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Abstract

Head and neck cancer treatment can severely alter oral function and aesthetics, and
reduce quality of life. The role of maxillofacial prosthodontists in multidisciplinary
treatment of head and neck cancer patients is essential when it comes to oral reha-
bilitation and its planning. This role should preferably start on the day of first intake.
Makxillofacial prosthodontists should be involved in the care pathway to shape and
outline the prosthetic and dental rehabilitation in line with the reconstructive surgi-
cal options. With the progress of three-dimensional technology, the pretreatment in-
sight in overall prognosis and possibilities of surgical and/or prosthetic rehabilitation
has tremendously increased. This increased insight has helped to improve quality of
cancer care. This expert review addresses the involvement of maxillofacial prostho-
dontists in treatment planning, highlighting prosthodontic rehabilitation of head and

neck cancer patients from start to finish.
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1 | INTRODUCTION

Head and neck cancer is the fifth most common cancer worldwide
(Goon et al., 2009). The course of the disease and its treatment have
major effects on psychological well-being and functioning of the pa-
tients (Korfage et al., 2011). The treatment of head and neck cancers
consists of different treatment modalities, typically being surgery,
radiotherapy, chemotherapy or a combination of these modalities.
Besides curing cancer, another important aim is to regain the oral
function and aesthetics that got lost or altered due to the treatment.

Effects of primary oncology surgery can impede rehabilita-
tion goals (Pace-Balzan, Shaw, & Butterworth, 2011). These ef-
fects include an altered oral anatomy, compromised soft tissue
conditions like missing or scarred tissues and bulky flaps, altered

head and neck oncology, maxillofacial prosthodontics, multidisciplinary, oral rehabilitation,

muscle attachments and muscle balance, sensitivity disorders, loss
of lip competence and trismus, loss of anatomical structures, loss of
bony structures and/or teeth, and alterations in facial appearance.
Regaining oral function and aesthetics is a challenge because of
limitations in the restorative treatment options due to, for example,
poor support and lack of space for a prosthesis, impeded resilience
of soft tissues, impaired tongue function, and loss of integrity and
competence of the velopharyngeal complex (Nayar, 2019).

Posterior situated tumours, tumour size, adjuvant radiotherapy
and extensive soft palate and tongue resections have been shown to
be predictors for deterioration of oral functioning (Bohle et al., 2005;
Brown, Rogers, & Lowe, 2006; Vissink, Jansma, Spijkervet, Burlage,
& Coppes., 2003). Studies that looked into the quality of life of head
and neck cancer patients after completion of oncologic treatment
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reported that regaining oral function, including prosthetic rehabil-
itation, is of great importance (Kamstra et al., 2011; Rogers, 2010;
Tang, Rieger, & Wolfaardt., 2008). Therefore, the oncological team is
in need of specially trained, experienced dental professionals, pref-
erably maxillofacial prosthodontists, to support the team with plan-
ning of the oral rehabilitating head and neck patients. This planning
and treatment may include the use of osseo-integrated intra- and
extra-oral implants to retain oral and/or facial prostheses.

As mentioned, to achieve rehabilitation goals, a close and open
collaboration between ablative surgeons, reconstructive surgeons,
radiation oncologists, maxillofacial prosthodontists and medical en-
gineers is of utmost importance to move towards an optimal reha-
bilitation of the head and neck cancer patient. The purpose of this
expert review is to emphasize the role of the maxillofacial prostho-
dontist in the treatment planning and oral rehabilitation of head and
neck cancer patients as well as to discuss challenges and new devel-

opments in the prosthodontic rehabilitation of these patients.

2 | PRETREATMENT SCREENING

Multidisciplinary first-day consultation intents to shorten time be-
tween diagnosis and treatment of oral cancer (van Huizen et al., 2018).
Maxillofacial prosthodontics should be included in the multidiscipli-
nary first-day consultation. This first-day consultation aims to provide
a preliminary plan stating the required diagnostic procedures and

prosthetic involvement (Figure 1) so that treatment can start as soon
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prosthodontist includes a preradiation dental screening (Spijkervet,
Schuurhuis, Stokman, Witjes, & Vissink, 2020), and a pretreatment
dental and oral rehabilitation screening. During this screening, all avail-
able information is gathered with regard to self-care, oral hygiene, den-
tal situation, mouth opening, location of the suspected or confirmed
tumour, presumed need for ablative surgery and/or radiotherapy, es-
timation of retention and bearing of a future (obturator, dental) pros-
thesis, and estimation of the pre-existent level of oral function (Jensen,
Vissink, Limesand, & Reyland, 2019; Spijkervet, Brennan, Peterson,
Witjes, & Vissink, 2019). This information is needed to design the best
prosthetic treatment plan. This plan should be designed taking the pa-
tients’ wishes, the tumour characteristics, extent of acquired resection
for clean margins, possible types of reconstruction, need for (chemo)

radiation, and dental and/or prosthetic possibilities into account.

