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General Introduction

Head and Neck Cancer

Head and neck cancer (HNC) includes malignancies of the upper aerodigestive
tract above the level of the clavicles [1]. It encompasses the lip and oral cavity,
oropharynx, nasopharynx, hypopharynx, larynx, nasal cavity and paranasal
sinuses, salivary glands, lymph node metastases from unknown primary
tumors, ear canal/middle ear carcinomas (lateral skull base), and various skin
tumors in the head and neck region. To this are added: thyroid carcinomas with
involvement of the larynx, cervical esophagus and tracheal tumors, malignant
orbital, non-ocular tumors and HNC in children [2]. The vast majority of HNCs are
squamous cell carcinomas [1]. The complex head and neck region is responsible
for many different functions such as eating, speaking and swallowing. At the
same time, the appearance of the face plays a very important role in social
interaction. HNC and its treatment affects these important functions in most
patients and regularly also the appearance.

Epidemiology and etiology

Head and neck cancer is the seventh most common cancer worldwide. In 2020,
there were 930,000 new patients with HNC and 470,000 related deaths [3, 4]. In
the Netherlands, HNC accounts for about three percent of the total number of
malignant neoplasms, making it one of the ten most common forms of cancer.
The incidence of HNC in the Netherlands has ranged from 3000 to 3250 new
cases per year over the past 10 years, with an increase in the incidence of oral
cavity and oropharyngeal tumors and a decrease in laryngeal cancer [5].

This increase in the incidence of oropharyngeal cancer is consistent with global
figures, in which the increased incidence of human papilloma virus (HPV) related
oropharyngeal squamous cell carcinoma accounts for most of this growth [6].
While tobacco and alcohol use remain the leading causes of HNC, the incidence
of laryngeal cancer is slowly declining, in part due to decreased tobacco use [3].

Treatment of head and neck cancer

Due to the complexity of diagnostic procedures and therapeutic modalities,
HNC treatment is centralized in dedicated multidisciplinary HNC centers [7].
According to the Dutch Cooperative Head & Neck Group, treatment should start
within 30 calendar days after the first consultation in 80% of the patients [2]. To
minimize the time between the first consultation and the start of treatment, a
multidisciplinary consultation on the first day has been introduced in several
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institutions [8]. At the Comprehensive Cancer Center of Maastricht University
Medical Center (MUMC+) and the Maastro Clinic, the patient is seen during the
first consultation by a head and neck surgeon in oral and maxillofacial surgery
(OMS), a head and neck surgeon in otolaryngology (ENT) and a head and neck
radiation-oncologist. On the same day, the patient is examined by an oral
hygienist, a maxillofacial prosthodontist and, if necessary, an anaplastologist.
If a biopsy has not yet been performed, it will also be scheduled on the day of
the initial consultation. Day 2 is primarily used for imaging, including CT or MRI
and ultrasound of the neck. On day 3, the multidisciplinary tumor board (MDT)
of the head and neck working group is held, in which the patient is discussed
including all the results of the diagnostic tests. The TNM-staging system is used
for classification and a proposal for the therapeutic concept is determined
based on this [3, 9, 10]. The multidisciplinary team is complemented by plastic
surgery, medical oncology, dermatology, oncology nursing care, dietetics,
speech therapy, physiotherapy and psychosocial care to achieve structural and
functional preservation, improve morbidity when possible and maintain long-
term quality of life (Qol) [3]. Following the MDT, the recommmended treatment
plan is discussed with the patient.

For early-stage cancers of the oral cavity and paranasal sinuses, surgery is the
treatment of choice with high cure rates and limited morbidity. Early-stage
oropharyngeal cancer can be treated by primary surgery or radiotherapy (RT),
with RT playing an important role in preserving the larynx in patients with
laryngeal cancer [3]. In locally advanced disease, the preferred therapy depends
largely on the size and anatomic location of the primary tumor, disease stage,
patient age, patient preferences, performance status, and coexisting diseases.
For cancer of the oral cavity surgical resection remains the treatment of choice,
followed by adjuvant RT, which may be combined with chemotherapy (CRT).
At other anatomical sites, surgical resection would likely result in poor long-
term functional outcomes, and RT combined with chemotherapy (CRT) is the
curative standard of care. CRT is reserved for nonelderly patients who do not
have serious comorbidities. RT is usually administered five days per week for
seven weeks in fractions of 2Gy up to 66QGy in 33 fractions or 70Gy in 35 fractions
in case of postoperative and primary RT, respectively. This is combined with
cisplatin administered intravenously every three weeks at a dose of 100 mg/m2
[11, 12]. Cetuximab is considered in patients ineligible for cisplatin and consists
of a loading dose of 400 mg/m2 followed by 250 mg/m2 weekly, combined with
accelerated fractionated RT up to 68Gy in 34 fractions in 38 days [13].



Side-effects of the treatment

Surgical resection can be mutilating and result in altered oral anatomy, tooth
loss, reduction in maximum mouth opening (MMQO), and soft tissue and bone
defects. These side-effects can have an impact on patients’ outer appearance,
social interaction and oral functions, such as mastication, deglutition, and
phonetics [14-17].

For example, treatment of malignant diseases of the tongue and/or floor of
mouth can significantly worsen tongue function, masticatory performance, bite
force, and dental status [17-20]. Treatment of malignant diseases of the maxilla
and midface, can lead to leakage through the nose, impaired speech intelligibility
due to loss of air, and impaired masticatory performance [21, 22].

RT also causes damage to normal tissues located within the radiation field,
e.g. skin, soft tissues of the neck, salivary glands, oral mucosa, bones, dentition,
chewing and swallowing muscles, and the temporomandibular joint. The clinical
consequences of RT can be divided in acute and late (lifelong) side effects. Acute
side effects include mucositis, hyposalivation, loss of taste, dermatitis, pain, hair
loss, and dysphagia. Late side effects include soft tissue fibrosis, xerostomia,
osteoradionecrosis (ORN), radiation caries, and trismus [23].

Hyposalivation leads to a deterioration of the lubrication of the oral cavity. This
can cause radiation caries, an increase in periodontal problems, dysphagia,
speech problems and problems wearing dentures. These side effects impact
QoL and may persist forever [16, 24-26].

The most feared side effect is ORN [27]. ORN is defined as ‘irradiated bone that
becomes devitalized and is exposed through the overlying skin or mucosa,
without tumor recurrence, and does not heal within 3 months’ [28]. Although
the risk of ORN has decreased to nearly 5% today [27, 29] due to careful patient
selection, improved pre- and post-treatment dental care and individualized
RT dose calculation algorithms, the impact of ORN on oral function and QoL
remains catastrophic [30-33].

CRT or bioradiotherapy (BRT) can cause severe toxicity both during treatment
(acute symptoms) and in the longer term. In addition to the acute symptoms
of RT itself, dysphagia, oral pain, taste (dysgeusia or hypogeusia) and smell
(dysosmia or hyposmia) disturbances, nausea, and vomiting are more common
when chemotherapy or biotherapy is added to RT. These symptoms interfere

n
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with oral intake and often lead to weight loss and dehydration during and
immediately after CRT [34]. Unintentional weight loss and low muscle mass,
the clinical features of cachexia [35], negatively impact treatment-related toxicity
and oncologic outcome. Patients with HNC and unintentional weight loss and/
or low muscle mass experience higher toxicity, more unplanned hospitalizations,
and poorer overall survival [36-38].

Worldwide, patients with HNC cite fear of the cancer relapse as by far the
greatest concern after cancer treatment [39, 40]. However, this main concern is
closely followed by the side effects of cancer treatment, with the most important
side effects being: Dry mouth, chewing/eating, swallowing, speech/oice/being
understood, and dental health/teeth [40]. Young age at diagnosis combined with
a better prognosis for HPV-positive HNC and thus a longer life expectancy has
increased awareness of late treatment-related toxicity [41].

Consequences of the loss of dental functions

Teeth may be lost due to surgical resection of an oral cavity tumor, but also due to
the removal of potential oral sources of infection prior to RT, CRT or BRT to prevent
ORN [42, 43]. Tooth extractions result in a reduced number of functional units and
impair the ability to chew and swallow [44, 45]. The implications of disrupting our
masticatory system are great. Qualitative studies have shown that this multiple
tooth loss negatively affects patients’ ability to chew and eat, and thus their quality
of life [46-48]. Specifically, a greater number of missing teeth is associated with
a reduced maximum bite force (MBF), decreased masticatory performance, and
self-perceived oral health status [44, 49, 50]. Compared to the non-cancer general
dental practitioners group, patients with HNC rated oral function issues as more
important than other domains. Other issues such as pain, appearance, activity,
recreation, mood, and anxiety were considered less important [51].

Despite the fact that masticatory performance can often return to pre-treatment
levels after surgery, even in patients who survive for five years, some degree of
masticatory impairment persists and may affect the ability to eat [17, 44]. RT and
its side effects on the quantity and quality of saliva, oral mucosa, and masticatory
muscles, exacerbate masticatory problems [17].

The masticatory performance of patients with oral cavity cancer is positively
affected by having full dentures or better, a higher number of occlusal units (OU),
an increased MMO, and an increased maximum bite force (MBF). The location of
the tumor also plays an important role [44].



Role of the maxillofacial prosthodontists in rehabilitation

Therefore, there is a need and demand among patients for dental rehabilitation
aimed at restoring orofacial form and function as well as overall well-being. Dental
rehabilitation begins at the time of diagnosis, and a multidisciplinary approach
is critical for optimal treatment outcomes [49]. Dental and prosthodontic
rehabilitation and the planning required to achieve it are preferably performed
by a maxillofacial prosthodontist and should preferably begin on the day of the
initial admission [52].

Rehabilitation is performed in concert with reconstructive surgical options
and requires cooperation with oral and maxillofacial surgeons, head and neck
oncologists, radiation oncologists, anaplastologists, general and differentiated
dentists, and allied health care providers.

Maxillofacial prosthodontics is a differentiation of dentistry that involves
rehabilitation of patients with defects or disabilities that were present when
born or acquired due to disease or trauma. The patients with HNC belong to the
group of acquired defects. The rehabilitation consists of replacing missing bone
and other tissues and restoring oral functions such as chewing, swallowing, and
speaking. Often this rehabilitation is combined with traditional dental therapy
to restore oral health, function and esthetics, especially when the oral cavity is
compromised by RT [53, 54].

During the initial consultation, a comprehensive assessment of the patients
and their oral condition is critical. A thorough pretreatment oral and dental
screening, including the patient's medical and dental history and clinical and
radiographic examination, should be performed considering patient-related
factors such as age, patient preferences, dental awareness, level of oral hygiene,
and cancer treatment-related factors such as clinical staging and tumor location,
cure or palliation decisions, treatment modality, type, dose, and range of RT, and
immediacy of treatment [17, 42, 43].

The dentate patient

In patients with remaining natural teeth, removal of teeth with limited prognosis
identified as potential cause of oral cavity infection before head and neck RT is
associated with a lower risk of developing ORN than tooth extractions after or
during RT [55]. In the Netherlands, oral health recommendations prior to RT are
based on a 1992 protocol, which was revised in 2018 [42, 43, 56]. To give extraction
wounds sufficient time (at least 10 to 14 days) to heal before starting RT, decisions

13

uoIONPOJIUL |BIBUSD



Chapter

are made based on the expected radiation dose. Because the risk of developing
ORN begins at an RT dose of approximately 40Gy [27], it is desirable to eliminate
oral sources of infection that are likely to be within the radiation field and receive
a cumulative dose of 240Qy [43, 57].

Ideally, the dentition should be preserved as much as possible to allow optimal
rehabilitation of masticatory function and QolL, but treatment plans should be
based on basic principles of prosthodontics, including a philosophy of preventive
and conservative restorative dentistry [17]. This includes the role of natural teeth
as an anchor point for a removable partial denture or as a pillar for (semi)fixed
prosthetic rehabilitation [49].

The edentulous patient

In a completely edentulous patient, successful prosthetic rehabilitation depends
on the existing anatomical base. The hard palate in the upper jaw provides a
stable base for this prosthetic rehabilitation. In de mandible, only a horseshoe-
shaped base is available, so the tongue, lips and cheeks play an important role in
stabilizing the prosthesis. When oral anatomy changes due to HNC treatment, it
can be very difficult to place a stable and retentive prosthesis. In addition, altered
lubrication of the oral cavity may cause the prosthesis to damage the mucosa
[23]. Implant-retained dentures (IODs) are a standard treatment for patients with
HNC and appear to contribute to successful overall treatment [58-60]. However,
the percentage of patients in HNC therapy who receive dental implants varies
widely from 22% to 91% [25].

In the maxilla, the stable prosthetic base of the hard palate may be lost due
to trauma, infection or tumor resection. This can lead to leakage through the
nose, impaired speech intelligibility due to loss of air and inability to chew
resulting in enormous limitations in daily life [21, 22, 61]. Reconstruction of
these defects remains a challenge for both surgeons and prosthodontists due
to the complex three-dimensional anatomy of the maxilla and midface and is
controversial [62-65]. Valid arguments have been presented for choosing the best
reconstruction and rehabilitation method based on parameters such as QoL and
functional outcomes [66-69]. Regardless of the rehabilitation method, defects
that encompass a significant portion of the alveolus must be rehabilitated to
allow optimal masticatory behavior and appearance of teeth [64]. A significant
number of surgically reconstructed patients will remain excluded from dental
rehabilitation and will not return to normal eating [70].



Therefore, prosthetic obturation seems to be the preferred treatment modality
for many patients, generally leading to an improvement in masticatory function
[22,71,72]. However, this prosthetic treatment is challenging due to insufficient
retention, among other reasons [71]. As in the mandible, implant retention,
especially in edentulous patients, has also proven successful in prosthetic
rehabilitation in the maxilla [64, 73-76].

15
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Aims and outline of this thesis

With the changing head and neck cancer (HNC) population, advances in surgical
techniques and innovative radiation systems, the focus is shifting from survival
to survival with the best possible quality of life (QoL). As a result, attention to the
side effects of cancer treatment is increasing. Fear of cancer recurrence is now
closely followed by concerns about dry mouth, chewing, swallowing, speach, and
dental health. Therefore, it is becoming increasingly important to optimize each
patient’s masticatory system to improve Qol. Patient-related factors such as age,
patient preferences, dental awareness and factors related to cancer treatment
should be considered.

The overall aim of this thesis is to evaluate the masticatory function after
prosthetic rehabilitation of edentulous HNC patients and to assess the accuracy
and possible consequences of tooth extractions prior to radiotherapy (RT).

Thefirstsection of thisthesisfocuses on the prosthetic rehabilitation of edentulous
patients with an acquired defect and/or side effects after RT (Chapters 2-4). The
second section examines the initial steps in the search for optimal preservation
of the existing masticatory system of the patient with HNC (Chapters 5-6).

In Chapter 2 we examined the overall percentage of functioning mandibular
prostheses with and without implant retention in irradiated patients with HNC.
In addition, we determined patient satisfaction with dental rehabilitation in
terms of QoL.

The available general QoL questionnaires, such as the EORTC QLQ-C30 en QLQ-
H&N35, lack the discriminating ability to measure the effect of prosthodontic
treatment on chewing, swallowing, speech, aesthetics, retention, and pain. In
2004 the Liverpool Oral Rehabilitation Questionnaire (LORQ) was developed to
provide a more sophisticated measure of the impact of prosthetic treatment
on QoL in patients with HNC. In order to be able to use the LORQV3 for Dutch-
speaking patients we translated the questionnaire into Dutch and evaluated
the internal consistency, reliability, and validity of the resulting LORQV3-NL in
Chapter 3.

Mastication with an obturator prosthesis is challenging, especially when
retention is limited, as in edentulous patients. In Chapter 4, we evaluated the

potential benefits of implant placement on masticatory performance and
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QoL of edentulous maxillectomy patients after prosthetic obturation (4a), and
compared the objective and subjective masticatory function of patients with
implant-supported obturators with patients with surgically reconstructed
maxillae (4b).

Removal of teeth with limited prognosis, identified as a potential cause of
oral cavity infection prior to head and neck RT, is associated with a lower risk
of developing osteoradionecrosis (ORN). At the same time, tooth extractions
result in a reduced number of functional units and impair both chewing and
swallowing. To ensure that extraction wounds have adequate time to heal (at
least 10 to 14 days) before starting RT, the decision of whether extraction is
warranted is made based on the expected radiation dose. However, for some of
the extracted teeth, it may be found after completion of RT that the extraction
was not indicated due to the RT dose received being lower than expected.

In Chapter 5 we examined the number and patient and tumor characteristics
associated with this number of redundantly extracted teeth.

After HNC treatment, sufficient time must be allowed for adequate wound
healing before successful prosthetic rehabilitation can begin. This means that
patients who have to undergo RT have a deteriorated masticatory system during
this RT. This impairment in mastication has been associated with oropharyngeal
dysphagia, and oropharyngeal dysphagia is significantly related to involuntary
weight loss.

In Chapter 6, we examined the effects of incomplete dentition and tooth
extractions on weight loss during RT combined with chemotherapy (CRT) or
biotherapy (BRT) and the need for tube feeding during CRT or BRT for patients
with oropharyngeal carcinoma.

24












Chapter

28

Abstract

Purpose: This retrospective study assessed treatment outcomes and
patient satisfaction of irradiated head and neck cancer patients treated
with mandibular implant overdentures (IODs) or conventional dentures
(CDs).

Materials and Methods: Fifty-one irradiated head and neck cancer
patients, out of a total of 158 patientsincluded, completed the standardized
questionnaire and underwent a clinical assessment. Nineteen patients
were treated with removable CDs and 32 patients received IODs between
January 2006 and January 2011. The mean follow up of the patients after
diagnosis was 5.75 years (range: 1 to 23 years).

Results: A total of 45 (88,3%) mandibular dentures were in function at
the time of assessment. The overall denture satisfaction was 7.3 (range 1
to 10, SD: 2.14). Patients being treated with adjuvant concepts, including
surgical tumor ablation, scored worse than patients after radiation
therapy alone. Edentulous patients seem to benefit from implants,
especially with respect to prosthesis retention. Men take more benefit
from IODs compared to women.

Conclusions: The results are comparable to other studies in head and
neck cancer patients and also of healthy individuals. Surgical interventions
in adjuvant therapy concepts lead to reduced denture satisfaction. The
concept of prosthetic rehabilitation as part of oncologic treatment can
be judged as successful.



Introduction

Treatment of head and neck cancer has an enormous impact on patients’
lives. Therapy-related functional and esthetic problems directly influence the
outer appearance, social interaction and oral functions, such as mastication,
swallowing, speech and nutrition of patients [1-3]. Current advances in
microsurgery in combination with dental implants have led to better functional
and esthetic outcomes [4]. However, radiation therapy and chemotherapy still
cause unfavorable side effects such as reduced swallowing ability, xerostomia,
and a painful and tender mucosa [2, 3, 5]. These side effects have an impact on
the quality of life (QoL) and may last forever [3, 6-8].

In the rehabilitation process, after tumor treatment, prosthetic rehabilitation
plays a prominent role in improving oral functions and QoL [7, 9]. Implant-
retained dentures (IODs) are a standard treatment in head and neck cancer
patients. Several studies in irradiated and nonirradiated patients presented high
implant survival rates varying from 69% to nearly 99% [4, 10, 11]. However, the
percentage of head and neck oncology patients, who are rehabilitated with the
use of implants widely varies from 22% to 91% [7]. There are different reasons
for this variation. Among others, survival rate, length of follow-up, and financial
aspects play important roles depending on local insurance regulations.

A positive correlation can be found between denture satisfaction and overall
QoL in head and neck cancer patients [12]. There is some evidence regarding
better outcomes for IODs in edentulous individuals compared with conventional
dentures (CDs) [13,14]. For irradiated edentulous patients, the same assumptions
have been made [10, 11, 15]. This might imply that IODs increase denture
satisfaction and the overall QoL in head and neck cancer patients. Thus,
prosthetic rehabilitation appears to aid in a successful overall treatment of head
and neck cancer.

The objectives of this retrospective study were threefold: to assess the overall
percentage of functioning IODs and CDs and to determine patient satisfaction
with dental rehabilitation with respect to QoL in both the IOD and CD groups.

Data acquisition was based on patients treated for primary head and neck

cancer at the Maastricht University Medical Center (MUMC) who had to undergo
radiation therapy at the Maastro clinic between January 2006 and January 2011
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Materials and Methods

One hundred fifty-eight patients suffering from head and neck cancer were
extracted from the overall population of head and neck cancer patients of the
Department of Cranio-Maxillofacial Surgery, MUMC). The authors made a list
of patients for whom dental technician work had been done. Their medical
files were then reviewed to determine if they were edentulous, had received
an IOD or CD between January 2006 and January 2011, and if radiation therapy
had been mentioned. All patients received an invitation and response letter for
participation in this study. The total response rate was 68.4% (n = 108).

Sixty-nine patients agreed to participate, 30 patients refused, 5 patients were not
irradiated for various reasons, 1 patient died, 3 patients moved, and 50 patients
did not respond to the letter. All patients ready to participate in the study were
invited to visit the clinic to complete a questionnaire. They were assisted by a
researcher. Of the 69 people invited by phone, 13 failed to show up for their
appointment, 2 fell ill, 1 responded too late to the invitation, and 2 appeared but
refused to answer the questions.

51 irradiated patients
32 men (62.7%)
19 women (37.3%)

I

32 implant-retained 19 conventional
mandibular dentures mandibular dentures
(62.7%) (37.3%)

22 surgeries for
malignancy
(71.9%)

10 had no surgery
for malignancy
(28.1%)

11 surgeries for
malignancy
(57.9%)

8 had no surgery
for malignancy
(42.1%)

Figure1- Classification of the patients who completed the assessment and questionnaires.

A total of 51 patients, 32 (62.7%) men and 19 (37.3%) women, completed the
guestionnaires (Fig 1). All patients were seen by the same researcher (LV). The
oncological and medical history, as well as any current medications, were
recorded. The following data were obtained: tumor classification according to
the TNM classification, tumor location, oncological treatment, and whether or
not the patient was irradiated by intense modulated radiation therapy (Table 1).
The dimensions of the surgical defect in the mandible were classified as partial
defects (box and slice osteotomies) and continuity defects, with or without
bony reconstruction. There were five cases of maxillary resections. The center
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of attention, however, was on the mandible as the radiation doses were focused
on the lower third of the face and the neck. This region is more susceptible to
functional impairment due to the fact that the tongue is situated in the irradiation
field and, therefore, speech and swallowing are affected. A dental anamnesis was
done followed by an oral examination (Table 2). The oral conditions and the state
of the prosthetic rehabilitation were noted. The medical and dental anamnesis
were standardized and completed with information from the patients’ medical
records.

Table 1- Patient and Tumor Characteristics

Patient n Minimum Maximum Mean SD
Mean age (y) 51 52 84 672 7.586
Edentulous mandibule (y) 50 1 46 12.8 14.739
Follow-up (y) 51 1 23 575 4.293
Sex

M 32 62.7%

F 19 37.3%

Tumor location

Oral 23 451%

Oropharynx 14 27.5%

Laryngopharynx n 21.6%

Other 3 59%
Surgery

Y 33 64.7%

N 18 35.3%
Bony defect

Without 44 86.3%

Partial 0 0%

Continuity 7 13.7%

The questionnaire entitled “Satisfaction of the denture” was filled in together
with the researcher (LV). General QoL was assessed with the Linear Analogue
Self-Assessment method (one-item version). Overall denture satisfaction was
expressed on a 10-point rating scale, range 1to 10, 1 being completely dissatisfied
and 10 being completely satisfied [9]. More detailed information about denture
satisfaction was assessed using a validated questionnaire consisting of eight
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separate items focusing on the function of maxillary and mandibular dentures
and on specific features such as esthetics, retention and functional comfort. All
questions could score 1to 5,1 being most satisfied and 5 being most unsatisfied
[16]. All data were evaluated using SPSS (IBM, version 18.0 for Mac).

Table 2 - Dental Anamnesis and Oral Assessment as Administered

Dental anamnesis:
Edentulous since?
Age at first mandibular denture?

Do you wear your mandibular denture? Why not?

Oral assessment:

Dental status? Maxilla edentulous?

Implant status for mandibule? How many implants? Stable implants?

Dutch Periodontal Screening Instrument for implants and possible teeth in the
maxilla.

Condition of oral mucosa? Blister or ulcer by denture?

Soft tissue defect?
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Results

Of the total number of patients (n = 51), 32 had an IOD and 19 a CD (Fig 1). The
patient characteristics are shown in Table 1.

In the 32 patients with an 10D, a total of 73 implants were placed in the mandible.
Overall implant survival was 97.3% (71/73), and 95.9% (70/73) of the implants were
in function after a mean time of 48.6 months (range: 14 to 132 months, SD: 32.1
months). Two implants were lost, one at stage-two surgery and the other due
to malpositioning. In one patient, one of three implants was not activated, as it
was not needed for the prosthetic rehabilitation.

Most of the patients (n = 45, 88.3%) used their mandibular dentures (Table 3).
Reasons for being unable to wear the mandibular denture were: anatomical
changes in the oral cavity due to ablative surgery, pain, temporomandibular
joint dysfunction, and dissatisfaction with design and esthetic aspects of the
denture.

Table 3 - Frequencies of Patients Wearing Their Dentures

Frequency %
Yes 39 76.5
Most of the time 6 1.8
Mostly not 4 7.8
Never 2 39
Total 51 100

Patients answering “yes” or “most of the time” were scored as “wearing their denture”.
Patients answering “mostly not” or “never” were scored as “not wearing their denture”.

Table 4 - Denture Satisfaction Scores for the Total Group

n Minimum  Maximum Mean
Overall Denture Satisfaction 49 1 10 7.3
Mandibular Denture Satisfaction 48 1 10 7.4

Range: 0 to 10 with O being completely dissatisfied and 10 being completely satisfied.
The missing patients were not able to wear their dentures because of changes in
anatomy due to recent surgery.
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Overall denture satisfaction was obtained separately for the complete prosthetic
restoration and for the mandibular denture (Table 4). There was no difference
in overall denture satisfaction between the CD group (mean: 7.33, SD: 1.97) and
the IOD group (mean: 7.29, SD: 2.26) (Table 5). The slight difference in overall
mandibular denture satisfaction between the CD group (mean: 6.88, SD: 1.80)
and the IOD group (mean: 7.73, SD: 2.50) was not significant. A detailed analysis
showed a significant difference for the item “retention” in favor of the |IOD group
(mean: 1.77, SD: 0.83) versus de CD group (mean: 2.50, SD: 1.16) (Table 5).

Table 5 - Comparing the CD Group with the IOD Group

CD mean IOD mean Total Je)
(n=18) (n=31) (mean)
Overall denture satisfaction 7.3333 7.2903 7.3061 947
Mandibular denture satisfaction 6.8824 7.7258 7.4271 227
Retention 2.5000 1.7742 2.0408 014

For the items “overall denture satisfaction” and “mandibular denture satisfaction” the
range was O to 10 with O being completely dissatisfied and 10 being completely satisfied.
For “retention”, 1 = very satisfied, 2 = satisfied, 3 = neutral, 4 = dissatisfied, and 5 = very
dissatisfied.

In regard to sex, there were no significant differences found in the CD group;
however, significant differences were found in the IOD group. Men scored better
in “overall denture satisfaction” and “overall mandibular denture satisfaction”,
specifically with regard to “mandibular denture” and “appearance”. The items
“functional comfort” and “speaking” were also judged more favorably by men
than women (Table 6).

Regarding men, the difference in “overall mandibular denture satisfaction”
became significant in favor of the IOD group, and in addition to the item

“retention”, “mandibular denture” also scored significantly better in the IOD
group (Table 7).

When comparing patients after adjuvant therapy with patients after radiation
therapy alone, there was a significantly better score for “appearance and
speaking” from the group that underwent radiation therapy alone. For “eating”
there was a strong trend in favor of the radiation therapy alone group (Table 8).
Patients with mandibular continuity resection scored significantly worse on the
items “eating and speaking” (Table 9).
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Table 6 - Mean Scores for the |IOD Group

Men Women Total P
(n=20) (n=11)

Overall denture satisfaction 8.0250 5.9545 7.2903 .012

Mandibular denture satisfaction 8.4750 6.3636 77258 .022

Denture satisfaction

General 19444 27273 22414 .076
Maxillary denture 21765 2.8000 2.4074 217
Mandibular denture 1.6000 2.4545 1.9032 .037
Appearance 1.7000 2.5455 2.0000 .017
Retention 1.6500 2.0000 17742 265
Functional comfort 1.8750 2.8182 2.2097 .052
Eating 1.9500 2.6364 21935 109
Speaking 1.8500 2.6364 21290 .060

For the items “overall denture satisfaction” and “mandibular denture satisfaction”, the
range was O to 10 with O being completely dissatisfied and 10 being completely satisfied.
For items under the “denture satisfaction” heading, 1 = very satisfied, 2 = satisfied,

3 = neutral, 4 = dissatisfied, and 5 = very dissatisfied.

Bold numbers indicate statistical significance (p <.05).

Table 7 - Significant Differences for Men with CDs versus Men with IODs

CD 10D Total P
(n=10) (n=20)
Mandibular denture satisfaction 6.5556 8.4750 7.8793 .003
Mandibular denture 24444 1.6000 1.8621 .009
Retention 2.6000 1.6500 1.9667 .016

For the item “mandibular denture satisfaction” the range was O to 10 with O being

completely dissatisfied and 10 being completely satisfied. For “mandibular denture”

4

and “retention”, 1 = very satisfied, 2 = satisfied, 3 = neutral, 4 = dissatisfied, and 5 = very

dissatisfied.
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Table 8 - Differences Between Patients Who Underwent Surgery and Radiation Therapy
vs Patients Who Underwent Radiation Therapy Alone

Surgery and radiation Radiation therapy alone Total P
therapy (n = 31) (n=18)
Appearance 21613 14444 1.8980 .012
Speaking 2.2903 15000 2.0000 .006
Eating 2.3548 17778 21429 .087

” u,

For the items “appearance”, “speaking”, and “eating”, 1 = very satisfied, 2 = satisfied,
3 = neutral, 4 = dissatisfied, and 5 = very dissatisfied.

Table 9 - Differences Between Patients Without a Bony Defect vs Patients With a Total
Mandibular Defect

Without Total Total P
bony defect mandibular
(n) defect (n)
Overall denture satisfaction 7.4091 (44) 6.4000 (5) 7.3061 323
Mandibular denture satisfaction 7.514 (44) 6.5000 (4) 7.4271 405
Denture satisfaction
General 1.9767 (43) 2.7500 (4) 2.0426 174
Maxillary denture 2.0732 (41) 2.5000 (4) 21333 329
Mandibular denture 1.9545 (44) 2.5000 (4) 2.0000 326
Appearance 1.8409 (44) 2.4000 (5) 1.8980 233
Retention 2.0455 (44) 2.0000 (5) 2.0408 926
Functional comfort 2.1705 (44) 2.2000 (5) 21735 960
Eating 2.0227 (44) 3.2000 (5) 21429  .027
Speaking 1.8864 (44) 3.0000 (5) 2.0000 017

For the items “overall denture satisfaction” and “mandibular denture satisfaction” the
range was O to 10 with O being completely dissatisfied and 10 being completely satisfied.
For items under the “denture satisfaction” heading, 1 = very satisfied, 2 = satisfied,
3 = neutral, 4 = dissatisfied, and 5 = very dissatisfied.

Bold numbers indicate statistical significance (p <.05)
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Discussion

According to the Dutch guidelines for the treatment of head and neck cancer,
many patients are bound to lose some or even all of their teeth. Prosthetic
rehabilitation in these cases is mostly done with partial or complete dentures.
Today, the Dutch health care system supplies two interforaminal dental
implants in the mandible for patients having trouble using their dentures
and who have a strongly resorbed mandible.

In comparison to the literature, good results were registered, with 88.3% (45 of
51, Table 3) of mandibular dentures in function after a variable time of follow-
up (range:1to 23 years) (Table 1) [10, 11].

The overall denture satisfaction in the examined population was relatively
high, with a mean of 7.3 out of 10. This is comparable to other studies of
patients with oral cancer as well as of healthy patients [9, 10, 17].

Prospective randomized studies show that patients are more satisfied with
an IOD comparing to a CD [13]. This study on irradiated head and neck
cancer patients also found a better, but non significant, overall mandibular
denture satisfaction for 1OD rehabilitation. The only significant factor
found was “retention”. If we split the group into men and women, the men
scored significantly higher in “overall mandibular denture satisfaction”
and “mandibular denture”. In the women's group, no significant difference
between IODs and CDs was noted. These results may have been influenced
by the fact that the women more frequently underwent surgery. Only 17 of 32
(53%) men underwent surgery, but 15 out of 18 (83%) women did. Unfortunately,
the remaining group of women that were only irradiated was too small to
confirm these assumptions.

Comparable differences were also found between men and women in the
Pan et al study [17]. However, Pan et al found these differences in the CD
group, whereas the present study found them in the IOD group. Although
the present group was compromised by the oncological treatment, it can be
concluded that women are less satisfied with their dentures than men.

Concerning the items “appearance and speaking”, surgical patients scored
worse than irradiation only patients. Significance was found for patients after

continuity resections of the mandible. The items “eating and speaking” were
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judged significantly worse by this group of patients. Although these findings
were significant, one has to consider that only seven patients had continuity
resection, of whom only five were able to wear dentures.

The total response rate was 68.4%. This is higher than reported in literature;
however, of those having responded to the invitation letter, only 47% (51 out
of 108) were willing to participate. This is comparable to other retrospective
guestionnaire studies [3,18].
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Conclusions

Irradiated edentulous patients seem to benefit from implant-retained prosthesis
in the mandible, especially with respect to prostheses retention. Men appear
to benefit more from I0Ds than women. Mandibular surgery has a negative
influence on denture satisfaction.

From the standpoint of prosthetic rehabilitation, any operation that changes
the anatomical structure of the mandible has to be avoided. This demand is
difficult to practice as todays oncologic studies still present high rates of T3 and
T4 cancers of the oropharyngeal region affecting the jaw. The only means of
achieving this goal is prevention and education through better information for
patients and professionals concerning premalignant lesions and early cancer
treatment to avoid mutilating operations.
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Abstract

Statement of problem: The Liverpool Oral Rehabilitation Questionnaire
(LORQ) is a health-related quality of life instrument assessing the impact
of oral rehabilitation on patients’' health-related quality of life. Because a
validated Dutch version of the LORQ is not available, the questionnaire
cannot be used in the Netherlands.

Purpose: The purpose of this study was to translate and adapt the
LORQV3 into a Dutch-language version and to evaluate the internal
consistency, reliability, and validity of the resulting LORQvV3-NL.

Material and methods: The original English-language LORQvV3 was
translated into Dutch via the forward-backward approach. The reliability
and construct validity of the LORQV3-NL was tested on a sample of 158
participants. The participants were enrolled at the dental faculty of
Radboudumoc, at the Centre for Special Oral Care of the Radboudumc
and Maastricht UMC+ and in general practices. Internal consistency was
assessed by calculating the Cronbach a, and the test-retest reliability
(n = 34; 2-week interval) was assessed by weighted kappa coefficient.
Furthermore, convergent validity was measured by comparing the
outcomes with those of the Dutch version of the Oral Health Impact
Profile 14-item (OHIP-NL14) (n = 17), and patients with head and neck
cancer (n = 25) were added to test discriminative validity.

Results: Internal consistency and test-retest reliability were satisfactory
(Cronbach a = 0.75-0.89; interclass correlation coefficient = 0.89). In
addition, all associations were in the expected direction.

Conclusions: The LORQV3-NL appears to be a good tool for assessing
denture complaints and denture incompatibility.



Introduction

Current research on denture satisfaction mainly focuses on the oral health-
related quality of life (OHRQoL). Different instruments have been developed for
measuring OHRQoL, such as the Oral Health Impact Profile (OHIP)-49 [1] and its
shortened version for patients with edentulism OHIP-edent [2]. Although these
questionnaires concentrate on the influence of dental/denture problems on
quality of life, they miss denture functionality details like mastication, swallowing,
speech, esthetics, retention, and pain. It is to be expected that patients with poor
adaptation to their dentures report a higher influence of denture problems on
quality of life than do satisfied patients. To investigate satisfaction in patients
with poor adaptation to their dentures, a questionnaire is needed that contains
various detailed aspects of oral function, such as more specific information
on the maxillary and mandibular dentures separately and different aspects of
esthetics, food intake, pain, and social interaction, and also focuses on OHRQoL.

The Liverpool Oral Rehabilitation Questionnaire (LORQ) was developed in 2004 to
improve the assessment of issues and problems related to patients undergoing
oral rehabilitation after oncologic treatment of the head and neck [3]. After some
modifications, version 3 of the LORQ could be used in the clinical setting [4, 5].
The LORQV3 demonstrated satisfactory psychometric properties of acceptability,
reliability, and validity. This tool was able to differentiate between cancer and
noncancer groups and demonstrated significant correlations between items on
the LORQ and in coadministered questionnaires [6]. The high variation among
items and the level of detail in this questionnaire make it suitable for assessing
denture complaints in patients with poor adaption.

Given the significance of identifying and evaluating denture complaints in Dutch
patients with denture problems, the objective of this study was to translate
and adapt the LORQvV3 into a Dutch-language version and to evaluate the
internal consistency, reliability, and validity of the resulting LORQvV3-NL. The null
hypotheses were that the LORQV3-NL would not identify differences between
data from patients visiting general practices, patients visiting the university
dental clinic, and head and neck oncology patients, and that the LORQv3-NL
would not identify differences between test-retest data at an interval of 2 weeks.
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Materials and Methods

The English-language LORQV3 consists of 40 items divided into 2 primary
sections. The first section contains 17 items that assess oral function, orofacial
appearance, and social interaction. The second section assesses issues specific
to prostheses and patient denture/prosthetic satisfaction [5].

LORQ items refer to problems and symptoms experienced during the previous

"o " ou

week and are rated 1 through 4, representing “never,” “sometimes,” “often,”
and “always” [6]. Finally, there is a comment section for patients to identify
issues not adequately addressed by the questionnaire. The questionnaire
is self-administered and takes approximately 10 minutes to complete. It is

available online (http://www.headandneckcancer.co.uk).

