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A B S T R A C T

Reconstruction of mandibular discontinuity defects remains a challenge for maxillofacial surgeons. Despite
vascularized free flaps representing the current gold standard for managing such defects, the search contin-
ues for other less morbid yet predictable interventions. This study aimed at reviving the idea of alloplastic
mandibular endoprosthesis as a treatment modality for reconstruction of segmental mandibular defects fol-
lowing eradication of benign tumors.

To reconstruct their segmental mandibular defects, this case series compiled seven patients who received
patient-specific titanium implant (PSI) with osseointegrated components and were designed to receive a
restoration for dental rehabilitation. The recruited patient population was followed-up for a period of 3–5
years. Three of the seven PSIs failed due to extensive intraoral mucosal dehiscence or persistent extraoral
fistulae. Patients with the 4 surviving PSIs enjoyed good results in terms of occlusion, masticatory function,
mouth opening as well as pleasing facial esthetics.

The described technique represents a viable less morbid alternative to the standard bone grafting tech-
niques for mandibular reconstruction in carefully selected patients. Further studies are needed to modify the
PSI design and surface treatment for better outcomes.

© 2020.

1. Introduction

Although endoprostheses, where one or more parts projected into
the medullary bone, have been successfully used in orthopedics for
several years now, their use in maxillofacial surgery applications is
still under research.

Among the first attempts were those by Lee et al. who used a mod-
ular endoprosthesis to reconstruct segmental mandibular body defects
in makaka monkeys (Lee et al., 2009). The same group then applied
modular endoprostheses for reconstruction of ramus/condyle defects
in the same species (Goh et al., 2009). One of the main problems they
faced was loosening of the fixation screw due to the cyclic loading
forces. Their design was later modified by coating the modular part
with hydroxyapatite (Chanchareonsook et al., 2014).

Although not particularly an endoprosthesis, finite element analy-
sis was implemented to analyze areas of high stresses in a broken re-
construction plate and design another custom-made plate for a med-
ically compromised patient who was not a candidate for other kinds
of surgeries (Li et al., 2014). The same concept of finite element
analysis was used to design another patient-specific endoprosthesis,
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yet with integrated dental implants, and study its mechanical behavior
under various masticatory forces (Pinheiro and Alves, 2015).

With the increasing use of additive manufacturing (AM) tech-
niques in the medical fields, patient specific implants (PSIs) have be-
come more popular. Several reports exist on PSIs for midface and
orbital reconstruction. However, PSIs for mandibular reconstruction
were not as popular and most efforts were directed towards fabricat-
ing customized reconstruction plates (Cornelius et al., 2015) or pa-
tient-specific scaffolds for bone grafting (Kontio, 2014). To the best of
our knowledge, the first report of a PSI for mandibular reconstruction
dates back to 1997 when Eufinger et al. reported on the use of milled
titanium devices to reconstruct segmental mandibular defects follow-
ing resection in cancer patients (Eufinger et al., 1997). It was not until
14 years later that a report emerged on the first full jaw replacement
using a titanium mandible (Poukens, 2011).

In later years, more case reports emerged on the use of titanium
PSIs for reconstruction of mandibular discontinuity defects in the form
of rigid plate-like designs (Fernandes et al., 2016) or in the form of
hollow bodies into which bone grafts could be added and dental im-
plants incorporated (Rachmiel et al., 2017; Qassemyar et al., 2017).
Vingesh et al. reported on seven patients where titanium PSIs with in-
tegrated implant-like studs and condylar prostheses were successfully
used to reconstruct patients following disarticulation defects. These
devices articulated against custom-made glenoid fossa components as
well (Vingesh et al., 2019).

https://doi.org/10.1016/j.jcms.2020.06.006
1010-5182/ © 2020.
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This study aimed at reviving the idea of endoprostheses, albeit with
a patient-specific modified design, as a choice of minimal morbidity
for mandibular reconstruction of segmental defects following eradica-
tion of benign tumors.

2. Case series

Patients diagnosed with having mandibular benign tumors that re-
quired segmental mandibular resection were selected for this study.
The different available treatment modalities were discussed with the
patients and informed consents were obtained from those who agreed
to take part in this study. The proposed treatment plan included tu-
mor resection and immediate reconstruction of the mandibular discon-
tinuity defect using a custom-made titanium patient-specific implant
(PSI). Seven patients were included in total.