2.1 | Preradiation dental screening

In case radiotherapy might become involved, head and neck cancer
patients in whom the oral cavity is within the radiation treatment
portal are in need of a thorough dental examination. These patients
have to complete any required dental treatment before the onset of
radiotherapy (Schuurhuis et al., 2011). Preradiation dental screening
aims to locate and eliminate oral foci of infection, such as unrestorable
caries, periodontal disease with pockets 26 mm, periapical problems
and (partially) impacted teeth (for details, see Spijkervet et al., 2020).
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Involvement of the maxillofacial prosthodontist in treatment planning and rehabilitation of head and neck cancer patients

focused on ablative surgery. chemo, chemotherapy; MD, multidisciplinary; MFP, maxillofacial prosthodontics; Post-op, postoperative; RT,
radiotherapy. *Preferably, implants are placed during ablative tumour surgery. When not feasible, implants can also be placed during follow-
up. For details, see Alberga et al. (2020) [Colour figure can be viewed at wileyonlinelibrary.com]
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2.2 | Pretreatment dental and oral
rehabilitation screening

Although at the first-day consultation the extent of the final onco-
logic treatment plan is uncertain, at this stage the maxillofacial pros-
thodontists should already estimate whether patients are in need of
a prosthetic rehabilitation simultaneously with reconstructive sur-
gery or after completion of cancer therapy, and what the patients’
desires are. Implementing the results of pretreatment screening into
the prosthetic workflow ensures that all information is gathered and
all needed care is provided to design a patient specific prosthetic
rehabilitation draft plan. In some cases, prosthetic retentive consid-
erations are critical to achieve successful prosthetic rehabilitation.
The size of the defect and number of critical remaining teeth that
may serve as anchorage for conventional clasp supported removable
partial denture framework challenges the maxillofacial prosthodon-
tists to obtain insight into the intended therapeutic isodosis fields in
relation to the strategic important teeth. This sometimes results in a
well-considered decision to leave teeth which are considered an oral
focus of infection in situ (including a thorough discussion of the risk
on development of osteoradionecrosis).

With regard to the future prosthodontic rehabilitation, an early
decision whether there is a need to place implants is important.
This allows for the preferred prosthodontic rehabilitation of head
and neck patients. For example, choices in planning, positioning and
amount of endosseous oral implants or oncology zygomatic implants
are key factors for retention of the prosthetic construction (Alberga
et al., 2020; Hackett, EI-Wazani, & Butterworth, 2020). Literature
emphasizes the importance of an immediate implant procedure as
it has been shown that placement of mandibular implants in eden-
tulous patients during ablative surgery results in a higher number of
patients with functioning mandibular dentures after completion of
oncologic therapy (Korfage et al., 2011; Mizbah et al., 2013; Wetzels
et al., 2017). Furthermore, an increasing trend is observed to early
complete the prosthodontic rehabilitation for which an immedi-
ate implant procedure is often a prerequisite (Alberga et al., 2020;
Chuka et al., 2017). When implants are placed postradiation, the
anatomical site where the implants are placed seems to effect im-
plant survival, as the implant survival rate is higher in the mandible
than in the maxilla and in grafted bone (Chrcanovic, Albrektsson,
& Wennerberg, 2016; Nooh, 2013). Therefore, implant placement
during ablative surgery is preferred, at least in selected cases (for
details, see Alberga et al., 2020).