The LORQV3 was translated by 6 different translators into Dutch through the
use of the forward-backward approach, following guidelines for cross-cultural
adaptation of health-related quality of life (self-administered) measures
[7, 8]. Four independent bilingual translators whose native language was
Dutch performed the forward translation into Dutch. One of them was a
prosthodontist and another a maxillofacial surgeon; the remaining 2 were
professional translators with no medical or clinical background. The 4 forward
translations were compared and synthesized into one common version by
an expert panel (M.E., D.B.), consisting of 2 dentists/prosthodontists and 1
psychologist specializing in the field of dentistry. Competing options for
a translation were debated until consensus was reached. The resulting
consensus forward translation was translated back into English by 2
independent, professional translators whose native language was English.
The 2 back-translations were again discussed by the expert panel, comparing
equivalence between the 2 versions. The back-translations were reviewed
against the original English language LORQV3 by the expert panel. Finally,
the resulting LORQV3-NL was read and commented upon by a prosthodontist
(C.vH.) outside the expert panel.

To study the reliability and construct validity of the LORQV3-NL, a sample of 158
participants was recruited over a period of 2 years. The participants were enrolled
during their procedure for new dentures at the dental faculty of Radboudumc
in Nijmegen, or during regular examinations at the Centre for Special Oral Care
of the Radboudumc in Nijmegen and Maastricht UMC+ in Maastricht and in
general practices in the Nijmegen area. Dentists from general practice were
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contacted and asked to participate through letters and telephone calls. Dentists
who agreed to participate asked their patients to fill out the questionnaire.
Participants completed the LORQV3-NL during their dental appointment.

The internal consistency of a questionnaire relates to its homogeneity. All
items should measure different aspects of the same trait. Therefore, different
items should correlate moderately with each other and with the total score [9].
The internal consistency of the total LORQV3-NL, as well as its 2 sections, was
assessed by calculating Cronbach a values. Values of 0.70 to 0.80 are considered
satisfactory for a reliable comparison between groups. For clinical purposes, a
minimum of 0.90 is required, while values of at least 0.95 are normally considered
desirable [10]. However, according to Streiner [11], a values over 0.90 most likely
indicate unnecessary redundancy rather than a desirable level of internal
consistency when there are more than 20 or so items.

A subsample of 34 participants received a second LORQvV3-NL questionnaire and
completed it during another dental appointment, or they received and returned
a second questionnaire by mail. The interval between the first and second
guestionnaire was 2 weeks. This interval was selected because the measured
variable was assumed not to have changed in this time, and participants were
unlikely to remember their first response over this interval. The test-retest
reliability of the LORQV3-NL and its 2 sections was determined by calculating
the weighted kappa coefficient.

Discriminative validity and convergent validity were used to measure construct
validity. For convergent validity, the correlation between the questionnaire and
other related measures was assessed. In this study, a subsample of 17 participants
also filled out the OHIP-NL14, the Dutch version of the OHIP-14. A positive
correlation between the 2 scores would indicate convergent validity. The LORQ-
guestionnaire was originally designed for patients with head and neck cancer. To
test discriminative validity, a group of 25 patients with head and neck cancer also
filled out the LORQV3-NL. These patients were expected to have higher scores
than the noncancer group because of their compromised oral environment
as a result of surgery or radiotherapy [12, 13]. Furthermore, a difference can be
expected between the patients visiting the university dental clinics and patients
going to a general practitioner for routine examinations. We hypothesized that
the patients visiting the university dental clinic actively reached out for help, so
they would have more complaints and therefore demonstrate higher scores. The
LORQV3-NL scores were compared among those 3 groups.
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Results

No serious difficulties were encountered during any part of the translation
and adaption procedure. Items discussed were questions 18 and 19 and related
to whether or not the participant had any natural dentition. The English word
‘teeth’ refers to anteroir teeth as well as premolars and molars. In Dutch, the
straightforward translation of ‘teeth’ refers only to the anterior teeth. Therefore,
in the Dutch translation, this term was changed to ‘front teeth’ and ‘back teeth’.
Instead of the straightforward translation, some idiomatic equivalent had to be
found for the following words or phrases: ‘food particles’, ‘upset’ and ‘denture’. For
these words, several translations are possible that would have been understood by
a Dutch-speaking person. Discussion was mainly based on which word would be
most appropriate. Twelve out of 158 participants did not answer all of the first 17
questions of the LORQV3-NL, but each of these questions was answered by at least
153 participants.

The internal consistency of the Dutch version of the LORQ can be considered
satisfactory. ltems11 through 14, 29, and 37 had a low corrected item-total correlation.
(0.42,0.43,0.30,0.31,0.24, and 0.21, respectively). Results compared with the original
LORQ are shown in Table 1.

Table 1 - Cronbach a values for difference in internal consistency between English
LORQV3 and Dutch version

Item Nos. LORQV3 LORQV3-NL
Items 1-17 092 0.89
ltems 20-23 0.87 0.83
Items 26-31 0.84 0.75
ltems 34-39 0.92 0.81

Abbreviations: LORQV3, Liverpool Oral Rehabilitation Questionnaire, version 3; NL,
Netherlands

The explained variance of the mean score between the 2 time measurements was
0.89, indicating that 89% of the variance in the 2-week mean scores of the first 17
items can be explained or predicted correctly by the baseline scores. Table 2 shows
various result measures on each item separately. ltems 9,14, and 16 had a low p value,
indicating a structural difference between test and retest. The weighted kappa
values were very good, with 0.401 as the lowest score for LORQ-item 2. Figure 1shows
that participants tended to report fewer complaints at the second measurement.
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Table 2 - Mean scores and test-retest reliability measured for first 17 general items of
LORQ: distribution per item

LORQ No. per Weighted Reliability Decision Mean P 95% ClI
Item Score Kappa Making Score

1/2/3/4 Error
1 72/51/21/M 0.574 0.583 0.66 018 280 [-0.15..0.50]
2 89/45/13/6 0.401 0.408 0.70 015 392 [-0.20..0.49]
3 N3/27/12/4 0.822 0.824 0.39 0.00 1000 [-019..019]
4 138/13/4/1 0.730 0.755 0.27 029 661 [-011..016]
5 104/36/11/3 0.614 0.637 0.48 029 801 [-0.21..0.26]
6 73/69/10/3 0.686 0.694 0.47 0.89 447 [-014..0.32]
7 88/53/9/5 0.743 0.752 0.44 029 786 [-019..0.25]
8 72/56/23/6 0.699 0.708 0.45 012 292 [-011..0.34]
9 108/36/8/5 0.743 0.765 0.42 0.21 051 [-0.00..0.41]
10 106/31/11/9 0.729 0.780 0.48 018 136 [-0.06..0.41]
il 132/19/3/2 0.705 0.713 0.37 003 744 [-015.0.21]
12 127/24/3/2 0.809 0.831 032 009 263 [-0.07..0.25]
13 135/15/4/1 0.696 0.726 0.35 0.06 488 [-011..0.23]
14 124/23/3/5 0.622 0.753 0.43 024 030 [0.02..0.45]
15 106/31/14/6 0.830 0.840 0.39 015 134 [-0.05..0.34]
16 70/50/23/13 0.708 0.743 0.54 029 .031 [0.03..0.56]
17 126/20/6/5 0.672 0.681 0.51 -0.03 812 [-028.022]

Abbreviations: Cl, confidence interval; LORQ, Liverpool Oral Rehabilitation Questionnaire

For measuring the convergent validity, the LORQV3-NL was compared with
the OHIP14-NL. The results can be seen in Figure 2. The association was in the
expected direction, R?= 0.642.

The oncology patients scored higher on the first 17 items of the LORQ than the
other patient groups. Furthermore, the general practice group reported fewer
problems with their oral rehabilitation than the university dental clinic group.
Box plots of this variable for the different patient groups are shown in Figure 3.
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Figure 1 - Test-retest reliability shown in scatterplot. T = O first moment of registering,
T =1after 2 weeks. Line shows equation x =y, ideal curve.

Figure 2 - Association between total score on first 17 items of LORQ and OHIP-14
questionnaires. LORQ, Liverpool Oral Rehabilitation Questionnaire; OHIP-NL14, Dutch

version of the Oral Health Impact Profile 14-item.
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Figure 3 - Boxplots of results of different patient groups on first 17 items of Liverpool Oral
Rehabilitation Questionnaire (LORQ).
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Discussion

The results from this study support the rejection of the first null hypothesis, as the
LORQV3-NL identified differences among the data from patients visiting general
practices, patients visiting the university dental clinic, and patients with head and
neck cancer. The second null hypothesis was retained, as the LORQvV3-NL could
not identify differences between test-retest data at an interval of 2 weeks.

This study describes the translation, cultural adaptation, and validation of the
LORQ into Dutch settings. To achieve a comparable version of an instrument to be
used in a new country and culture, a cross-cultural adaptation of the instrument
is necessary. A cross-cultural adaptation involves both linguistic translation
and cultural adaptation to maintain the content validity of the instrument at a
conceptual level across different cultures [8, 14].

The reliability and validity of the Dutch version of the LORQ were assessed to
decide whether it could be recommended as a reliable and discriminating
questionnaire. The LORQV3-NL showed good psychometric properties. The
general internal consistency of the LORQV3-NL can be considered satisfactory
and comparable with the original version. In general, the Cronbach a value of
the Dutch version was slightly lower than the original English version. This might
be due to the group size or the group composition. The English version has
been tested mostly on patients with head and neck cancer. Their responses are
probably more divergent than a general practice group, because in general they
have more complaints.

A few items showed a low correlation with the total. Items 11 through 14 deal
with esthetics and express how much the patient feels disturbed by his or her
appearance. The rest of the questionnaire focuses more on other functional
aspects such as mastication, swallowing, and pain. This might explain the
lower item-total correlation of these questions. Items 29 and 37 ask whether,
during eating, the patient has ever removed his or her maxillary or mandibular
denture. These questions are very specific and might not relate to pain or lack of
masticatory ability directly, leading to low item-total correlations. For a few items,
the item-total correlation was high (highest was 0.76 for item 34). This might
suggest that these items are redundant. The original LORQvV3 questionnaire
formed the basis for this translation. To keep the LORQV3-NL comparable with
the original questionnaire LORQV3, no items were deleted despite the possibility
of some items being redundant.
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The test-retest reliability was observed to be good. In Figure 1 a slight tendency
to report fewer complaints after 2 weeks than at baseline can be noted. Most
participants filled out the first questionnaire during a dental appointment.
The second questionnaire was sent by mail. Maybe the dental evaluation itself
resulted in a slight decrease in complaints because patients were able to discuss
their problems and were reassured.

Three groups of patients were compared: patients visiting general practices,
patients visiting the university dental clinic, and head and neck oncology
patients. Overall group scores followed the expected pattern, with the oncology
group reporting the most problems and the general practice group the least. This
supports the discriminative validity of the LORQvV3-NL. Remarkably, no difference
could be found on items 11-14 concerning facial appearance. One might expect
the oncology group to have a compromised appearance because of surgery and/
or radiotherapy. Therefore, either this oncology group was not compromised in
their facial appearance or they did not perceive it as a burden. As expected, only
the oncology group was experiencing difficulty swallowing liquids and opening
the mouth. This can be fully explained by the compromised oral environment
after oncologic treatment.
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Conclusions

Based on the findings of this study, the following conclusions were drawn:

54

The translation, cultural adaptation, and validation of the LORQV3 in
Dutch has resulted in an instrument that can be used in Dutch-speaking
populations.

LORQV3-NL not only measures OHRQoL but also focuses on different aspects
of denture functionality. The Dutch version has proven, like the original
version, to be reliable and valid with respect to internal consistency, construct
validity, and test-retest reproducibility.

The LORQV3-NL will provide a new tool for studying denture complaints and
denture incompatibility.
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Abstract

Objective: The aim of this cross-sectional study was to compare the
masticatory performance and oral health-related quality of life (OHRQoL)
of edentulous maxillectomy patients with and without implant-
supported obturator prostheses.

Material and methods: Nineteen edentulous maxillectomy patients with
completed prosthetic obturator treatment in the upper jaw participated
in this study. In nine patients, the obturator prosthesis was supported
by implants in the remaining bone of the midface and/or skull base to
improve retention. Masticatory performance was measured objectively
by the mixing ability test (MAT) and subjectively by three OHRQoL
guestionnaires: (@) the Oral Health Impact Profile for EDENTulous people
(OHIP-EDENT), (b) the Obturator Function Scale (OFS), and (c) the Dutch
Liverpool Oral Rehabilitation Questionnaire version 3 (LORQV3-NL). The
independent t test and the Mann-Whitney U test were used to test for
differences in outcomes of patients with and without implant-retention
of their obturator prostheses.

Results: Patients with implant-supported obturator prostheses had
significantly better masticatory and oral function, reported fewer
chewing difficulties, and had less discomfort during food intake than
did patients with a conventional obturator.

Conclusion: Supporting prosthetic obturators after maxillectomy with
implants improves oral functioning, chewing, and eating comfort. This
treatment modality is a viable technique to improve the functionality of
prosthetic rehabilitation in patients who have undergone maxillectomy.



Introduction

Maxillary defects due to trauma, infections, or tumour resections can result in
tremendous limitationsin daily life, depending on the size and anatomical location
of the defect [1, 2]. Surgical reconstruction of these defects remains challenging
and controversial due to the complex three-dimensional anatomy of the maxilla
and midface [3-5]. Preserving the oronasal separation and a clear nasal airway
is important for optimal mastication, deglutition, and phonetics [5]. These oral
functions are essential for the total rehabilitation of the patient and, therefore,
directly related to quality of life issues [6, 7]. Microsurgical repair is regarded as the
standard option in reconstructive surgery of the face, depending on the defect
size and the indication [3, 8]. However, excellent facial contour, function, and
acceptable aesthetics can seldom be achieved with a single-stage procedure [9].
A considerable number of these patients will consequently remain deprived of
dental rehabilitation and will not return to normal food intake [10]. Nonetheless,
prosthetic obturation appears to be the preferred treatment modality for many
patients, which generally leads to an improvement of masticatory performance
[2, 11, 12]. However, prosthodontic treatment is challenging due to technical
limitations, such as poor retention, instability of the obturator prosthesis, and
oronasal incompetence [11]. Retention of the obturator prosthesis is very difficult
to achieve, especially in edentulous patients. Nevertheless, implants have been
placed successfully in the residual maxillary alveolar process, the pterygoid, and
zygomatic bone for maxillary prosthetic rehabilitation [13, 14]. To the best of our
knowledge, the literature lacks objective masticatory performance testing that is
combined with patient-reported oral health-related quality of life (OHRQoL) after
prosthetic obturation of edentulous maxillectomy patients [15-20]. Therefore, the
aim of this study was to compare the masticatory performance and OHRQoL
of edentulous maxillectomy patients with and without implant-supported
obturator prostheses.
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Materials and methods

Patients

All patients that were referred to the Department of Cranio-Maxillofacial Surgery
at Maastricht University Medical Centre (MUMCH+) for surgical and prosthetic
rehabilitation in the maxilla/midface between 2005 and 2015 were asked to
participate in this comparative cross-sectional study. We comypared patients
with implant-supported obturator prostheses (Group 1) with patients wearing
conventional obturator prostheses (Group 2). Patients with maxillary/midface
defects in edentulous upper jaws were included when the prosthetic obturator
treatment was completed. Brown's classification was used to determine the
defect size in the maxilla/midface [21]. The study was approved by the Ethics
Committee of the MUMC+ (METC 15-4-123). Informed consent was obtained from
all participating patients.

Procedure

Patients with a status eligible for implants after partial or total maxillectomy or
partial or total loss of the maxilla/midface were treated according to the “surgical
and prosthetic reconsiderations in patients with maxillectomy protocol” as defined
by Lethaus, Lie et al. [8]. Implants were not placed if it was expected that there
would be sufficient prosthetic options for a conventional obturator. Furthermore,
some patients refused implant treatment. The decision of using implants was not
based on the prognosis of the patient. Imaging for digital planning was based
on computerized tomography (CT) scans acquired by multi-slice CT (Siemens) or
cone-beam CT (ICAT, Hatfield). Implant sites in the remaining facial skeleton or
skull base were planned based on the CT-data with the Simplant 3D® program
(Dentsply Sirona, Wals bei Salzburg). When standard abutments did not comply
with the required distances or angulations of our protocol, individual abutments
were designed by hand or by using the Cinema 4D® planning program (Design
Express). If possible, a bar construction was made on the dental implants to
support the obturator. Magnet abutments were used as an alternative retention
method when the space between two implants was too wide. (Figures 1and 2).

Data acquisition

The mixing ability test (MAT) was used to measure the masticatory performance
objectively [22, 23]. Subjective aspects were measured with three OHRQoL
guestionnaires: (a) the Oral Health Impact Profile for EDENTulous people (OHIP-
EDENT) [24], (b) the Obturator Function Scale (OFS) [7], (c) and the Dutch Liverpool
Oral Rehabilitation Questionnaire version 3 (LORQv3-NL) [25-28].
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Figure 1 - A patient presented with a Brown class Ild defect [21] after avascular necrosis
after Le Fort | osteotomy. (a) Bar construction was made on the dental implants to
support the obturator, where the space was too large between two implants, magnet
abutments were used as alternative retention method. (b) Retentive parts in the
obturator prosthesis.(c) Panoramic radiography showed the position of dental implants
in remaining bony parts of the midface or skull base.
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Masticatory performance._

The MAT measures how well a subject can mix a two-coloured wax tablet by
chewing on it. The tablet has a diameter of 20 mm and consists of two 3 mm
layers of red and blue wax. The test-wax is a soft material (Plasticine modelling
wax, non-toxic DIN EN-71) that forms a compact bolus during chewing and was
offered at room temperature (20° C). After chewing, the wax is flattened between
foils to a thickness of 2.0 mm to avoid shadows. Then, the test-wax is illuminated
by a scanner lamp and photographed on both sides using a high-quality scanner
(Epson V750). The images of the wax were analysed and processed using a
commercially available program for image analysis (Adobe Photoshop CS3).
Intermediate colour intensities appear, and the spreads of the intensities for
red and blue decrease. A lower mixing ability index (MAI) score implies a better-
mixed tablet and, hence, better masticatory performance [22, 23].

Oral Health Impact Profile for EDENTulous people

The OHIP-EDENT is based on the original 49 items of OHIP and adapted for
edentulous patients. The internal consistency of the OHIP-EDENT hasa Cronbach's
alpha of .86-.97 [29-31]. The test-retest reliability has an intraclass correlation (ICC)
of .57-.76 [29, 31]. The aim of the OHIP-EDENT is to detect OHRQoL changes, as
influenced by the clinical aspects of edentulism and its treatment. The in total 19
items are defined to measure seven domains: (1) functional limitation (3 items),
(2) pain (4 items), (3) psychological discomfort (2 items), (4) physical disability
(3 items), (5) psychological disability (2 items), (6) social disability (3 items), and
(7) handicap (2 items). Each item is scored on a Likert scale from 1 (‘Never’) to 5
(‘Very often’). The outcomes of the OHIP-EDENT can have a range from 19 to 95.
A score of 19 means that dental problems do not affect daily life at all, whereas a
score of 95 means that dental problems affect daily life very often.

Obturator Function Scale

The OFS assesses patients’ satisfaction and the quality of their obturator
prosthesis [7]. The total scale of the questionnaire has an excellent internal
consistency, and the eating and speech sub-scales have a Cronbach’s alpha of
.86, .82, and .87, respectively [7]. This questionnaire consists of 15 items in total
and three subcategories: (a) eating problems (3 items), (b) speech problems (5
items), and (c) other problems (7 items). Each item is scored on a Likert scale
from 1 (‘Not at all a problem’) to 5 (‘Always a problem’).
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Dutch Liverpool Oral Rehabilitation Questionnaire version 3

The LORQV3-NL evaluates the impact of oral rehabilitation on OHRQoL in
patients treated for oral cancer. The LORQV3-NL is divided into four sections
and consists of (a) oral function, oral-facial appearance and social interaction
(17 items), (b) patient satisfaction of prostheses (4 items), (c) patient satisfaction
of upper dentures (6 items), and (d) patient satisfaction of lower dentures (6
items). The internal consistency of these sections has a Cronbach’s alpha of .89,
.83, .75, and .81, respectively [25]. All items are rated on a1to 4 Likert scale from
1 (‘Never’) to 4 (‘Always’) and refer to recent symptoms or problems experienced
during the previous week.

Statistics

The presentation of resultsis primarily descriptive with means, standard deviations
(SD), and medians. Fisher's exact test, the Chi-square-test, and Independent t
tests were used to assess whether there are differences in demographic and
clinical data. Values of the implant-retained group versus the conventional
group of the MAI score (continued data) were compared with Independent t
tests when data were normally distributed; otherwise, the Mann-Whitney U test
was applied. Normal distribution was verified by using the Shapiro-Wilk test. The
Mann-Witney U Test was used to compare the outcome of the OHIP-EDENT,
OFS, and LORQV3-NL questionnaires (ordinal data) for the two patient groups.
Statistical analyses were regarded as significant if the p-value was equal to or
lower than .05. Data were evaluated using SPSS (IBM version 24 for Mac).

A post hoc power analysis was performed on the primary outcome MAI score
by G*Power [32, 33].
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Figure 2 - A patient presented with a Brown class Ild defect [21] after treatment of
ameloblastoma. (a) Bar construction was made on the dental implants to support the
obturator. (b) Retentive parts in the obturator prosthesis. (c) Frontal view of the obturator.
(d) Palatal view of the final prosthesis. (e) Frontal view many years (>8) after implant-
supported obturator delivery. (f) Panoramic radiography showed the position of dental
implants in remaining bony parts of the midface or skull base.
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Results

Clinical features of patients

Twenty-two patients with substantial loss of maxillary/midfacial substance
and edentulism in the remaining maxillae were eligible to participate in this
cross-sectional study. Nineteen patients agreed to participate, two patients
rejected the invitation, and one patient did not respond. The medical history and
demographic data of the 11 men (57.9%) and eight women (42.1%) are shown in
Table 1. Regarding sex, age, reason for maxillectomy, adjuvant radiotherapy, and
dental status in the lower jaw, no significant differences were found between
the two patient groups. According to Brown's classification, the maxillary defects
ranged from la to Ild. Two patients only had a defect of the soft palate (SP), which
is not included in Brown'’s classification. The defects in the group of patients with
an implant-supported obturator prosthesis were significantly larger and more
ventral than the defects in the group with conventional obturator prostheses,
making prosthetic rehabilitation more challenging (see also Table 1). On average,
the patients with implant-supported obturating prostheses were interviewed
3.8 years after prosthetic rehabilitation (range: 1 month-7.4 years), and 4.8 years
(range: 4 months-8.7 years) in the conventional obturator group. Thirteen
patients, five with implant-supported prostheses and nine with conventional
obturator prostheses, had a history of adjuvant radiotherapy (56-70Gy) due to
cancer treatment.

In Group 1 (nine patients), the mean age was 64 years (range 47-78). Four of these
patients received implants in the remaining parts of the makxilla; one patient
received implants after bone-augmentation. In the remaining five cases, no
viable maxillary structure was left for implant placement. These patients received
implants in the remaining bone structures useful for implantation, such as the
pterygoid bone, the zygomatic bone, or the paranasal pillars of the nasal aperture.
In total, 42 implants were placed to support the obturator prostheses, of which
four were lost in a total of three patients. Three implants were lost before loading
due to lack of osseointegration; the fourth showed good osseointegration but
was lost 3 years after loading. These patients had undergone radiation treatment:
two after implant placement, and one before implant placement. In three
patients of Group 1, the natural dentition in the lower jaw was preserved. In four
of the remaining six patients, the lower jaw dentures were implant-retained.
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Ten patients with a mean age of 71 years (range 59-85) were treated with
conventional obturator prostheses (Group 2). A partial natural dentition was
preserved in the lower jaw in only one patient of Group 2. In three of the remaining
nine patients, the lower jaw dentures were implant-retained.

Table 1 - Demographic and clinical characteristics of patients with implant-supported
obturators and patients with conventional obturators

Patient characteristics Implant- Conventional p-value
supported obturators
obturators
n=9 n=10
Gender (%)
Male 7 (78%) 4 (40%) 0.170¢
Female 2 (22%) 6 (60%)
Age
40-49 2 0
50-59 2 1
60-69 2 3 0.3272
70-79 3 4
80-89 0 2
Follow-up time (Mean + SD) 4538 + 34.67 57.09 + 31.46 0.453P

Origin of maxillectomy

Gingival squamous cell carcinoma 5 6
Polymorf lowgrade adenocarcinoma 0 2
Adenoidcystic carcinoma 1 1
Muco-epidermoid carcinoma 0 1 0.4172
Ameloblastoma 1
Avascular necrosis after Le Fort | 1 0
osteotomy
Traumata 1 0
Radiotherapy 5 (56%) 8 (80%) 0.350¢
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Table 1 - Continued

Patient characteristics Implant- Conventional p-value
supported obturators
obturators
n=9 n=10

Brown-classification

la 1 0
Ila 0 3
Ib 2 5 0.021%"
llc 1 0
Id 5 0]
soft palate 0 2
Dental status mandibular
Natural dentition 3 1
Implant-supported lower denture 4 3 0.0912
Conventional lower denture 2 6

Note: Brown vertical classification. I: maxillectomy not causing an oronasal fistula; Il: not
involving the orbit. Brown horizontal classification. a: palatal defect only. not involving
the dental alveolus; b: less than or equal to 1/2 unilateral; c: less than or equal to 1/2
bilateral or transverse anterior; d: greater than 1/2 maxillectomy. Soft palate not part of
Browns classification with only a defect in the soft palate.

9x?-test.

bt Test.

Fisher’s exact test.

*p<.05.

Quality of life related to masticatory performance
The Shapiro-Wilk test showed a non-normal distribution of the MAT outcomes;
therefore, the Mann-Whitney U test was used.
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Table 2 - OHIP-EDENT scores of patients with implant-supported obturators and patients
with conventional obturators

Item No Description

Functional limitation

1 Difficulty chewing

2 Food catching

3 Dentures nog fitting
Subtotal

Physical pain

4 Painfull aching

5 Uncomfortable to eat

6 Sore spots

7 Uncomfortable dentures
Subtotal

Psychologic discomfort

8 Worried
9 Self-conscious
Subtotal

Physical disability

10 Avoid eating

n Unable to eat
2 Interrupt meals
Subtotal

Psychologic disability

13 Upset
14 Been embarrassed
Subtotal

Social disability

15 Avoid going out

16 Less tolerant of others
17 Irritable with others
Subtotal
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Implant supported obturators

Conventional obturators

Mean * SD Median Mean * SD Median p-value
2.00 +0.71 2.00 340+ 0.70 3.00 0.0071**
3.44 +1.33 4.00 3.40+117 3.00 0.799
1.78 £0.83 2.00 2.00 £ 0.94 2.00 0.601
7.22 £2.17 7.00 8.80 £1.93 9.00 0115
2.22 +1.48 2.00 2.45 +1.26 2.25 0.612
211 £117 2.00 340 +0.97 3.50 0.026*
2.22 #1.30 2.00 1.70 +1.06 1.00 0.295
144 +0.53 1.00 140 £ 0.52 1.00 0.849
8.00 +3.57 8.00 8.95+ 271 9.50 0.412
144 +0.73 1.00 150 £ 0.85 1.00 1.000
222 +1.64 2.00 2.60 £1.27 3.00 0.473
367 224 3.00 410 +152 4.00 0.297
3.00 +1.12 3.00 3.60 £1.17 4.00 0.247
1.67 £1.00 1.00 1.80 + 0.79 2.00 0.534
133+ 0.71 1.00 170 £ 0.82 150 0.254
6.00 £ 2.45 6.00 710 £213 7.50 0.233
178 £1.30 1.00 1.80 +1.23 1.00 0.927
1.89 +1.36 1.00 1.80 £ 1.14 1.00 0.927
3.67 +2.60 3.00 3.60 +2.01 3.00 0.931
144 +0.73 1.00 210 +1.37 1.50 0.314
167 £1.12 1.00 1.30 + 0.68 1.00 0.460
167 +1.12 1.00 1.80 £ 0.92 150 0.614
478 277 3.00 520 +175 5.00 0.293
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Table 2 - Continued

Item No Description

Handicap

18 Unable to enjoy company
19 Life unsatisfying

Subtotal

Total

* p<.05. ** p<Ol.

Table 3 - OFS-scores of patients with implant-supported obturators and patients with

conventional obturators

Item No

Description

Eating problems
1

2

3

Subtotal

Difficulty in chewing food
Leakage when swallowing liquids

Leakage when swallowing food

Speech problems

4 Voice different from before surgery
5 Difficulty in talking in public

6 Speech is nasal

7 Difficulty in pronouncing words

8 Speech is difficult to understand
Subtotal

9 Mouth feels dry

10 Dissatisfaction with looks

n Clasps on front teeth are noticeable
12 Upper lip feels numb

13 Avoidance of family/social events
14 Difficulty inserting obturator

15 Upper lip looks funny

Total

* p<.05. ** p<0l
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Implant supported obturators

Conventional obturators

Mean * SD Median Mean * SD Median p-value
1.56 + 0.88 1.00 1.90 +1.20 1.00 0.567
1.56 +1.33 1.00 1.70 £ 0.82 1.50 0.296
311 +£203 2.00 360 +1.84 3.00 0.376

36.44 £13.79 31.00 4135 £ 9.6 43.25 0.253

Implant supported obturators Conventional obturators
Mean Median Mean Median P

1.67 + 0.87 1.00 3.00+£0.82 3.00 0.007**
311 +£1.36 3.00 3.60 +£1.08 4.00 0.446
2.44 124 3.00 210 £1.37 2.00 0.497
722 +2.68 8.00 8.70 2.4 9.00 0.323
1.89 +1.76 1.00 270 £ 0.82 2.50 0.034*
1.78 £ 1.56 1.00 220 £1.40 2.00 0.236
222 +1.48 2.00 2.60 +1.35 2.00 0.367
1.89 +1.27 1.00 230 +1.25 2.00 0.367
2.00 £1.50 1.00 1.80 £ 0.79 2.00 0.790
9.78 + 6.55 6.00 11.60 + 4.30 10.50 0174
267 +1.58 2.00 1.90 +1.10 1.50 0.250
211 +154 1.00 1.50 +£1.08 1.00 0.276
211 £ 145 2.00 170 £ 0.95 1.00 0.563
1.56 + 0.73 1.00 170 £1.25 1.00 0.899
1.56 +1.13 1.00 140 + 0.84 1.00 0.818
111+ 0.33 1.00 150 + 0.97 1.00 0.301
2.00 £ 1.41 1.00 1.30 £ 0.95 1.00 0.126
30.11£13.52 26.0 31.30 + 6.40 30.0 0.413
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Table 4- LORQV3-NL scores of patients with implant-supported obturators and patients

with conventional obturators

Item No Description

Chewing

1 Did you experience difficulty with chewing?

2 Did you have pain when you chew?

16 Did your chewing ability influence your choice of foods?
Subtotal

Swallowing

3 Did you experience difficulty with swallowing solids?

4 Did you experience difficulty with swallowing liquids?
Subtotal

Salivation

5 Did food particles collect under your tongue?

6 Did food particles stick to your palate?

7 Did food particles stick inside your cheeks?

8 Did you have mouth dryness?

9 Did you have problems with drooling?

Subtotal

10 Did you experience problems with speech?

17 Did you experience difficulty with opening your mouth?

Subtotal Oral function (1-10, 16, 17)

Orofacial appearance

Subtotal

Were you upset by your facial appearance?
Were you upset by the appearance of your mouth?
Were you upset by the appearance of your lips?

Were you upset by the appearance of your teeth?

Social interaction
15
Total (1-17)

Did your chewing ability affect your social life?

Patient satisfaction

20

21

72

Were you embarrassed about conversing because of your
dentures/implant-retained teeth?

Did you refuse dinner invitations because of
embarrassment about your dentures/implant-retained teeth?



Implant supported obturators

Conventional obturators

Mean * SD Median Mean * SD Median p-value
1.67 £1.00 1.00 2.00 + 0.67 2.00 0.183
133+ 0.71 1.00 130 £+ 0.48 1.00 0.832
178 + 0.97 2.00 250 +118 2.00 0.153
478 +2.05 4.00 5.80 +1.81 6.00 0.199
1.00 + 0.00 1.00 2.30 £ 0.68 2.00 0.000***
144 +0.73 1.00 170 +0.82 1.50 0.461
244 +0.73 2.00 4.00 + 0.94 4.00 0.002**
1.33 + 0.50 1.00 200+ 116 1.50 0.216
1.56 + 0.53 2.00 170 + 0.68 2.00 0.678
1.78 £ 0.83 2.00 210 +1.37 1.50 0.793
2.33+0.87 2.00 2.30 £ 0.95 2.00 0.965
156 £ 0.73 1.00 2.00 +1.33 1.00 0.648
8.56 +1.81 8.00 10.10 £ 2.85 9.50 0.282
1.44 +1.01 1.00 2.00 +116 1.50 0.237
156 £ 1.01 1.00 2.30 £1.34 2.00 0.196
18.78 £ 4.35 19.00 2420 £ 525 22.50 0.030*
1.44 +1.01 1.00 110 £ 0.32 1.00 0.440
156 £ 1.01 1.00 120 + 0.42 1.00 0.458
1.44 +1.01 1.00 1.00 = 0.00 1.00 0.126
133+ 0.71 1.00 1.00 = 0.00 1.00 0.126
578 +3.56 4.00 4.30 + 0.68 4.00 0.215
133 +1.00 1.00 2.00 +1.05 2.00 0.065
25.89 + 8.37 25.00 30.50 + 591 29.0 0.078
133+ 0.71 1.00 120 + 0.63 1.00 0.530
122 + 0.67 1.00 1.70 £ 1.06 1.00 0.187
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Table 4- Continued

Item No Description

22 Did you feel loss of self-confidence because of embarrassment
about your dentures/implant-retained teeth?

23 Did you find it difficult to open your mouth because of your
dentures/implant-retained teeth?

Subtotal

Maxillary prosthetic satisfaction

26

27

28

29

30

31

Subtotal

Were you dissatisfied with your upper denture/implant-
retained teeth?

Did your upper denture/implant-retained teeth cause
soreness or ulceration of the gum?

Did you find food particles collecting under your upper
denture/implant-retained teeth?

Did you take out your upper denture/implant-retained teeth
for eating?

Did you feel insecure with your upper denture/implant-
retained teeth?

Were you worried that your upper denture/implant-retained
teeth might fall out?

Mandibular prosthetic satisfaction

34

35

36

37

38

39

Subtotal

Were you dissatisfied with your lower denture/implant-
retained teeth?

Did your lower denture/implant-retained teeth cause soreness
or ulceration of the gum?

Did you find food particles collecting under your lower
denture/implant-retained teeth?

Did you take out your lower denture/implant-retained teeth
for eating?

Did you feel insecure with your lower denture/implant-
retained teeth?

Were you worried that your lower denture/implant-retained
teeth might fall out?

* p<.05. ** p<.0l. *** p<O00l.

74



Implant supported obturators

Conventional obturators

Mean * SD Median Mean * SD Median p-value
1.44 +£1.01 1.00 1.20 £ 0.42 1.00 0.818
111 +0.33 1.00 220 +£1.23 2.00 0.023*
511232 4.00 6.30 £ 1.57 7.00 0.049*
1.33 £1.00 1.00 110 £ 0.32 1.00 0.878
111 +0.33 1.00 1.40 £ 0.52 1.00 0.165
2.33+0.87 2.00 170 £ 0.68 2.00 0.098
1.00 £ 0.00 1.00 1.00 + 0.00 1.00 1.000
1.44 £1.01 1.00 110 £ 0.32 1.00 0.440
122 £ 0.67 1.00 1.20 £ 0.42 1.00 0.699
8.44 265 8.00 7.50 =+ 0.97 7.00 0.493
117 £ 0.41 1.00 111+ 0.33 1.00 0.765
117 £ 0.41 1.00 1.22 £ 0.44 1.00 0.799
1.50 £ 0.55 150 2.00 £0.87 2.00 0.255
117 £ 0.41 1.00 1.67 £1.32 1.00 0.673
1.00 £ 0.00 1.00 1.44 +1.01 1.00 0.232
1.00 £ 0.00 1.00 1.56 £ 1.01 1.00 0.129
7.00 £ 0.89 7.00 9.00 * 4.06 8.00 0.276
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Patients with an implant-supported obturator prosthesis had a significantly
better MAI score (18.66 + 1.37) than patients with conventional prostheses
(22.36 * 3.16; p = .015). Thereby, the subdomain of ‘chewing difficulty’ showed
better results in patients with an implant-supported obturator in both the OHIP-
EDENT (p = .001; Table 2) and OFS (p = .007; Table 3). The subdomain of ‘eating
comfort’ of the OHIP-EDENT also showed a significantly better eating comfortin
patients with an implant-supported prosthesis (p =.026). Likewise, the domain
of ‘oral functioning’ of the LORQV3-NL was better in patients with an implant-
supported obturator prosthesis (p =.030; Table 4). The difficulties in swallowing
solids are noteworthy. The results were worse in patients wearing conventional
obturator prostheses in comyparison to those with implant-supported devices
(LORQV3-NL; p = .000). Voice modifications were more obvious in patients of
Group 2 (OFS; p =.034).

Post hoc power calculation

We computed the sample size given a = .05, power = 0.8, and the expected
effect size for two independent means (matched pairs) with the MAI score
outcomes of this study. The mean MAI score was 18.66 (+ 3.16) for the patients
with implant-supported obturator prostheses and 22.36 (+ 1.37) for the patients
with conventional obturators. Therefore, the required sample size was estimated
at 16 subjects (eight per group).
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Discussion

In this cross-sectional comparative study, we explored whether implant-
supported obturator prostheses in maxillectomy patients improved masticatory
performance and OHRQoL. Therefore, we evaluated both objective outcomes
from the MAT and subjective outcomes from the OHRQoL questionnaires,
as objective information of oral functioning may be different from personal
experiences. The MAT evaluates the ability to mix a bi-coloured wax tablet and
results in the MAI score. It has proven to be valid and reliable in test candidates
with compromised masticatory performance [23, 34].