A CT scan with slice thickness and spacing of 0.6 mm and with
a gantry tilt of zero degrees was ordered for each patient. DICOM
files were imported into surgical simulation software, virtual planning
was performed by calculating a 3D model of the mandible, completion
of virtual osteotomies and mirror imaging of the opposite tumor-free
side (Figs. 1 and 2).fig. 1

For designing the patient specific implants, the alveolar processes
of the mirror-imaged segments were cut off to reduce their height
and the bodies of these segments were meshed out to decrease the
weight and allow for possible fibrous integration. The bodies of these
devices were then provided with studs projecting into the space of
prospective restorations as well as arms for fixation to the remaining
mandibular stumps (Fig. 3) figure 2. These arms were provided with im-
plant-like projections, a minimum of 3 mm apart, that passed bicorti-
cally through the mandible in a bucco-lingual direction, aiming at os-
seointegration of the device to the remaining bony stumps (Fig. 4) figure

Fig. 1.

Fig. 2.

Fig. 3.

Fig. 4.

3. For cases where disarticulation was planned, the condylar process of
the PSI was resized to be 25% smaller than normal.

Cutting guides were also virtually designed to guide the resection
margins as well as to serve as drilling guides for the implant-like pro-
jections.

The PSIs were fabricated using additive Electron Beam Melting
(EBM) technology from Ti6Al4V ELI Titanium alloy Powder of par-
ticle size 45–100 μm (Fig. 5)figure 4. They were then sandblasted using
silica particles (250 μm), and chemically treated by immersing the
device in sulfuric acid (H2SO4) for 2 days and in hydrochloric acid
(HCL) for 1 day. Where a prosthetic condyle was part of the device,
care was taken to smooth the articulating surfaces to a mirror finish.
They were then cleaned in an ultrasonic device with ethanol and fi-
nally sterilized using gamma-radiation.

Fig. 5.
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Access to the tumor-affected mandible was gained through a com-
bined extraoral/intraoral approach. Resection margins were completed
using a reciprocating saw blade while the ostoetomies for the im-
plant-like projections were completed under guidance of a
tube-in-tube sleeve system and dental implant drills to one diameter
larger than the respective diameter of the implant-like projections (Fig.

6). figure 5
The PSIs were then inserted and slightly malleted to facilitate

full insertion of the implant-like projections into their respective os-
teotomy sites. They were then fixed to the distal and/or proximal
mandibular stumps using at least three 2.4 mm bicortical screws in
each fixation arm (Fig. 7) figure 6. These screws aimed at achieving ade-
quate stability of the devices until the hoped for ossteointegration of
the device could be attained.

Intraoral closure was then carried out around the projecting studs in
a double-layered fashion using a combination of interrupted and hori-
zontal mattress sutures. The tissues were also suspended onto the PSIs
before closure to minimize the potential for sagging. Extraoral closure
was finally completed in multiple layers.

Patients were maintained on IV antibiotics and analgesics for 2
days followed by the oral forms for 8 more days, mouthwash started
the day after surgery, and they were discharged from the hospital on
the second postoperative day. Elastic traction was applied immedi-
ately postoperatively and maintained for 10 days to counteract the
weight of the devices and minimize condylar sagging. Patients were
recalled for follow ups on the first, second and third postoperative
weeks and then on a monthly basis unless any complications arose.

Fig. 6.

Fig. 7.

They were examined clinically for facial swelling and symmetry,
maximal incisal opening (MIO), occlusion and temporomandibular
disorders. They were maintained on a semi-liquid diet for the first 10
days followed by a soft/normal diet thereafter.

Radiographic follow-up included digital panoramic radiographs
immediately and at 3 months postoperatively (Fig. 8) fig 7. A CT scan us-
ing the same previous protocol was carried out at 6 months postopera-
tively.

Impressions were taken for the patients and highly polished acrylic
resin prostheses were fabricated for them and cemented to the project-
ing intraoral studs. The prostheses were regularly removed, and the
underlying tissues checked for any complications (Figs. 9–12figs 8-12).

Fig. 8.

Fig. 9.

Fig. 10.
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Fig. 11.

Fig. 12.

A total of 7 patients were included in this study, 4 males and
3 females aged between 20 and 35 years. Demographic data of the
included patients can be found in Table 1. The patients were fol-
lowed-up for a period of 3–5 years.

The implants weighed from 55 to 95 g with an average weight of
60 g. Osteotomy templates had perfect fits in all cases that enabled ac-
curate and precise guidance of the saw blades and accordingly resulted
in intimate contact between the device body and bone resection mar-
gins. The templates also allowed accurate placement of the osteotomy
sites for the implant-like projections; however, some difficulties were
encountered concerning the path of insertion of the device especially
in bounded cases.