When there is a need for per-operative prosthetics, the maxil-
lofacial prosthodontist has to record the actual intra-oral situation
impression taking, intra-oral scanning and/or cone beam computer
tomography (CBCT) imaging all to capture the intra-oral pretreat-
ment situation and occlusal plane for fabrication of a surgical obtura-
tor, surgical guides and models, or an implant-supported prosthesis.
A huge advantage of working with three-dimensional (3D) intra-oral
scanning is the ease to combine the data of the intra-oral situation,
like the position of teeth and occlusion, with (CB)CT and magnetic

resonance imaging (MRI) data of the surrounding tissues in an

augmented model. This 3D virtual model provides more insight into
the implications and complexity of surgical and prosthetic rehabilita-
tion. This insight allows the surgical team to analyse the surgical and
rehabilitation outcome and plan the treatment (Kraeima et al., 2020;
Witjes, Schepers, & Kraeima, 2018). Although intra-oral scan tech-
niques are widely used nowadays, some limitations can occur mostly
due to poor intra-oral access caused by, for example, the tumour,
trismus or pain. In those situations, analogue impressions are the
only feasible option. The produced plaster model can then in a sec-
ond stage be digitalized in order to create the 3D virtual model.
When mutilating extra-oral defects are expected as a result of
ablative surgery, extra-oral dimensions have to be recorded as well
as to prepare for future extra-oral prostheses. Although analogue
workflows still meet the quality standards of prosthetic care, digital
technology has demonstrated ease and utility in design and construc-
tion workflows in prosthodontics (Davis, 2010). The prosthodontic
documentation can be completed by taking clinical photographs. In
this way, skin, prosthetic and facial characteristics are captured and
aid with communication between the head and neck team. With all
gathered information, a prosthetic draft plan can be worked out in
preparation of the necessary input of maxillofacial prosthodontists

in choice of rehabilitation treatment.

3 | MULTIDISCIPLINARY APPROACH

In the past, prosthodontic rehabilitation in the oncological treat-
ment path was a stand-alone final procedure after completion of
oncological therapy. Nowadays, planning of surgical reconstruction
starting with occlusion of teeth also safeguards a proper dental re-
habilitation. This approach supports a thorough adjustment of the
surgical and prosthetic planning and treatment before the oncologic
treatment is started (Seikaly et al., 2019; Witjes et al., 2018). In a
reconstruction meeting, the head and neck team can go through the
available options of surgical, prosthetic or combined reconstruction.
The input of maxillofacial prosthodontists in such a reconstruction
meeting guards the feasibility from a prosthetic point of view, guided
by a prosthetic draft plan, and includes the eventual need for implant
placement. With the introduction of 3D planning and computer-
aided design (CAD) assistance, preoperative virtual augmented mod-
els provided by medical engineers at these meetings are a great asset
to the surgical team and support shared decision-making regarding
favourable reconstruction option after oncology treatment.

3.1 | Virtual planning

Once the final oncological treatment plan is agreed upon, having ac-
cess to a preoperative virtual surgical planning (VSP) can be of impor-
tance for the surgical team (Kraeima et al., 2020). Three-dimensional
planning enables a high accuracy of guided resection surgery and pros-
thetic-driven reconstruction planning (Kraeima et al., 2018; Tarsitano

et al, 2017). Besides a reliable intended outcome, the concept of
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FIGURE 2 Patient diagnosed with
squamous cell carcinoma of the tongue
after hemiglossectomy and radial forearm
free flap reconstruction. (a) Preoperative
image of tumour (b) Intra-oral view

after ablative surgery and postoperative
radiotherapy. Bar suprastructure with
distal extensions fixed on two endosseous
implants (c, d) Implant-supported
prosthesis with patient-specific design to
optimize tongue function during speech
and mastication. (e) Orthopantomogram
2 years after reconstructive surgery
showing good integration of endosseous
implants

backwards planning from occlusion maximizes the chances of complet-
ing oral rehabilitation of the patient. A 3D VSP can be very precisely
executed, with the use of 3D printed guides creating the possibility
of completing a full ablative and reconstructive plan in one surgery
(Seikaly et al., 2019; Witjes et al., 2018). However, soft tissues are not
very reliably reproduced yet by digital techniques. This is still an uncer-
tain factor to be taken into account when it comes to planning pros-
thetic treatment. The risk of losing prosthetic retention options due
to compromised soft tissues means critically assessing choices such as
preservation of a functional dental arch (shortened), planning a fixed or
removable prosthesis, and indication of per-operative insertion of en-
dosseous oral implants or oncology zygomatic implants. Tools to better

reproduce soft tissues are in development.

4 | REHABILITATION OF MANDIBULAR
DEFECTS

Smaller head and neck tumours can require resection of soft tissue

only and can surgically be managed by primary closure. To overcome
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possible absence of vestibule or compromised neutral zone, provi-
sion of individualized adapted prostheses is required. With such an
approach, oral function might reach a near normal level after abla-
tive surgery and prosthetic rehabilitation (Tang et al., 2008).