The study indicates that implant-supported obturator prostheses are useful in
the oral functional rehabilitation of maxillectomy patients. The results show a
significantly better MAl score outcome in patients of Group 1, notwithstanding the
larger and more ventral defects. The patients with implant-supported obturator
prostheses show similar MAI score results (18.66 + 1.37) compared with dentate
obturator patients (18.4 + 4.2) despite severely compromised oral function due
to the maxillectomy. Likewise, healthy edentulous non-makxillectomy individuals
with conventional maxillary dentures and implant-supported mandibular
overdentures (MAI 18.5 + 3.1) have shown similar results. The mean MAI score of
Group 2 patients (22.36 + 3.16) was comparable to healthy full denture patients
(21.2 £ 3.6) and other edentulous obturator patients (25.1 + 5.3) [23, 35].

The added value of dental implants in prosthetic rehabilitation of patients after
maxillectomy has been reported previously, both in patients receiving obturator
prostheses, as well as in surgically reconstructed patients. The use of zygomatic
implants increases reconstructive treatment options, especially for maxillectomy
patients. To date, functional differences have not been established between the
obturator and surgically reconstructed patients [20, 36, 37].

We reached an overall implant survival of 90.5%, with four out of 42 implants
lost in patients in Group 1. Since the four lost implants have failed in irradiated
bone, our overall implant survival in non-irradiated bone of 100% is comparable
with the results published by Huang et al. [14]. In their study, implant survival
in irradiated patients was 82.6%. Other studies have reported similar results;
however, these studies did not refer to dental implant survival in extra-maxillary
bony structures of the midface or skull base [38-40]. Moreover, current literature
does not explicitly reveal information about the radiation doses at the specific
implant sites. Instead, studies have reported whether the patient was irradiated
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or not. In our study, the implant sites of the lost implants had been irradiated
with more than 50Cy. Nevertheless, the patients could continue to wear their
prosthetic obturators despite singular implant loss, which we considered a
successful overall result of functional rehabilitation.

In addition to objective results such as MAI scores, functional aspects must be
assessed subjectively using the OHRQoL. The OHIP-EDENT is a modified shorted
version of the OHIP-49 questionnaire which, in contrast to the more commonly
used OHIP-14, includes items related to chewing and denture problems [24].
The OHIP-EDENT showed significantly better results after implant-retained
prosthetic rehabilitation in a study on five edentulous hemi-maxillectomy
patients [18].

The Memorial Sloan Kettering Cancer Centre Obturator Functioning Scale
(OFS) has proven to be a viable questionnaire to assess self-reported obturator
functioning and to predict quality of life in maxillectomy patients [7, 41, 42]. It has
shown the negative impact of (adjuvant) radiotherapy [15, 16, 42, 43] and defect
size on obturator functioning [16, 35].

The LORQV3 is a health-related questionnaire assessing the impact of oral
rehabilitation on patients’ OHRQoL [26-28]. It has recently been translated
and validated into the Dutch language, resulting in the LORQv3-NL [25].
This questionnaire has shown the added value of prosthetic rehabilitation
in improving HRQoL of patients treated for head and neck cancer, including
maxillectomy patients rehabilitated with obturator prostheses [44-46].

Our OHIP-EDENT, OFS, and LORQV3-NL results did not disclose significant
differences in summary scales between the two patient groups. This is probably
due to the long-time interval between prosthetic rehabilitation and data
acquisition (range: 1 month-7.4 years). Patients tend to adapt over time and
under-report deficits, also called response shifts [47].

On the subscale level, the ‘Oral function’ subscale and the ‘Patient Satisfaction’
subscale of the LORQV3-NL showed that implant retainment has an added
value for the obturator prostheses. Although these benefits are underlined in
response choices by all three questionnaires, the small patient groups should
be considered. The same carefully interpretation should be applied for the
promising results in the speaking and swallowing domains, which have proven
to be important for quality of life [7, 41].
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There are benefits for microsurgical reconstruction of extended maxillary and
midface defects. Patients requiring adjuvant radiotherapy will take advantage of
reconstructive surgery, as the risk of post-radiogenic changes in the irradiated
tissues will be less pronounced. Tissue atrophy, fibrosis, and the most feared risk
of osteoradionecrosis can be prevented by vascularized tissue transfer into the
defect site. Moreover, surgical defect repair can lead to aesthetic benefits, and
implant-retained fixed dentures can be applied. However, risks, as well as costs of
reconstructive surgery, should not be underestimated. For class llb and smaller
defects, very good results can be achieved by either prosthetic obturation or surgical
reconstruction [21]. Our results endorse the previously mentioned advantages of
implant-supported prosthetic rehabilitation, especially in (a) preventing donor site
morbidity, (b) surgical risks, and (c) longer hospitalization needed for a vascularized
flap transfer [48]. The overall treatment time until adequate prosthetic rehabilitation
is achieved is much shorter in prosthetic obturation. In oncologic cases, the
inspection of the resection defect offers advantages during the follow-up.

Strengths and limitations

To our knowledge, this is the first study to objectively examine masticatory
performance in patients rehabilitated with implant-supported obturator
prostheses in comparison to conventional prosthetic devices. Moreover, patient-
reported OHRQoL-results appear to support the objective results of this study.
The inclusion of only edentulous maxillectomy patients has the advantage of
eliminating the bias of residual dentition, which has proven to be beneficial for
masticatory performance [2, 15, 35, 49, 50].

Limitations are the cross-sectional study design, the small population, the
inhomogeneous anamnesis, and the wide time span between prosthetic
rehabilitation and data acquisition. Although patients in Group 1 had a mean
follow-up time of 4.8 years, only four out of these nine patients had a follow-up
of more than five years. Quality of life 1year after surgery has been shown to be a
good indicator of long-term quality of life [51]. Implant survival rates, however, ask
for a minimum of five years, and preferably ten years, of follow-up [14, 39, 52, 53].

Future research

Long-term longitudinal prospective research with a larger number of participants
is required, as well as objective measurements of speech and swallowing.
Comparison of functional outcomes and HRQoL after prosthetic obturation,
preferably implant-supported, with surgical reconstruction would give support
in the individual decision making for maxillectomy patients.
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Conclusion

Implant-supported prosthetic obturation after maxillectomy appears to improve
chewing ability, oral functioning, and patient satisfaction. More research is
needed to confirm the advantages in speech and swallowing after implant-
supported prosthetic obturation. This treatment modality is a viable alternative to
surgical reconstruction after maxillectomy, especially in medically compromised
and older patients. If implant placement is possible in maxillectomy patients,
implant-retained obturator prostheses should be preferred.
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Abstract

Objective: The aim of this study was to compare masticatory performance
and patient reported eating ability of maxillectomy patients with
implant-supported obturators and patients with surgically reconstructed
maxillae.

Methods: This cross-sectional study was conducted at the University of
Alberta, Edmonton, Canada and at Maastricht University Medical Centre
(MUMCH+), Maastricht, The Netherlands. Eleven surgically reconstructed
maxillectomy patients have been included at University of Alberta and
nine implant-supported obturator patients at MUMC+. The mixing ability
test (MAT) was used to measure masticatory performance. In addition,
the oral health related quality of life (OHRQoL) was measured with
shortened versions of the oral health impact profile (OHIP) questionnaire.
Values of the implant-supported obturator group versus the surgical
reconstruction group were compared with independent t-tests in case
of normal distribution, otherwise the Mann-Whitney U test was applied.

Results: Patients with reconstructed maxillae and patients with implant-
supported obturator prostheses had similar mean mixing ability indices
(18.20 + 2.38 resp. 18.66 * 1.37; p = .614). The seven OHRQoL questions also
showed no differences in masticatory ability between the two groups.

Conclusion: With caution, the results of this study seem to confirm
earlier results that implant-supported obturation is a good alternative
to surgical reconstruction for all Class Il maxillary defects. With both
techniques, the masticatory performance is sufficiently restored, with
careful planning being highly desirable.



Introduction

Ablative cancer surgery, extended resection of benign lesions, or trauma involving
the makxilla will result in complex three-dimensional defects in the region of the
upper jaw and midface. Reconstruction of these defects is a major challenge
for both surgeons and prosthodontists [1-3]. Researchers have presented valid
arguments in choosing the best reconstruction and rehabilitation method
for maxillectomy patients, based on parameters such as quality of life (Qol)
and functional outcomes [4-7]. Implant-supported obturation represents an
alternative for surgical reconstruction of defects where the orbital floor is intact
and no substantial loss of soft tissues exists [3, 8, 9]. The advantages of implant-
supported obturation include a shorter treatment period, no need for extensive
reconstructive surgery with donor and recipient site morbidity, reduced post-
treatment morbidity, and lower costs [8]. Disadvantages of prosthetic obturation
include nasal leakage, cleaning, and constant prosthetic refinement [10].
Regardless of the rehabilitation route, defects that comprise a significant part of
the dental alveolus, require dental rehabilitation to allow for optimal mastication
and dental appearance [3]. Regarding mastication, comparative studies between
surgical reconstruction and obturation seem to favour surgical reconstruction,
especially in patients with larger makxillary defects [11-13]. At the same time, QoL-
research shows equivalent results for both options[14-17]. To our knowledge no
studies are available comparing masticatory performmance between surgically-
reconstructed and implant-supported prosthetic obturation. Therefore, the aim
of this study was to compare masticatory performance and patient reported
eating ability of patients with implant supported obturators and patients with
surgically reconstructed makxillae.
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Materials and methods

This cross-sectional study was conducted at the University of Alberta, Edmonton,
Canada and at Maastricht University Medical Centre (MUMC+), Maastricht, The
Netherlands. The surgical reconstruction group consisted of patients treated
at the University of Alberta Hospital and rehabilitated at the Institute for
Reconstructive Sciences in Medicine (iRSM). Patients treated for benign tumours,
or malignant tumours with a curative intent were included [12]. Eligible tumour
locations were upper alveolar process, tuber maxillae, palate and maxillary
sinus. Reconstruction was performed according to the Alberta Reconstructive
Technique (ART) protocol [18, 19] for malignant tumours or the Rohner-protocol
[20] for benign tumours. The Rohner prefabricated fibula technique allows for a
two-stage approach. The primary surgery comprises prefabrication of the fibula
with implant placement according to the surgical design and simulation (SDS)
plan, followed by a healing period. Subsequently, the fibular flap is harvested in
a second operation, and the reconstruction of the maxilla is carried out using
cutting guides and the occlusion of the final prosthesis as a transfer template.
In malignant tumours, the ART-technique, is based on 3D-printed surgical
guides and positioning splints. Neck dissection, tumour resection, microsurgical
reconstruction and implant placement are done in the first surgical stage,
followed by exposing the implants in a second operation.

In the obturator group, patients with edentulous upper jaws were included when
maxillary defects were rehabilitated with an implant-supported obturator at
Maastricht UMC+ [21]. Maastricht patients were treated according to the “surgical

|n

and prosthetic reconsiderations in patients with maxillectomy protocol” as
defined by Lethaus et al. in 2010 [22]. Implant sites in the remaining facial skeleton
or skull base were planned based on CT-data with the Simplant 3D® program
(Dentsply Sirona, Charlotte, USA). When standard abutments did not comply
with the required distances or angulation of our protocol, individual abutments
were designed by hand or by using Cinema 4D® planning program (Design
Express, Gouda, The Netherlands). If possible, a bar construction was made on
the dental implants to support the obturator prosthesis. Magnet abutments
were used as an alternative retention method, when the space between two

implants was too wide.
Exclusion criteria were cognitive impairment or the inability to understand

English for the Canadian participants and an inability to understand Dutch for
the Dutch participants.
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Patients at the University of Alberta have been included as part of the HREBA.CC-
17-0167 study [12], and at Maastricht UMC+ as part of the METC.15-4-123 study [21].
For both studies medical-ethical approval was given. Written informmed consent
was obtained from each participant before entering the study.

Clinical patient charts were examined for age, sex, duration since dental oral
rehabilitation, origin of defect, type of tumour, type of treatment (surgery alone or
surgery with adjuvant radiotherapy), radiation dose as well as number of dental
implants. The initial defect was recorded by the classification of the extents
of maxillary defects according to Brown [23]. The horizontal, or dentoalveolar
component of this classification describes the functional side of the defect.

Dental status was examined and scored according to present natural dentition,
dental implants, and prostheses in both jaws. Furthermore, the occluding pairs
were scored as premolar equivalents [24]. Occluding fixed dental prostheses
were included in the number of occluding pairs. In contrast third molars and
tissue- or implant-supported prostheses were not included.

Masticatory performance

The mixing ability test (MAT) was used to measure masticatory performance [25,
26]. This test measures how well a participant mixes a two-coloured wax tablet
by chewing on it. The tablet has a diameter of 20 mm and consists of two 3 mm
layers of red and blue wax. The test-wax is a soft material (Plasticine modelling
wax, non-toxic DIN EN-71) that forms a compact bolus during chewing and was
presented to the participant at room temperature (20°C). After chewing, the wax
was flattened between foils to a thickness of 2 mm to avoid shadows. Then the
test wax was illuminated by a scanner lamp and photographed on both sides
using a high-quality scanner (Epson V750). The images of the wax were analysed
and processed using a commercially available program for image analysis (Adobe
Photoshop CS3). Intermediate colour intensities appear and the spreads of the
intensities for red and blue decrease. A lower mixing ability index score (MAI)
implies a better colour-mixed tablet, hence better masticatory performance.

Patient reported eating ability

Oral health related quality of life (OHRQoL) was measured with the OHIP-14 at
iRSM and the OHIP-EDENT at MUMC+. Both questionnaires are based on the
original OHIP consisting of 49 items and have a symptom scale, with higher
scores representing stronger symptoms. The overlapping seven questions of
OHIP-14 [27] and OHIP-EDENT [28] were used in this study (see Appendix A).
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These seven items measure six domains: (a) pain (2 items), (b) psychological
discomfort (1 item), (c) physical disability (1 item), (d) psychological disability (1
item), (e) social disability (1item), and (f) handicap (1 item). Each item was scored
on a Likert scale from 1‘Never’ to 5 ‘Very often’.

Statistics

Statistical analysis was done by calculating means and standard deviations
(SD) for continuous variables; medians and inter quartile range (IQR) for ordinal
and non-normal distributed data. Cross-tabulations were made for categorical
variables. A Chi? test was used for categorical outcomes; when the table was
two by two the Fisher's exact test was used. Given the small amount of patients
available for contacting, no sample size calculation was performed. Values of
the implant-supported obturator group versus the surgical reconstruction
group were compared with independent t-tests in case of normal distribution,
otherwise the Mann-Whitney U test was applied. Normal distribution was
verified by using the Shapiro-Wilk test. The Mann-Witney U Test was used to
test between the two patient groups for the OHIP item outcomes (ordinal data).
Statistical analyses were regarded as significant, if the p-value was equal to or
lower than .05. Data were evaluated using SPSS (IBM version 24 for Mac).
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Results

Atotal of 20 patients were included in this cross-sectional study. Of these 20 patients,
eleven (six according to the ART protocol, five according to Rohner’s technique)
had maxillae reconstructed by free vascularized fibula flaps in Edmonton and nine
patients had received an implant supported obturator prosthesis in Maastricht.
The medical history and demographic data of the ten men (50%) and ten women
(50%) are presented in Table 1. No significant differences were found between the
reconstruction group and the obturator group with regard to sex, duration since
dental oral rehabilitation, cause for maxillectomy, and adjuvant radiotherapy.
Most patients had a defect not involving the orbit, corresponding a vertical Brown
component | (n =1) or Il (n =15). However, some of the data were different between
the two groups. Patients with an obturator were older, had a larger horizontal Brown
component than the reconstructed patients (p =.034). In addition, the dental status
of the maxilla (p =.000), mandible (p =.014), and number of occlusal units (p =.000)
were less for the obturator group.

Eleven patients with a mean age of 45 years (range 19-66) were surgically
reconstructed and received a total of 46 implants in the (neo)maxilla. One received
an implant supported denture, the other ten received fixed dental prosthesis on
implants. A natural dentition was preserved in the lower jaw in ten patients. In one
patient, the lower jaw was rehabilitated with a fixed dental prosthesis on implants.

In the implant supported obturator group the mean age was 64 years (range
47-78). Four of these patients received implants in the remaining parts of the
maxilla, in one patient after bone-augmentation. In the remaining five cases,
no viable maxillary structure was left for implant placement. These patients
received implants in remaining bone structures useful for implantation, such as
the pterygoid bone, the zygomatic bone or paranasal pillars of the nasal aperture.
In total 42 implants were placed in the maxillary structures of which 32 were used
to support the obturator prostheses. Of the ten unused implants, five were lost,
two were damaged and two were non-functional. In the lower jaw: 3 patients had
a natural dentition, 5 patients had an implant supported denture, and 1 patients
had a conventional denture added to an implant supported obturator.

Patients with a reconstructed maxilla and patients with an implant supported
obturator prosthesis had similar mean MAI (18.20 + 2.38 resp. 18.66 + 1.37; p = .614).
The seven overlapping questions of the OHIP-14 and OHIP-EDENT also showed
no differences in masticatory ability between the two groups (Table 2).
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Table 1- Demographic and clinical characteristics of patients with implant supported

obturators and a reconstructed maxilla

Patient characteristics Implant Reconstructed p-value
supported Maxilla
obturatorsn=9 n=T1
Gender; n (%)
Male 7 (78%) 8 (73%) 0.6042
Female 2 (22%) 3(27%)
Age; mean (SD) 63.78 (12.05) 45.00 (14.28) 0.006°
Days since stage Il; median (Q1) 1339.12 (359.58) 446.00 (276.00) 0.370¢
Origin maxilla defect; n (%)
Malignant tumour 6 (67%) 6 (55%)
Benign tumour 1 (M%) 5 (45%) 0.]05¢
Trauma 2 (22%) 0 (0%)
Treatment; n (%)
Surgery 4 (44%) 8 (73%) 0.205?
Surgery and radiotherapy 5 (56%) 3(27%)
Vertical Brown defect; n (%)
[ 1 (M%) 0 (0%)
I 8 (89%) 7 (64%) 0.086¢
1 0 (0%) 4 (36%)
Horizontal Brown defect; n (%)
A 1 (M%) 3(27%)
B 2 (22%) 7 (64%) 0.0349"
c 1 (M%) 1(9%)
D 5 (56%) 0 (0%)
Dental status mandible; n (%)
Natural dentition 3 (33%) 10 (91%)
Fixed dental prosthesis on implants 0 (0%) 1(9%) 0.014¢"
Implant supported denture 5 (56%) 0 (0%)
Complete denture 1(11%) 0 (0%)
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Table 1- Continued

Patient characteristics Implant Reconstructed p-value
supported Maxilla
obturatorsn =9 n=T1

Dental status maxilla; n (%)

Natural dentition 0 (0%) 2 (18%)
Fixed dental prosthesis on implants 0 (0%) 8 (73%) 0.000%™
Implant supported denture 9 (100%) 1(9%)
Occlusal units; mean (SD) 0.00 (0.00) 7.45 (3.80) 0.000°™
Masticatory performance; mean (SD) 18.66 (1.37) 18.20 (2.38) 0.614°

Note: Brown vertical classification. I: maxillectomy not causing an oronasal fistula; II:
not involving the orbit; Ill: involving the orbital adnexae with orbital retention.

Brown horizontal classification. a: palatal defect only. not involving the dental alveolus;
b: less than or equal to 1/2 unilateral; c: less than or equal to 1/2 bilateral or transverse
anterior; d: greater than 1/2 maxillectomy.

Abbreviations: n, number; QI, first quartile; SD, standard deviation.

°Fisher’s exact test.

bIndependent T-test.

cMann-Withney U test.

9x?-test.

*P<.05,'

***p<.00]1.
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Table 2 - OHIP-49 scores of patients with implant supported obturators and patients

with a reconstructed makxilla

Domain Description
Pain Painful aching
Pain Uncomfortable to eat

Psychological discomfort
Physical disability
Psychological disability
Social disability
Handicap

Self-conscious
Interrupt meals
Been embarrassed
Irritable with others

Life unsatisfying

Abbreviation: IQR, Interquartile range.
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Implant supported obturators Reconstructed maxilla

Median (IQR) Median (IQR) p-value
2.00 (2.50) 2.00 (1.00) 0.552
2.00 (2.00) 2.00 (1.00) 0.603
2.00 (2.50) 2.00 (2.00) 0.766
1.00 (0.50) 1.00 (2.00) 0.370
1.00 (1.50) 2.00 (2.00) 0.552
1.00 (1.50) 2.00 (1.00) 0.766
1.00 (0.50) 2.00 (1.00) 0175
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Discussion

The results of this study appear to demonstrate comparable masticatory
performance and patient reported eating ability for patients with surgically
reconstructed maxillae and patients with implant supported obturator prostheses.
The mean MAI for both groups (18.20 + 2.38 resp. 18.66 + 1.37) are comparable
with other compromised groups, like dentate obturator patients (18.4 + 4.2) and
healthy edentulous non-maxillectomy individuals with conventional maxillary
dentures and implant-supported mandibular overdentures (18.5 + 3.1) [25, 29].
Both maxillectomy groups remained below the MAI-level of the natural dentition
group (15.8 + 2.0), confirming previous research into chewing performance in
maxillectomy patients [11, 25].

Several authors advocate for the benefits of surgical reconstruction over
obturation of makxillary defects, especially for larger defects. Amongst them are
authors mainly describing a personal preference solely based on experience [30,
31], or combining the best available literature with clinical experience [3, 17, 32].
Unfortunately, the best available literature is limited, and study populations are
usually small. A recently published systematic review describes a risk of selection
bias and heterogeneous measurements for studies comparing masticatory
efficiency [7]. Additionally, the different methods of measuring masticatory
performance: mixing ability test, colour changing chewing gum, and sieving
method used in maxillectomy patients [11-13, 21, 25, 29, 33-36] complicate the
comparison of the study results.

Recent research confirms the benefits of implant-support to obturators [8,
21] and even suggests equivalent functional results as compared to surgical
reconstruction [15, 16]. Our surgically reconstructed group has previously been
compared with patients with an conventional obturator, most of them without
implants [12, 37-39]. In contrast to our obturator group, the obturator group of this
previous cross-sectional study had a significant lower mean MAI index (27.3 + 0.5)
which represents very limited masticatory performance. The retention method
of these obturators might be a limiting factor, with only two obturators being
implant-supported. Another possible explanation might be found in the feeding-
tube item of the EORTC-QLQH&N35. With eleven of the thirteen patients with
an obturator scoring positive on the feeding-tube item, there is a possibility that
those patients are not masticating at all and with that losing the physical fitness
of the masticatory system to do so.
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When choosing between obturation or surgical reconstruction, it is important
to inform the patient as well as possible. Although the Rohner-procedure gives
immediate chewing ability like obturators do, for patients with a malignant tumour,
the obturator offers a faster recovery of chewing capacity than the ART-procedure.
Since dental oral rehabilitation under the ART procedure is initiated after completion
of all cancer treatments and tissue healing, it can easily take up to 6 months to start.
The choice of surgical reconstruction has the advantage of avoiding the discomfort
of placing and cleaning obturators. There is also less nasalance for hard palate
defects reconstructed with a SDS fibula free flap, which may be due to potential
retention problems of the obturators [40]. However, all this comes with a higher
price. Patients should take into account longer operating times and longer hospital
stays. In addition to the higher costs, operations with a longer duration have a higher
chance of increased pain, increased functional limitations, poor global recovery
and decreased HRQoL 6 months after surgery [41]. Finally, despite all advances
in radiology, it remains difficult to distinguish between benign post-treatment
changes and recurrent malignancy [42]. In addition to the fact that the oncologist
with the surgical reconstruction loses direct visual inspection, the assessment of
post-surgical radiological images also becomes more difficult.

Strengths and limitations of this study

To our knowledge this is the first study to objectively compare masticatory
performance in patients with surgically reconstructed maxillae and patients
with implant supported obturator prostheses. The reliability of the MAT [43, 44]
in these rare compromised patient groups are the strengths of this study.

Amongst the limitations are the great variance in time between the end of
treatment and the data acquisition and the cross-sectional study design. The
differences between the groups, especially cultural differences in this cohort
international study, and the small absolute number of patients also remain
limitations. However, the most important differences; age, horizontal defect size,
dental status and the number of occlusal units would be expected to benefit the
masticatory function of the surgically reconstructed group. Our results therefore
endorse all the more caution in favouring surgical reconstruction when it comes
to masticatory function.

Future research

The choice between surgical reconstruction or obturation of maxilla defects
remains controversial and will largely be determined by personal preferences
and financial possibilities.
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Ideally, future research should consist of prospective comparative research
into the short and long term functional results of both modalities. Adding diet
consistency questionnaires to the MAT is likely to provide valuable information to
further support the decision making [45]. However, to be able to include enough
patients, multicentre or even multinational research will be required.
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Conclusion

With caution, the mastication results in this study seem to confirm earlier
results that implant-supported obturation is a good alternative to surgical
reconstruction for all Class Il maxillary defects. With both techniques, the
masticatory performance is sufficiently restored, with careful planning being
highly desirable.
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Appendix A:

The overlapping questions of OHIP-14 and OHIP-EDENT, based on the OHIP-49
[27, 28]

Have you had a sore jaw?

Have you found it uncomfortable to eat any foods because of problems with
your teeth, mouth or dentures?

Have you been self-conscious because of your teeth, mouth or dentures?
Have you had to interrupt meals because of problems with your teeth, mouth
or dentures?

Have you been a bit embarrassed because of problems with your teeth,
mouth or dentures?

Have you been a bit irritable with other people because of problems with
your teeth, mouth or dentures?

Have you felt that life in general was less satisfying because of problems with
your teeth, mouth or dentures?
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Abstract

Background and purpose: Prior to radiotherapy (RT), teeth with poor
prognosis that pose a risk for post-RT osteoradionecrosis (ORN) are
removed. To allow enough time for adequate wound healing prior to RT,
decisions are made based on the estimated radiation dose. This study
aimed to gain insight into (1) the overall number of teeth extracted and
(2) the patient and tumor characteristics associated with the number of
redundantly extracted teeth.

Materials and methods: Patients with head and neck cancer (HNC),
treated with RT between 2015 and 2019, were included in this cross-
sectional study. For each extracted tooth the radiation dose was
calculated retrospectively. The cut-off point for valid extraction was set
at 240Gy in accordance with the national protocol. Potential factors for
doses 240Gy were identified, including age, sex, tumor location, tumor (T)
and nodal stage (N), overall tumor stage and number of teeth extracted.

Results: A total of 1759 teeth were removed from 358 patients. Of these
1759 teeth, 1274 (74%) appeared to have been removed redundantly, based
on the mean dose (D, . ) of <40Gy. Using the maximum dose (D, ) of
<40Qy, 1080 teeth (61%) appeared to have been removed redundantly.
Tumor location and N-classification emerged as the most important
associative variables in the multivariable regression analysis.

Conclusion: To our knowledge this is the first study to provide insight into
the amount of teeth redundantly extracted prior to RT and represents
a step forward in de-escalating the damage to the masticatory system
prior to RT.



Introduction

Osteoradionecrosis (ORN) of the jaw isamong the most feared late complications
observed in patients with head and neck cancer (HNC) treated with radiotherapy
(RT) [1].

Removal of teeth with a limited prognosis and identified as a potential cause of
infection in the oral cavity prior to head and neck RT can be associated with a
lower risk of developing ORN compared to performing tooth extractions after or
during RT [2]. Therefore, it is important that the jaw areas receiving significant
doses of radiation are free of potential sources of infection prior to RT. However,
tooth extractions result in a decreased number of functional units and impair
mastication and swallowing, contributing to a decreased health-related quality
of life (QoL) [3-8].In a recent study on patients with oropharyngeal squamous cell
carcinoma (OPSCC), tooth extractions prior to therapy contributed to significant
weight loss during RT combined with chemotherapy (CRT) or biotherapy (BRT)
[9]. Since maintaining body weight isimportant for completion of planned RT and
to support the recovery period, further weight loss caused by tooth extractions
should be minimized or avoided as much as possible [10].

The original Dutch protocol which was re-evaluated in 2018 recommends
comprehensive dental assessment of potential oral sources of infection at least
10 to 14 days prior to RT to allow adequate time for wound healing [11-13].

As described by Spijkervet et al., the risk of developing ORN starts at a RT dose
of about 40Cy and increases with increasing radiation dose [1]. It is therefore
desirable to eliminate oral sources of infection where the radiation fields will
achieve an expected cumulative radiation dose of 240Gy [13, 14]. However, some
of the extracted teeth may be redundantly extracted, due to the fact that the
estimated radiation dose prior to RT appeared to be lower after completion of
RT planning. Considering the impact of pre-RT tooth extractions on patients
with HNC and the advancements in RT techniques, there is a growing demand
to adopt a less radical approach to pre-RT extractions [3, 5, 6, 15, 16]. The first
objective of this study was to gain insight into the number of teeth not necessarily
extracted prior to planned RT. The second objective was to determine which
patient or tumor characteristics are associated with the number of redundantly
extracted teeth prior to RT.
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Materials and Methods

Study design and population

This cross-sectional study included all patients who were treated by primary
or adjuvant RT, CRT of BRT with curative intent for HNC at the Comprehensive
Cancer Center of Maastricht University Medical Center (MUMC+) and Maastro
Clinic between 2015 and 2019. Patients were excluded who were edentulous,
did not need tooth extractions pre-RT, had a tooth extraction after RT instead of
before, or neglected their teeth to such an extent that extraction of all remaining
teeth was required. In addition, patients were excluded if they had previous
head and neck RT, proton- or brachytherapy, or RT with palliative intent. Finally,
patients with an unknown primary, centrally located, or bilateral proven tumor
spread were excluded to allow for reporting of dose distributions in the jaws
according to laterality: ipsi- versus contralateral. Data on age, sex, tumor location,
tumor size (T), and lymph node status (N), as well as information on tooth
extractions were extracted from the electronic health records by an experienced
maxillofacial prosthodontist (DB). If a TNM classification was stated according
to the 7th edition, it was converted to the TNM classification according to the
8t edition [17,18]. This study was approved by the medical ethics committee of
the MUMC+ (METC 2019-1241). The institutional review board of MUMC+ allowed
us to invoke the institutional “no objection regulation”, so no patient informed
consent was needed.

Tumor location

The patient cohort was divided into eight groups according to the anatomical
region of the expected radiation fields: 1) larynx, 2) hypopharynx, 3) parotid region,
4) oropharynx, 5) oral cavity, 6) maxillary complex, 7) nasopharynx, and 8) other
(Table 1). The group of patients with parotid gland tumors was supplemented
with patients presenting with pre-auricular skin cancers with a radiation
field including the parotid gland (due to metastasis or elective coverage) and
formed the ‘parotid region’ group. Patients with a salivary gland tumor of the
submandibular or sublingual gland were included in the ‘oral cavity' group,
because of the close anatomical relation with the mandible. Patients with a
tumor in the maxillary region/hard palate were combined with patients with a
nasal, paranasal sinus or nasal cavity tumor and formed: the ‘maxillary complex’

group.
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Table 1- Baseline characteristics of the 358 patients

n =358
Age (years)
Mean + SD 63.6 +11.3
median (IQR) 60.0 (1)
Sex (n; %)
Female 109 (30.4)
Male 249 (69.6)
Anatomical region of the expected radiation fields (n; %)
Larynx 60 (16.8)
Hypopharynx 37 (10.3)
Parotid region 35(9.8)
Oropharynx 17 (32.9)
Oral cavity 51(14.2)
Maxillary complex 22 (6.)
Nasopharynx 1 (37)
Other 25 (7.0)
Tumor stage (n; %)
TO 6(2)
T 63 (18)
T2 93 (27)
T3 106 (30)
T4 81 (23)
Missing 9
Node stage (n; %)
NO 148 (42)
N1 76 (22)
N2 87 (25)
N3 42 (12)
Missing 5
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Table 1- Continued

n =358
Tumor stage group (n; %)
Stage O (cis) 1(0)
Stage | 62 (18)
Stage Il 63 (18)
Stage Il 91 (26)
Stage IV 134 (38)
Missing 7
Type of tumor (n; %)
Mucosal 289 (81)
Salivary gland 35 (10)
Skin, incl. Melanoma 22 (6)
Other types of tumor 12 (3)

Abbreviation: SD, standard deviation; IQR, interquartile range; TNM-classification: T,
tumor; N, node; M, metastasis classification according to the 8th edition.[15, 16]

Radiotherapy

RT was delivered using volumetric modulated arc therapy (VMAT) five days per
week for six or seven weeks, to a total dose of 66 to 70Cy in 33 to 35 fractions
depending on the RT setting: adjuvant versus primary RT. Twenty-four patients
underwent RT in a randomized trial on dose-escalation for the primary tumor
(ARTFORCE, clinicaltrials.gov ID NCT01504815) in which the FDG-avid part of the
primary tumor was irradiated at a total dose of 84Gy [19]. If indicated, RT was
combined with systemic therapy, including cisplatin (CRT) or cetuximab (BRT)
[20].

Dental assessment

According to national standard procedures, dental assessment of potential
oral sources of infection was performed by oral and radiographic examination
(e.g. orthopantomography), at least 14 days before the start of RT. Teeth with a
poor prognosis due to extensive caries, advanced periodontal disease, and non-
restorable teeth were considered a potential source of infection. Radiographic
abnormalities such as apical radiolucency, (partially) impacted teeth, residual
root apices, root resorption, and dental cysts were also considered as potential
source of infection [11-13]. Teeth with poor prognosis were treated by extraction
if the expected radiation dose to the jaws was 240Gy [1, 13].
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Radiation dose calculations

All RT dose planning was performed in Eclipse (Aria version 15.5; Varian Medical
Systems Inc, Palo Alto, California, United States) [21] in which the targets (gross
tumor volume (GTV), clinical target volumes (CTV) and planning target volumes
(PTV)) were delineated according to international guidelines [22] and the organs
at risk (OAR's) according to the Brouwer’s Atlas [23]. The radiation dose for each
extracted tooth was calculated retrospectively: An experienced RT technologist
(MG) delineated the location of the extracted teeth on the planning CT. First,
the window level was set to bone density. Second, for each extracted tooth a
new structure was created and named according to the Fédération Dentaire
Internationale (FDI) World Dental Federation notation [24]. If the maxilla and/or
mandible had received a maximum dose (D, _ ) of less than 25Gy (defined as: the
25Gy isodose line not touching the bone of the mandible/maxilla), this particular
extracted tooth was not delineated, but was recorded as <25Cy. To delineate the
location of the extracted tooth, the contouring tool was converted to a high-
resolution segment and a 6 mm wide brush was selected. For each extracted
tooth, the position on each CT slice (3 mm slice thickness) where the bone was
visible was delineated (Figure 1). After all locations of the extracted teeth were
)Jandthe D
All exported data were converted to ipsilateral or contralateral, according to the

delineated, the mean dose (D in these locations were exported.

mean max

laterality of the primary tumor region. RT dose was converted to a binary variable
comparing sites that received 240Gy with sites that received <40Qy, including
sites recorded as <25Qy. To calculate the mean values, standard deviations and

ranges of D and D__, the sites recorded as <25CGy were not included.

mean max’
Statistical analyses
Descriptive statistics were reported as numbers and percentages, means with
standard deviations (SDs), medians with interquartile ranges (IQRs), and total
radiation dose ranges in Gy. Univariable logistic regression analyses was used to
test the association between different demographic and clinical variables with
dose =240Qy, for both D
assessment, sex, tumor location, tumor (T) and nodal stage (N), overall tumor

mean @Nd D . These factors included: age at first dental
stage (I, I1, lll, V), early vs. advanced tumor stage, and number of teeth extracted.
Factors with p<.05 were selected as potentially relevant associative variables and
subsequently tested using multivariable logistic regression analyses. Data were
analysed using SPSS (IBM version 28 for Windows, Armonk, New York, USA). A
p-value of less than .05 was considered statistically significant.

m

U

Adelsyiolpel 3osu pue pesy o3 Jold Sso| 41001 Juepunpay



Chapter

Figure 1 - Delineation of the location of the extracted teeth.
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Results

One thousand six hundred and sixteen patients were seen for dental assessment
prior to RT of whom 1258 were excluded (Figure 2). In total, 358 patients were
included, 249 males (69.6%) and 109 females (30.4%). The mean age was 63.6 years
(SD 1.3). Baseline characteristics are presented in Table 1. A total of 1759 teeth
were removed from these 358 patients. Of these 1759 teeth, 1274 teeth (74%)
appeared to have been removed redundantly, based onthe D, . of <40Gy. Using
the D__ of <40Gy, 1080 teeth (61%) appeared to have been removed redundantly
(Table 2).

1616

patients Excluded:

edentulous (n=635)
no tooth extractions pre-RT (n=376)
tooth extraction after RT(n=1)
neglected remaining dentition (n=97)

lost teeth incl. in jawresection (n=6)
501 patients

Excluded:
previous head and neck RT (n=78)
protontherapy (n=9)
brachytherapy (n=2)

RT with palliative intent (n=13)
(398 patients early termination of RT (n=1)

Excluded:
Unknown primary tumor (n=11)
Centrally located tumor (n=14)

Bilateral proven tumor spread (n=15)
358 patients

Figure 2 - Exclusion criteria.

Of the potential factors contributing to teeth receiving a cumulative RT dose
>40Qy, tumor location and N-classification emerged as the most important
factors in the multivariable regression analysis (Figure 3). Logistic regression
outcomes for each factor per individual tooth in Figure 3 can be found in
Supplementary Table 1.
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Table 2 - Number of removed teeth per location

Region No. of D, ...<40Gy D_. 240Gy D, . <40Gy D__ 240Gy
extracted n (%) n (%) n (%) n (%)
teeth
Larynx 217 209 (96) 8 (4) 204 (94) 13 (6)
Hypopharynx 163 145 (89) 18 (1) 127 (78) 36 (22)
Parotid region 94 81 (86) 13 (14) 72 (77) 22 (23)
Oropharynx 667 480 (72) 187 (28) 383 (57) 284 (43)
Oral cavity 378 177 (47) 201 (53) 139 (37) 239 (63)
Maxillary complex 87 52 (60) 35 (40) 43 (49) 44 (51)
Nasopharynx 72 62 (86) 10 (14) 54 (75) 18 (25)
Other 81 68 (84) 13 (16) 58 (72) 23 (28)
Total 1759 1274 (72) 485 (28) 1080 (61) 679 (39)

Abbreviation: n, number; D maximum dose; D__ mean dose

The highest percentages of redundantly removed teeth were found in the patients
with tumors in the laryngeal (94-96%), hypopharyngeal (78-89%) and ‘parotid
region’ (77-86%) (Table 2). In all but one of these 132 patients, the regions that
received a dose of 240Gy were the mandibular molar and mandibular second
premolar regions on both sides in the hypopharyngeal and laryngeal group. In
patients from the ‘parotid region’ group, this affected only the ipsilateral side.
Detailed information on the doses for each tooth and the number and percentage
of redundantly removed teeth can be found in Supplementary Tables 2A1-2H2.

