of 36 months. While we recognize that it can 
be difficult to draw concrete conclusions from a small 
cohort, this study may help to guide the TMJ surgeon 
when counseling patients on what can be expected with 
this type of reconstruction and assist them with making 
an informed treatment decision.

Conclusion
In conclusion, this study highlights the complexities 
involved in mandibular reconstruction with involvement 
of the TMJ. Based on our findings, patients can obtain 
an acceptable QOL and good function following simul-
taneous reconstruction with FFF employing SDS and an 
alloplastic TMJ prosthesis. Future study may include the 
implementation of custom digitally planned TMJ pros-
thetics in conjunction with an SDS planned FFF.
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