Advanced tumours can result in large defects, requiring surgical
reconstruction (Vaughan, Bainton, & Martin, 1992). The resulting al-
tered anatomy can be unfavourable because of flap positioning and
presence of scar tissue. Such unfavourable conditions may impair
the ability to speak, masticate and swallow. Loss of sensibility, a shal-
low or absent buccal vestibule, radiation-induced hyposalivation and
trismus may further compromise oral function. Advanced tumour
surgery requiring bone resection may further compromise oral func-
tion due to loss of the continuity of the mandible, loss of teeth and
severe deformities. Most of all, an impaired mobility of the tongue
challenges the fabrication of a functional mandibular resection pros-
thesis as it compromises stability of this prosthesis during speech
and mastication (Petrovic et al., 2019).

Many of the aforementioned problems can, at least in part, be
reduced by the use of endosseous oral implants to retain pros-

theses (Figure 2). These implants contribute to stabilization of
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prostheses and reduce loading of the compromised soft tissues
and underlying bone (Schoen, Reintsema, Raghoebar, Vissink, &
Roodenburg, 2004). In many patients, an almost normal mastica-
tory function can be achieved with a rehabilitation of the recon-
structed side with implant-supported removable partial dental
prostheses or implant-retained mandibular overdentures (Kumar
& Srinivasan, 2018). Maximization of dental rehabilitation sig-
nificantly improves oral functioning, oral diet achievements and
oral health related quality of life (Kansara et al., 2019; Korfage
et al.,, 2011). Several authors reported that a relatively low per-
centage of reconstructed patients complete prosthetic reha-
bilitation (Barber, Butterworth, & Rogers, 2011). Causes of not
completing the prosthetic treatment after implant placement are
vertical discrepancy between the graft and the remaining man-
dible, which leads to an unfavourable implant-crown ratio, poor
quality of soft tissues (hypertrophy often appears after the place-
ment of the abutments) and the type of the prosthesis (fixed or
removable; Anne-Gaelle, Samuel, Julie, Renaud, & Pierre, 2011).
As implant placement during primary reconstruction shortens the
interval between surgery and dental rehabilitation, the number
of orally rehabilitated patients will increase (Alberga et al., 2020;
Urken et al., 1989).

5 | REHABILITATION OF MAXILLARY
DEFECTS

Management of maxillary, midface and skull-base tumours is chal-
lenging and complex when it comes to ablative surgery with a need

for oral and facial reconstruction, and oral rehabilitation. Maxillary

FIGURE 3 Patient diagnosed with
mucoepidermoid carcinoma of the maxilla
with prosthetic rehabilitation using a
three dimensional printed obturator
prosthesis based on a three dimensional
virtual surgical planning workflow.

(a) Tumour visualization based on CT

and magnetic resonance imaging data
fusion related to position of digitalized
conventional prosthesis. (b) Virtual design
of surgical obturator. (c) Image showing
preoperative printed surgical obturator.
(d) Digital designed and printed obturator
prosthesis with nearby fit during ablative
surgery [Colour figure can be viewed at
wileyonlinelibrary.com]

resections lead to a variety of oronasal defects, with a diversity of
approaches for restoring oral functioning. Manifold maxillectomy
classification schemes are mentioned in literature, all originating
from the Brown classification published in 2000 (Brown, Rogers,
McNally, & Boyle, 2000). These schemes categorize the range of
maxillary defects by location, extension like the vertical and horizon-
tal components, and biomechanical forces, and provide guidelines
for surgical and prosthetic rehabilitation choices.

5.1 | Restorative decision-making

When tumour resection causes a minor oronasal fistula and primary
closure is not feasible, surgical reconstruction with soft tissue flaps
alone can lead to excellent functional and aesthetic results, as long
as prosthetic retention of teeth replacement is guaranteed. For
larger maxillary defects, the option of prosthetic rehabilitation with
an obturator prosthesis is the standard of care in many institutions
since decades (Aramany, 2001; Desjardins, 1978). This approach in-
cludes maxillary obturators for defects of the hard palate, pharyn-
geal obturators for defects of the soft palate and maxillopharyngeal
obturators for defects that include both structures. However, the
discomfort of wearing, removing and cleaning such a prosthesis, its
poor retention in large defects and the frequent need for readjust-
ments often limit the value of this cost-effective method of restoring
speech and mastication (Andrades, Militsakh, Hanasono, Rieger, &
Rosenthal, 2011).