In patients with an oropharyngeal tumor the percentages of redundantly
removed teeth were 57-72%, with the areas of the four incisors, the two canines
and the two contralateral premolars of the maxilla all exposed to a RT dose <40Gy.
For other regions of the maxilla and for the entire mandible, the radiation dose
for each tooth varied widely, resulting in percentages of redundantly removed
teeth from 0% to 100% (Supplementary Tables 2D1-2D2).

In the ‘oral cavity group’ the number of redundantly removed teeth was the
lowest. Eleven percent of the mandibular teeth on the ipsilateral side and 40%
of <40Gy.
Considering the D_of <40Gy, 5% of the ipsilateral and 23% of the contralateral

on the contralateral side were extracted redundantly due to a D

mean

mandibular teeth were redundantly extracted. For maxillary teeth it was 89%
and 81% for D____and D __ <40Gy, respectively (Supplementary Tables 2E1-2E2).
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Patients with a tumor in the ‘maxillary complex’ were at risk of receiving a
radiation dose of 240Gy for all maxillary teeth and ipsilateral mandibular molars.
The percentage of redundantly removed teeth in this group was 60% for D
and 49% for D__ (Table 2 and Supplementary Table 2F1-2F2).

mean

max (

In the nasopharyngeal group, the only jaw regions that ultimately received a
dose of 240Gy were the molar regions in the makxilla and ipsilateral mandible and
the second premolar on the contralateral side of the mandible. This resulted in
a percentage of redundantly extracted maxillary teeth of 76% for D___ and 61%
for D, . For mandibular teeth the percentages were 95% for D__ and 87% for
D (Supplementary Tables 2G1-2G2).

mean
max

All but one of the 25 patients from group “other” consisted of skin tumors located
in the face, scalp and or neck region, treated with radiation. The percentage of
redundantly removed teeth ranged from 84% for the D___to 72% for the D,

(Table 2 and Supplementary Tables 2H1-2H2).

mean X
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Discussion

The results of this study show that up to 61% of teeth were unnecessarily extracted
at D__ <40Gy and up to 74% at the D____
first study to provide insight into the amount of teeth redundantly extracted

<40Gy. To our knowledge, this is the

prior to RT. It therefore provides arguments to drastically reduce the number of
tooth extractions prior to RT for HNC. This de-escalation can help maintain the
masticatory system and reduce the loss of functional units, which has a direct
effect on food intake [3-9]. Not only the crushing of food, the maintenance of
body weight, but also a person’s social integration is often linked to the presence
of functional teeth [25]. Patients suffer not only from the underlying oncological
diseases, but also from the demands of therapy. The removal of teeth is generally
negatively connoted [7, 8]. The procedure itself and the expected pain can lead
to a deterioration in the patient’s general situation before the start of oncological
therapy. For these reasons, de-escalation in the sensitive area of the oral cavity
is extremely desirable.

Tumor location had a high association with unnecessarily extracted teeth. In
patients with tumors located in the laryngeal, and hypopharyngeal region, only
the mandibular molars and the second mandibular premolar received a dose
of 240Gy. In these regions the primary tumor is relatively further away from the
teeth. In the oral cavity, oropharynx and ‘maxillary complex’ group the number of
redundantly extracted teeth was less due to the closer proximity of the primary
tumor to the mandible or maxilla. This led to a higher radiation dose in the
jaw bones, consistent with the delineation of GTV, CTV and PTV according to
international guidelines [22].

N-state was also associated with unnecessarily extracted teeth. The presence of
positive lymph nodes located near the mandible (high level Il or retropharyngeal),
and submandibular lymph nodes of level Ib of the neck included in the clinical
(elective) target volume resulted in a higher RT dose in the mandible.

In this study, a cut-off point of 240Gy was chosen as the threshold as indication
for tooth extraction [12,13]. Studies focusing on vascular changes at microscopic
level after RT showed changes in tissue structure that occur at much lower doses
[26, 27]. Studies dealing with radiation doses in typical anatomical locations of
the head and neck skeleton showed average doses of 24.4 and 28.2Gy, which
can be sufficient to trigger an ORN. The maximum doses measured at these
specific ORN-sensitive regions were 44.3 and 48.4Cy [28, 29]. The choice of 40Gy
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as the threshold dose for the risk of developing ORN as described in the Dutch
National Protocol is empirical [12, 13]. Several other studies suggest using 50Gy
or 60Gy for the mandible or even 70Cy for the makxilla as a reference value for
the development of ORN [28-32], with only one Delphi study discussing a critical
radiation threshold for prophylactic removal of teeth [33]. While the Canadian
Dental Oncology Network seems to accept a certain risk of developing ORN, the
Dutch guidelines prefer minimizing this risk as much as possible.

There are previous publications describing radiation doses to portions of the
mandible and makxilla [34-37]. One study retrospectively delineated each tooth
within the radiation fields in 18 HNC patients and used a D
>50Qy to assess the need for pre-RT extractions or similarly invasive procedures

mean CUT-Off point of
[34]. Two studies did not report the doses in ipsi- and contralateral which
made it difficult to compare the results [35, 36]. Another study looked at the
mandibular volume percentages receiving >55Gy for 28 patients with base of
tongue malignancies [37].

The strength of our study includes the large sample size (358 patients with 1759
precisely delineated extraction sites) and the detailed information on radiation
doses (mean and maximum dose). Another strength of this comprehensive study
isthe fact that all extraction sites were delineated by a single experienced radiation
technician (MQ) in close collaboration with an experienced prosthodontist (DB).
This contributes significantly to the consistency of the results.

A limitation of the present study is that the exact diagnosis for tooth extraction is
missing. For some teeth, the prognosis might have been so poor that extraction
would be the treatment of choice regardless of planned radiotherapy. Tooth
extractions in these patients is also partly triggered by the insurance system
in the Netherlands. The treatment of possible oral infection sites and the
resulting prosthetic rehabilitation are covered by the national insurance system
in the Netherlands. This opportunity leads to acceptation of more frequent
tooth extractions in order to favorably access standardized prosthetic denture
rehabilitation. This means that the actual percentage of redundantly removed
teeth for reasons of planned radiotherapy is probably lower.

Another limitation is the indication of the location of the radiation field at the time
of the comprehensive dental assessment. This can lead to a bias in judgement,
especially since the guidelines for the expected dose still date from the early days
of IMRT and have not yet been adapted to the much more appropriate VMAT-RT.

18



Extrapolation of the results described here is difficult since it is linked to the RT
technique used (3D RT, IMRT or VMAT) and to the local experience in aspects of
treatment planning with consequent differences in sparing of normal tissues.
Therefore, in addition to properly assessing the tumor location and the location
of the positive lymph nodes, good consultation with the radiation-oncologist
remains of great clinical importance.

Future research to define a true radiation dose cut-off point for ORN in the
head and neck area is needed to achieve a potential further de-escalation in
preventive measures with the result of a functional destruction of the masticatory
organ. Thereby, it is important that it is clearly described whether the mean or
the maximum dose must be used. Artificial intelligence (Al) algorithms using
Deep Learning (DL) may be able to accurately predict the radiation dose for
new patients, based on an input of cohorts of previously treated cases with
imaging and dose to the teeth available. This would allow a fast and reliable
dose-prediction based on CT imaging, without the need to await the results of
the labor-intensive manual treatment planning process [38, 39].
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Conclusion

This study represents insights in how to de-escalate damage to the masticatory
system before RT without neglecting the risk of developing ORN. Especially
in patients undergoing RT for cancer of the larynx, the hypopharynx or the
‘parotid region’, guidelines have been given to support decision making during
comprehensive dental assessment. To prevent redundant tooth loss and
functional damage close cooperation between all specialists involved in head
and neck cancer therapy is of great importance. Guidelines must be adapted

where appropriate.
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Supplementary data

Abbreviations Tables

Cic:

Cii:

Csc:

Csi:

Cl-95%:
Dmax:

Dmean:

[Tic:

ITii:

I1sc:

I1si:

12ic:

12ii:

|2sc:

|2si:

Mlic:

MTii:

Misc:

Msi:

124

Cuspid inferior contralateral = Mandibular cuspid on the
contralateral side

Cuspid inferior ipsilateral = Mandibular cuspid on the
ipsilateral side

Cuspid superior contralateral = Maxillary cuspid on the
contralateral side

Cuspid superior ipsilateral = Maxillary cuspid on the
ipsilateral side

95% confidence interval

maximum dose

mean dose

Incisor 1inferior contralateral = Mandibular first incisor on
the contralateral side

Incisor 1inferior ipsilateral = Mandibular first incisor on the
ipsilateral side

Incisor 1 superior contralateral = Maxillary first incisor on the
contralateral side

Incisor 1 superior ipsilateral = Maxillary first incisor on the
ipsilateral side

Incisor 2 inferior contralateral = Mandibular second incisor
on the contralateral side

Incisor 2 inferior ipsilateral = Mandibular second incisor on
the ipsilateral side

Incisor 2 superior contralateral = Maxillary second incisor on
the contralateral side

Incisor 2 superior ipsilateral = Maxillary second incisor on
the ipsilateral side

Molar 1 inferior contralateral = Mandibular first molar on the
contralateral side

Molar 1 inferior ipsilateral = Mandibular first molar on the
ipsilateral side

Molar 1 superior contralateral = Maxillary first molar on the
contralateral side

Molar 1 superior ipsilateral = Maxillary first molar on the
ipsilateral side



M2ic:

M2ii:

M?2sc:

M2si:

M3ic:

M3ii:

M3sc:

M3si:

N- classification:

OR:
Pmlic:

Pmlii:

Pmisc:

Pmisi:

Pm?2ic:

Pm?2ii:

Pm2sc:

Pm2si:

SD:
T- classification:

Molar 2 inferior contralateral = Mandibular second molar on
the contralateral side

Molar 2 inferior ipsilateral = Mandibular second molar on
the ipsilateral side

Molar 2 superior contralateral = Makxillary second molar on
the contralateral side

Molar 2 superior ipsilateral = Maxillary second molar on the
ipsilateral side

Molar 3 inferior contralateral = Mandibular third molar on
the contralateral side

Molar 3 inferior ipsilateral = Mandibular third molar on the
ipsilateral side

Molar 3 superior contralateral = Maxillary third molar on the
contralateral side

Molar 3 superior ipsilateral = Maxillary third molar on the
ipsilateral side

node classification according to the TNM-classification 8th
edition.[17,18]

odds ratio

Premolar 1inferior contralateral = Mandibular first premolar
on the contralateral side

Premolar 1inferior ipsilateral = Mandibular first premolar on
the ipsilateral side

Premolar 1 superior contralateral = Maxillary first premolar
on the contralateral side

Premolar 1 superior ipsilateral = Maxillary first premolar on
the ipsilateral side

Premolar 2 inferior contralateral = Mandibular second
premolar on the contralateral side

Premolar 2 inferior ipsilateral = Mandibular second
premolar on the ipsilateral side

Premolar 2 superior contralateral = Maxillary second
premolar on the contralateral side

Premolar 2 superior ipsilateral = Maxillary second premolar
on the ipsilateral side

Standard Deviation

tumor classification according to the TNM-classification 8th
edition.[17,18]
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Supplementary Table 1A - [1s ipsi — Univariable and multivariable analysis of factors

potentially contributing to

D 240Gy

mean

Univariable analysis

OR CI-95% P

lower upper value
Age 1.038 0910 1183 0.580
Sex (male vs. female) 0179 0016 2.065 0.168
Tumor location 2136 1054 4.329 0.035
T-classification 1260 0390 4.075 0.700
N-classification 0.000 0.000 0.997
Total no of removed teeth 0.750 0.559 1007 0.056
Tumor stage (I, I, Il or IV) 0.855 0.337 2171 0.742
Tumor stage (Early vs Adv) 1286 0110 15.003 0.841

Bold values denote statistical significance at the p<.05 level.
*Step-backward analysis of all variables with p<.05 in univariable analysis.

Supplementary Table 1B - 12s ipsi — Univariable and multivariable analysis of factors

potentially contributing to

D 240Gy

mean

Univariable analysis

OR CI-95% P

lower upper value
Age 099 0.855 1161 0.958
Sex (male vs. female) 0222 0.019 2533 0.226
Tumor location 1553 0989 2439 0.056
T-classification 1612 0473 5495 0.446
N-classification 0.000 0.000 0.998
Total nr of removed teeth 0.834 0.669 1040 0.107
Tumor stage (I, I, Il or IV) 0965 0389 2390 0.938
Tumor stage (Early vs Adv) 1.615 0140 18581 0.700

Bold values denote statistical significance at the p<.05 level.
*Step-backward analysis of all variables with p<.05 in univariable analysis.
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D

mean

240Gy (Continued)

Multivariable analysis*

OR

CI-95% P
lower upper value

D, .. 240Gy

ma:;

Univariable analysis

CI-95%
lower upper value

OR

P

Multivariable analysis*

OR

CI-95% p
lower upper value

2136

1054 4.329 0.035

1.038
0179
2136
1.260
0.000
0.750
0.855
1.286

0.910
0.016
1.054
0.390
0.000
0.559
0.337
0110

1183
2.065
4.329
4.075

1.007
2171
15.003

0.580
0.168
0.035
0.700
0.997
0.056
0.742
0.841

2136

1054 4.329 0.035

D

mean

240Gy (Continued)

Multivariable analysis*

OR

CI-95% P
lower upper value

D, .. 240Gy

ma.

Univariable analysis

CI-95%
lower upper

OR

P
value

Multivariable analysis*

OR

CI-95% P
lower upper value

1.028
0.318
1717
1.000
0.000
0.825
0.705
1.000

0.898
0.046
1.058
0.375
0.000
0.678
0.327
0.141

1178

2223
2786
2.664

1.004
1.520
7.099

0.687
0.248
0.029
1.000
0.997
0.054
0.373
1.000

1717

1058 2786 0.029
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Supplementary Table 1C - Cs ipsi — Univariable and multivariable analysis of factors
potentially contributing to

D 240Gy

mean

Univariable analysis

OR CI-95% P
lower upper value

Age 0.907 0.741 1111 0.348
Sex (male vs. female) 0.600 0.033 10.822 0.729
Tumor location 1.425 0.864 2351 0.165
T-classification 109554010.5 0.000 0.997
N-classification 0.000 0.000 0.997
Total nr of removed teeth 0.908 0.732 1127 0.382
Tumor stage (I, I, Il or IV) 53541804.78 0.000 0.998
Tumor stage (Early vs Adv) 190055869.5 0.000 0.999

Bold values denote statistical significance at the p<.05 level.
*Step-backward analysis of all variables with p<.05 in univariable analysis.

Supplementary Table 1D - Pmls ipsi — Univariable and multivariable analysis of factors
potentially contributing to

D 240Gy

mean

Univariable analysis

OR CI-95% P
lower upper value

Age 1050 0969 1138 0234
Sex (male vs. female) 0.289 0.060 1395 0.122
Tumor location 1998 1247 3203 0.004
T-classification 1.061 0.492 2288 0.881
N-classification 0.267 0.097 0.737 0.0M
Total nr of removed teeth 0.854 0.734 0.993 0.040
Tumor stage (I, I, Il or IV) 1.066 0.484 2347 0.873
Tumor stage (Early vs Adv) 2667 0282 25249 0.392

Bold values denote statistical significance at the p<.05 level.
*Step-backward analysis of all variables with p<.05 in univariable analysis.
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D 240Gy (Continued)

mean

Multivariable analysis*

OR CI-95% P
lower upper value

D, .. 240Gy

ma.

Univariable analysis

OR

CI-95% P
lower upper value

Multivariable analysis*

OR CI-95% P
lower upper value

1.031
0.214
1.461
1154
0.129
0.906
0.876
2143

0926 1149 0574

0.031 1504 0.121
0.046
0.741
0.035

0.149

1.007 218

0.493 2704

0.019 0.867

0.793 1.036

0.375 2044 0.759

0.204 22478 0.525

1473 0.898 2416 0125

0129 0.019 0.867 0.035

D 240Gy (Continued)

mean

Multivariable analysis*

D, .. 240Gy

ma:

Univariable analysis

Multivariable analysis*

OR CI-95% P OR CI-95% o] OR CIl-95% P
lower upper value lower upper value lower upper value
1.021 0953 1095 0.551
0.226 0.048 1067 0.060
1704 1065 2724 0.026 1862 1207 2872 0.005 1557 1003 2415 0.048
1250 0585 2674 0.564
0338 0102 1120 0.076 0.231 0.082 0.653 0.006 0.279 0.086 0.902 0.033
0.863 0692 1075 0188 0875 0.769 0996 0.043 0.893 0.745 1071 0224
1.012 0481 2126 0976
3200 0.342 29900 0.308

129

U

Adelsyiolpel 3osu pue pesy o3 Jold Sso| 41001 Juepunpay



Chapter

Supplementary Table 1E - Pm2s ipsi — Univariable and multivariable analysis of factors
potentially contributing to

D 240Gy

mean

Univariable analysis

OR CI-95% P
lower upper value

Age 0.938 0.840 1047 0.256
Sex (male vs. female) 0.222 0.031 1578 0133
Tumor location 0.952 0.643 1409 0.807
T-classification 2489 0.728 8513 0.146
N-classification 0.358 0108 1184 0.092
Total nr of removed teeth 0.967 0.847 1104 0.618
Tumor stage (I, I, Il or IV) 1.673 0.479 5.844 0.420
Tumor stage (Early vs Adv) 3366557254.8 0.000 0.999

Bold values denote statistical significance at the p<.05 level.
*Step-backward analysis of all variables with p<.05 in univariable analysis.

Supplementary Table 1F - Mis ipsi — Univariable and multivariable analysis of factors
potentially contributing to

D 240Gy

mean

Univariable analysis

OR CI-95% P
lower upper value

Age 1.029 0969 1093 0.358
Sex (male vs. female) 0310 0.095 1014 0.053
Tumor location 0955 0.755 1207 0.698
T-classification 1574 0872 2838 0132
N-classification 0.373 0178 0.781 0.009
Total nr of removed teeth 0908 0.794 1039 0.160
Tumor stage (I, I, Il or IV) 0965 0577 1613 0.892
Tumor stage (Early vs Adv) 0.744 0216 2564 0.640

Bold values denote statistical significance at the p<.05 level.
*Step-backward analysis of all variables with p<.05 in univariable analysis.
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D 240Gy (Continued) D,.. 240Gy

mean ma:;

Multivariable analysis* Univariable analysis Multivariable analysis*
OR CI-95% P OR CI-95% P OR CI-95% P
lower upper value lower upper value lower upper value

0.998 0.923 1079 0.956
0.109 0.020 0589 0.010 0113 0.018 0.707 0.020
1.036 0.770 1394 0.816
1.676 0.752 3735 0.206
0.410 0178 0949 0.037 0.440 0184 1052 0.065
0.970 0.876 1075 0.562
1.439 0.576 3592 0.436

615418998.7 0.000 0.999
D,..... 240Gy (Continued) D,.. 240Gy
Multivariable analysis* Univariable analysis Multivariable analysis*
OR CI-95% P OR CI-95% P OR CI-95% P
lower upper value lower upper value lower upper value

1.003 0955 1055 0.893
0.375 0138 1015 0.054
0.930 0749 1131 0.465
1375 0.861 2195 0.182
0373 0178 0.781 0.009 0504 0.300 0.849 0.010 0504 0300 0.849 0.010
0.969 0.897 1046 0.419
0.835 0550 1268 0.399
0513 0185 1421 0.199
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Supplementary Table 1G - M2s ipsi — Univariable and multivariable analysis of factors potentially contribu

D 240Gy

mean

Univariable analysis

OR CI-95% P
lower upper value

Age 0.962 0916 1011 0124
Sex (male vs. female) 0.864 0340 2197 0.758
Tumor location 0.775 0.630 0.953 0.016
T-classification 1343 0.875 2064 0.178
N-classification 0984 0622 1557 0.945
Total nr of removed teeth 1.018 0.953 1.086 0.601
Tumor stage (I, I, Il or IV) 1102 0.739 1642 0.635
Tumor stage (Early vs Adv) 0903 0356 2292 0.830

Bold values denote statistical significance at the p<.05 level.
*Step-backward analysis of all variables with p<.05 in univariable analysis.

Supplementary Table TH - M3s ipsi — Univariable and multivariable analysis of factors
potentially contributing to

D 240Gy

mean

Univariable analysis

OR CI-95% P
lower upper value

Age 0.997 0952 1044 0.883
Sex (male vs. female) 1354 0.271 6.758 0.712
Tumor location 0.583 0370 0920 0.020
T-classification 1.046 0585 1870 0.879
N-classification 1M4 0.609 2040 0.725
Total nr of removed teeth 0991 0904 1087 0.855
Tumor stage (I, 11, Il or V) 0.781 0463 1320 0.357
Tumor stage (Early vs Adv) 0.583 0151 2256 0.435

Bold values denote statistical significance at the p<.05 level.
*Step-backward analysis of all variables with p<.05 in univariable analysis.
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ing to

D 240Gy (Continued)

mean

Multivariable analysis*

OR CI-95% P
lower upper value

D, .. 240Gy

ma:

Univariable analysis

CI-95%

OR

p

lower upper value

Multivariable analysis*

OR CI-95% P
lower upper value

0.775 0.630 0953 0.016

0.978
0.557
0.781
1.435
0.854
0.999
1.017
0.969

0.935
0.226
0.646
0.944
0.547
0.937
0.695
0.396

1.024
1.372
0.943
2179
1.333
1.064
1.487
2371

0.341

0.203
0.010
0.091

0.487
0.967
0.930
0.945

0.781 0.646 0943 0.010

D 240Gy (Continued)

mean

Multivariable analysis*

OR CI-95% P
lower upper value

D, .. 240Gy

ma:

Univariable analysis

OR

CI-95%
lower upper value

p

Multivariable analysis*

OR CI-95% p
lower upper value

0.583 0.370 0.920 0.020

0.998
1231
0.566
1.044
1194
0.988
0.674
0.409

0.954
0.257
0.368
0.584
0.649
0.902
0.391
0.102

1.045
5900
0.870
1.866
2193
1.082
1159
1.640

0.947
0.795
0.010
0.886
0.569
0.794
0.154
0.207

0.566 0.368 0.870 0.010
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Supplementary Table 1l - I1s contra — Univariable and multivariable analysis of factors
potentially contributing to

D 240Gy

mean

Univariable analysis

OR CI-95% P
lower upper value

Age 1.088 0929 1273 0.295
Sex (male vs. female) 0.000 0.000 0.998
Tumor location 1338 0.847 2.050 0.81
T-classification 0.856 0254 2.881 0.802
N-classification 0.000 0.000 0.997
Total nr of removed teeth 0.878 0.717 1076 0.209
Tumor stage (I, I, Il or IV) 0.651 0.233 1820 0.413
Tumor stage (Early vs Adv) 0.750 0.057 9.871 0.827

Bold values denote statistical significance at the p<.05 level.
*Step-backward analysis of all variables with p<.05 in univariable analysis.

Supplementary Table 13 - 12s contra — Univariable and multivariable analysis of factors
potentially contributing to

D 240Gy

mean

Univariable analysis

OR CI-95% P
lower upper value

Age 1.092 0931 1281 0278
Sex (male vs. female) 0.000 0.000 0.998
Tumor location 1360 0.887 2.085 0.158
T-classification 0.890 0.282 2812 0.843
N-classification 0.000 0.000 0.997
Total nr of removed teeth 0.895 0.735 1091 0.274
Tumor stage (I, I, Il or IV) 0.629 0223 1776 0.382
Tumor stage (Early vs Adv) 0.667 0.051 8729 0.757

Bold values denote statistical significance at the p<.05 level.
*Step-backward analysis of all variables with p<.05 in univariable analysis.
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D

mean

240Gy (Continued)

Multivariable analysis*

OR

CI-95% P
lower upper value

D, .. 240Gy

ma.

Univariable analysis

CI-95%
lower upper value

OR

p

Multivariable analysis*

OR

CI-95% P
lower upper value

1.088
0.000
1.338
0.856
0.000
0.878
0.651
0.750

0.929
0.000
0.847
0.254
0.000
0.717
0.233
0.057

1273

2.050
2.881

1.076
1.820
9.871

0.295
0.998
0.181
0.802
0.997
0.209
0.413
0.827

D

mean

240Gy (Continued)

Multivariable analysis*

D, .. 240Gy

ma.

Univariable analysis

Multivariable analysis*

OR CI-95% P OR CI-95% P OR CI-95% P
lower upper value lower upper value lower upper value
1.092 0931 1281 0278
0.000 0.000 0.998
1360 0.887 2.085 0.158
0.890 0.282 2812 0.843
0.000 0.000 0.997
0.895 0.735 1091 0274
0.629 0.223 1776 0.382
0.667 0.051 8.729 0.757
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Supplementary Table 1K - Cs contra — Univariable and multivariable analysis of factors

potentially contributing to

D 240Gy

mean

Univariable analysis

OR CI-95% P
lower upper value

Age

Sex (male vs. female)
Tumor location
T-classification
N-classification

Total nr of removed teeth
Tumor stage (I, I, Il or IV)

Tumor stage (Early vs Adv)

1.054 0.826 1345 0.671

0.000 0.000 0.999
1.51 0.748 3.054 0.250
45283923.76  0.000 0.998
0.000 0.000 0.998
0.931 0679 1275 0.655
23577335.37 0.000 0.998
89748602.70 0.000 0.999

Bold values denote statistical significance at the p<.05 level.
*Step-backward analysis of all variables with p<.05 in univariable analysis.

Supplementary Table 1L - Pm1s contra — Univariable and multivariable analysis of factors

potentially contributing to

D 240Gy

mean

Univariable analysis

OR CI-95% P
lower upper value

Age

Sex (male vs. female)
Tumor location
T-classification
N-classification

Total nr of removed teeth
Tumor stage (I, I, Il or IV)

Tumor stage (Early vs Adv)

1149 0.813 1624 0.430
0.000 0.000 0.999
8522.325  0.000 0.998
51827021.55 0.000 0.998
0.000 0.000 0.998
0.936 0.708 1236 0.639
2038671723 0.000 0.998
115391059.7 0.000 0.999

Bold values denote statistical significance at the p<.05 level.
*Step-backward analysis of all variables with p<.05 in univariable analysis.
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D 240Gy (Continued)

mean

Multivariable analysis*

D

ma;

Univariable analysis

« 240Gy

Multivariable analysis*

OR CI-95% P OR CI-95% P CI-95% P
lower upper value lower upper value lower upper value
1.057 0.885 1262 0.540
0.643 0.036 11.631 0.765
1.081 0.594 1965 0.800
2.493 0.345 18.023 0.365
0.000 0.000 0.997
0.915 0.721 1160 0.463
1.399 0.249 7.871 0.703
190055868.8 0.000 0.999
D..... 240Gy (Continued) D,.. 240Gy
Multivariable analysis* Univariable analysis Multivariable analysis*
OR CI-95% P OR CI-95% P CI-95% P
lower upper value lower upper value lower upper value
1149 0.813 1624 0430
0.000 0.000 0.999
8522.325  0.000 0.998
51827021.55 0.000 0.998
0.000 0.000 0.998
0.936 0.708 1236 0.639
20386717.23 0.000 0.998
115391059.7 0.000 0.999
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Supplementary Table 1M - Pm2s contra — Univariable and multivariable analysis of
factors potentially contributing to

D 240Gy

mean

Univariable analysis

OR CI-95% P
lower upper value

Age 1156 0.881 1517 0295
Sex (male vs. female) 0.000 0.000 0.998
Tumor location 1.279 0.507 3221 0.602
T-classification 2612 0.335 20.383 0.360
N-classification 0.000 0.000 0.998
Total nr of removed teeth 0.921 0.761 114  0.395
Tumor stage (I, I, Il or IV) 1.252 0.249 6300 0.785
Tumor stage (Early vs Adv) 170049980.7 0.000 0.999

Bold values denote statistical significance at the p<.05 level.
*Step-backward analysis of all variables with p<.05 in univariable analysis.

Supplementary Table 1IN - M1s contra — Univariable and multivariable analysis of factors
potentially contributing to

D 240Gy

mean

Univariable analysis

OR CI-95% P
lower upper value

Age 1.038 0939 1147 0.464
Sex (male vs. female) 0.144 0.015 1383 0.093
Tumor location 1.039 0689 1566 0.856
T-classification 5764 0.833 39.876 0.076
N-classification 0.816 0350 1901 0.637
Total nr of removed teeth 0.983 0.867 1115 0.791
Tumor stage (I, I, Il or IV) 1.661 0.522 5283 0.390
Tumor stage (Early vs Adv) 2243715141 0.000 0.999

Bold values denote statistical significance at the p<.05 level.
*Step-backward analysis of all variables with p<.05 in univariable analysis.
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D

mean

240Gy (Continued)

Multivariable analysis*

OR

CI-95% P
lower upper value

D, .. 240Gy

ma.

Univariable analysis

CI-95%
lower upper value

OR

p

Multivariable analysis*

OR

CI-95% P
lower upper value

1151
0.571

1.313
0.835
0.000
0.867
0.590
0.667

0.948
0.067
0.654
0.270
0.000
0.732
0.236
0.054

1.397
4.875
2636
2.580

1.027
1.476
8.196

0.155
0.609
0.444
0.754
0.997
0.099
0.259
0.751

D

mean

240Gy (Continued)

Multivariable analysis*

D,.. 240Gy

ma;

Univariable analysis

Multivariable analysis*

OR CI-95% P OR CI-95% P OR CI-95% P
lower upper value lower upper value lower upper value
0.967 0903 1034 0.322
0394 0107 1446 0160
0.872 0.631 1206 0.409
1727 0.853 3498 0129
0.863 0485 1536 0.617
0.945 0.857 1042 0.256
1489 0.731 3.031 0.273
5133 0.602 43768 0.135
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Supplementary Table 10 - M2s contra — Univariable and multivariable analysis of factors

potentially contributing to

D 240Gy

mean

Univariable analysis

OR CI-95% P
lower upper value

Age

Sex (male vs. female)
Tumor location
T-classification
N-classification

Total nr of removed teeth
Tumor stage (I, I, Il or IV)

Tumor stage (Early vs Adv)

0.955 0.883 1032 0.245
0.950 0145 6221 0957
0.845 0520 1373 0.496
0.818 0350 1912 0.643
2.050 0.774 5431 0.149
0.877 0687 1120 0.294
2763 0.570 13.387 0.207
2605604555 0.000 0.998

Bold values denote statistical significance at the p<.05 level.
*Step-backward analysis of all variables with p<.05 in univariable analysis.

Supplementary Table 1P - M3s contra — Univariable and multivariable analysis of factors

potentially contributing to

D 240Gy

mean

Univariable analysis

OR CI-95% P
lower upper value

Age

Sex (male vs. female)
Tumor location
T-classification
N-classification

Total nr of removed teeth
Tumor stage (I, I, Il or IV)

Tumor stage (Early vs Adv)

0.994 0.857 1154 0.940

115391059,81 0.000 0.999
0.533 0109 2616 0.438
0.000 0.000 0.997

2150 0.288 16.081 0.456
0.999 0.778 1281 0.991
1.000 0169 5919 1000
107698322.6 0.000 0.999

Bold values denote statistical significance at the p<.05 level.
*Step-backward analysis of all variables with p<.05 in univariable analysis.
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D

mean

240Gy (Continued)

Multivariable analysis*

D

ma;

Univariable analysis

« 240Gy

Multivariable analysis*

OR CI-95% o] OR CI-95% P OR CI-95% P
lower upper value lower upper value lower upper value
0919 0.852 0992 0.030 0919 0.852 0.992 0.030
0425 0.085 2128 0.298
0.898 0610 1322 0.585
0.788 0378 1643 0.525
1138 0546 2372 0.729
0.917 0.773 1087 0318
1436 0642 3210 0.378
3200 0.354 28945 0.301
D,.... 240Gy (Continued) D,.. 240Gy

Multivariable analysis*

Univariable analysis

Multivariable analysis*

OR CI-95% P OR CI-95% P OR CI-95% P
lower upper value lower upper value lower upper value
0.990 0.914 1.072 0.805
0.385 0.042 3523 0.398
1.021 0.670 1557 0.921
1.580 0.581 4.297 0.370
0.869 0.317 2382 0.784
0.994 0.866 1139 0.926
1.840 0.510 6.628 0.351
538491623.0 0.000 0.999
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Supplementary Table 1Q - I1i ipsi — Univariable and multivariable analysis of factors
potentially contributing to

D 240Gy

mean

Univariable analysis

OR CI-95% P

lower upper value
Age 0.966 0.901 1037 0.340
Sex (male vs. female) 0.201 0.053 0.764 0.018
Tumor location 0.000 0.000 0.994
T-classification 116 0.605 2.059 0.726
N-classification 3573 1593 8.016 0.002
Total nr of removed teeth 1.093 0.999 1195 0.052
Tumor stage (I, I, Il or IV) 4.34] 116 16.878 0.034
Tumor stage (Early vs Adv) 656286618.2 0.000 0.999

Bold values denote statistical significance at the p<.05 level.
*Step-backward analysis of all variables with p<.05 in univariable analysis.

Supplementary Table 1R - 12i ipsi — Univariable and multivariable analysis of factors
potentially contributing to

D 240Gy

mean
Univariable analysis

OR CI-95% P
lower upper value

Age 0.968 0.908 1033 0.329
Sex (male vs. female) 0.259 0.073 0918 0.036
Tumor location 03 0.033 0.383 <0.001
T-classification 1.062 0.577 1955 0.848
N-classification 2.845 1448 5589 0.002
Total nr of removed teeth 1104 1.006 1212 0.038
Tumor stage (I, I, Il or IV) 4.056 1226 13416 0.022
Tumor stage (Early vs Adv) 706770224.0 0.000 0.999

Bold values denote statistical significance at the p<.05 level.
*Step-backward analysis of all variables with p<.05 in univariable analysis.
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D 240Gy (Continued)

mean

Multivariable analysis*

Univariable analysis

D,.. 240Gy

ma;

Multivariable analysis*

OR CI-95% p OR CI-95% P OR CI-95% o]
lower upper value lower upper value lower upper value
0.973 0913 1036 0.395
0.186 0.040 0.871 0.033 0.273 0.085 0.874 0.029 0.496 0.066 3.739 0.497
02 0.039 0.319 <0.001 0.122 0.039 0.319 <0.001
1.305 0.741 2297 0.356
3.652 1556 8.568 0.003 2.257 1260 4.042 0.006 0.786 0249 2481 0.68]
1.073 0.987 1167 0.096
1648 0375 7230 0.508 3.424 1276 9189 0.015 2.846 0.669 12105 0.157
1076983257 0.000 0.999
D,..... 240Gy (Continued) D,.. 240Gy
Multivariable analysis* Univariable analysis Multivariable analysis*
OR CI-95% p OR CI-95% P OR CI-95% o]
lower upper value lower upper value lower upper value
0.939 0.880 1001 0.054
0.580 0.051 6.595 0.661 0.159 0.048 0.531 0.003 0.285 0.044 1850 0.189
0.070 0.014 0.361 0.001 0.178 0.078 0.408 <0.001 0178 0.078 0.408 <0.001
1.383 0.773 2474 0274
0.445 0.078 2545 0.363 2.126 1230 3.675 0.007 0.639 0.206 1981 0.438
1179 0984 1413 0.075 1.052 0968 1144 0.231
2723 0.486 15254 0.255  2.947 1226 7.083 0.016 2638 0.768 9.058 0.123

1136815206 0.000

0.999
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Supplementary Table 1S - Ci ipsi — Univariable and multivariable analysis of factors
potentially contributing to

D 240Gy

mean

Univariable analysis

OR CI-95% P
lower upper value

Age 0.991 00936 1049 0.752
Sex (male vs. female) 0618 0197 1946  0.41

Tumor location 0.052 0.012 0232 <0.001
T-classification 1191 0670 2119 0.551

N-classification 2195 1224 3934 0.008
Total nr of removed teeth 1.032 0950 1121 0.454
Tumor stage (I, I, Il or IV) 2861 1257 6510 0.012
Tumor stage (Early vs Adv) 10.000 1199 83376 0.033

Bold values denote statistical significance at the p<.05 level.
*Step-backward analysis of all variables with p<.05 in univariable analysis.