Postoperatively, all patients experienced facial edema that sub-
sided after 2–3 weeks, after which they enjoyed a pleasingly sym-
metrical contour. A visual analog scale below depicts the degree of
satisfaction of the patients regarding the improvement of their facial
contours after the surgery. None of the patients reported any signs or
symptoms of temporomandibular disorders along the whole follow-up
period except for patient no. 2 who experienced mild ipsilateral joint
pain at maximum opening. Their maximal incisal openings ranged
from 32 to 46 mm with an average of 40 mm.

Wound healing was uneventful in 4 of the 7 patients. Patients num-
ber 4 and 5 experienced intraoral wound dehiscence and breakdown
that started within the first 3 weeks after the surgery. The areas of tis-
sue breakdown reached a maximum of 2–6 cm then remained stable
thereafter. Despite no evident gross infection in these two patients, the
exposed implants were very difficult to keep clean and these patients
had their PSIs removed at later time points. For patient 7, a chronic
extraoral fistula appeared at the region of the mandibular angle 2 years
after the surgery. An attempt at surgically excising the fistula and de-
bridement was undertaken, yet the fistula recurred and persisted, and
the PSI had to be eventually taken out at x years of follow up.

3. Discussion

Attempts to use modular endoprostheses for mandibular recon-
struction faced many problems that can be traced back to two main
factors: the scarcity of soft tissue coverage and the concept of “modu-
larity” where screws connecting different parts of a prosthesis can ex-
perience loosening under cyclic loading.

The fact that any metallic device was only separated from the oral
cavity by a single layer of mucosa was the main reason behind the re-
ported dehiscence. This was particularly true in our case series where
all cases that experienced wound breakdown were those bounded
cases especially that crossed over the midline. This area suffers par

Table 1

Patient Sex Age Pathology of the Lesion Affected Area
Size of the
Defect (cm) Complications

Follow-up
(years)

1 Male 20 Cystic ameloblastoma type
III

5 Uneventful healing 5

2 Male 35 Follicular ameloblastoma 4.5 Uneventful healing 5

3 Female 21 Cystic ameloblastoma type
III

5.5 Uneventful healing 4

4 Female 26 Recurrent Odontogenic
keratocyst

6.5 cm Intra-oral dehiscence 3

5 Female 30 Follicular
Ameloblastoma

12.5 Intra-oral dehiscence 3

6 Male 23 Odontogenic Myxoma 7 Uneventful healing 5

7 Male 28 Follicular ameloblastoma 6.5 Extra-oral Fistula 4
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ticularly thin mucosal coverage and high pull due to the attached mus-
cles. More posterior defects benefited from a thicker tissue bed partic-
ularly because of the masseter and medial pterygoid muscles as well
as less downward muscle pull.

Comparing our results to others (Vingesh et al., 2019; Qassemyar
et al., 2017), our higher failure rate could be attributed to the rough
surface texture of the proposed PSIs that might have increased the de-
hiscence incidence. Modifying the surface roughness or surface coat-
ing with a biocompatible material may have minimized such a com-
plication. However, it can also be argued that both studies reported on
mandibular body/ramus defects with much shorter follow-up periods.

It is to be mentioned that the intraosseus components of the failed
PSIs that were surgically removed enjoyed a great degree of osseoin-
tegration and were extremely difficult to take out. However, it can still
be argued that with all our failures being in bounded cases, that this
type of defect has a particular loading pattern that urges a better un-
derstanding of its biomechanics.

Whereas PSIs have gained popularity for midface reconstructions,
however, their behavior under cyclic loading in the mandible is not
well studied. In non-load bearing areas screw fixation might be
enough for the job but in order to sustain the high masticatory forces
it was thought that it would be beneficial if these devices could have
osseointegration or biointegration potential. The same idea was imple-
mented by others in makaka monkeys (Chanchareonsook et al., 2014)
and later by Hirota et al. in rabbits (Hirota et al., 2016).

Contrary to other authors (Vingesh et al., 2019) who used a gle-
noid fossa component against the mandibular PSIs, our protocol in-
volved direct articulation between the titanium condyle of the PSI and
the bony glenoid fossa in disarticulation cases. Our acceptable clinical
outcomes over a long follow-up period, in terms of MIO and TMD,
were similar to those reported by Tarsitano et al. (Tarsitano et al.,
2015, 2017) who used patient-specific titanium reconstruction plates
with a condylar head in combination with fibula free flaps.