In case of even larger tumours, the defect size increases and
the remaining dentition and supporting palatal bone will be more

limited. Due to lack of retention and stability of a prosthesis, the


www.wileyonlinelibrary.com

VOSSELMAN ET AL.

FIGURE 4 Jaw reconstruction of
patient diagnosed with ameloblastoma
treated with maxillectomy and
reconstruction with fibular free flap.

(a) The tumour was delineated on the
magnetic resonance imaging using
radiotherapeutic planning software.

(b) Three dimensional virtual surgical
planning for tumour ablation surgery. (c)
Virtual surgical planning of the maxilla
and orbital floor reconstruction with
fibula bone and implant planning. (d)
Suprastructure fixed on 2 endosseous
implants placed in the fibula bone
segment. (e) Orthopantomogram 4 years
after reconstructive surgery showing
good integration of fibula bone segment
and implants [Colour figure can be viewed
at wileyonlinelibrary.com]

interplay of forces further compromises functional rehabilitation
and thereby overall success of treatment (Moreno, Skoracki, Hanna,
& Hanasono, 2010). Placing endosseous implants in the native
bone of the maxilla will allow to improve retention of the obturator
prosthesis and thereby increase the success of prosthetic rehabili-
tation. Patients with implant-supported obturator prostheses have
significantly better masticatory and oral function, and less discom-
fort during food intake than patients with a conventional obturator
(Buurman, Speksnijder, Engelen, & Kessler, 2020). Studies which
compared prosthetic obturation with reconstruction of a palatomax-
illary defect demonstrated that there are some advantages to recon-
struct the defects above obturation of these defects, in particular
with regard to quality-of-life issues such as comfort, convenience
and feelings of self-consciousness (Rogers, Lowe, McNally, Brown, &
Vaughan, 2003). However, especially in medically compromised and
older patients, implant-supported obturator treatment is a viable
alternative to surgical reconstruction after maxillectomy (Buurman
et al., 2020), although an obturator prosthesis is not obsolete and

is still standard care in low-income and middle-income countries.
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With the benefits of digital techniques and surgical reconstruction
options, the obturator prosthesis has increasingly gained a tempo-
rary function by bridging time to secondary surgical reconstruction
of the defect.

New workflows are rising in processing surgical obturators.
Several case reports describe production of 3D obturator pros-
theses (Bartellas, Tibbo, Angel, Rideout, & Gillis, 2018; Rodney &
Chicchon, 2017). Three-dimensional knowledge of resection planes
provides a better knowledge of the dimensions of the postresection
defect, giving the option of preoperative production of a surgical
obturator. With proper tumour visualization and insight in the re-
maining anatomic structures, a surgical obturator prosthesis can be
digitally designed and printed prior to ablative surgery. A nearby
fit can be achieved, and only minor per-operative adjustments are
needed (Figure 3).

If the defect overextends in size and vertical dimension, ob-
turation of the defect cannot be adequately addressed with
prosthetic management alone (Urken et al., 2018). Surgical recon-

struction combined with dental rehabilitation is then preferred.
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Zygomatic implants can, for example, provide a predictable in-de-
fect support for prosthetic rehabilitation of the maxilla if placed at
the time of primary surgery (Butterworth, 2019). The zygomatic
implant perforated flap procedure combines autogenous soft tis-
sue reconstruction with zygomatic implant-supported fixed dental
rehabilitation (Butterworth & Rogers, 2017; Hackett et al., 2020).
Furthermore, using the Rohner technique in combination with VSP
it is possible to reconstruct high level maxillectomy cases with a
reliable single-stage approach (Figure 4) in a secondary stage
procedure (Rohner et al.,, 2002; Runyan et al., 2016; Schepers
et al., 2013; Seikaly et al., 2019).

6 | CONCLUSION

Oral rehabilitation is an encompassing component of the treat-
ment of head and neck cancer patients and is a major contributor
to enhance the quality of life of cancer survivors. Involvement in
a multidisciplinary team to prepare and execute the rehabilitation
treatment is of utmost importance. Maxillofacial prosthodontists
should be involved from the beginning, and their role in this pro-
cess is essential and guiding. The rise of 3D techniques in diagnos-
tics, planning and oral rehabilitation is enormous, and is expected to

evolve to the standard of care.
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