Supplementary Table 1T - Pmli ipsi — Univariable and multivariable analysis of factors
potentially contributing to

D 240Gy

mean

Univariable analysis

OR CI-95% P
lower upper value

Age 0.998 0.931 1069 0.948
Sex (male vs. female) 0.438 0137 1401 0.164
Tumor location 0135 0.052 0352 <0.001
T-classification 1184 0.661 2120 0570
N-classification 2938 1539 5609 0.001
Total nr of removed teeth 1.057 0974 1147 0.181

Tumor stage (I, I, Il or IV) 4.047 1494 10964 0.006
Tumor stage (Early vs Adv) 9.643 1170 79.462 0.035

Bold values denote statistical significance at the p<.05 level.
*Step-backward analysis of all variables with p<.05 in univariable analysis.
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D 240Gy (Continued)

mean

Multivariable analysis*

D, .. 240Gy

ma:

Univariable analysis

Multivariable analysis*

OR Cl-95% p OR CI-95% p value OR Cl-95% p
lower upper value lower upper lower upper value

0.985 0.933 1040 0.584
0.321 0106 0.972 0.044 0.342 0.068 1718 0.193

0.052 0.012 0.232 <0.001 0192 0.082 0451 <0.001 0.192 0.082 0.451 <0.001
1268 0.739 2177 0.389

0.746 0173 3207 0693 1946 1149 3297 0.013 0911 0341 2438 0.853
1.015 0.938 1098 0.708

0.000 0.000 0.995 1921 1061 3479 0.031 1197 0552 2596 0.649

4724 0160 139302 0368 2714 0.747 9.866 0.129

D,.... 240Gy (Continued) D,... 240Gy

Multivariable analysis*

Univariable analysis

Multivariable analysis*

OR CI-95% p OR CI-95% p value OR CI-95% p
lower upper value lower upper lower upper value
1.010 0951 1074 0.738
0373 0128 1087 0.071
0133 0.047 0378 <0.001 0.211 0.097 0459 <0.001 0.211 0.097 0.459 <0.001
1411 0.836 2384 0.197
1.687 0567 5025 0347 2244 1352 3724 0.002 1137 0520 2487 0.747
1047 0971 1129 0230
1.847 0419 8145 0418 2138 1203 3802 0.010 1254 0.628 2502 0.521
0.998 0.008 131.270 0999 2933 0.898 9578 0.075
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Supplementary Table 1U - Pm?2i ipsi — Univariable and multivariable analysis of factors

potentially contributing to

D

mean

240Gy

Univariable analysis

OR CI-95% P

lower upper value
Age 0.989 0942 1039 0.6061
Sex (male vs. female) 0530 0181 1552 0.247
Tumor location 0229 0103 0510 <0.001
T-classification 1501 0.893 2522 0125
N-classification 1682 1027 2755 0.039
Total nr of removed teeth 1.079 0998 1168 0.057
Tumor stage (I, I, Il or IV) 2296 1255 4200 0.007
Tumor stage (Early vs Adv) 3763 1049 13504 0.042

Bold values denote statistical significance at the p<.05 level.
*Step-backward analysis of all variables with p<.05 in univariable analysis.

Supplementary Table 1V - MTi ipsi — Univariable and multivariable analysis of factors

potentially contributing to

D

mean

240Gy

Univariable analysis

OR CI-95% P

lower upper value
Age 1.009 0973 1047 0.630
Sex (male vs. female) 0.416 0171 10N 0.053
Tumor location 0.568 0.433 0.745 <0.001
T-classification 1347 0950 1910 0.095
N-classification 1905 1284 2827 0.001
Total nr of removed teeth 1.085 1003 1174 0.043
Tumor stage (I, I, Il or IV) 1485 1036 2130 0.031
Tumor stage (Early vs Adv) 2129 0926 4.893 0.075

Bold values denote statistical significance at the p<.05 level.
*Step-backward analysis of all variables with p<.05 in univariable analysis.
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D 240Gy (Continued)

mean

Multivariable analysis*

D, .. 240Gy

ma:

Univariable analysis

Multivariable analysis*

OR CI-95% P OR CI-95% P OR CI-95% P
lower upper value lower upper value lower upper value
1.021 0.968 1077 0.440
0393 0.109 1413 0.153
0.229 0.J103 0.510 <0.001 0.702 0522 0944 0.019 0.784 0574 1070 0125
1632 0915 2911 0.097
0.746 0.309 1805 0516 2580 1376 4.836 0.003 2580 1376 4.836 0.003
1.095 0989 1211 0.081
1663 0.804 3438 0170 2012 1173 3449 0.011 1159 0568 2364 0.686
0144 0.002 10177 0372 3160 0.946 10.554 0.061
D,.... 240Gy (Continued) D,.. 240Gy

Multivariable analysis*

Univariable analysis

Multivariable analysis*

OR CI-95% P OR CI-95% P OR CI-95% P
lower upper value lower upper value lower upper value
0.981 0942 1020 0.332
0.557 0211 1467 0.236
2215 1325 3407 0.002 0.652 0.522 0.813 <0.001 0615 0476 0.794 <0.001
1.308 0911 1878 0.146
2125 1325 3407 0.002 2801 1693 4.634 <0.001 3.048 1765 5264 <0.001
1.009 0924 1102 0.845 1124 1012 1247 0.029 1041 0926 1170 0.501
0.999 0593 1683 098 1644 1131 2389 0.009 0.910 0.517 1602 0.744
2260 0968 5280 0.060 0964 0.103 8997 0.975
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Supplementary Table TW - M2j ipsi — Univariable and multivariable analysis of factors
potentially contributing to

D 240Gy

mean

Univariable analysis

OR CI-95% P
lower upper value

Age 0.968 0.936 1001 0.060
Sex (male vs. female) 0.697 0307 1583 0.388
Tumor location 0.649 0538 0.782 <0.001
T-classification 1372 0978 1925 0.067
N-classification 1.894 1302 2756 <0.001
Total nr of removed teeth 1102 1015 1195 0.020
Tumor stage (I, I, Il or IV) 1561 1094 2226 0.014
Tumor stage (Early vs Adv) 1985 0910 4.333 0.085

Bold values denote statistical significance at the p<.05 level.
*Step-backward analysis of all variables with p<.05 in univariable analysis.

Supplementary Table 1X - M3i ipsi — Univariable and multivariable analysis of factors
potentially contributing to

D 240Gy

mean

Univariable analysis

OR CI-95% P

lower upper Value
Age 0.957 0918 0998 0.041
Sex (male vs. female) 1598 0514 4969 0418
Tumor location 0.674 0536 0.847 <0.001
T-classification 1159  0.755 1780 0.500
N-classification 1925 1154 3210 0.012
Total nr of removed teeth 1108 0986 1245 0.086
Tumor stage (I, 11, Il or V) 0917 0636 1322 0.643
Tumor stage (Early vs Adv) 0542 0212 1387 0.201

Bold values denote statistical significance at the p<.05 level.
*Step-backward analysis of all variables with p<.05 in univariable analysis.
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D 240Gy (Continued)

mean

Multivariable analysis*

Univariable analysis

D, .. 240Gy

ma:

Multivariable analysis*

OR Cl1-95% p OR Cl1-95% p OR Cl-95% p
lower upper value lower upper value lower upper value
0963 0929 0.998 0.039 0971 0929 1014 0178
0.659 0.274 1585 0.352
0.645 0531 0.783 <0.001 0681 0570 0.812 <0.001 0.651 0.530 0.799 <0.001
1454 1.021 2070 0.038 1130 0.736 1736 0.576
1.897 1246 2887 0.003 2664 1685 4212 <0.001 2564 1567 4.194 <0.001
1.005 0921 109 0917 1148 1036 1272 0.008 1054 0945 1175 0.347
11 0677 1824 0676 1741 1203 2518 0.003 0971 0342 2756 0.955
2.447 1101 5439 0.028 0.782 0.214 2.852 0.710
D,.... 240Gy (Continued) D,.., 240Gy
Multivariable analysis* Univariable analysis Multivariable analysis*
OR Cl1-95% p OR CI1-95% p OR Cl-95% P
lower upper Value lower upper Value lower upper Value
0970 0929 1014 0180 0970 0929 1013 0.173
1412 0422 4723 0576
0.702 0.556 0.887 0.003 0.636 0.500 0.809 <0.001 0673 0.524 0.864 0.002
1314 0.816 2118 0.261
1641 0964 2792 0.068 2566 1356 4.858 0.004 2.071 1087 3944 0.027
1152 0993 1336 0.062
1.097 0.741 1623 0.644
0914 0.337 2475 0.859

149

U

Adelsyiolpel 3osu pue pesy o3 Jold Sso| 41001 Juepunpay



Chapter

Supplementary Table 1Y- I1i contra — Univariable and multivariable analysis of factors

potentially contributing to

mean

240Gy

Univariable analysis

OR CI-95% P

lower upper value
Age 0.982 0913 1057 0.630
Sex (male vs. female) 0.221 0.055 0.895 0.034
Tumor location 0.000 0.000 0.995
T-classification 1179 0.602 2309 0.630
N-classification 3.973 1642 9611 0.002
Total nr of removed teeth 112 1.010 1226 0.031
Tumor stage (I, I, Il or IV) 7.685 1.076 54.874 0.042
Tumor stage (Early vs Adv) 573233007.2 0.000 0.999

Bold values denote statistical significance at the p<.05 level.
*Step-backward analysis of all variables with p<.05 in univariable analysis.

Supplementary Table 1Z - 12i contra — Univariable and multivariable analysis of factors

potentially contributing to

mean

240Gy

Univariable analysis

OR CI-95% P

lower upper value
Age 0.978 0.909 1051 0.538
Sex (male vs. female) 0.250 0.063 0993 0.049
Tumor location 0.000 0.000 0.994
T-classification 1157 0.597 2241 0.666
N-classification 4.090 1.673 10.000 0.002
Total nr of removed teeth 1m8 1015 1232 0.024
Tumor stage (I, I, Il or IV) 7.803 1.089 55.884 0.041
Tumor stage (Early vs Adv) 538491595.6 0.000 0.999

Bold values denote statistical significance at the p<.05 level.
*Step-backward analysis of all variables with p<.05 in univariable analysis.
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D 240Gy (Continued)

mean

Multivariable analysis*

Univariable analysis

D, .. 240Gy

ma:

Multivariable analysis*

OR CI-95% P OR CI-95% P OR CI-95% P
lower upper value lower upper value lower upper value

0.977 0918 1041 0.475

0.230 0.044 1194 0.080 0385 0119 1248 0112
0.093 0.029 0.297 <0.001 0.093 0.029 0.297 <0.001
1285 0.721 2292 0.395

3963 1571 9999 0.004 1861 1082 3203 0.025 0.794 0.265 2383 0.681

1.050 0935 1178 0409 1048 0965 1138 0.269

2368 0320 17507 0398 2468 1081 5635 0.032 1814 0353 9320 0476
7480 0.882 63.438 0.065

D,.... 240Gy (Continued) D,.. 240Gy

Multivariable analysis*

Univariable analysis

Multivariable analysis*

OR CI-95% P OR CI-95% P OR CI-95% P
lower upper value lower upper value lower upper value
0.968 0910 1031 0.310
0.230 0.045 1188 0.079 0.314 0.098 1005 0.051
0122 0.044 0334 <0.001 0122 0.044 0.334 <0.001
1361 0.765 2422 0.295
4211 1644 10.785 0.003 2029 1lec 3531 0.012 0.708 0.224 2233 0.555
1.059 0945 1186 0.325 1056 0972 1147 0.196
2485 0327 18.893 0.379 2497 1104 5651 0.028 1330 0438 4.039 0.615
7556 0.899 63.473 0.063
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Supplementary Table 1AA - Ci contra — Univariable and multivariable analysis of factors
potentially contributing to

D 240Gy

mean

Univariable analysis

OR CI-95% P
lower upper value

Age 0.986 0.921 1056 0.695
Sex (male vs. female) 0636 0171 2371 0.501
Tumor location 0132 0.039 0.450 0.001
T-classification 1515 0.735 3123 0.26]
N-classification 2189 1149 4169 0.017
Total nr of removed teeth 1.068 0976 1168 0.151
Tumor stage (I, I, Il or IV) 2730 1047 7123 0.040
Tumor stage (Early vs Adv) 6.217 0.719 53757 0.097

Bold values denote statistical significance at the p<.05 level.
*Step-backward analysis of all variables with p<.05 in univariable analysis.

Supplementary Table 1BB - Pmli contra — Univariable and multivariable analysis of
factors potentially contributing to

D 240Gy

mean
Univariable analysis

OR CI-95% P
lower upper value

Age 0.980 0.924 1039 0.493
Sex (male vs. female) 0367 0103 131 0.123
Tumor location 0119 0.035 0406 <0.001
T-classification 1167 0571 2384 0.673
N-classification 2.082 1089 3981 0.027
Total nr of removed teeth 1104 1012 1204 0.026
Tumor stage (I, I, Il or IV) 2388 0981 5814 0.055
Tumor stage (Early vs Adv) 5211 0.624 43520 0127

Bold values denote statistical significance at the p<.05 level.
*Step-backward analysis of all variables with p<.05 in univariable analysis.
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D 240Gy (Continued)

mean

Multivariable analysis*

Univariable analysis

D, .. 240Gy

ma:

Multivariable analysis*

OR CI-95% P OR CI-95% P OR CI-95% P
lower upper value lower upper value lower upper value

0.976 0917 1040 0.453
0489 0147 1629 0244

0132 0.039 0450 0.001 0133 0.047 0.375 <0.001 0.133 0.047 0.375 <0.001
1.824 0924 3597 0.083

1155 0503 2653 0.733 2237 1242 4.030 0.007 0.700 0.203 2415 0572
1045 0962 1136 0.297

1.002 0.207 4.842 0998 3620 1429 9167 0.007 0.715 0.043 12.011 0.816
1556 1356 98465 0.025 9998 0.620 161122 0.105

D,.... 240Gy (Continued) D,.. 240Gy

Multivariable analysis*

Univariable analysis

Multivariable analysis*

OR CI-95% P OR CI-95% P OR CI-95% P
lower upper value lower upper value lower upper value
0.965 0918 1015 0.167
0.414 0147 1163 0.094
0119 0.035 0.406 <0.001 0.178 0.082 0.390 <0.001 0.178 0.082 0.390 <0.001
1560 0.857 2842 0.146
1094 0457 2616 0840 1591 0977 2590 0.062
1.097 0960 1254 0172 1070 0994 1151 0.070
1970 1.068 3.634 0.030 1386 0.631 3.045 0.417
3678 0.946 14.307 0.060
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Supplementary Table 1CC - Pm2i contra — Univariable and multivariable analysis of

factors potentially contributing to

D

mean

240Gy

Univariable analysis

OR CI-95% P

lower upper value
Age 0.967 0.897 1042 0376
Sex (male vs. female) 0581 0152 2212 0426
Tumor location 0.439 0.233 0.828 0.011
T-classification 1171 0595 2306 0.647
N-classification 151 0.811 2816 0.193
Total nr of removed teeth 1.032 0950 1122 0.453
Tumor stage (I, I, Il or IV) 1771 0729 4302 0.207
Tumor stage (Early vs Adv) 2778 0317 24371 0.357

Bold values denote statistical significance at the p<.05 level.
*Step-backward analysis of all variables with p<.05 in univariable analysis.

Supplementary Table 1DD - M1i contra — Univariable and multivariable analysis of factors

potentially contributing to

D

mean

240Gy

Univariable analysis

OR CI-95% p

lower upper value
Age 0.942 0.884 1003 0.06]
Sex (male vs. female) 0.834 0260 2677 0.76]
Tumor location 0.435 0273 0.693 <0.001
T-classification 2410 1265 4591 0.007
N-classification 5074 2215 11.625 <0.001
Total nr of removed teeth 1.086 1008 1171 0.029
Tumor stage (I, I, Il or IV) 2728 1294 5751 0.008
Tumor stage (Early vs Adv) 4766 1013 22414 0.048

Bold values denote statistical significance at the p<.05 level.
*Step-backward analysis of all variables with p<.05 in univariable analysis.
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D

mean

240Gy (Continued)

Multivariable analysis*

D, .. 240Gy

ma:

Univariable analysis

Multivariable analysis*

OR CI-95% P OR CI-95% P OR CI-95% P
lower upper value lower upper value lower upper value

0.967 0.909 1029 0.289
0370 019 1156 0.087

0439 0.233 0.828 0.011 0495 0300 0.819 0.006 0.419 0230 0.763 0.004
2070 1093 3922 0.026 2419 1136 5153 0.022
1763 1036 3.002 0.037 2001 1029 3.892 0.041
1.033 0962 1109 0.370
2012 0975 4152 0.058
7.037 0.830 59.678 0.074

D,.... 240Gy (Continued) D,.. 240Gy

Multivariable analysis*

Univariable analysis

Multivariable analysis*

OR CI-95% P OR CI-95% P OR CI-95% P
lower upper value lower upper value lower upper value
0.976 0929 1027 0.351
0.717 0.264 1944 0513
0.461 0.263 0.808 0.007 0523 0.357 0.766 <0.001 0.560 0.345 0.909 0.019
1705 0.760 3.829 0.196 2599 1482 4561 <0.001 3632 1466 8998 0.005
5486 1974 15247 0.001 3014 1715 5298 <0.001 3811 1609 9023 0.002
0.999 0.89% 1114 0985 1067 0996 1144 0.065
1238 0168 9132 0.834 1666 1052 2639 0.030 0.392 0168 0916 0.031
0.359 0.038 3419 0373 2624 0880 7.826 0.084
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Supplementary Table 1EE - M2j contra — Univariable and multivariable analysis of factors

potentially contributing to

D

mean

240Gy

Univariable analysis

OR CI-95% P

lower upper value
Age 0.933 0.883 0985 0.012
Sex (male vs. female) 0.651 0251 1692 0379
Tumor location 0.530 0.363 0.775 0.001
T-classification 2551 1458 4.461 0.001
N-classification 2190 1351 3553 0.001
Total nr of removed teeth 1.048 0976 1125 0.201
Tumor stage (I, I, Il or IV) 1618 0997 2625 0.051
Tumor stage (Early vs Adv) 2591 0.880 7.628 0.084

Bold values denote statistical significance at the p<.05 level.

*Step-backward analysis of all variables with p<.05 in univariable analysis.

Supplementary Table 1FF - M3i contra — Univariable and multivariable analysis of factors

potentially contributing to

D

mean

240Gy

Univariable analysis

OR CI-95% P

lower upper value
Age 0.987 0.944 1032 0.564
Sex (male vs. female) 0.583 0193 1761 0.339
Tumor location 0.494 0313 0.781 0.003
T-classification 1.809 1035 3162 0.038
N-classification 1722 1.023 2.897 0.041
Total nr of removed teeth 1.020 0949 1096 0.590
Tumor stage (I, I, Il or IV) 1792 1057 3.040 0.030
Tumor stage (Early vs Adv) 3988 1023 15544 0.046

Bold values denote statistical significance at the p<.05 level.

*Step-backward analysis of all variables with p<.05 in univariable analysis.
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D

mean

240Gy (Continued)

Multivariable analysis*

D, .. 240Gy

ma:

Univariable analysis

Multivariable analysis*

OR CI-95% P OR CI-95% P OR CI-95% P
lower upper value lower upper value lower upper value
0941 0.880 1006 0.075 0948 0.904 0.994 0.026 0.961 0.908 1017 0.165
0.797 0332 1915 0.612
0.486 0.303 0.779 0.003 0583 0418 0.814 0.002 0557 0.378 0.821 0.003
2245 1208 4173 0.011 2137 1352 3377 0.001 1916 1166 3151 0.010
1740 0987 3069 0.056 2010 1307 3.093 0.001 1658 1029 2672 0.038
1.014 0947 1084 0.696
1175 0.794 1739 0.419
1207 0.514 2.838 0.666
D,.... 240Gy (Continued) D,.. 240Gy

Multivariable analysis*

CI-95%
lower upper value

OR

p

Univariable analysis

CI-95%
lower upper value

OR

p

Multivariable analysis*

OR CI-95% P
lower upper value

0.494
1.897
1.615

0.919
1.918

0.310
0.010
0.870

0.232
0.295

0.785
3.564
3.000

3.645
12.485

0.003
0.047
0129

0.905
0.496

0.990
0.611
0.614
1.479
1.586
1.014
1.423
2.333

0.948
0.209
0.425
0.899
0.972
0.946
0.921

0.763

1.033
1.785
0.886
2.432
2.588
1.088
2.200
7133

0.632
0.368
0.009
0.123
0.065
0.694
0112
0137

0.614 0.425 0.886 0.009
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Supplementary Table 2A1 - Larynx Dmean

min. Dmean 0,9 1.6 1.6
max. Dmean 2,2 16 1.6
mean Dmean 1,6 1.6 1.6
(SD) (0.6)

percentage redundantly removed teeth (<40Cy) 100% 100% 100% 100% 100%
number redundantly removed teeth (<40Qy) 1 5 1 2 1
total number of extracted teeth 1 5 1 2 1
teeth upper jaw M3si  M2si Mlsi  Pm2si Pmisi
teeth lower jaw M3ii M2ii Mlii  Pm2ii  Pmlii
total number of extracted teeth n 22 20 8 15
number redundantly removed teeth (<40Qy) 10 21 19 7 15
percentage redundantly removed teeth (<40Gy) 91% 95% 95% 88% 100%
mean Dmean 23,8 16,8 17,0 19,9 81
(SD) (129) (128) (12.7) (22.7) (6.J)
min. Dmean 8,5 4,0 6,8 35 29
max. Dmean 52,7 58,8 575 56,9 22,2

number of patients n =60

Misc, Pm2si, Mlsi, M2si, M3si, and all inferior teeth: number of teeth with cut-off point
40Gy is greater than the number of teeth available for the mean max dose. In patients
with both jaws receiving <25Gy, the extraction sites are not delineated in the planning

software.
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1.6 22

16 22
1.6 2.2
100% 100%
2 1
0 0 0 0 0 0 0 0 2 0 1
Csi 12si Nsi lNsc I2sc Csc  Pmilsc Pm2sc Mlsc M2sc M3sc
Cii 12ii i Iic I2ic Cic Pmilic Pm2ic Mlic M2ic  M3ic
9 9 8 7 9 9 13 5 22 25 12
9 9 8 7 9 9 13 4 21 24 n

100% 100% 100% | 100% 100% 100% 100% 80% 95% 96%  92%
76 6,1 6,6 6,7 64 78 89 275 150 147 198
(48) (45) (45) | 49) (48) (57) (59) (246) (107) (M.6) (14.3)
2,6 19 19 21 20 24 26 6,3 43 29 46
157 149 145 | 147 160 177 197 545 526 533 53]
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Supplementary Table 2A2 - Larynx Dmax

min. Dmax 1,2 2.2 33
max. Dmax 25 2.2 33
mean Dmax 19 22 33
(SD) (0.7)

percentage redundantly removed teeth (<40Cy) 100% 100% 100% 100% 100%
number redundantly removed teeth (<40Qy) 1 5 1 2 1
total number of extracted teeth 1 5 1 2 1
teeth upper jaw M3si  M2si Mlsi  Pm2si Pmisi
teeth lower jaw M3ii M2ii Mlii  Pm2ii  Pmlii
total number of extracted teeth n 22 20 8 15
number redundantly removed teeth (<40Qy) 10 20 18 6 15
percentage redundantly removed teeth (<40Gy)  91% 9% 90% 75% 100%
mean Dmax 347 245 251 29,0 13,9
(SD) (14.0) (14.7) (47) (272) (6.9)
min. Dmax 232 8,8 10,8 8,7 8,1
max. Dmax 655 66,5 66,7 677 26,

number of patients n =60

Misc, Pm2si, Mlsi, M2si, M3si, and all inferior teeth: number of teeth with cut-off point
40Gy is greater than the number of teeth available for the mean max dose. In patients
with both jaws receiving <25Gy, the extraction sites are not delineated in the planning
software.
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2.4 25
2.4 25
2.4 2.5
100% 100%
2 1
0 0 0 0 0 0 0 0 2 0 1
Csi 12si Nsi lNsc I2sc Csc  Pmilsc Pm2sc Mlsc M2sc M3sc
Cii 12ii i Iic I2ic Cic Pmilic Pm2ic Mlic M2ic  M3ic
9 9 8 7 9 9 13 5 22 25 12
9 9 8 7 9 9 13 4 21 24 9
100% 100% 100% | 100% 100% 100% 100%  80% 95% 96% 75%
14,0 12,0 12,5 12,6 12,4 13,7 15,9 36,3 23,6 232 315
(6.7) (6.7) (6.6) (7.0) (6.8) (7.4) 81 (291)  (133) (14.0) (17.0)
55 50 6,3 7.7 5] 6,4 6,5 1 8,4 75 13,9
251 237 231 23,8 24,6 26,2 280 68,2 685 64,2 62,2
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Supplementary Table 2B1 - Hypopharynx Dmean

min. Dmean 1,8 2,2 1,2 1,1 13
max. Dmean 64,5 56,6 15,3 10,9 9,4
mean Dmean 251 294 6,7 45 54
(SD) (281) (385) (7.2) (56) (5.7)

percentage redundantly removed teeth (<40Cy) 75% 50% 100% 100% 100%

number redundantly removed teeth (<40Qy) 3 1 7 4 3
total number of extracted teeth 4 2 7 4 3
teeth upper jaw M3si  M2si Mlsi  Pm2si Pmisi
teeth lower jaw M3ii M2ii Mlii  Pm2ii  Pmlii
total number of extracted teeth n 14 13 4 4
number redundantly removed teeth (<40Qy) 6 9 9 4 4

percentage redundantly removed teeth (<40Gy) 55% 64% 69% 100% 100%

mean Dmean 36 30,8 289 16,7 14,1
(SD) (155) (14.7) (14) (6.7)  (9.2)
min. Dmean 16,3 9,3 8,3 10,7 52
max. Dmean 659 556 50,0 22,8 235
number of patients n=37

l1sc, 12sc, Csc, Mlsc, Pmisi, Pm2si, M1si, Cii, Pm1ii, MTii, 12ic, Pmlic, M3ic, number of teeth
with cut-off point 40Gy is greater than the number of teeth available for the mean max
dose. In patients with both jaws receiving <25Gy, the extraction sites are not delineated
in the planning software.
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1,1 11 1,0 1,0 1,3 0,8 1,0 2,1 27,2
1,1 1 1,0 1,0 6,3 6,6 17,3 253 272
11 11 1,0 1,0 38 2,4 6,8 16,3 27.2
(3.5) (2.8) (6.5) (12.5)
100% 100% | 100% 100% 100% 100% 100% 100% 100%
1 1 2 2 1 2 4 6 3 1
0] 1 1 2 2 1 2 4 6 3 1
Csi 12si Nsi lNsc I2sc Csc  Pmilsc Pm2sc Mlsc M2sc M3sc
Cii 12ii i Iic I2ic Cic Pmilic Pm2ic Mlic M2ic  M3ic
2 5 5 5 5 2 5 8 20 M 6
2 5 5 5 5 2 5 8 19 M 5
100% 100% 100% | 100% 100% 100% 100% 100% 95% 100% 83%
35 9,2 8,4 79 69 81 8,4 14,5 19,7 191 212
(4.8) (4.0) (3.3) (2.7) (5.7) (2.4) (3.5) (9.7)  (10.5) (13.7)
35 32 31 3 3 4 53 89 8 8,7 8,1
35 16,3 14,1 12,2 9,2 12,1 10,9 19,1 40,4 379 40,9
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Supplementary Table 2B2 - Hypopharynx Dmax

min. Dmax 2,1 2,6 1.4 1,7 1,5
max. Dmax 69,3 67,2 232 13,0 10,9
mean Dmax 29,7 349 91 55 6,2
(SD) (29.2) (457) (102) (B64) (6.9)

percentage redundantly removed teeth (<40Cy) 75% 50% 100% 100% 100%

number redundantly removed teeth (<40Qy) 3 1 7 4 3
total number of extracted teeth 4 2 7 4 3
teeth upper jaw M3si  M2si Mlsi  Pm2si Pmisi
teeth lower jaw M3ii M2ii Mlii  Pm2ii  Pmlii
total number of extracted teeth n 14 13 4 4
number redundantly removed teeth (<40Qy) 4 6 6 2 4

percentage redundantly removed teeth (<40Gy) 36% 43% 46% 50% 100%

mean Dmax 47,8 422 405 31,8 247
(SD) (165) (164) (15.8) (19) (9.0)
min. Dmax 24,3 13,0 12,2 15,4 14,7
max. Dmax 728 636 58,7 530 32]
number of patients n=37

l1sc, 12sc, Csc, Mlsc, Pmisi, Pm2si, M1si, Cii, Pm1ii, MTii, 12ic, Pmlic, M3ic, number of teeth
with cut-off point 40Gy is greater than the number of teeth available for the mean max
dose. In patients with both jaws receiving <25Gy, the extraction sites are not delineated
in the planning software.
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1,3 14 1,3 1,2 1,6 10 11 2,6 30,0
13 14 13 12 7,5 7,5 191 30,5 30,0
1,3 14 1,3 1,2 4.5 29 9,1 19,1 30.0
42) (31 (7.8)  (14.7)
100% 100% | 100% 100% 100% 100% 100% 100% 100%
1 1 2 2 1 2 4 6 3 1
0] 1 1 2 2 1 2 4 6 3 1
Csi 12si Nsi lNsc I2sc Csc  Pmilsc Pm2sc Mlsc M2sc M3sc
Cii 12ii i Iic I2ic Cic Pmilic Pm2ic Mlic M2ic  M3ic
2 5 5 5 5 2 5 8 20 M 6
2 5 5 5 5 2 5 7 16 8 4
100% 100% 100% | 100% 100% 100% 100%  88% 80% 73% 67%
9,1 20,5 18,3 16,7 14,9 16,6 19,7 28,2 29,2 27,5 28,3
(1.) (8.6) (6.9) (6.2) (6.0) (3.5) (86) (124) M.8) (17.0)
9,1 74 77 7,6 73 12,4 15,5 19,4 13,5 14,3 13,3
9,1 35,0 28,6 234 20,5 20,8 22,7 41,0 558 46,3 50,6
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Supplementary Table 2C1 - Parotid region Dmean

min. Dmean 15,9 50 45 8,0 14,4
max. Dmean 24,2 24,0 24,3 15,9 14,4
mean Dmean 19,4 13,0 14,0 11,9 14,4
(SD) (30) (73) (7.5) (5.6)
percentage redundantly removed teeth (<40Cy) 100% 100% 100% 100% 100%
number redundantly removed teeth (<40Qy) 5 10 10 2 1
total number of extracted teeth 5 10 10 2 1
teeth upper jaw M3si  M2si Mlsi  Pm2si Pmisi
teeth lower jaw M3ii M2ii Mlii  Pm2ii  Pmlii
total number of extracted teeth n 14 n 3 2
number redundantly removed teeth (<40Qy) 5 8 10 3 2
percentage redundantly removed teeth (<40Gy) 45% 57% 91% 100% 100%
mean Dmean 376 31,1 26,8 18,0 8,5
(SD) (Mn.8) (14.0) (126) (67) (3.2
min. Dmean 18,8 13,3 89 13,3 6,3
max. Dmean 49,1 49,6 43,2 25,8 10,8
number of patients n=35

M2si, Misi, Misc, M2sc: number of teeth with cut-off point 40Gy is greater than the
number of teeth available for the mean mean dose. In patients with both jaws receiving

<25Cy, the extraction sites are not delineated in the planning software.
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8,0 6,4
8,0 7,6
8,0 7,0
(0.8)
100% 100% 100%
2 1 2
0 0 0 0 0 0 0 0 2 1 2
Csi 12si Nsi lNsc I2sc Csc  Pmilsc Pm2sc Mlsc M2sc M3sc
Cii 12ii i Iic I2ic Cic Pmilic Pm2ic Mlic M2ic  M3ic
4 2 2 2 2 1 1 1 2 0 3
4 2 2 2 2 1 1 1 2 3
100% 100% 100% | 100% 100% 100% 100% 100% 100% 100%
12,7 13,2 10,3 79 69 81 10,3 77 6,3 72
(4.9) (o (2.0) (3.0) (3.7) (2.6) (3.3)
54 13,2 89 54 4,3 8,1 10,3 77 4,5 4,5
16,0 13,3 n7 10,5 9,5 81 10,3 77 81 10,9
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Supplementary Table 2C2 - Parotid region Dmean

min. Dmax 18,8 7,7 75 10,4 17,7
max. Dmax 316 27,7 288 184 17,7
mean Dmax 254 16,6 17,3 14,4 17,7
(SD) (52)  (74) (7.8) (5.0)
percentage redundantly removed teeth (<40Cy) 100% 100% 100% 100% 100%
number redundantly removed teeth (<40Qy) 5 10 10 2 1
total number of extracted teeth 5 10 10 2 1
teeth upper jaw M3si  M2si Mlsi  Pm2si Pmisi
teeth lower jaw M3ii M2ii Mlii  Pm2ii  Pmlii
total number of extracted teeth n 14 n 3 2
number redundantly removed teeth (<40Qy) 3 7 5 2 2
percentage redundantly removed teeth (<40Gy) 27% 50% 45% 67% 100%
mean Dmax 48,4 391 372 274 13,9
(SD) (12.0) (153) (172) M.5) (6.7)
min. Dmax 28,6 19,1 17,2 20,6 9,1
max. Dmax 63,2 56,7 543 406 186
number of patients n=35

M2si, Misi, Misc, M2sc: number of teeth with cut-off point 40Gy is greater than the
number of teeth available for the mean max dose. In patients with both jaws receiving

<25Cy, the extraction sites are not delineated in the planning software.
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N4

100%
1
1
M2sc

8,7
10,3
9,5
(1.0)
100%

M3sc

4
n4
100%
2
] 0 0 2
Csc  Pmilsc Pm2sc Milsc
Cic Pmilic Pm2ic Mlic
1 1 1 2
1 1 1 2
100% 100% 100% 100%
99 277 20,1 8,9
27
9,9 27,7 20,1 7.4
99 277 20,1 10,4

M2ic

M3ic

100%
9,2
(4.2)
57
13,8
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Supplementary Table 2D1 - Oropharynx Dmean

min. Dmean 91 43 31 25 2,1
max. Dmean 70,2 71,2 70,0 56,0 47,4
mean Dmean 455 381 239 20.8 15.9
(SD) (182) (213) (20.7) (17.4) (14.2)
percentage redundantly removed teeth (<40Cy) 27% 49% 78% 85% 93%
number redundantly removed teeth (<40Qy) 4 18 25 n 13
total number of extracted teeth 15 37 32 13 14
teeth upper jaw M3si  M2si Mlsi  Pm2si Pmisi
teeth lower jaw M3ii M2ii Mlii  Pm2ii  Pmlii
total number of extracted teeth 30 37 39 23 22
number redundantly removed teeth (<40Qy) 2 5 10 14 20
percentage redundantly removed teeth (<40Gy) 7% 14% 26% 61% 91%
mean Dmean 54.5 527 453  38.8 312
(SD) (83) (95 (94 M8) (105)
min. Dmean 33,6 294 233 16,9 15,6
max. Dmean 67,1 66,8 65,2 67,2 649

number of patients n=117

Csi: number of teeth with cut-off point 40Gy is greater than the number of teeth
available for the mean max dose. In patients with the total tooth baring part of the
Jjaw receiving <25CGy, the extraction sites are not delineated in the planning software.
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1,5 1,3 13 1,2 1,3 13 1,5 1,7 1,8 2,0 3,6
18,5 VAl 17,5 17,2 17,7 18,5 255 324 53,8 473 3406
56.1 3.4 54 55 55 6.7 7.2 10.8 16.6 159 22.5
(5.6) (1.9) (4.8) (4.8) (4.7) (5.8) (7.8) (95 (59) (3.0) (M)

100% 100% 100% | 100% 100% 100% 100% 100% 90% 92% 100%

9 7 10 9 10 n 12 12 19 23 8

9 7 10 9 10 n 12 12 21 25 8
Csi 12si Nsi lNsc I2sc Csc  Pmilsc Pm2sc Mlsc M2sc M3sc
Cii 12ii i Iic I2ic Cic Pmilic Pm2ic Mlic M2ic  M3ic

21 19 19 17 19 17 27 24 32 47 29
20 18 19 17 19 6 26 22 25 29 17
95% 95% 100% | 100% 100%  94% 96% 92% 78% 62% 59%
27.0 241 22.0 215 214 23.8 252 25.8 30.8 36.0 36.1
(10.2)  (79) (7.3) (7.3) (84) (13.0) (M5 (35 (133) (141 (13.6)
12,3 10,8 99 10,2 8,5 8,2 8,9 10,3 91 10,2 12,3
63,9 40,4 394 38,5 37,2 656 66,6 675 636 66,2 64,0
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Supplementary Table 2D2 - Oropharynx Dmax

min. Dmax 21.8 13.6 6.7 4.9 4.9
max. Dmax 736 746 719 63.0 553
mean Dmax 55.8 49.8 339 281 24.6
(SD) (16.7) (20.4) (22.4) (19.8) (16.2)
percentage redundantly removed teeth (<40Cy) 13% 35% 59% 77% 86%
number redundantly removed teeth (<40Qy) 2 13 19 10 12
total number of extracted teeth 15 37 32 13 14
teeth upper jaw M3si  M2si Mlsi  Pm2si Pmisi
teeth lower jaw M3ii M2ii Mlii  Pm2ii  Pmlii
total number of extracted teeth 30 37 39 23 22
number redundantly removed teeth (<40Qy) 0 1 3 5 n
percentage redundantly removed teeth (<40Gy) 0% 3% 8% 22% 50%
mean Dmax 63.3 63.2 56.1 50.6 421
(SD) 83) (94) (103) (127) (12.4)
min. Dmax 43.2 36.3 30.8 247 22.6
max. Dmax 726 743 737 73] 7.5
number of patients n=117

Csi: number of teeth with cut-off point 40Gy is greater than the number of teeth
available for the mean max dose. In patients with the total tooth baring part of the
Jjaw receiving <25CGy, the extraction sites are not delineated in the planning software.
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33 1.8 1.8 1.5 1.6 1.7 21 25 2.7 25 8.6
259 12.7 225 221 26.5 291 315 39.2 63.1 55.3 61.0
1.8 55 8.7 9.0 92 12.6 11 15.5 21.7 217 311
(8.7) (3.5) (6.7) (6.5) (7.3) (9.J) (9.8) Mm.0) (18.0) (135 (16.4)
100% 100% 100% | 100% 100% 100% 100% 100%  81% 92% 88%
9 7 10 9 10 n 12 12 17 23 7
9 7 10 9 10 n 12 12 21 25 8
Csi 12si Nsi lNsc I2sc Csc  Pmilsc Pm2sc Mlsc M2sc M3sc
Cii 12ii i Iic I2ic Cic Pmilic Pm2ic Mlic M2ic  M3ic
21 19 19 17 19 17 27 24 32 47 29
14 15 17 15 16 14 20 17 20 19 13
67% 79% 89% | 88% 84% 82% 74% 71% 63% 40% 45%
35.6 323 29.0 284 284 30.3 323 327 382 43.6 43.4
(M.5) (9.7) (8.0) (84) (10.8) (146) (126) (158) (155) (151 (14.8)
17.8 15.2 13.8 16.8 n.2 10.3 10.7 n.7 1.9 14.2 14.9
721 50.2 441 45.1 475 73.8 721 71.8 71.6 73.0 69.6
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Supplementary Table 2E1 - Oral cavity group Dmean

min. Dmean 4.4 3.6 13 0.9 0.8
max. Dmean 520 669 628 61.8 534
mean Dmean 16.2 243 13.9 13.5 8.6
(SD) (20.4) (231) (184) (219) (15])
percentage redundantly removed teeth (<40Cy) 80% 77% 87% 86% 91%
number redundantly removed teeth (<40Qy) 4 10 13 6 10
total number of extracted teeth 5 13 15 7 n
teeth upper jaw M3si  M2si Mlsi  Pm2si Pmisi
teeth lower jaw M3ii M2ii Mlii  Pm2ii  Pmlii
total number of extracted teeth 8 20 15 16 17
number redundantly removed teeth (<40Qy) 0 0 1 0 3
percentage redundantly removed teeth (<40Gy) 0% 0% 7% 0% 18%
mean Dmean 56.3 60.6 572 60.2 509
(SD) (56) (58) (102) (58) (157)
min. Dmean 48.8 493 305 50.6 7.0
max. Dmean 646 713 704 68.8 69.7
number of patients n =57