4. Conclusion

It can be concluded that the proposed design of mandibular pa-
tient-specific implants can be a viable option for reconstruction of dis-
continuity defects in carefully selected patients, such as those suffer-
ing from general diseases or when complex reconstruction is taken
into account. Further modifications of the surface texture or bio-coat-
ing of the PSIs can improve their long-term outcome.

Funding

This research did not receive any specific grant from funding agen-
cies in the public, commercial, or not-for-profit sectors.

Declaration of Competing Interest

No conflict of interest declared.

References

Chanchareonsook, N., Tideman, H., Lee, S., Hollister, S.J., Flanagan, C., Jansen, J.A.,
2014. Mandibular reconstruction with a bioactive-coated cementless Ti6Al4V
modular endoprosthesis in Macaca fascicularis. Int J Oral Maxillofac Surg 43,
758–768.

Cornelius, C.P., Smolka, W., Giessler, G.A., Wilde, F., Probst, F.A., 2015. Patient-spe-
cific reconstruction plates are the missing link in computer-assisted mandibular re-
construction: a showcase for technical description. J Craniomaxillofac Surg 43,
624–629.

Eufinger, H., Wehmöller, M., Machtens, E., 1997. Individual prostheses and resection
templates for mandibular resection and reconstruction. Br J Oral Maxillofac Surg
35, 413–418.

Fernandes, N., van den Heever, J., Hoek, K., Booysen, G., 2016. Customized recon-
struction of an extensive mandibular defect: a clinical report. J Prosthet Dent 116,
928–931.

Goh, B.T., Lee, S., Tideman, H., Stoelinga, P.J., 2009. Replacement of the condyle and
ascending ramus by a modular endoprosthesis in Macaca fascicularis--part 1: a
clinical and radiographic study. J Oral Maxillofac Surg 67, 1392–1400.

Hirota, M., Shima, T., Sato, I., Ozawa, T., Iwai, T., Ametani, A., et al., 2016. Develop-
ment of a biointegrated mandibular reconstruction device consisting of bone com-
patible titanium fiber mesh scaffold. Biomaterials 75, 223–236.

Kontio, R., 2014. Update on mandibular reconstruction: computer-aided design, imag-
ing, stem cells and future applications. Curr Opin Otolaryngol Head Neck Surg 22,
307–315.

Lee, S., Goh, B.T., Tideman, H., Stoelinga, P.J., Jansen, J.A., 2009. Modular endo-
prosthesis for mandibular body reconstruction: a clinical, micro-CT and histologic
evaluation in eight Macaca fascicularis. Int J Oral Maxillofac Surg 38, 40–47.

Li, P., Shen, L., Li, J., Liang, R., Tian, W., Tang, W., 2014. Optimal design of an indi-
vidual endoprosthesis for the reconstruction of extensive mandibular defects with
finite element analysis. J Craniomaxillofac Surg 42, 73–78.

Pinheiro, M., Alves, J.L., 2015. The feasibility of a custom-made endoprosthesis in
mandibular reconstruction: implant design and finite element analysis. J Cran-
iomaxillofac Surg 43, 2116–2128.

Poukens, 2011. https://www.xilloc.com/patients/stories/total-mandibular-implant/.
Qassemyar, Q., Assouly, N., Temam, S., Kolb, F., 2017. Use of a three-dimensional

custom-made porous titanium prosthesis for mandibular body reconstruction. Int J
Oral Maxillofac Surg 46, 1248–1251.

Rachmiel, A., Shilo, D., Blanc, O., Emodi, O., 2017. Reconstruction of complex
mandibular defects using integrated dental custom-made titanium implants. Br J
Oral Maxillofac Surg 55, 425–427.

Tarsitano, A., Del Corso, G., Ciocca, L., Scotti, R., Marchetti, C., 2015. Mandibular
reconstructions using computer-aided design/computer-aided manufacturing: a
systematic review of a defect-based reconstructive algorithm. J Craniomaxillofac
Surg 43, 1785–1791.

Tarsitano, A., Battaglia, S., Ramieri, V., Cascone, P., Ciocca, L., Scotti, R., et al.,
2017. Short-term outcomes of mandibular reconstruction in oncological patients
using a CAD/CAM prosthesis including a condyle supporting a fibular free flap.
J Craniomaxillofac Surg 45, 330–337.

Vingesh, U., Mehrotra, D., Howlader, D., Singh, P.K., Gupta, S., 2019. Patient specific
three-dimensional implant for reconstruction of complex mandibular defect.
J Craniofac Surg 30, e308–e311.


	
	