M2si and MIlsi: number of teeth with cut-off point 40Gy is greater than the number of
teeth available for the mean max dose. In patients with the total tooth baring part of
the jaw receiving <25Gy, the extraction sites are not delineated in the planning software.
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0.8 0.8 0.7 0.7 0.7 0.7 22 2.8 1.0 31 34
389 526 50.8 51.0 53.2 11 38 48.7 61.1 13.6 12.2
8.0 8.9 9.4 9.4 9.7 3.6 2.7 121 13.6 7.7 8.2
(129) (16.8) (183) | (184) (19.2) (3.5) (07) (e7) (76) (4.2 (4.0)
100% 89% 86% | 86% 86% 100% 100% 86% 91% 100% 100%
8 8 6 6 6 7 4 6 10 7 4
8 9 7 7 7 7 4 7 n 7 4
Csi 12si Nsi lNsc I2sc Csc  Pmilsc Pm2sc Mlsc M2sc M3sc
Cii 12ii i Iic I2ic Cic Pmilic Pm2ic Mlic M2ic  M3ic
17 17 18 17 16 15 17 15 13 16 12
1 4 5 6 5 4 6 8 6 9 4
6% 24% 28% | 35% 31% 27% 35% 53% 46% 56% 33%
527 497 472 419 399 444 426 352 325 291 376
(147) (158) (152) | (177) (195 (176) (175) (183) (195) (179) (17.4)
59 5.6 5.6 58 6.3 7.1 5.0 4.0 3.8 4.0 4.7
69.1 65.5 64.1 643 637 637 640 573 622 53.2 55.0
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Supplementary Table 2E2 - Oral cavity group Dmax

min. Dmax 59 52 177 1.7 1.7
max. Dmax 63.3 68.7 693 69.5 70.0
mean Dmax 26.1 344 254 289 19.5
(SD) (261) (241) (214) (279) (21.3)
percentage redundantly removed teeth (<40Cy) 60% 69% 80% 71% 9%
number redundantly removed teeth (<40Qy) 3 9 12 5 10
total number of extracted teeth 5 13 15 7 n
teeth upper jaw M3si  M2si Mlsi  Pm2si Pmisi
teeth lower jaw M3ii M2ii Mlii  Pm2ii  Pmlii
total number of extracted teeth 8 20 15 16 17
number redundantly removed teeth (<40Qy) 0 0 0 0 1
percentage redundantly removed teeth (<40Gy) 0% 0% 0% 0% 6%
mean Dmax 65.2 67.6 673 686 599
(SD) (69) (4.3) (55) (39) (154)
min. Dmax 544 56.4 53.3 59.6 8.8
max. Dmax 730 744 754 751 75.2
number of patients n =57

M2si and MIlsi: number of teeth with cut-off point 40Gy is greater than the number of
teeth available for the mean max dose. In patients with the total tooth baring part of

the jaw receiving <25Gy, the extraction sites are not delineated in the planning software.
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1.5 1.6 1.2 1.2 13 12 33 3.7 1.3 4.3 12.4
709 697 69.0 | 657 675 487 9.1 70.4 675 219 24.0
22.6 18.4 16.8 14.4 14.8 131 6.5 21.2 18.2 12.0 17.2
(25.6) (24.0) (24.0) | (231) (237) (65 (3.0) (263) (204) (7.2) (5.6)
75% 78% 86% | 86% 86% 86% 100% 71% 82% 100% 100%

6 7 6 6 6 6 4 5 9 7 4

8 9 7 7 7 7 4 7 n 7 4
Csi 12si Nsi lNsc I2sc Csc  Pmilsc Pm2sc Mlsc M2sc M3sc

Cii 12ii i Iic I2ic Cic Pmilic Pm2ic Mlic M2ic  M3ic

17 17 18 17 16 15 17 15 13 16 12

1 2 2 1 1 1 1 5 6 9 4

6% 12% 1% 6% 6% 7% 6% 33% 46% 56% 33%
62.5 60.2 59.0 57.8 57.8 57.0 54.6 471 44.7 37.7 427
(155) (71 (163) | (1) (158) (15.6) (14.8) (169) (156) (16.8) (20.3)
7.4 7.5 8.6 8.0 92 10.1 10.9 n7 22.2 6.4 7.7
76.0 75.1 743 | 744 72.6 721 7.4 72.6 685 61.8 62.2

177

U

Adelsyiolpel 3osu pue pesy o3 Jold Sso| 41001 Juepunpay



Chapter

Supplementary Table 2F1 - Maxillary complex Dmean

min. Dmean 30 4.4 391 2,5 9,6

max. Dmean 36,0 52,3 65,7 71,4 71,5
mean Dmean 14,3 34,0 48,7 42,4 49,6
(SD) (18.8) (189) (9.4) (30.0) (222)

percentage redundantly removed teeth (<40Cy) 100% 50% 17% 50% 17%

number redundantly removed teeth (<40Qy) 3 3 1 2 1
total number of extracted teeth 3 6 6 4 6
teeth upper jaw M3si  M2si Mlsi  Pm2si Pmisi
teeth lower jaw M3ii M2ii Mlii  Pm2ii  Pmlii
total number of extracted teeth 2 4 2 ¢} ¢}
number redundantly removed teeth (<40Qy) 1 1 0

percentage redundantly removed teeth (<40Gy) 50% 25% 0%

mean Dmean 274 36,6 44,2
(SD) (293) (241 (02)
min. Dmean 6,7 1, 441
max. Dmean 48,1 550 444
number of patients n=22

12ii, 1ii, Nic, 12ic: number of teeth with cut-off point 40Gy is greater than the number of
teeth available for the mean max dose. In patients with both jaws receiving <25Gy, the
extraction sites are not delineated in the planning software.
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9,0 8,8 8,5 6,9 6,6 6,7 6,6 6,4 6,1 4.7 15,9
4 71,3 7,8 | 584 587 57,7 530 59,5 51,9 49,7 32
49,3 47,7 47,2 32,6 32,7 32,2 29,8 33,0 26,9 21,6 26,6

(34.9) (34.0) (339) | (365) (36.8) (361) (32.8) (266) (164) (145 (9.3)
3% 33% 33% | 50% 50% 50% 50% 67% 75% 89% 100%
1 1 1 1 1 1 1 2 6 8 3
3 3 3 2 2 2 2 3 8 9 3
Csi 12si Nsi lNsc I2sc Csc  Pmilsc Pm2sc Mlsc M2sc M3sc
Cii 12ii i Iic I2ic Cic Pmilic Pm2ic Mlic M2ic  M3ic
0 2 2 2 2 1 1 0 1 2 1

2 2 2 2 1 1 1 2 1
100% 100% | 100% 100% 100% 100% 100% 100%
0,8 0,8 0,8 0,8 19,7 20,0 8,2 8,3 4,7
(14)
0,8 0,8 0,8 0,8 19,7 20,0 8,2 73 47
0,8 0,8 0,8 0,8 19,7 20,0 8,2 9,3 4,7
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Supplementary Table 2F2 - Maxillary complex Dmax

min. Dmax 55 244 536 94 26,3
max. Dmax 54,2 701 74,0 743 74,3
mean Dmax 22,7 48,7 62,1 51,5 62,5
(SD) (27.3) (164) (7.3) (295) 625

percentage redundantly removed teeth (<40Cy) 67% 33% 0% 25% 17%

number redundantly removed teeth (<40Qy) 2 2 0 1 1
total number of extracted teeth 3 6 6 4 6
teeth upper jaw M3si  M2si Mlsi  Pm2si Pmisi
teeth lower jaw M3ii M2ii Mlii  Pm2ii  Pmlii
total number of extracted teeth 2 4 2 ¢} ¢}
number redundantly removed teeth (<40Qy) 1 1 0

percentage redundantly removed teeth (<40Gy) 50% 25% 0%

mean Dmax 48,0 438 62,2
(SD) (21.2) (28.5) (11.7)
min. Dmax 331 1,8 539
max. Dmax 63,0 65,5 70,4
number of patients n=22

12ii, 1ii, Nic, 12ic: number of teeth with cut-off point 40Gy is greater than the number of
teeth available for the mean max dose. In patients with both jaws receiving <25Gy, the
extraction sites are not delineated in the planning software.
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25,2 22,0 17,4 14,0 14,3 12,7 12,2 12,2 14,7 ne 20,9
74,1 220- 74,2 | 70,5 688 67,7 643 68,6 57 53,4 45,5
56,1 55]1 539 42,3 41,5 40,2 38,3 443 35,7 29,3 359
(269) (28.8) (31.7) | (40.0) 415 (389) (36.8) (29.0) (150) (145) (137)
3% 33% 33% | 50% 50% 50% 50% 33% 63% 78% 33%
1 1 1 1 1 1 1 1 5 7 1
3 3 3 2 2 2 2 3 8 9 3
Csi 12si Nsi lNsc I2sc Csc  Pmilsc Pm2sc Mlsc M2sc M3sc
Cii 12ii i Iic I2ic Cic Pmilic Pm2ic Mlic M2ic  M3ic
0 2 2 2 2 1 1 0 1 2 1
2 2 2 2 1 1 1 2 1
100% 100% | 100% 100% 100% 100% 100% 100%
12 12 12 12 34,8 36,7 12,8 1,8 6,7
(0.2)
1,2 1,2 1,2 1,2 34,8 36,7 12,8 n7 6,7
12 12 12 12 34,8 36,7 12,8 12,0 6,7
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Supplementary Table 2G1- Nasopharynx Dmean

min. Dmean 411 41.3 28.4 21 29,2
max. Dmean 60.0 42 38.6 21 29,2
mean Dmean 48.5 41.7 33.5 21.0 292
(SD) (o1 (05)  (7.2)

percentage redundantly removed teeth (<40Qy) 0% 0% 100% 100% 100%
number redundantly removed teeth (<40Qy) 0 0 2 1 1
total number of extracted teeth 3 2 2 1 1
teeth upper jaw M3si  M2si Mlsi  Pm2si Pmisi
teeth lower jaw M3ii M2ii Mlii  Pm2ii  Pmlii
total number of extracted teeth 2 3 2 2 2
number redundantly removed teeth (<40Qy) 2 2 2 2 2
percentage redundantly removed teeth (<40Gy) 100% 67% 100% 100% 100%
mean Dmean 348 294 262 25.4 227
(SD) (70)  (139) (17.7) (1.6 (3.0)
min. Dmean 299 15.0 13.7 24.2 20.6
max. Dmean 39.8 42.8 387 265 249

number of patients n=11
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17.0 19.7 21.0 20.4 13.4 14.5 19.4 29.6 287 64,4
19.8 255 242 239 249 18.0 19.4 36.0 59.6 64,4
18.3 22.6 22.6 22.2 19.3 16.3 19.4 32.4 42.3 64.4
(1.4) &) (23) | 24) (58 (24) 27)  (129)
100% 100% 100% | 100% 100% 100% 100% 100% 50% 0%

3 2 2 2 3 2 1 4 2 0]

3 2 2 2 3 2 1 0] 4 4 1
Csi 12si Nsi lNsc I2sc Csc  Pmilsc Pm2sc Mlsc M2sc M3sc
Cii 12ii i Iic I2ic Cic Pmilic Pm2ic Mlic M2ic  M3ic

2 2 3 3 3 2 4 3 2 2 2

2 2 3 3 3 2 4 2 2 2 2

100% 100% 100% | 100% 100% 100% 100% 67% 100% 100% 100%
203 19. 18.4 17.9 18.4 19.3 22.0 30.0 23.0 27.0 229
(4.2) (4.3) (3.0) (2.4) (1.4) (OR)} (1.7) (10.2)  (5.6) (3.0) (3.9)
17.4 16.0 15.0 15.2 16.8 19.2 195 23.4 19.0 24.5 201
233 221 209 19.7 19.4 19.3 235 41.8 27.0 29.5 257
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Supplementary Table 2G2 - Nasopharynx Dmax

min. Dmax 477 529 36.1 296 354
max. Dmax 631 572 464 296 354
mean Dmax 54.3 55.0 412 29.6 354
(SD) (7.9) (3 (7.3)

percentage redundantly removed teeth (<40Qy) 0% 0% 50% 100% 100%
number redundantly removed teeth (<40Qy) 0 0 1 1 1
total number of extracted teeth 3 2 2 1 1
teeth upper jaw M3si  M2si Mlsi  Pm2si Pmisi
teeth lower jaw M3ii M2ii Mlii  Pm2ii  Pmlii
total number of extracted teeth 2 3 2 2 2
number redundantly removed teeth (<40Qy) 0 2 1 2 2
percentage redundantly removed teeth (<40Gy) 0% 67% 50% 100% 100%
mean Dmax 61.7 389 354 309 286
(SD) (9.6) (16.0) (267) (40) (2.8)
min. Dmax 549 24.0 16.9 28.0 26.6
max. Dmax 68,5 558 53.8 338 306
number of patients n=11
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24.2 235 226 225 195 209 269 37.7 337 674
26.9 282 275 295 312 229 269 471 64.3 674
253 25,8 25.0 26.0 24.9 219 26.9 42.0 53.3 67.4
(1.4) (3.3) (3.4) (5.0) (5.9) (1.4) (39) (13.9)

100% 100% 100% | 100% 100% 100% 100% 25% 25% 0%

3 2 2 2 3 2 1 1 1 0]

3 2 2 2 3 2 1 0] 4 4 1
Csi 12si Nsi lNsc I2sc Csc  Pmilsc Pm2sc Mlsc M2sc M3sc
Cii 12ii i Iic I2ic Cic Pmilic Pm2ic Mlic M2ic  M3ic

2 2 3 3 3 2 4 3 2 2 2

2 2 3 3 3 2 4 2 2 2 2

100% 100% 100% | 100% 100% 100% 100% 67% 100% 100% 100%
26.0 252 237 236 24.0 256 273 38.2 29.7 36.7 352
(6.4) (5.7) (3.3) (1.2) (0.4) (1.6) (29) (126) (9.5) (2.8) (3.06)
21.5 21.2 21.5 22.3 23.6 24.5 24.7 276 23.0 34.7 32.6
30.5 29.3 274 247 244 267 34 522 364 387 37.7
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Supplementary Table 2H1 - Other Mean

min. Dmean 4 0,6 7.6 58 41,6
max. Dmean 4 46,6 38,2 38 48
mean Dmean N4 199 21,0 19,1 44,8
(SD) (162) (127) (144) (45)
percentage redundantly removed teeth (<40Cy) 100% 89% 100% 100% 0%
number redundantly removed teeth (<40Qy) 1 8 6 4 0
total number of extracted teeth 1 9 6 4 2
teeth upper jaw M3si  M2si Mlsi Pm2si Pmisi
teeth lower jaw M3ii M2ii Mlii  Pm2ii  Pmlii
total number of extracted teeth 5 10 4 2 ¢}
number redundantly removed teeth (<40Qy) 4 7 2 2 0
percentage redundantly removed teeth (<40Cy) 80% 70% 50% 100%

mean Dmean 23,4 291 26,0 298

(SD) (151 (18.6) (24.3) (0.8)

min. Dmean 0,6 0,4 0,3 29,2

max. Dmean 42 50,8 51,5 30,4

number of patients n=25

Misc, M2sc, M3sc, Mlsi, M2si: number of teeth with cut-off point 40Gy is greater than the
number of teeth available for the mean mean dose. In patients with both jaws receiving
<25Cy, the extraction sites are not delineated in the planning software.
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7] 19,2 49,7 52 5] 5] 41 4,2 0,4
36,6 50,1 49,7 | 479 48,2 8,6 17,7 1,2 0,4
19,5 34,7 49,7 219 21,2 6,8 10,9 7,7 0,4
(152)  (21.9) (22.8) (235) (25) (9.6) (3.6)

100%  50% 0% 67% 67% 100% 100% 100% 100%
3 1 0] 2 2 2 (0] 0] 3 5 2
3 2 1 3 3 2 0 0 3 5 2
Csi 12si si lsc I2sc Csc  Pmilsc Pm2sc Mlsc M2sc M3sc
Cii 12ii 1ii Iic 12ic Cic Pmilic Pm2ic Mlic M2ic  M3ic
1 2 1 1 1 1 0 1 4 1 1
1 2 1 1 1 1 0 1 4 1 1
100% 100% 100% | 100% 100% 100% 100% 100% 100% 100%
20,1 0,2 0] 79 69 81 10,3 77 6,3 72
(o (3.06) (3.7) (2.6) (3.3)
20,1 O] O] 54 4,3 8,1 10,3 77 4,5 4,5
20,1 0,3 01 10,5 9,5 81 10,3 77 8,1 10,9
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Supplementary Table 2H2 - Other Dmax

min. Dmax 13,6 0,7 11,9 7,0 545
max. Dmax 136 50,4 508 52,8 576
mean Dmax 13,6 241 29,8 255 56,1
(SD) (17.4)  (16.3) (20.3) (2.2)
percentage redundantly removed teeth (<40Cy) 100% 78% 83% 75% 0%
number redundantly removed teeth (<40Qy) 1 7 5 3 0
total number of extracted teeth 1 9 6 4 2
teeth upper jaw M3si  M2si Mlsi Pm2si Pmisi
teeth lower jaw M3ii M2ii Mlii  Pm2ii  Pmlii
total number of extracted teeth 5 10 4 2 ¢}
number redundantly removed teeth (<40Qy) 4 5 2 0 0
percentage redundantly removed teeth (<40Gy) 80% 50% 50% 0%

mean Dmax 292 373 384 506

(SD) (179) (226) (359) (2.8)

min. Dmax 0,8 0,6 0,5 48,6

max. Dmax 48,0 68,9 70,0 52,5

number of patients n=25

Misc, M2sc, M3sc, Mlsi, M2si: number of teeth with cut-off point 40Gy is greater than the
number of teeth available for the mean max dose. In patients with both jaws receiving
<25Cy, the extraction sites are not delineated in the planning software.
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8,2 459 591 6,3 6,6 6,8 49 53 0,4
54,1 60,1 59,1 53,4 53,1 20,3 30,5 14,8 0,4
35]1 53,00 591 29,5 27,8 13,5 17,7 9,9 0,4

(23.9) (10.J) 591 (23.6) (235) (9.5) (18.) (57)
33% 0% 0% 67% 67% 100% 100% 100% 100%
1 (0] (0] 2 2 2 (0] 0] 3 5 2
3 2 1 3 3 2 0 0 3 5 2
Csi 12si si lsc I2sc Csc  Pmilsc Pm2sc Mlsc M2sc M3sc
Cii 12ii 1ii Iic 12ic Cic Pmilic Pm2ic Mlic M2ic  M3ic
1 2 1 1 1 1 0 1 4 1 1
1 2 1 1 1 1 0 1 4 1 1
100% 100% 100% | 100% 100% 100% 100% 100% 100% 100%
29,9 0,4 0] 0] 0] 17,5 216 11,0 03 34,5
(0.4) (M.
299 O] O] 01 01 17,5 21,6 0,3 0,3 34,5
29,9 0,7 0] 0] 0] 17,5 216 26,5 03 34,5
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Abstract

Purpose: Prior to radiotherapy combined with chemotherapy (CRT) or
biotherapy (BRT) for oropharyngeal squamous cell carcinoma (OPSCC),
teeth with poor prognosis that pose a risk for post-RT osteoradionecrosis
(ORN) are removed. The effect of tooth loss on body weight loss and tube
feeding (TF) dependency during CRT/BRT is unknown. This study aimed
to evaluate the effect of incomplete dentition, tooth extractions prior to
CRT/BRT, and the subsequent loss of functional units on (1) weight loss
during CRT/BRT and (2) the need for TF during CRT/BRT for OPSCC.

Methods: OPSCC patients treated with CRT/BRT between 2013 and
2016 were included in this retrospective cohort study. Dental status was
determined during the dental assessment at first visit and after tooth
extractions prior to the start of CRT/BRT. Weight loss during CRT/BRT was
scored dichotomously, comparing weight loss >5% to stable or increased
weight. Potential factors associated with weight loss were identified,
including patient, tumor, and treatment characteristics.

Results: Seventy-seven OPSCC patients were included. Forty patients
(52%) experienced weight loss >5% during CRT/BRT. Extractions were
performed in 66% of the OPSCC patients. The mean number of extracted
teeth was 4.1 + 5.6 per patient. Tooth extractions prior to CRT/BRT
were associated with weight loss >5% during CRT/BRT (HR 1.130 (95%
CI 1.011 - 1.262), p = .031). None of the dental status-related parameters
showed any significant associative value for TF during CRT/BRT.

Conclusions: Pre-CRT/BRT tooth extractions intended to reduce the risk
of ORN, are a risk factor for weight loss during CRT/BRT for OPSCC.



Introduction

The incidence of oropharyngeal cancer, predominantly squamous cell carcinoma,
has increased over the past 30 years from less than 300 new diagnoses in the
early 1990s to nearly 700 in 2018 in the Netherlands alone [1]. This is consistent
with global figures, in which the increased incidence of Human Papilloma
Virus (HPV) related oropharyngeal squamous cell carcinoma (OPSCC) has the
largest share in this growth, especially among men in developed countries
[2]. A better prognosis for HPV-positive OPSCC, combined with young age at
diagnosis and thus a longer life expectancy, has increased awareness of late
treatment-related toxicity [3]. Radiotherapy (RT) alone or in combination with
chemotherapy (cisplatin) (CRT) or biotherapy (cetuximab) (BRT) is the main
therapy for OPSCC with osteoradionecrosis (ORN) as one of the most feared
toxicities. Although the risk of ORN has decreased with current advancements
in radiotherapy techniques and better oral health regimens, cancer located in
the oropharynx remains a risk factor for ORN due to its location proximate to
the mandible [4-7]. Comprehensive dental assessment of potential oral sources
of infection (poor prognosis teeth) prior to RT is an example of improved oral
health regimes. In the Netherlands, oral health recommendations prior to RT
are based on a protocol that dates from 1992, which has been revisited in 2018
[8-10]. Removal of poor prognosis teeth that are identified as potential oral
source of infection is a common recommendation in the prevention of ORN.
This is however complex and controversial. Tooth extractions result in a reduced
number of functional units (Table 1) and impair the ability to masticate and
swallow, contributing to decreased health-related quality of life (QolL) [6, 11-13].
Indeed, this deterioration in mastication has been associated with oropharyngeal
dysphagia [14, 15]. Furthermore, it has been demonstrated that oropharyngeal
dysphagia is significantly related to involuntary weight loss [16, 17]. Cachexia,
clinically characterized by unintended weight loss and low muscle mass [18], has
a negative effect on treatment-related toxicity and oncological outcome. Head
and neck cancer patients with weight loss and/or low muscle mass experienced
higher levels of toxicity, more unplanned hospital admissions, and poorer overall
survival [19-21]. Therefore, it is of utmost importance to prevent weight loss during
oncological treatment and to elucidate contributing risk factors [21].

Nutritional management targeting malnutrition to prevent or limit weight loss

is an essential part of head and neck oncological treatment. Regularly, tube
feeding (TF) may be necessary to achieve these goals [22].
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A systematic review of longitudinal studies revealed inconsistent findings
on the association between tooth loss and nutritional status in adults [23]. To
our knowledge, to date, no studies have investigated the effect of incomplete
dentition or loss of functional units due to tooth extraction prior to CRT/BRT, on
body weight and TF dependency in patients with head and neck cancer.

Therefore, the aim of this study was to evaluate the effect of incomplete dentition,
tooth extractions prior to CRT/BRT, and the subsequent loss of functional units on
the following: (1) weight loss during CRT/BRT and (2) the need for TF during CRT/
BRT for OPSCC. We hypothesized that OPSCC patients who underwent tooth
extractions prior to RT, experienced greater weight loss during CRT/BRT and
were more prone to TF dependency compared to patients whose teeth were
not removed.

194



Materials and Methods

Study design and population

Patients with OPSCC, who were treated with primary or postoperative CRT/
BRT in the Comprehensive Cancer Center of Maastricht University Medical
Center (MUMC+) and Maastro Clinic between January 2013 and December 2016,
were included in this retrospective cohort study. Exclusion criteria were single
modality treatment with radiotherapy only, previous head and neck radiation,
and TF dependency at start of the oncological treatment. Patients were part of
alarger MUMC+ sample from a cohort study on alterations in body composition
in locally advanced head and neck squamous cell carcinoma (LAHNSCC) [21].
Additional data extraction on dental status from the electronic health records
was performed by an experienced maxillofacial prosthodontist (DB). This study
was approved by the medical ethics committee of the MUMC+ (METC 2020-1589).

All patients received primary CRT or BRT (cisplatin or cetuximab, respectively)
or postoperative CRT (cisplatin) with curative intent. RT was administered using
intensity-modulated RT (IMRT) for five days per week for six (BRT) or seven (CRT)
weeks, in fractions of 2Qy. Cisplatin was administered intravenously in doses of
100 mg/m? every 3 weeks [24, 25] concurrently with daily fractionated IMRT up to
66Cy in 33 fractions or 70Cy in 35 fractions in case of postoperative and primary RT,
respectively. Cetuximalb was indicated in patients not fit for cisplatin and consisted
of a 400 mg/m? loading dose, followed by 250 mg/m? weekly, combined with
accelerated fractionated IMRT up to 68Cy in 34 fractions in 38 days [26]. According
to the national standard procedures, the dental status was assessed through
oral and radiographic examination (e.g. orthopantomography), at least 14 days
before the start of CRT/BRT [8-10]. Teeth with a poor prognosis due to extensive
caries, advanced periodontal disease, and non-restorable teeth were considered
as potential source of infection for ORN. Radiographic abnormalities like apical
radiolucency, (partially) impacted teeth, residual root tips, root resorption, and
dental cysts were also considered as potential source of infection. Poor prognosis
teeth within the estimated radiation fields were treated, usually by extraction.

During CRT/BRT, instructions were given to continue normal daily oral care
(tooth brushing and/or interdental cleaning) as long as possible and to rinse the
mouth with salt-baking soda solution 8 to 10 times a day [8, 9]. Patients received
custom-made fluoride trays in combination with a neutral 1% sodium fluoride gel
to be used every other day [8, 9]. To relieve the symptoms of mucositis, patients
were sprayed with saline 3 times a week by the dental hygienist [27].
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Patients were counselled by a dietician on a weekly basis according to the Dutch
malnutrition guideline as part of standard clinical care [28]. TF was indicated
if oral intake including oral nutritional supplements did not meet >75% of
the calculated nutritional requirements [29]. TF was administered through a
nasogastric tube, percutaneous endoscopic gastrostomy or radiologically
inserted gastrostomy.

Anthropometric measurements

Weight was measured weekly at the start of RT during the standard visits to
the Comprehensive Cancer Center of MUMC+. Height was measured only once
before the start of CRT/BRT to calculate the body mass index (BMI). Pretreatment
weight loss was a patient-reported outcome measure. Weight loss during the
course of CRT/BRT was converted into a binary variable, comparing losses of
more than 5% to stable or increased weight, based on the definition of grade 1
weight loss in the Commmon Terminology Criteria for Adverse Events Version 5.0
(CTCAE).

The same CTCAE version was also used by the radiation oncologists to report the
severity of oropharyngeal dysphagia at start of RT. At the same time, the World
Health Organization Performance Status (WHO PS) was assessed. The Charlson
comorbidity index (CCl) was determined based on the medical history in the
individual electronic health records [29]. The pl6 status was used as surrogate
marker for HPV infection [30].

Dental status was determined at two time points: during the dental assessment
at first visit (dental sources of infection and functional dental status) and after
tooth extractions prior to the start of CRT/BRT (functional dental status). The
dental terminology and classification systems used are listed in Table 1. Whether
or not patients underwent tooth extractions, the number of extracted teeth,
and additional dental interventions including the removal of exostoses and
implant insertion were recorded. The use of TF during CRT/BRT was treated as a
binary measure, consisting of TF started during CRT/BRT for any duration versus
remaining on a total oral diet.

Statistical analyses

Descriptive statistics were reported as means and standard deviations (SDs)
for normally distributed, continuous variables, and medians and inter quartile
ranges (IQRs) for non-normally distributed data. Comparisons between groups
were performed with independent t-tests in case of a normal distribution or the
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Mann-Whitney U test in case of non-normal distribution. Normal distribution was
verified using the Shapiro-Wilk test. Cross-tabulations were made for categorical
variables. A Chi? test was used for categorical outcomes. When more than 20%
of cells had expected frequencies <5, we used Fisher's exact test.

Table 1- Terminology clarification

Edentulous No functional teeth in place

Functional tooth A tooth was considered functional if it could make contact
with an opposing (prosthetic) tooth. Roots or impacted teeth
are considered as nonfunctional.

Functional Unit Functional tooth, bridge pontic, or crown (on implants), which
could make contact with an opposing (prosthetic) tooth, is
considered a functional unit.

Occlusal Unit [41] A measure to represent the chewing surface of the postcanine
functional unit. One pair of occluding premolars is equal to
one occlusal unit. One pair of occluding molars is considered
as two occlusal units. Third molars are excluded.

Eichner Index [42, 43] A validated measure describing the existing posterior
functional units in support zones. It is divided into 3 main

classes
Eichner Index A Functional units exist in all 4 posterior support zones
Eichner Index B Functional units are present in one to three posterior support

zones or within the anterior area only

Eichner Index C No functional units left

All potential associative variables for weight loss underwent screening through
univariable logistic regression. Factors with p<.10 were selected as potentially
relevant associative variables and subsequently tested using multivariable
logistic regression. Due to limited sample size, the influence of potential
associative factors was tested individually, with a maximum of three variables in
the multivariable model.

Statistical analyses were regarded as significant if the p value was equal to or
lower than .05. Data were evaluated using SPSS (IBM version 25 for Windows,
Armonk, NY, USA). For the Fisher’s exact test with more than 2 by 2 items, the
R software (R Core Team (2021) R Foundation for Statistical Computing, Vienna,
Austria) was used.
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Results

Seventy-seven patients with OPSCC met the inclusion criteria and were included
in this study. Extractions were performed in 66% of the OPSCC patients. The
mean number of extracted teeth was 4.1 + 5.6 per patient. During CRT/BRT, 40
patients (52%) experienced significant weight loss of more than 5%. Baseline

characteristics are presented in Table 2. Patients with significant weight loss
during CRT/BRT had a higher BMI at start of treatment compared to patients
without significant weight loss. In addition, a higher proportion of patients with

significant weight loss had teeth removed to clear them from potential sources

of infection.

Table 2 - Baseline characteristics

Stable >5% weight P
weight or loss during  value
less than 5% CRT/BRT
loss during n = 40 (52%)
CRT/BRT
n =37 (48%)
Patient characteristics
Age (years)
mean = SD 58.4+95 59.4 £ 6.0
median (IQR) 60.0 (13) 595 (9) 0.971¢
Male 25 (68%) 29 (73%) 0.637¢
Female 12 (32%) 11 (28%)
Smoking history 33 (89%) 35 (88%) 1.000°
No history of smoking 4 (M%) 5 (13%)
Alcohol consumption 19 (51%) 27 (68%) 0.1494
No alcohol consumption 18 (49%) 13 (33%)
BMI at start RT (kg/m?); mean * SD 245+50 267 + 42 0.039°
Percentage weight loss prior to CRT/BRT; 2437 1.7 +32 0.373°
mean = SD
Dysphagia (CTCAE grade)
0 - No symptoms of dysphagia 18 (49%) 15 (38%) 0.077¢
1- Symptomatic, regular diet 7 (19%) 17 (43%)
2 - Symptomatic, altered eating/swallowing 12 (32%) 8 (20%)
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Table 2 - Continued

Stable >5% weight P
weight or loss during  value
less than 5% CRT/BRT
loss during n = 40 (52%)
CRT/BRT
n = 37 (48%)
WHO PS 0 9 (24%) 14 (35%) 0.325°
WHO PS1 28 (76%) 25 (63%)
WHO PS 2 0 (0%) 1 (3%)
cclo 7 (19%) 2 (5%) 0.231°
ccl1 7 (19%) 12 (30%)
ccl2 10 (27%) 17 (43%)
ccl3 7 (19%) 4 (10%)
CCl 4 2 (5%) 3 (8%)
CCl5 1(3%) 1(3%)
cclé 3 (8%) 1 (3%)
Tumor characteristics
T 5 (14%) 7 (18%) 0.287°
T2 8 (22%) 12 (30%)
T3 10 (27%) 4 (10%)
T4 14 (38%) 17 (43%)
NO 8 (22%) 6 (15%) 0.886°
N1 1(3%) 1 (3%)
N2 27 (73%) 32 (80%)
N3 1(3%) 1 (3%)
Stage Il 0 (0%) 1 (3%) 0.829
Stage Il 3 (8%) 2 (5%)
Stage IV 34 (92%) 37 (93%)
P16+ 20 (54%) 26 (65%) 0.328¢
p16- 17 (46%) 14 (35%)
Dental status
Edentulous at start RT 13 (35%) 9 (23%) 0.220¢
Dentate at start RT 24 (65%) 31 (78%)
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Table 2 - Continued

Stable >5% weight P
weight or loss during  value
less than 5% CRT/BRT
loss during n = 40 (52%)
CRT/BRT
n =37 (48%)
Eichner Index A at first assessment 7 (19%) 12 (30%) 0.427¢
Eichner Index B at first assessment 11 (30%) 8 (20%)
Eichner Index C at first assessment 19 (51%) 20 (50%)
Eichner Index A at start RT 4 (M%) 8 (20%) 0.547°
Eichner Index B at start RT 13 (35%) 1 (28%)
Eichner Index C at start RT 20 (54%) 21 (53%)
Decrease in Eichner Index (ABC) due to tooth 4 (M%) 5 (13%) 1.000°
extractions prior to CRT/BRT
No decrease in Eichner Index (ABC) due to 33 (89%) 35 (88%)
tooth extractions prior to CRT/BRT
OU at first assessment; mean + SD 35+45 40+47 0.642°
OU at start RT; mean + SD 21+36 32+44 0.249¢
Loss of OU due to tooth extractions prior to
CRT/BRT
mean = SD 14+23 0.8+18
median (IQR) 0.0 (3) 0.0 (1) 0.317¢
Tooth extractions prior to CRT/BRT 20 (54%) 31 (78%) 0.030¢
No tooth extractions prior to CRT/BRT 17 (46%) 9 (23%)
Tooth extractions and/or additional 23 (62%) 32 (80%) 0.083¢
interventions
No tooth extractions and/or additional 14 (38%) 8 (20%)
interventions
Number of removed teeth; mean = SD 34+50 4.8+6]1 0.289°
Treatment characteristics
Primary CRT/BRT 35 (95%) 38 (95%) 1.0002
Postoperative CRT 2 (5%) 2 (5%)
Cisplatin 27 (73%) 29 (73%) 0.963¢
Cetuximab 10 (27%) 1 (28%)
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Table 2 - Continued

Stable >5% weight P
weight or loss during  value
less than 5% CRT/BRT
loss during n = 40 (52%)

CRT/BRT
n =37 (48%)

RT dose to contralateral submandibular 481 +12.0* 497 +10.6* 0.529°
gland (Gy); mean = SD
RT dose to contralateral parotid salivary gland 24.2 £105 222 +71 0.345b
(Gy); mean + SD
RT dose to superior PCM (Gy); mean + SD 593 + 1.6 593+75 0.995°
RT dose to middle PCM (Gy); mean * SD 59.8 + 6.4 60.1+71 0.870°
RT dose to inferior PCM (Gy); mean + SD 494 +10.8 495+ 84 0.939°
RT dose to oral cavity (Gy); mean + SD 459 +11.0 452 +95 0.740P
RT dose to cricopharyngeal muscle (Qy); 445+73 433+6.5 0.433P
mean + SD
RT dose to cervical esophagus (Cy)

mean + SD 415+£83 370 £111

median (IQR) 42.0 (8.0) 40.1(17.7) 0.129¢
TF during CRT/BRT (any duration) 24 (65%) 23 (58%) 0.508¢
No TF 13 (35%) 17 (43%)

Abbreviations: BMI, body mass index; CCl, Charlson comorbidity index; CRT/BRT,
chemoradiotherapy or bioradiotherapy; WHO PS, World Health Organization
performance status; pl6+/-, p16 positive/negative tumor as surrogate marker for Hurnan
Papilloma Virus; PCM, pharyngeal constrictor muscles; RT, radiotherapy; TF, tube
feeding;, TNM-classification, tumor (T), node (N), metastasis (M) classification according
to the 7th edition [44].

Bold values denote statistical significance at the p<.05 level.

°Fisher’s exact test.

bIndependent T-test.

cMann-Whitney U test.

9dChi?-test.

*two missing values due to a bilateral neck dissection

Univariable logistic regression analysis for significant weight loss during CRT/
BRT revealed a potential associative value (p value <.10) for the factors BMI, tooth
extractions, tooth extractions and/or additional interventions, and RT dose to the
cervical esophagus (Table 3).
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Table 3 - Univariable and multivariable analysis of factors potentially contributing to
significant weight loss of >5% during CRT/BRT and to TF dependency

significant weight loss of
>5% during CRT/BRT

Univariable analysis

OR Cl-95% P

lower upper value
Age 1.018 0960 1078 0.556
Sex (male vs. female) 1265 0476 3363 0.637
Smoking 0.848 0210 3434 0.818
Alcohol 1968 0.781 4956 0.151
BMI 1M3 1003 1236 0.044
Weight loss prior to CRT/BRT 0941 0.823 1075 0.370
Dysphagia at start RT (CTCAE grade 2 vs. O or 1) 0.521 0185 1468 0.217
WHO PS (1or 2 vs. 0) 0597 0221 1611 0.309
CCl (24 vs. <4) 0.738 0205 2659 0.642
T3 or T4 vs. TO, Tl or T2 0.599 0.239 1498 0.273
N2 or N3 vs. NO or N1 1.821 0578 5739 0.306
p16+ vs. pl6- 1579 0631 3948 0329
Edentulous vs. dentate 0536 0197 1462 0223

Decrease in Eichner Index (ABC) due to tooth extractions 1179 0.291 4.771 0.818
prior to CRT/BRT (binary)

Tooth extractions (yes vs. no) 2928 1094 7.834 0.032
Tooth extractions and additional interventions (yes vs. 2435 0.877 6.756 0.087
no)

Number of removed teeth 1.047 0961 1140 0.291
Loss of OU due to tooth extractions prior to CRT/BRT 0.867 0.687 1095 0.232
Cetuximab vs. cisplatin (ref) 1.024 0375 2795 0963
RT dose to contralateral parotid gland 0975 0925 1028 0.347
RT dose to contralateral submandibular gland 1.013 0973 1056 0.523
RT dose to superior PCM 1.000 0954 1048 0.995
RT dose to median PCM 1.006 0.941 1075 0.868
RT dose to inferior PCM 1.002 0956 1050 0.938
RT dose to oral cavity 0992 0950 1037 0.737
RT dose to cricopharyngeus muscle 0974 0911 1040 0.428
RT dose to cervical esophagus 0952 0904 1002 0.060
TF use 0733 0292 1.841 0.508

Abbreviations: BMI, body mass index; CCl, Charlson comorbidity index; CRT/BRT,
chemoradiotherapy or bioradiotherapy; WHO PS, World Health Organization
performance status;, OU, occlusal units;, PCM, pharyngeal constrictor muscles; RT,
radiotherapy; TF, tube feeding;
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significant weight loss of >5%
during CRT/BRT (Continued)

Multivariable analysis*

OR CI-95% p value OR
lower upper

TF dependency

Univariable analysis

Cl-95%
lower upper value

o] OR

Multivariable analysis*

Cl-95% P
lower Upper value

0.980
0.776
0.759
0.982
1130 1011 1262 0.031 0.987
1187
1.256
1.689
0.732
1.765
1.056
0.487
0.892
0.465

3360 1185 9529 0.023 0.756
0.484

0.995
1125
0.355
1018
1.048
1.013
1.040
1.044
1.031
1.088
1.044

0.922
0.281

0175
0.386
0.895
1.001

0.435
0.627
0.202
0.696
0.333
0.185
0.325
0114

0.283
0.165

0.917
0.877
0.127

0.964
1.001

0.966
0.970
0.990
0.983
1.010

0.995

1.041
2141
3.297
2.501
1.089
1.407
3.627
4.547
2.650
4.476
3.342
1.283
2.447
1.894

2.019
1.425

1.080
1.445
0.995
1.075
1.096
1.063
1ms
1102
1.081
1173
1.096

0.509
0.624
0.713
0.970
0.799
0.049
0.673
0.300
0.634
0.232
0.927
0.145
0.825
0.285

0.577
0.188

0.909
0.354

0.049 0.226 0.070 0.731 0.013

0.524
0.044 1.067
0.584
0.272
0112
0.21
0.026
0.077

1.013

1124 0.015

Bold values denote statistical significance at the p<.05 level.

*Step-backward analysis of all variables with p<.05 in univariable analysis
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In multivariable step backward logistic regression analyses, tooth extractions
prior to CRT/BRT and BMI at start of CRT/BRT remained as associative factors for
weight loss >5% during CRT/BRT, independent of weight loss prior to CRT/BRT,
WHO PS, CCl, dental status at first assessment or at start CRT/BRT, number of
occlusal units (OU), and number of removed teeth (Table 3). When evaluating
the individual influence of potential associative factors, the associative value of
extractions was reduced to a trend when corrected for alcohol use (p = .057).

Univariable logistic regression analysis for TF dependency during CRT/BRT
revealed a potential associative value (p value <.10) for the following factors: Weight
loss prior to CRT/BRT, type of systemic therapy (cisplatin or cetuximab), RT dose to
the contralateral submandibular gland, RT dose to the cricopharyngeal muscle,
and RT dose to the cervical esophagus. None of the dental state parameters
showed any significant associative value for TF dependency. In multivariable
analysis, only a higher RT dose to the contralateral submandibular gland and
type of systemic therapy (cisplatin) remained significant associative factors for
the risk of TF dependency (Table 3).

204



Discussion

The results of the current study showed that OPSCC patients who underwent
tooth extraction(s) prior to IMRT intended to reduce the risk of ORN are more
likely to experience significant weight loss of more than 5% during CRT/BRT.
Interestingly, the number of teeth extracted and the number of functional units
lost did not influence the degree of weight loss and the need for TF.

Few researchers studied the effect of dental status on weight loss or nutritional
status in head and neck cancer patients. Thereby, uniform methods or widely
accepted standardized protocols for dental status assessment are lacking.
Despite the use of different study methods and dental status assessment
methods, our results are in line with a study published in 2008 suggesting
that dental condition, defined by the decayed, missing, and filled teeth index
and the masticatory coefficient are risk factors for weight loss at the outset of
management of head and neck cancer (HNC) [31]. Another study evaluated
dental status by using the Eichner Index in a sample of 104 treatment-naive
HNC patients [32]. These authors reported that a reduced number of functional
units was associated with the total nutrition impact symptoms score, but the
absence of functional units was not necessarily an absolute impairment to
achieve normal dietary intake. In our study, a reduced number of functional
units were not associated with weight loss of more than five percent.

Limiting factors in previous studies were amongst others a mixture of tumor
sites and limited information on possible associative factors. Also, no information
was available on tooth loss in the context of pre-treatment tooth extractions or
during oncological surgery, and data on weight loss during oncological therapy
was underreported as well.

Research in the general population has shown a relationship between the
number of natural teeth and weight loss. Having fewer teeth or being edentulous
increased the risk of clinically relevant weight loss [33-36]. However, this concerns
research among elderly people of at least 65 years of age, in which the dental
status was examined and not the effect of tooth extractions as an intervention.

It remains unclear if the negative effect of tooth extractions on body weight is
the result of a decrease in functional units or that it is the result of disrupting the
existing masticatory system in its motor-sensory functionality and/or willingness
to eat. Previous studies suggested that extractions, masticatory, and swallowing
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function are interrelated. The number of OU and having functional dentures
were positively associated with masticatory performance in a prospective cohort
study [11]. A retrospective single center study in oral cancer patients showed that
patients lacking OU had an increased risk for swallow impairment [37].

Therefore, an association between a deterioration of dental status, resulting in
reduced masticatory performances, and weight loss seems conceivable.

Tooth extractions or functional units did not predict TF dependency. In a recent
study in 450 LAHNSCC patients, nine associative values were added to a prediction
model for the need for TF, including amongst others BMI and percentage weight
change at baseline [38]. Since we only found type of systemic therapy (cisplatin vs.
cetuximab) and RT dose to the submandibular gland as independent TF predictors
in the present study population, we have to assume that the study is underpowered
and that these preliminary results should be interpreted with caution.

This is the first study addressing the impact of pre-CRT/BRT tooth extractions to
reduce the risk of ORN, on weight loss. This weight loss is known to have a negative
effect on treatment-related toxicity and oncological outcome. By evaluating
the CRT/BRT trajectory, including neat weight reporting, a reliable retrospective
assessment was possible. The addition of chemotherapy to RT as radiosensitizer
does not only enhance RT efficacy, but may also intensify side effects, including
nausea, vomitus, mucositis, and weight loss [39, 40]. As a result, the percentage of
patients who become TF-dependent during CRT/BRT could be higher than during
RT as a single modality. Therefore, we focused on the vulnerable CRT/BRT group to
answer our research question.

Despite the fact that the research was set up on the basis of strictly standardized
usual care protocols, we have some limitations to address. The relatively small sample
size impeded extensive subgroup stratification and multivariable corrections. The
number of patients who were edentulous at baseline was relatively high. Edentulous
patients may have had extractions (e.g., root tips or impacted wisdom teeth), but
loss of a functional unit or decrease of the Eichner index is not possible. This may
explain why extractions emerged as an associative factor for >5% weight loss and
the decline in OU and Eichner Index did not reveal an association with weight loss.
Although we were able to identify many factors associated with weight loss after
tooth extractions, information on socio-economic and education status, factors
associated with health perception, could not be retrieved from the electronic health
records, as this information was not reported.
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The patient’s financial and intellectual ability to modify their diet after tooth
extractions may also have affected their capability to maintain weight, but
accessing this privacy-sensitive data remains challenging. Following the
procedure of tooth extraction, a reduced oral intake for approximately one or
two weeks might lead to weight loss. Due to its retrospective character, we were
not able to extract information on weight on the exact day of tooth extractions
and on a standardized day after the procedure. However, a uniform moment of
baseline measurements was defined, namely right before CRT/BRT initiation.
Neither could we evaluate the effect of pain on oral intake since this was not
reported in a standardized way and levels of treatment toxicity (mucositis,
xerostomia) were not included in this study.

207

o

92SdO Ul SSO| 1yBIaM pue SUOIDRIIXS Y100



o))

Chapter

Conclusion

Our study suggests that tooth extractions contribute to significant weight loss
during treatment. Since body weight maintenance is important for completing
planned oncological treatment and for supporting the recovery phase, further
weight loss caused by tooth extractions should be minimized or avoided as
much as possible. More careful consideration of teeth removal prior to CRT/BRT
seems appropriate, but demands close communication with the HNC team.
As RT protocols and thus the doses to the tooth-bearing part of the jaws vary
widely, interdisciplinary consultation with the radiation oncologist is highly
recommended in order to reduce the risk of ORN due to potential oral sources
of infection.

This study prompts further investigation into the adverse effects of tooth
extractions and disruption of the masticatory system. That, along with the
current improvements in RT techniques, may fuel the discussion to review and
deescalate the current tooth extraction protocols aimed at reducing the risk of
ORN.
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General discussion

The shift in the focus of head and neck cancer (HNC) treatment from survival
to survival with the best possible quality of life (QolL) has increased scientific
research attention to the side effects of HNC treatments. Acute and lifelong side
effects of HNC treatment include limitations in chewing and swallowing, speech,
dry mouth, and social integration associated with decreased quality of life and
possible follow-up surgery. Masticatory function and dental health are among
the effects that are considered very important by HNC survivors [1].

Chewing or mastication is controlled by teeth, tongue, cheeks, lips, jaw muscles,
neuromuscular control, and saliva. The loss of teeth leads to a decrease in
functional units and impairs masticatory performance (objective masticatory
function) [2, 3]. Impaired masticatory performance leads to the consumption of
predominantly soft, easy-to-chew foods, which may result in poor dietary habits
and low nutrient intake [2]. In addition, deterioration of masticatory function
has been associated with oropharyngeal dysphagia [4, 5] which has significant
associations with involuntary weight loss [6, 7].

Therefore, it is important to optimize each patient’s masticatory system by
minimizing the loss of functional units and optimally restoring the loss.

In this thesis, we evaluated masticatory function and oral health-related quality
of life (OHRQoL) after prosthetic rehabilitation of edentulous patients with HNC,
as well as the accuracy and possible consequences of tooth removal prior to
radiotherapy (RT).

The edentulous jaw

Toothless people are impaired in their chewing function, and even clinically
satisfactory full dentures are a poor alternative to natural teeth. The ability of
denture wearers to grind food is very poor compared to people with natural
teeth. Full denture wearers require, on average, four to eight times more chewing
than dentate individuals to achieve the same degree of comminution. This poor
chewing performance is compensated for by chewing longer and swallowing
coarser food particles. One of the factors leading to the decrease in masticatory
performance is the decreased bite force that denture wearers may develop due
to the lack of retention and stability of the denture [2]. This lack of retention and
stability is exacerbated in patients with HNC by the effects of cancer treatment.
Surgical treatment of oral cavity cancer often results in soft tissue and bone defects
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that may limit the neutral zone and restrict the area of support for complete
dentures. RT can cause lifelong side effects such as fibrosis, xerostomia, dysphagia,
osteoradionecrosis (ORN), radiation caries, and trismus [8]. Hyposalivation leads
to worsening of the lubrication of the oral cavity, resulting in reduced retention of
the prosthesis and increased risk of mucosal damage.

Dental implants have been used worldwide for more than 60 years and
have proven to be very successful. Implant treatment significantly improves
masticatory function and patient satisfaction over a long period of time [2, 9,
10]. These long-lasting successful treatment results have also been achieved in
edentulous patients after treatment of oral cavity cancer [11, 12]. The improved
masticatory function with implant-retained overdentures (IOD) compared with
conventional dentures (CD) and no functional dentures (NFD) is mainly due to
the higher maximum bite force of the IODs [13].

Rehabilitation of the edentulous mandible

In Chapter 2, we investigated functional treatment outcomes and patient
satisfaction using patient-reported outcomes (PROMSs) in 51 patients with
HNC who received a full mandibular prosthesis with or without implants after
completion of RT. Compared with the literature, good results were obtained,
with 88.3% of these prostheses functioning at the time of evaluation (range:1to
23 years) [14,15]. Overall satisfaction with the prosthesis was relatively high, with
a mean score of 7.3 out of 10. This was comparable to other studies in patients
with cancer of the oral cavity as well as healthy patients [15-17].

Patients who received additional treatment, such as surgery, performed worse
than patients who received RT alone. Recent publications, mainly in patients with
carcinomas of the oral cavity, have clearly demonstrated the additional benefit
of implants. Edentulous oral cancer patients with full dentures on implants
had higher bite force, reported fewer problems with the dentures, and had less
difficulty chewing, especially solid and soft foods [13]. For patients with oral cavity
cancer who are scheduled for ablative surgery, it is possible to place implants
during ablative surgery, which offers several advantages. During the wound
healing phase of tumor surgery, the initial osseointegration of the implants
takes place, and if adjuvant RT is required, the onset of RT is not (additionally)
delayed by implant placement. The individual cost of implant placement during
ablative surgery is lower than deferred implant placement [18]. In addition, earlier
prosthetic rehabilitation after cancer treatment is possible, which may also lead
to higher bite force and masticatory function [13,19].
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In patients with pharyngeal or laryngeal cancer who are primarily treated with
RT, implantation may delay the onset of RT because the wound area must be
healed before RT is started [20]. Since the introduction of intensity-modulated
radiotherapy (IMRT), it has been possible to avoid high doses of RT to normal
structures, including the anterior mandible [21]. With the development of
volumetric modulated arc therapy (VMAT) and intensity modulated proton
therapy (IMPT), even further dose adjustments are possible [19]. Therefore,
delayed implantation may be preferred for patients treated with these current
RT techniques. Implant placement after RT is primarily indicated in patients
who have retention or chewing problems with their conventional prosthesis.
However, in patients without functional problems who have received high doses
of RT doses in the posterior portion of the mandible, implant placement should
be considered. Despite the promising dose reduction in the tooth-bearing parts
of the jaw, the dorsal parts of the mandible still receive relatively high RT doses in
HNC patients [19, 22]. Placement of interforaminal implants offers the advantage
that the prosthesis-bearing mucosa in these dorsal regions of the mandible can
be unloaded to avoid soft tissue ulceration and necrosis.

An exception should be made for patients who become edentulous during the
removal of sources of infection prior to RT. A period of 10 to 14 days for wound
healing until the start of RT is needed anyway, so implant placement does not
cause any additional delay. However, in these patients, there is a potential risk
of insufficient intermaxillary space remaining for prosthetic rehabilitation after
RT because the jaws did not resorb. This can be assessed during the dental
examination prior to RT. If one is to be expected, it is desirable to lower the
alveolar process sufficiently before placing the implants.

In our study, men appeared to benefit more from implants than women. While
our differences between men and women may have been influenced by the fact
that more women underwent surgery, other studies show differences between
men and women in terms of prosthetic satisfaction [17, 23-25]. Consideration
of gender differences in future research may contribute to better personalized
care [26].

The Liverpool Oral Rehabilitation Questionnaire version 3 (LORQvV3)

In our initial study in Chapter 2, we encountered two limitations with our
methods. First, we lacked an objective measure of masticatory performance,
which we remedied in the studies in Chapter 4 by using the mixing ability test
(MAT) [27]. In addition, available general QoL questionnaires, such as the EORTC
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QLQ-C30 and the QLQ-H&N35, lack the discriminatory power to measure the
effects of prosthetic treatment on mastication, swallowing, speech, aesthetics,
retention, and pain. In 2004, the Liverpool Oral Rehabilitation Questionnaire
(LORQ) was developed to better measure the impact of prosthetic treatment
on the quality of life of patients with HNC [28-31]. However, a validated Dutch
version of the LORQ was not available. To be able to use the LORQV3 for Dutch-
speaking patients, we translated the LORQV3 into Dutch and adapted it to
the Dutch situation in Chapter 3.The original English LORQv3 was translated
into Dutch using the forward-backward approach, resulting in the LORQV3-
NL. The internal consistency of the LORQV3-NL was tested in 158 participants
from the Radboudumc Faculty of Dentistry, the Center for Special Oral Care of
Radboudumc and Maastricht UMC+ and in general practices. We also evaluated
internal consistency, reliability, and validity. Test-retest reliability was performed
in 34 of these 158 patients. For convergent validity, the correlation between the
LORQV3-NL and the OHIP-NL14 was examined in 17 of 158 patients. Internal
consistency (Cronbach’s a=0.89 for items 1-17) and test-retest reliability (weighted
kappa values ranging from 0.401 to 0.830 for items 1-17), and convergent
validity (R? = 0.642) were satisfactory. With the LORQV3-NL, we seem to have a
good instrument for the assessment of prosthesis discomfort and prosthesis
intolerance. To date, the LORQV3 has been translated and validated in a Turkish
version [32] and a German version [33], and shows high validity and reliability in
all four languages. The questionnaire has been successfully used in the United
Kingdom, Turkey, the Netherlands, Germany, and for several studies in India,
making it a suitable questionnaire for multinational research on OHRQoL in
patients with HNC.

Rehabilitation of the edentulous maxilla with defects

In the maxilla, the lack of retention and stability of the full denture may be
due to the effects of cancer treatment or to trauma or infection. In particular,
if the hard palate is defective, the stable denture base is lost. Such a palatal
defect results in leakage through the nose, decreased speech intelligibility due
to air loss, and decreased masticatory performance, leading to limitations in
daily life [34-36]. Reconstruction of these defects remains a challenge for both
surgeons and prosthodontists due to the complex three-dimensional anatomy
of the maxilla and midface [37-40]. The complexity of these defects is reflected
in the various classification systems that have been developed, of which the
Okay classification and the Brown classification are the most commonly used
[41, 42]. The Brown classification has the advantage of describing a horizontal or
dentoalveolar component that corresponds to the functional side of the defect
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[42]. Valid arguments have been made for choosing the best reconstruction and
rehabilitation method based on parameters such as quality of life and functional
outcomes [43-46]. The most appropriate reconstruction is ultimately determined
by many factors, such as defect size, dental status, patient motivation for oral
rehabilitation, comorbidities, facility experience, and clinician preferences [47].
Regardless of the rehabilitation method, defects that encompass a significant
portion of the alveolus must be rehabilitated to allow for optimal masticatory
behavior and appearance of the teeth [39, 48].

Low-level defects are less detrimental to facial appearance and primarily require
treatment of the oronasal defect and dental rehabilitation. In many parts of the
world, prosthetic obturation of these defects is still the treatment of choice,
allowing the patient to speak, swallow, and chew. The obturator also continues
to play a useful role for patients who cannot undergo complex autogenous
reconstruction or in whom access to the surgical site is considered important
for monitoring [35, 49-51]. However, inadequate retention makes this prosthetic
rehabilitation of the maxilla challenging [50] where, as in the mandible, implant
retention, especially in edentulous patients, has also proven useful [39, 52-56].

In Chapter 4a, we evaluated the potential benefits of implant placement
on masticatory function and QoL of edentulous maxillectomy patients after
prosthetic obturation.

We evaluated both objective outcomes from the mixing ability test (MAT) and
subjective outcomes from the OHRQoL questionnaires, as objective information
of oral functioning may be different from personal experiences [57]. We used
the oral health impact profile for edentulous people (OHIP-EDENT) [58], the
Memorial Sloan Kettering Cancer Centre obturator functioning scale (OFS) [59]
and the Dutch version of the Liverpool oral rehabilitation questionnaire version
3 (LORQV3-NL) [60]. The results of the nine patients with implant supported
obturator prostheses showed a significantly better mixing ability index (MAI)
score outcome, notwithstanding the larger and more ventral defects. These MAI
score results (18.7 £ 1.37) were similar to dentate obturator patients (18.4 + 4.2) and
healthy edentulous non-maxillectomy individuals with conventional maxillary
dentures and implant-supported mandibular overdentures (MAI 18.5 + 31). The
mean MAIl score of the ten patients with conventional obturator prostheses
(22.4 + 3.16) were comparable to healthy full denture patients (21.2 + 3.6) and
other edentulous obturator patients (25.1 + 5.3) [27, 61].
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We reached an overall implant survival of 90.5%, losing 4 of 42 implants, all 4 in
irradiated bone. These results are similar to other studies, most of which did not
address dental implant survival in extra-maxillary bony structures of the midface
or skull base [53, 62-65]. As the patients were able to continue wearing their
prosthetic obturators despite single implant loss, we considered this a successful
overall outcome of functional rehabilitation.

Our OHIP-EDENT, OFS, and LORQV3-NL results did not disclose significant
differences in summary scales between the two patient groups. This is probably
due to the long-time interval between prosthetic rehabilitation and data
acquisition (range: 1 month-7.4 years). Patients tend to adapt over time and
under-report deficits, also called response shifts [66].

On the subscale level, the ‘Oral function’ subscale and the ‘Patient Satisfaction’
subscale of the LORQV3-NL showed that implant retainment has an added
value for the obturator prostheses. Although these benefits are underlined in
response choices by all three questionnaires, the small patient groups should
be considered. The same carefully interpretation should be applied for the
promising results in the speaking and swallowing domains, which have proven
to be important for quality of life [59, 67].

In Chapter 4b we compared the objective and subjective masticatory function
of patients with implant-supported obturators with patients with surgically
reconstructed maxillae in a collaboration with UMC Utrecht and University of
Alberta, Edmonton, Canada.

The implant-supported obturator group, consisted of the nine patients with
edentulous upper jaws and implant-supported obturators from Chapter 4a
[68]. The surgically reconstructed maxillae group consisted of 11 patients: 6
reconstructed according to the Alberta Reconstructive Technique (ART) protocol
[69, 70] for malignant tumors and 5 according to the Rohner-protocol [71] for
benign tumors from the HREBA.CC-17-0167 study [72].

The results demonstrated comparable masticatory performance and patient
reported eating ability for patients with surgically reconstructed maxillae and
patients with implant supported obturator prostheses. The mean MAI for
both groups (18.2 + 2.38 resp. 18.7 + 1.37) remained below the MAIl-level of the
natural dentition group (15.8 + 2.0), confirming previous research into chewing
performance in maxillectomy patients [27, 73].
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Several authors advocate for the benefits of surgical reconstruction over
obturation of makxillary defects, especially for larger defects. Amongst them are
authors mainly describing a personal preference solely based on experience [74,
75], or combining the best available literature with clinical experience [39, 66, 76].
Unfortunately, the best available literature is limited, and study populations are
usually small.

Our study in Chapter 4a and an South-African study in 2007 confirm the benefits
of implant-support to obturators [54, 68] and other studies even suggests
equivalent functional results as compared to surgical reconstruction [77, 78].

When choosing between obturation or surgical reconstruction, it is important
to inform the patient as well as possible. There are benefits for microsurgical
reconstruction of extended maxillary and midface defects. Surgical reconstruction
has the advantage of avoiding the discomfort of placing and cleaning obturators.
There is also less nasalance for hard palate defects reconstructed with a surgical
design and simulation fibula free flap [79]. Patients requiring adjuvant RT will
take advantage of reconstructive surgery, as the risk of post-radiogenic changes
in the irradiated tissues will be less pronounced. Tissue atrophy, fibrosis, and the
most feared risk of osteoradionecrosis can be prevented by vascularized tissue
transfer into the defect site. Moreover, surgical defect repair can lead to aesthetic
benefits, and implant-retained fixed dentures can be applied. However, all this
comes with a higher price. Patients should take into account longer operating
times and longer hospital stays. In addition to the higher costs, operations with
a longer duration have a higher chance of increased pain, increased functional
limitations, poor global recovery and decreased HRQoL 6 months after surgery
[80]. Finally, despite all advances in radiology, it remains difficult to distinguish
between benign post-treatment changes and recurrent malignancy [81]. In
addition to the fact that the oncologist with the surgical reconstruction loses
direct visual inspection, the assessment of post-surgical radiological images also
becomes more difficult.

Related to mastication, the Rohner-procedure gives immediate chewing ability
like obturators do, but for patients with a malignant tumor, the obturator offers
a faster recovery of chewing capacity than the ART-procedure. Since dental oral
rehabilitation under the ART procedure is initiated after completion of all cancer
treatments and tissue healing, it can easily take up to 6 months to start.
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The Liverpool group has presented good results with the zygomatic implant
perforated (ZIP) flap technique [82]. This technique for the immediate reconstruction
and rapid dental rehabilitation of the low-level maxillectomy defect was first
published in 2017 [83] and combines the use of soft-tissue free flap reconstruction
of the oral defect combined with the early loading of zygomatic implants whose
abutments perforate the flap at the time of primary surgery. With this technique,
there s less reliance on bone transfer. Despite the significant challenges, the ZIP flap
technique provides full dental rehabilitation within 30 days of surgery and prior to
radiotherapy if this is required, with excellent published patient reported outcomes.

The choice between surgical reconstruction or (implant retained) obturation of
maxilla defects remains controversial, especially for the low-level maxillectomy
defects and will largely be determined by comorbidities, institutional experience,
personal preferences and financial possibilities.

The accuracy and possible consequences of tooth removal prior to radiotherapy
Osteoradionecrosis of the jaw isamong the most feared late complications observed
in patients with HNC treated with RT [84].

To lower the risk of developing ORN, it is important that the jaw areas receiving
significant doses of radiation are free of potential sources of infection prior to RT
[85]. However, tooth extractions result in a decreased number of functional unitsand
impair mastication and swallowing, contributing to a decreased HRQoL [1, 3, 86-89].

The original Dutch protocol [90] which was re-evaluated in 2018 [20, 91] recommends
comprehensive dental assessment and elimination of oral sources of infection
where the radiation fields will achieve an expected cumulative radiation dose of
>40Qy at least 10 to 14 days prior to RT [84, 92]. However, some of the extracted teeth
may be extracted redundantly, due to the fact that the estimated radiation dose
prior to RT appeared to be lower after completion of RT planning.

In Chapter 5, we retrospectively investigated how many of the teeth extracted prior
to RT turned out to have been removed redundantly. In addition, we investigated
which patient or tumor characteristics were associated with the number of
redundantly extracted teeth prior to RT. In Chapter 6, we evaluated the effect of
incomplete dentition, tooth extractions prior to RT combined with chemotherapy
(CRT) or biotherapy (BRT), and the subsequent loss of functional units on (1) weight
loss during CRT/BRT and (2) the need for TF during CRT/BRT for oropharyngeal
squamous cell carcinoma (OPSCC).
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In the 358 patients included in Chapter 5, 1759 teeth were extracted of which
1274 teeth (74%) appeared to have been removed redundantly, based on the
of <40Gy. Using the maximum dose (D, _) of <40Gy, 1080
teeth (61%) appeared to have been removed redundantly. Of the potential factors

mean dose (D___ )
contributing to teeth receiving a cumulative RT dose 240Gy, tumor location and
N-classification emerged as the most important factors in the multivariable
regression analysis. The patients with OPSCC in Chapter 6 who underwent tooth
extraction(s) prior to IMRT were more likely to experience significant weight
loss of more than 5% during CRT/BRT. The number of teeth extracted and the
number of functional units lost did not influence the degree of weight loss and
the need for tubefeeding (TF).

These results provided arguments to drastically reduce the need and number
of tooth extractions prior to RT for HNC.

Accuracy of tooth removal

Cut-off point

In this study, a cut-off RT dose of 240Cy was chosen as the threshold as
indication for tooth extraction [20, 91]. The choice of 40Cy as the threshold dose
for the risk of developing ORN as described in the Dutch National Protocol is
empirical [20, 91]. Vascular changes in tissue structure after RT occur at much
lower doses [93, 94] and average doses of 24.4 and 28.2Cy corresponding with
maximum doses of 44.3 and 48.4Cy have been shown sufficient to trigger an
ORN [95, 96]. Several other studies suggest using 50Gy or 60Cy for the mandible
or even 70Gy for the maxilla as a reference value for the development of ORN
[95-99], with only one Delphi study discussing a critical radiation threshold
for prophylactic removal of teeth [100]. Further research is needed before
the Dutch guidelines that aim to minimize this risk as much as possible are
amended. Thereby, it isimportant that it is clearly described whether the mean
or the maximum dose must be used.

Dose-distribution

There are previous publications describing radiation doses to portions of the
mandible and maxilla [22, 101-104], whereby reporting the doses in ipsi- and
contralateral is very crucial. This was clearly illustrated by our results for tumorsin
the “parotid region” where only the mandibular molars and second mandibular
premolar on the ipsilateral side received a dose 240Gy. While some studies looked
at RT dose in terms of a volume percentage of the jaw [103], others outlined the
teeth individually [22,101,102] or used a cylinder [104], like our study. We drew one
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cylinder per tooth over the full length of the jaw, while Alberga et al. used a 6 mm
high cylinder at standardized locations in the jaw [104]. These different methods
for determining RT doses to jaw areas limit the ability to compare these studies.

Tumor location had a high association with dose-distribution and thus
unnecessarily extracted teeth. In patients with tumors located in the laryngeal,
and hypopharyngeal region, only the mandibular molars and the second
mandibular premolar received a dose of 240Qy. In these regions the primary
tumor is relatively further away from the teeth. In the oral cavity, oropharynx and
‘maxillary complex’ group the number of redundantly extracted teeth was less
due to the closer proximity of the primary tumor to the mandible or maxilla. This
led to a higher radiation dose in the jaw bones, consistent with the delineation
of gross tumor volume (GTV), clinical target volume (CTV) and planning target
volume PTV according to international guidelines [105].

N-state, describing the spread of cancer to nearby lymph nodes, was also
associated with unnecessarily extracted teeth. The presence of positive
lymph nodes located near the mandible (high level Il or retropharyngeal), and
submandibular lymph nodes of level Ib of the neck included in the clinical
(elective) target volume resulted in a higher RT dose in the mandible.

Further research, preferably in a multicenter setting, is needed to extrapolate
our results to other treatment centers, as local experience aspects of treatment
planning and normal tissue sparing differ. With the introduction of IMPT further
dose-sparing effect on the dentition, especially for tumors located further away
from the tooth-bearing regions, seems likely but single radiation dosages
exceeding 40QGy still exist [104]. Therefore, in addition to properly assessing the
tumor location and the location of the positive lymph nodes, good consultation with
the radiation-oncologist remains of great clinical importance. The development of
artificial intelligence may contribute in the estimation of expected RT doses in the
head and neck to make dental assessment more predictable [106, 107].

Possible consequences of tooth removal

Our study in Chapter 6 suggests that tooth extractions contribute to significant
weight loss during treatment, but a reduced number of functional units was not
associated with weight loss of more than 5 percent. The latter may be due to
the relatively high number of edentulous patients in our cohort who were able
to undergo extractions (e.g., root tips or impacted wisdom teeth), but whose
number of functional units could not decrease any further.
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Previous studies suggested dental conditions to be risk factors for weight loss [108,
109]. It has also been suggested that extractions, mastication, and swallowing are
interrelated. Such as having functional dentures and the number of occlusal units
(OU), which are positively associated with masticatory performance [3], and patients
with oral cancer lacking OU who had an increased risk for swallow impairment [110].

For now, it remains unclear whether the negative effect of tooth extractions on
body weight is the result of a decrease in functional units or that it is the result
of disrupting the existing masticatory system in its motor-sensory functionality
and/or willingness to eat.

Since body weight maintenance isimportant for completing planned oncological
treatment and for supporting the recovery phase, further weight loss caused by
tooth extractions should be minimized or avoided as much as possible.

Besides the maintenance of body weight, a person’s social integration is often
linked to the presence of functional teeth [111]. Patients suffer not only from the
underlying oncological diseases, but also from the demands of therapy. The
removal of teeth is generally negatively connoted [1, 89]. With greater accuracy
of tooth extraction, the masticatory system will be better preserved and the loss
of functional units will be limited, which has a direct effect on food intake [1, 3,
86-89, 112]. So further research into the adverse effects of tooth extractions and
disruption of the masticatory system is desirable.

The support provided by the insurance system in the Netherlands will continue
to be important in this regard. The treatment of possible oral infection sites
and the resulting prosthetic rehabilitation are currently covered by the national
insurance schemes in the Netherlands. It would be ideal if later preventive care
to prevent further damage to the masticatory system in these vulnerable mouths
does not depend on someone’s financial possibilities.

In conclusion, masticatory function and patient satisfaction of edentulous
patients with HNC significantly improves with implant treatment. The placement
of implants should therefore be considered for every patient with a edentulous
mandible who is having retention problems and for every patient with a
maxillary defect who is being rehabilitated with an obturator prosthesis. For
dentate patients with HNC who will undergo RT treatment, there is an indication
to reduce the number of tooth extractions prior to RT. More research is needed
to safely de-escalate the current guidelines, without increasing the risk of ORN.
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Summary

The patient population presenting with head and neck cancer (HNC) is changing.
On the one hand, the prevalence of tobacco use is decreasing, with a synchronous
decrease in the incidence of laryngeal cancer in particular. At the same time, the
incidence of oropharyngeal cancer is increasing, mainly due to the human papilloma
virus (HPV). The young age at diagnosis combined with better prognosis for HPV-
positive HNC and the associated longer life expectancy, has increased awareness
of late treatment-related toxicity. Advances in surgical and radiation techniques are
also contributing to the shift in focus from survival to survival with the best quality
of life (Qol) possible. Fear of the cancer recurrence is now closely followed by the
side effects of cancer treatment, such as dry mouth, limitations in chewing and
swallowing, speech and social integration, decreased QoL and follow-up surgery.

Therefore, optimizing the masticatory system and thus improving the QoL of each
patient is becoming increasingly important. Optimizing the masticatory system
should take into account patient related factors such as age, patient preferences,
dental awareness and, of course, cancer treatment-related factors itself.

The overall aim of this thesis was to evaluate masticatory function after prosthetic
rehabilitation of edentulous patients with HNC and to assess the accuracy and
potential consequences of tooth extractions prior to radiotherapy (RT).

Thefirst section of this thesis addressed the prosthetic rehabilitation of edentulous
patients with an acquired defect and/or side effects after RT (Chapters 2-4). The
second section examined the initial steps in the search for optimal preservation
of the existing masticatory system of the patient with HNC (Chapters 5-6).

In Chapter 2, we investigated the functional treatment outcomes and patient
satisfaction of mandibular prostheses with and without implant retention using
patient-reported outcomes (PROs) in 51 irradiated patients with HNC. Nineteen
patients were treated with removable conventional dentures and 32 patients
with implant-retained mandibular prostheses between January 2006 and
January 2011. A total of 45 (88.3%) of these 51 mandibular prostheses, were in
function at the time of assessment. Overall satisfaction with the prostheses was
7.3. Patients treated with additional approaches, such as surgical tumor removal,
scored lower than patients who received RT alone. In addition, edentulous
patients appeared to benefit from implants, particularly in terms of denture
retention. Men benefited more from IODs than women.
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The above study has shown that the available general QoL questionnaires, such
as the EORTC QLQ-C30 and QLQ-H&N35, do not capture details of prosthetic
functionality such as chewing, swallowing, speaking, aesthetics, retention,
and pain to measure the effects of prosthetic treatment. The Liverpool Oral
Rehabilitation Questionnaire (LORQ) had shown better discriminatory power.
Until then, no validated Dutch version of the LORQV3 was available. Therefore, the
aim of Chapter 3 was to translate and adapt the LORQvV3 into Dutch and to assess
the internal consistency, reliability, and validity of the resulting LORQV3-NL.

The original English LORQvV3 was translated into Dutch using the forward-
backward approach. The internal consistency of the LORQv3-NL was tested in 158
participants from the Radboudumc Faculty of Dentistry, the Center for Special
Oral Care of Radboudumc and Maastricht UMC+ and in general practices. Test-
retest reliability was performed in 34 of these 158 patients. For convergent validity,
the correlation between the LORQV3-NL and the OHIP-NLI4 was examined in
17 of the 158 patients. Internal consistency (Cronbach’s a = 0.89 for items 1-17),
test-retest reliability (weighted kappa values of 0.401 to 0.830 for items 1-17), and
convergent validity (R?= 0.642) were satisfactory. The LORQV3-NL appeared to be
a good instrument for assessing denture satisfaction and perceived fit.

One of the most difficult prosthetic treatments is rehabilitating a patient with
a maxillary defect due to tumour resection or trauma, for example. With a
maxillary defect, oronasal separation is lost, allowing air, fluid, and often even
food to escape. This impairs functions such as eating, swallowing and speaking,
and thus has a significant impact on social well-being and QoL.

Prosthetic treatment aims to restore the nasal-oral separation as well as possible
and replace the missing teeth. Traditionally, this is done with an obturator
prosthesis, in which retention is sought on the remaining teeth. This hold is more
difficult to find when there are no natural teeth left. As in the mandible, implants
can also be considered in the maxilla. In Chapter 4 we investigated whether
implant-retainment actually leads to functional improvement and a better QoL.

In the first cross-sectional study (Chapter 4.1), we compared masticatory
performance and oral health-related QoL of edentulous patients with obturator
prostheses with or without implants. In 19 edentulous patients with a (partial)
maxillectomy whose prosthetic treatment had been completed, masticatory
performance was measured objectively and three questionnaires were
completed. Masticatory performance was measured by the mixing ability
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test (MAT) and the questionnaires were: (1) the Oral Health Impact Profile for
EDENTulous People (OHIP-EDENT), (2) the Obturator Function Scale (OFS),
and (3) the LORQV3-NL. The nine patients with implant-supported obturator
prostheses had a significantly better masticatory and oral function, reported
fewer chewing difficulties, and had less discomfort during food intake than did
the ten patients with a conventional obturator.

A second cross-sectional study (Chapter 4.2) was conducted in collaboration
with UMC Utrecht and the University of Alberta, Edmonton, Canada. The
masticatory performance and patient reported eating ability of the nine patients
with implant-supported obturator prostheses (Maastricht) were compared to 11
surgically reconstructed maxillectomy patients (Edmonton). Again, masticatory
performance was measured by the mixing ability test (MAT). Oral health-related
QoL was measured with shortened versions of the OHIP questionnaire. Patients
with reconstructed makxillae and patients with implant-supported obturator
prostheses had similar MAT scores. The seven oral health-related QoL questions
also showed no differences in chewing ability between the two groups.

In conclusion, supporting prosthetic obturators after maxillectomy with implants
improves oral functioning, chewing, and eating comfort. With caution, the results
of this study seem to confirm earlier results that implant-supported obturation
is a good alternative to surgical reconstruction for all Class Il makxillary defects
according to Brown's classification. With both techniques, the masticatory
performance is sufficiently restored, with careful planning being highly desirable.

The final part of this thesis addressed tooth extractions prior to RT. Patients with
HNC who were eligible for RT were seen by a dental team for a comprehensive
dental assessment prior to RT. Teeth with a limited prognosis at risk of developing
osteoradionecrosis (ORN) during or after RT were extracted. ORN, or radiation-
induced osteomyelitis, is a serious and late complication of RT, characterized by
irradiated bone that becomes devitalized and is exposed through the overlying
skin or mucosa, without tumor recurrence and failing to heal within three
months. ORN can lead to pathologic fractures, intra- or extra-oral fistulas and
infection and often requires extensive surgery. These procedures are risky and
complex, can lead to new side effects, and have a negative impact on QoL.

Available evidence on the efficacy of pre-RT tooth extractions in preventing ORN
is limited. At the same time, tooth extractions result in a reduced number of

functional units and impair the ability to chew and swallow. To allow extraction
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wounds sufficient time, at least 10 to 14 days, to heal before starting RT, decisions
are made based on the expected radiation dose. However, for some extracted
teeth, it may be found after completion of RT that extraction was not indicated
because the RT dose applied was lower than expected.

In Chapter 5 we examined the number and patient and tumor characteristics
associated with this number of redundantly extracted teeth. For this purpose,
358 patients with HNC, treated with RT between 2015 and 2019, were included
in this cross-sectional study. Radiation dose was calculated retrospectively for
each extracted tooth. The cut-off point for valid extraction was set at 240Qy in
accordance with the national protocol. Because this guideline does not specify
whether thisisthe mean or maximum dose, we evaluated both values separately.
A total of 1759 teeth were removed from 358 patients. Of these 1759 teeth, 1274
(74%) appeared to have been removed redundantly, based on the mean dose
(D pean) OF <40GQy. At the maximum dose (D, ) of <40Gy, 1080 teeth (61%) appeared
to have been removed redundantly. Tumor location and the spread of cancer to
nearby lymph nodes were found to be the most important associative variables
in multivariable regression analysis.

The impact of tooth loss on body weight loss and tube feeding (TF) dependence
during RT combined with chemotherapy (CRT) or biotherapy (BRT) was previously
unknown. In Chapter 6, we retrospectively examined the effect of incomplete
dentition, tooth extractions prior to CRT/BRT, and subsequent loss of functional
units on (1) weight loss during therapy and (2) the need for TF during CRT/BRT
for oropharyngeal squamous cell carcinomas (OPSCC). Weight loss during CRT/
BRT was assessed dichotomously, comparing weight loss >5% with stable or
increased weight. Potential factors associated with weight loss were identified,
including patient, tumor, and treatment characteristics. Of the 77 OPSCC
patients included, 40 patients (52%) experienced weight loss >5% during CRT/
BRT. Tooth extractions prior to CRT/BRT were associated with >5% weight loss
during treatment. None of the dental-related parameters showed a significant
associative value for TF.

In conclusion, dental extractions pre-RT to reduce the risk of ORN, are a risk
factor for weight loss during CRT/BRT in OPSCC. Unintended weight loss, one
of the clinical features of cachexia, negatively impact treatment-related toxicity
and oncologic outcome. Therefore, it is of utmost importance to avoid weight
loss during cancer treatment.
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Nederlandse samenvatting

De populatie van mensen met hoofd-halskanker is aan het veranderen. Enerzijds
neemt de prevalentie van tabaksgebruik af, met synchroon een afname van
met name de incidentie van larynxkanker. Daarnaast neemt de incidentie van
orofarynxkanker toe, voornamelijk als gevolg van het humaan papillomavirus
(HPV). De jongere leeftijd en een betere prognose voor patiénten met HPV-
positieve hoofd-halskanker, en de bijbehorende langere levensverwachting, heeft
geleid tot een groter bewustzijn van bijwerkingen op de langere termijn. Ook
de vooruitgang in chirurgische technieken en innovatieve bestralingssystemen
dragen bij aan de verschuiving van de focus op alleen overleven, naar overleven
met de best mogelijke kwaliteit van leven. De angst voor terugkeer van de
tumor wordt nu op de voet gevolgd door bezorgdheid over de bijwerkingen
van de tumorbehandeling, zoals een droge mond, beperkingen in het kauw- en
slikvermogen, spraak en sociale integratie, verminderde kwaliteit van het leven
en vervolgoperaties.

Zodoende wordt het steeds belangrijker om het kauwsysteem van elke
patiént te optimaliseren en daarmee de kwaliteit van leven te verbeteren. Bij
het optimaliseren van het kauwsysteem moet rekening worden gehouden
met patiéntgebonden factoren zoals leeftijd, voorkeuren van de patiént,
tandheelkundig bewustzijn en uiteraard factoren die verband houden met de
behandeling van de kanker zelf.

Het algemene doel van dit proefschrift was het evalueren van het kauwvermogen
na prothetische herstel van tandeloze patiénten met hoofd-halskanker en het
evalueren van de nauwkeurigheid en mogelijke gevolgen van het verwijderen
van tanden en kiezen voorafgaand aan de bestraling (RT).

Het eerste deel van dit proefschrift richt zich op het prothetisch herstel van
tandeloze patiénten met een verworven defect en/of bijwerkingen van de
bestraling (hoofdstukken 2-4). Het tweede deel bestudeert de eerste stappen
in een zoektocht naar optimaal behoud van het bestaande kauwstelsel van de
patiént met hoofd-halskanker (hoofdstukken 5-6).

In hoofdstuk 2 hebben we met patiént gerapporteerde uitkomsten (PROSs)
gekeken naar de functionele behandelresultaten en patiénttevredenheid bij
51 bestraalde patiénten met hoofd-halskanker die een onderprothese hadden
gekregen, al dan niet op implantaten. Tussen januari 2006 en januari 2011
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kregen 19 patiénten een conventionele onderprothese en 32 patiénten een
overkappingsprothese op implantaten. Van deze 51 protheses waren er in
totaal 45 (88,3%) in functie op het moment van de beoordeling. De algehele
tevredenheid met de gebitsprothese was een 7,3. Patiénten die aanvullend
waren behandeld met bijvoorbeeld chirurgie, scoorden slechter dan patiénten
die alleen werden bestraald. Verder leken tandeloze patiénten, voornamelijk voor
het houvast van de prothese, profijt te hebben van implantaten. Daarbij hadden
mannen meer profijt dan vrouwen.

We ontdekten bij bovengenoemd onderzoek ook dat de beschikbare algemene
kwaliteit van leven vragenlijsten, zoals de EORTC QLQ-C30 en QLQ-H&N35,
onvoldoende discriminerend waren om het effect van een prothetische
behandeling te meten op het gebied van kauwen, slikken, spreken, esthetiek,
retentie en pijn. Dit discriminerend effect bleek veel beter voor de Liverpool
Oral Rehabilitation Questionnaire (LORQ). Tot dan toe was er geen gevalideerde
Nederlandse versie van de LORQ beschikbaar. Zodoende was het doel van
hoofdstuk 3 om de LORQV3 te vertalen in het Nederlands en aan te passen
aan de Nederlandstalige situatie. Tevens wilden we de interne consistentie,
betrouwbaarheid en validiteit van de resulterende LORQV3-NL beoordelen.

De originele Engelstalige LORQvV3 werd naar het Nederlands vertaald volgens
de methode vertalen-en-terugvertalen. De interne consistentie van de
LORQV3-NL werd getest bij 158 patiénten van de opleiding tandheelkunde
van het Radboudumc, het Centrum voor Bijzondere Tandheelkunde van het
Radboudumc en Maastricht UMC+ en in algemene tandartspraktijken. De test-
hertest betrouwbaarheid werd bij 34 van deze 158 patiénten uitgevoerd. Voor
de convergente validiteit werd de correlatie tussen de LORQvV3-NL en de OHIP-
NL14 beoordeeld bij17 van de 158 patiénten. De interne consistentie (Cronbach’s
a = 0.89 voor items 1-17) en de test-hertest betrouwbaarheid (gewogen kappa
waarden van 0,401 tot 0,830 voor items 1-17), en convergente validiteit (R?>= 0,642)
waren bevredigend. Met de LORQV3-NL bleken we over een goed instrument
te beschikken voor het uitvragen van de tevredenheid over en ervaren pasvorm
van de gebitsprothese.

Eén van de meest uitdagende prothetische behandelingen is het rehabiliteren
van een patiént waarbij, een deel van, de bovenkaak (makxilla) verloren is gegaan
als gevolg van het verwijderen van een tumor of door bijvoorbeeld een trauma.
Als er een deel van de maxilla verloren is gegaan, is er een open verbinding tussen
de mond- en neusgangen en -bijholtes, waar lucht, vocht en vaak zelfs voedsel
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door kunnen lekken. Dit heeft impact op functies als spreken, eten en slikken, en
daarmee ook een aanzienlijke impact op het sociale welzijn en de kwaliteit van
leven. Het doel van de prothetische behandeling is dan ook om deze opening
zo goed als mogelijk af te dichten en de ontbrekende tanden en kiezen weer
aan te vullen. Dat wordt van oudsher gedaan met een klosprothese (obturator)
waarvoor houvast gezocht wordt aan de resterende tanden en kiezen. Als geen
natuurlijke tanden of kiezen meer aanwezig zijn, is het vinden van houvast
voor de klosprothese dan ook moeilijker. Net als in de onderkaak, kan ook in de
bovenkaak het plaatsen van implantaten worden overwogen. Of deze houvast
middels implantaten ook daadwerkelijk voor een functionele verbetering zorgt
en leidt tot een grotere kwaliteit van leven, onderzochten we in hoofdstuk 4.

Bij de eerste cross-sectionele studie (hoofdstuk 4.1) vergeleken we de
kauwprestaties en de mondgezondheid gerelateerde kwaliteit van leven van
tandeloze patiénten met klosprotheses al dan niet op implantaten. Hiervoor
werden bij 19 tandeloze patiénten bij wie (een deel van) de maxilla verloren
was gegaan en bij wie het vervaardigen van de klosprothese was voltooid, de
kauwprestaties objectief gemeten en werden er 3 vragenlijsten afgenomen. De
kauwprestaties werden gemeten met de kleurenmengtest en de vragenlijsten
waren: (1) de Oral Health Impact Profile voor tandeloze mensen (OHIP-EDENT),
(2) de Obturator Functie Schaal (OFS) en (3) de LORQV3-NL. De negen patiénten
met een klosprothese op implantaten hadden een significant betere kauw-
en mondfunctie, rapporteerden minder kauwproblemen en hadden minder
ongemak tijdens het eten dan de tien patiénten met een klosprothese zonder
implantaten.

Aanvullend werd een tweede cross-sectionele studie (hoofdstuk 4.2) uitgevoerd
in samenwerking met het UMC Utrecht en de Universiteit van Alberta,
Edmonton, Canada. Hierbij werden de kauwprestaties en het door de patiénten
gerapporteerde eetvermogen van de negen patiénten met klosprotheses op
implantaten (Maastricht) vergeleken met 11 patiénten bij wie het maxilladefect
chirurgisch was gereconstrueerd (Edmonton). Ook hierbij werd de kauwprestatie
gemeten met de kleurenmengtest. De mondgezondheid gerelateerde kwaliteit
van leven werd gemeten met verkorte versies van de OHIP vragenlijst. Hierbij werd
aangetoond dat de patiénten met de chirurgisch gereconstrueerde bovenkaak
en patiénten met de klosprothese op implantaten vergelijkbaar presteerden met
de kleurenmengtest. Ook bij de zeven mondgezondheid gerelateerde kwaliteit
van leven vragen werden geen verschillen in kauwvermogen tussen deze twee
groepen gevonden.
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Hieruit kunnen we dan ook concluderen dat het verbeteren van de houvast
van de klosprothese door het plaatsen van implantaten nadat (een deel van)
de makxilla verloren is gegaan, de mondfunctie, het kauwvermogen en het
eetcomfort verbetert. Bovendien kunnen we met de nodige voorzichtigheid
vaststellen dat de resultaten van deze studie eerdere resultaten lijken te
bevestigen dat de klosprothese op implantaten een goed alternatief is voor
de chirurgische reconstructie voor alle Klasse Il maxillaire defecten volgens de
klassering van Brown. Met beide technieken wordt de kauwprestatie voldoende
hersteld, waarbij zorgvuldige planning zeer wenselijk is.

Het laatste deel van dit proefschrift richt zich op het verwijderen van tanden
en kiezen in de voorbereidingsfase van een bestralingsbehandeling. Patiénten
met hoofd-halskanker die in aanmerking komen voor een bestraling, werden
voorafgaand gezien door een tandheelkundig team voor een uitgebreid
mondonderzoek. Tanden en kiezen met een matige prognose die tijJdens en na
de bestraling een risico vormen voor het ontstaan van osteoradionecrose (ORN)
werden verwijderd. ORN, ofwel een bestralingsgeinduceerde osteomyelitis, is
een ernstige en late complicatie van de bestraling, die wordt gekarakteriseerd
door verzwakt blootliggend bestraald bot dat niet is geheeld na een periode
van drie maanden zonder de aanwezigheid van kanker. ORN kan leiden tot
onder meer pathologische fracturen, vorming van intra- of extra-orale fistels en
infectie, en heeft veelal uitgebreide chirurgische behandelingen nodig. Deze
behandelingen zijn risicovol, complex, kunnen tot nieuwe bijwerkingen leiden
en hebben een negatieve impact op de kwaliteit van leven.

Het beschikbare bewijs over de effectiviteit van het verwijderen van tanden
en kiezen voor de bestraling om ORN te voorkomen is beperkt. Tegelijkertijd
resulteert het verwijderen van tanden en kiezen in een verminderd aantal
functionele eenheden en belemmert dit zowel het kauwen als het slikken. Om
de extractiewonden voldoende tijd te geven (minstens 10 tot 14 dagen) om
te genezen voordat met de bestraling wordt begonnen, worden beslissingen
genomen op basis van de verwachte stralingsdosis. Echter, voor een deel van
de getrokken tanden kan na voltooiing van de bestraling blijken dat de extractie
achteraf (nog) niet nodig was, omdat de gegeven dosis lager was dan de dosis
die verwacht werd.

In hoofdstuk 5 hebben we gekeken naar het aantal overtollig getrokken

tanden en welke patiént- of tumorkarakteristieken hiermee geassocieerd
waren. Hiervoor werden 358 patiénten die tussen 2015 en 2019 waren bestraald
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voor hoofd-halskanker opgenomen in deze cross-sectionele studie. Voor elke
getrokken tand werd achteraf de stralingsdosis berekend. Overeenkomstig met
ons landelijke protocol, werd het afkappunt voor terechte extractie vastgesteld
op 240Cy. Omdat deze richtlijn niet beschrijft of dit over de gemiddelde of
maximale dosis gaat, hebben wij naar beide waarden apart gekeken. In totaal
werden bij deze 358 patiénten 1759 tanden verwijderd. Van deze 1759 tanden
bleken er 1274 (74%) overbodig te zijn verwijderd, gebaseerd op de gemiddelde
bestralingsdosis van <40Gy. Voor de maximale bestralingsdosis van <40Qy,
bleken 1080 tanden (61%) overbodig te zijn verwijderd. Tumorlocatie en mate
van uitzaaiing in de halsklieren kwamen naar voren als de belangrijkste factoren
in de multivariabele regressieanalyse.

De impact van tandverlies op gewichtsverlies en afhankelijkheid van
sondevoeding tijdens een bestralingsbehandeling gecombineerd met
chemotherapie (CRT) of biotherapie (BRT) was niet bekend. In hoofdstuk 6
onderzochten we retrospectief het effect van een onvolledig gebit, het verwijderen
van tanden en kiezen voorafgaand aan CRT/BRT en het daaropvolgende verlies
van functionele eenheden op: (1) gewichtsverlies tijdens de behandeling en (2) de
noodzaak van sondevoeding tijdens CRT/BRT voor orofarynxkanker. Daarbij werd
gewichtsverlies tijdens CRT/BRT dichotoom gescoord, waarbij gewichtsverlies
>5% werd vergeleken met stabiel of verhoogd gewicht. Mogelijke factoren die
geassocieerd werden met gewichtsverlies werden geidentificeerd, waaronder
patiént-, tumor- en behandelingskenmerken. Van de 77 geincludeerde
patiénten met orofarynxkanker werd bij 40 patiénten (52%) een gewichtsverlies
>5% tijdens CRT/BRT geconstateerd. Het verwijderen van tanden en kiezen
voorafgaand aan CRT/BRT bleek geassocieerd met gewichtsverlies >5%
tijdens de behandeling. Geen van de tandheelkundige parameters toonde
enige significante associatieve waarde voor sondevoeding. Concluderend, het
verwijderen van tanden en kiezen voorafgaand aan de bestraling, bedoeld om
het risico op ORN te verkleinen, is een risicofactor voor gewichtsverlies tijdens
CRT/BRT voor patiénten met orofaynxkanker. Dit onbedoelde gewichtsverlies,
één van de klinische kenmerken van cachexie, heeft een negatief effect op de
behandeling gerelateerde toxiciteit en oncologische uitkomst. Het is dan ook
van het grootste belang om gewichtsverlies tijdens de behandeling van kanker
te voorkomen.
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Impact

The scientific knowledge in the development, diagnosis and treatment of
oropharyngeal squamous cell carcinoma has expanded significantly over the
last 15 years. New insights into the importance and role of the immune system
in carcinogenesis, the response of the immune system to cancer, and aspects
of the growth and recurrence behavior of malignant tumors of the oral cavity
have led to new therapeutic approaches on a molecular basis. In the near future,
imaging will also keep up with biological elements in tumor visualization. Our
knowledge is growing, but still surgical resection of the tumor and appropriate
reconstructive measures remain the first choice of treatment.

The patient population with HNC is changing. First, the patient population
developing HNC is changing, with traditional risk factors such as tobacco and
alcohol use taking a back seat and a greater proportion of HNC being caused
by human papillomavirus (HPV), especially in young people. At the same time,
overall life expectancy is increasing, so there is also a group of patients who
do not develop HNC until they are older, which in turn again is related to HPV
infections. Second, care in the field of HNC is changing. Known reconstruction
methods and radiation techniques are evolving and being refined. In dentistry,
prophylaxis efforts at all levels have greatly improved oral health over the past
50 years. As a result, a growing number of patients still have most of their own
teeth when diagnosed with HNC.

Patients who have recovered fromm HNC regularly cite teeth and dental health
as a major concern when asked about the side effects of treatment. These side
effects greatly impact quality of life, which has become an essential part of the
treatment goal for HNC treatment. In order to adequately inform the patient of all
options prior to treatment, it is important to critically review existing treatment
optionsin addition to developing new treatments. In this work, we addressed the
following two fundamental questions: a) we evaluated masticatory function and
oral health-related quality of life (OHRQol) after prosthodontic rehabilitation of
edentulous patients with HNC, and b) we evaluated the accuracy and potential
consequences of tooth removal prior to radiation therapy (RT).

Our results showed that implant-retained prostheses in both jaws improve
masticatory function and significantly increase patient satisfaction over a long
period of time. In particular, we studied a group of edentulous patients with
maxillary defects who had been rehabilitated with obturator prostheses. In half of
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this group, the prostheses were implant-retained, resulting in significantly better
masticatory performance. The statistical power calculation of this study showed
the strength of our results. We would therefore strongly recommend that any
edentulous patient with a maxillary defect who is rehabilitated with an obturator
prosthesis consider implant placement. This recommendation is opposed to
surgical reconstruction of makxillary defects as well. Surgical reconstruction
of maxillary defects is morbidity prone, costs time, resources and leads to
masticatory functional rehabilitation much later than the recormmendation we
make.

Chewing is the prerequisite for being able to swallow and digest adequately.
Future research should not be limited to chewing. The inclusion of other functions,
such as swallowing and speech, as well as the maintenance of healthy nutrition
through peroral food intake should be the focus of masticatory functional
rehabilitation. The combination of objective testing methods supplemented by
subjective research through questionnaires or interviews will provide a more
complete picture.

Questionnaires should be available and validated in different languages to
facilitate subjective multinational studies. By translating the Liverpool Oral
Rehabilitation Questionnaire Version 3 (LORQvV3) into Dutch and adapting it to
Dutch conditions, we made this questionnaire available to the Dutch population.
This questionnaire was developed to provide a more sophisticated measurement
of the impact of prosthetic treatment on the quality of life of patients with HNC.
Together with the validated Turkish and German versions and the original English
version, international research with the same questionnaire on the effects of
prosthetic care is now possible.

Reducing tooth extractions prior to HNC-induced RT results in improved quality
of life. With 61% (based on maximum dose) to 74% (based on mean dose) of
teeth removed at sites that ultimately received a dose of <40Qy, we limited the
chewing ability of the 358 patients more than absolutely necessary. We provided
tools for initial de-escalation steps in patients with tumors in the head and neck
region. However, further research is needed to de-escalate current guidelines
based on valid data without increasing other risks to patients. Future research
should preferably be directed to the threshold RT dose for dental extractions
prior to RT to prevent ORN to gain evidence-based data.

252












xipuaddy




List of publications

2023

2022

2020

2020

2018

2014

Buurman DIM, Speksnijder CM, Granzier ME, Timmer VCML, Hoebers
FJIP, Kessler P. The extent of unnecessary tooth loss due to extractions
prior to radiotherapy based on radiation field and dose in patients
with head and neck cancer. Radiotherapy and Oncology. 2023. doi.
org/10.1016/j.radonc.2023.109847.

Buurman DIM, Willemsen ACH, Speksnijder CM, Baijens LWJ, Hoeben
A, Hoebers FIP, Kessler P, Schols AMWJ. Tooth extractions prior to
chemoradiation or bioradiation are associated with weight loss during
treatment for locally advanced oropharyngeal cancer. Support Care
Cancer. 2022 Jun;30(6):5329-5338. doi: 10.1007/s00520-022-06942-6

Buurman DIM, Speksnijder CM, de Groot RIJ, Kessler P, Rieger
JM. Mastication in maxillectomy patients: A comparison between
reconstructed maxillae and implant supported obturators: A cross-
sectional study. J Oral Rehabil. 2020 Sep;47(9):1171-1177. doi: 10.1111/
joor.13043

Buurman DIM, Speksnijder CM, Engelen BHBT, Kessler P. Masticatory
performance and oral health-related quality of life in edentulous
maxillectomy patients: A cross-sectional study to compare implant-
supported obturators and conventional obturators. Clin Oral Implants
Res. 2020 May:31(5):405-416. doi: 10.1111/clr.13577

Engelen M, Buurman DJM, Bronkhorst EM, van Heumen CCM.
Translation, cross-cultural adaptation, and validation of the Liverpool
Oral Rehabilitation Questionnaire (LORQ) into the Dutch language. J
Prosthet Dent. 2018 Feb;119(2):239-243. doi: 10.1016/j.prosdent.2017.03.023

Poort, L., Lethaus, B., Bockmann, R., Buurman, D.,Jong, J., Hoebers, F.
and Kessler, P. Experimental Studies on the Irradiation of Facial Bones
in Animals: A Review. International Journal of Otolaryngology and Head
& Neck Surgery, 3, 113-127. doi: 10.4236/ijohns.2014.33022.

257

suoneslgnd Jo 1sI7



Appendix

2013

2013

20M

2002

258

Buurman DJ, Vaassen LA, Bockmann R, Kessler P. Prosthetic
rehabilitation of head and neck cancer patients focusing on
mandibular dentures in irradiated patients. Int J Prosthodont. 2013
Nov-Dec;26(6):557-62. doi: 10.11607/ijp.3496

van Gestel KM, Buurman D3J, Pijls R, Kessler PA, van den Ende PL,
Hoffmann AL, Troost EG. Locally advanced verrucous carcinoma of
the oral cavity: treatment using customized mold HDR brachytherapy
instead of hemi-maxillectomy. Strahlenther Onkol. 2013 Oct;189(10):894-
8. doi: 10.1007/s00066-013-0412-4

de Jong M, de Cubber J, de Roeck F, Lethaus B, Buurman D, Kessler P.
[The art of facial prosthetics]. Ned Tijdschr Geneeskd. 2011;155(51):A3967

Hazenberg, C., Buurman, D. (2002). Een loszittende gedeeltelijke
bovenprothese. In: Tandheelkundige casustiek. Bohn Stafleu van
Loghum, Houten. https://doi.org/10.1007/978-90-313-8811-0_23












Xipuaddy




Acknowledgement / Dankwoord

Waar ik, voordat ik naar Maastricht kwam, nooit had gedacht ooit aan onderzoek
te beginnen, ligt hier nu dan toch echt mijn proefschrift. Met voorop een trotse
olifant met zijn slagtanden. De olifant die stevig staat en de lezer aankijkt,
passend bij het doorzettingsvermogen van mijn patiénten, waar ik al die jaren
van heb mogen leren.

Dit proefschrift is het resultaat van ruim 10 jaar ontdekken, leren, groeien en
heel veel plezierig samenwerken. Het begon allemaal bij collega MFP-er Henk
Verdonck. Die ontzettend bevlogen pionier die ons veel te vroeg ontviel. De week
voor zijn overlijden had ik nog volop e-mailcontact, want ik zou een paar dagen
komen meelopen. Korte tijd later kwam de uitnodiging voor de kennismaking
met Prof. dr. dr. P.AW.H. Kessler. Die kennismaking was het begin van mijn
Maastrichtse avontuur.

Beste Peter, mijn hooggeleerde promotor, als eerste wil ik jou heel veel
dankzeggen. Dankjewel dat je Henks erfenis aan mij toevertrouwde en me
bovendien alle ruimte en vertrouwen gaf om het CBT uit te bouwen tot wat
het vandaag is. Met bewondering en respect zag ik de afdeling MKA groeien
van een jonge, gedreven en bevlogen afdeling naar een sterke, stabiele en
toonaangevende afdeling binnen het MUMC. |k ben enorm trots dat wij als
CBT-tandartsen hier onderdeel van uit mogen maken. Heel veel dank ook voor
mijn academische dag en de persoonlijke begeleiding die ik van jou mocht
ontvangen waardoor ik op wetenschappelijk viak een volwaardig teamlid kan
zijn van jouw team. Ik Kkijk uit naar het vervolg, ook in onze samenwerking met
de Universiteit Maastricht.

Beste Caroline, mijn weledelzeergeleerde co-promotor, als een ware
onderwijzeres nam je me aan de hand op mijn PhD-pad. Je leerde me stap
voor stap (en dat waren er nogal wat) de basisprincipes van het schrijven van
een wetenschappelijk artikel. Dankjewel dat je jouw liefde en passie voor de
wetenschap met mij wilde delen. Ik hoop dat ook in de toekomst de synergie
van jouw epidemiologische insteek en mijn klinische visie een vervolg krijgt.

Beste Frank, mijn weledelzeergeleerde co-promotor, dankjewel voor jouw
interesse in de mondzorg voor onze patiénten. Niet alleen was je een grote steun
bij het wetenschappelijk verwoorden van de bestralings-inhoudelijke delen, je
was ook altijd bereid om mee te sparren hoe we onze boodschap zo relevant

263

pioomyueq / JUsUIBBPEIMOUNOY



Appendix

mogelijk konden krijgen. Relevant, niet alleen voor ons als mondzorgverleners,
maar vooral ook voor de andere leden van de hoofd-hals oncologische teams.
Ook wil ik je heel erg bedanken hoe je samen met Marlies de samenwerking
die Henk Verdonck en Jos de Jong ca. 20 jaar geleden hebben opgestart, hebt
voortgezet en verder uitgebreid. De bereidheid van het (hoofd-hals)team van
Maastro om ons te helpen en samen met ons de mondzorg te blijven verbeteren,
ervaar ik als een rijkdom waarvoor ik je heel dankbaar ben.

De beoordelingscommissie wil ik graag bedanken voor de tijd en energie die
ze hebben willen steken in het beoordelen van mijn proefschrift. Prof. dr. P.M.
Steijlen, Prof. dr. E.J.M. Speel en Prof. dr. V. Tjan-Heijnen, dankuwel dat u uw
tanden wilde zetten in deze mogelijk wat taaie materie. Prof. dr. M.AW. Merkx,
beste Thijs, als €één van mijn eerste inspirators en Prof. dr. A. Visser, beste Anita,
als één van mijn voorbeelden, dankjulliewel! Jullie maken mijn PhD-team
compleet.

Aan alle coauteurs, Lauretta, Roland, Marloes, Ewald, Céleste, Britt, Reilly, Jana,
Rianne, Laura, Ann, Annemie, Marlies en Veronique, veel dank voor jullie tijd en
constructieve bijdragen. Het was niet alleen bijzonder leerzaam, maar vooral
ook erg leuk om met zo veel verschillende disciplines samen te werken. Speciaal
woord van dank aan Lauretta, Britt, Marloes, Reilly, Rianne en Marlies voor
het vele werk dat jullie hebben geleverd om alle data te verzamelen. Dear Jana,
a special word of thanks for your willingness to align and compare our data.
This collaboration significantly contributes to the challenging decisions that our
maxillectomy patients encounter.

Dankjewel aan alle patiénten en hun naasten (alias “fans”). Jullie veerkracht
bewonder ik al ruim 20 jaar en is mijn belangrijkste motivatie om iedere
keer mijn beste beentje voor te zetten. Met en vooral voor jullie begon ik aan
mijn wetenschappelijk onderzoek en ik hoop dit nog vele jaren te kunnen
voortzetten.

Stafleden MKA, oud-stafleden MKA en alle AIOS MKA, dankjulliewel voor de hele
fijne samenwerking en steun bij zowel de patiéntenzorg als bij mijn onderzoek.

Maarten, Anique, Anneke, Linda, Robbie, Michelle en Kim, wat een rijkdom om

met jullie het CBT-team te mogen vormen. Dankjulliewel voor jullie loyaliteit aan
ons team en dat ik altijd op jullie kan vertrouwen.

264



Dankjewel alle (oud)medewerkers van de poli, Alfred, Anna, Annemie, Annemiek,
Aniek, Anita, Audrey, Chantalle, Claudine, Corina, Dunya, Elly 1, Frans, Irene, Jade,
Janine,Jenny, Judith, Liliane, Maddy, Marie-José, Marie-José, Mirjam, Marleen, Maud,
Monique, Patrice, Rosy, Samantha, Silvia, Stef, voor jullie steun en toeverlaat, dag
in dag uit. Met speciale dank aan Anna en Maud voor de hulp met de testen en
vragenlijsten voor de nog lopende studie.

Dankjewel Audrey, Paula en Astrid voor al jullie ijver en vlijt en de altijd gezellige/
lieve e-mailtjes/babbeltjes.

De volledige werkgroep hoofd-hals tumoren, alsook de paramedische en
ondersteunende collegae wil ik danken voor de hele fijne samenwerking. De
laagdrempelige manier waarop er specialisme-overstijgend wordt samengewerkt
op het gebied van de patiéntenzorg, maakt dat de drempel om gezamenlijk
onderzoek te doen ook heel laag ligt. Naast dat het hele mooie wetenschappelijke
publicaties oplevert, is het ook heel leuk en geeft het meer inzicht in elkaars rol
in het zorgtraject van onze patiénten. Ik hoop dan ook dat we dit in de toekomst
kunnen blijven doen.

Dankjewel Frans, Silvia, Jan voor jullie opvang van het CBT samen met Monique,
José en Marjan na het wegvallen van Henk.

Dankjewel Marjan, Ad en Nittert. Nadat Theo Willemsen mij had uitgelegd dat ze bij
de MFP vooral creatieve tandartsen zochten (dankjewel Theo), mocht ik een half jaar
later samen met Céleste starten aan de opleiding tot tandarts-MFP. Jullie hebben
ons gezellen, als ware meesters alle facetten van de maxillofaciale prothetiek laten
zien.

Dankjewel Michiel en team van Michiel Wouters tandtechniek. Vanaf het moment
dat ik van Nittert met jou een werkstuk mocht maken heb ik met veel passie en
plezier met jullie samengewerkt. Jullie hulp bij het voortzetten van Henk's werk
was onmisbaar. Onze ritjes naar menig cursus zal ik ook nooit vergeten. Dat Andrea
altijd even belde om ons plezier te wensen en te vertellen dat ze zelf ook iets leuk
met de kids ging doen. Fijn dat een bezoek aan jullie lab altijd voelt als een beetje
thuis komen.

Dankjewel MDL-Euregio, beste Emiel, Edith, Maurice, Hilde en team, met mijn
komst naar Maastricht begon ook onze samenwerking. Ik vergeet nooit mijn eerste

bezoek. Ik werd als eregast ontvangen en dat voelt nu 14 jaar later nog altijd zo.

265

pioomyueq / JUsUIBBPEIMOUNOY



Appendix

Dankjewel Evelien en Mariska voor de mooie kaft en lay-out. Het is jullie gelukt
om er echt mijn proefschrift van te maken.

Mijn lieve paranimfen Céleste en Robbie. Céleste, 27 jaar studiemaatjes,
vriendinnen, collega’s, ja je was kort zelfs mijn baas(!). Helaas kwam er een kink in
de kabel waardoor we jouw rol als mijn co-promotor moesten loslaten. Gelukkig
bleef de vriendschap en sta je toch nog heel dichtbij mij tijdens mijn verdediging.
Robbie, je kwam vanuit DCM kennismaken met de bijzondere tandheelkunde
en de MFP. Nu 10+ jaar later ben je volwaardig MFP-er, heb je inmiddels een
supermooie eigen kliniek en noem je jezelf mijn werk/MFP-broertje. Zonder
jou als back-up, samen met Michelle, was dit proefschrift er nooit gekomen.
Dankjulliewel! Ik had me geen betere paranimfen kunnen wensen.

Kim, Cathy en Jamie, jullie vriendschappen gaan inmiddels al vele jaren terug
en betekenen héél veel voor mij.

Lieve vrienden en familie, dankjulliewel voor jullie vriendschap en jullie interesse.
Het hebben van zo veel mensen om je heen waar je op kunt terugvallen is en
blijft een waren schat.

Lieve Mans, er zijn weinig mensen waar ik zo veel bewondering voor heb als
voor jou! Dankjewel dat ik er altijd op kan vertrouwen dat je er voor mij, onze
ouders en onze gezinnen bent als het nodig is. Dikke knuffel ook voor Tim, Tess
en Debby.

Lieve pama, dankjulliewel voor alle liefde en onvoorwaardelijke steun om mij zelf
mijn eigen pad te laten bewandelen. “Zelf doen” gaat zo veel makkelijker als de
fundamentele basis zo liefdevol is.

Lieve Dieter en Eize, uit mijn velletje knappen van trots! Dat doe ik met grote
regelmaat, ook al ervaren jullie dat waarschijnlijk heel anders. Blijf jezelf, wees

lief voor een ander en ontdek hoeveel moois er in de wereld is.

Lieve Wouter, dankjewel voor al jouw liefde voor mij en onze jongens. Zonder
jouw steun was dit boek er nooit gekomen.

266












Xipuaddy




Curriculum Vitae

Doke Johanna Maria Buurman was born on March 24, 1977, in Gendt, The
Netherlands. She is married and has two sons. In 1995, she completed her
education at Canisiuscollege - Mater Dei in Nijmegen, graduating from
Atheneum. That same year, she enrolled in dental school at KU Leuven, but later
transferred to KU Nijmegen in 1996. In 2000, she completed an internship at the
University of Stellenbosch in South Africa and obtained her Dentist degree on
February 21, 2002.

From 2002 to 2009, Doke worked part-time as a general practitioner in various
dental practices. In September 2002, she joined the Center of Special Dental Care
at Radboudumc in Nijmegen, where she pursued a part-time differentiation in
maxillofacial prosthodontics. In 2008, she was officially recognized as a dentist-
maxillofacial prosthodontist by the Nederlandse Vereniging voor Gnathologie
and Prosthetische Tandheelkunde (NVGPT).

In 2009, Doke commenced her work at the Cranio-Makxillofacial Surgery
department under the supervision of Prof. Dr. Dr. P.AW.H. Kessler at Maastricht
University Medical Center+ (MUMCH+). During this time, she was entrusted with
the responsibility to carry forward and enhance the Center for Special Dentistry
established by the esteemed Dr. Henk Verdonck. Furthermore, she seized
the opportunity to immerse herself in scientific research, which ultimately
culminated in the successful completion of her PhD research. Doke presented
her research at several national and international conferences.

271

SB1UA WNNDLIND












	Contents
	Chapter 1
	Chapter 2
	Chapter 3
	Chapter 4.1
	Chapter 4.2
	Chapter 5
	Chapter 6
	Chapter 7
	Chapter 8
	Chapter 9
	List of publications
	Acknowledgement / Dankwoord
	Curriculum Vitae



