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Chapter 1
General introduction to the 
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of oral and oropharyngeal cancer.
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Definitions

This thesis deals with inoperability of oral and oropharyngeal cancer. Inoperability refers to a 

situation that surgery is not possible, although there is a vital indication. If radical resection is 

technically impossible, due to invasion in structures that cannot be resected, this can be called 

anatomic inoperability. The term functional inoperability can be applied for a patient with 

advanced head and neck cancer that is technically operable, but organ-sparing therapy is advised 

because the expected functional result after resection is unacceptable, see table 1. This thesis 

will describe the scope and current practice of functional inoperability of advanced oral and 

oropharyngeal cancer. 

table 1: Anatomic versus functional inoperability

Inoperability  Definition tumour extension

Anatomic Radical tumour resection not possible Invasion in vital structures like the 
base of skull or internal carotid artery

Functional Radical tumour resection possible, but expected 
postoperative function not acceptable

Invasion in critical structures for oral 
transport, swallowing and speech

Anatomy

By definition, the oral cavity comprises the buccal mucosa, the upper gums, the lower gums, the 

hard palate, the tongue (anterior two-thirds or anterior to the vallate papillae) and the floor of 

mouth, see figure 1. The pharynx consists of the nasopharynx, oropharynx and hypopharynx. 

The oropharynx comprises the base of the tongue (posterior to the vallate papillae or posterior 

third), vallecula, tonsils (including tonsillar fossa and pillars), posterior oropharyngeal wall, 

inferior surface of the soft palate and uvula. The nasopharynx starts from the horizontal level 

between the junction of the hard and soft palate and ends at the base of the skull. 

The tongue is essentially a mass of muscles, which can be separated in intrinsic and extrinsic 

muscle groups. Extrinsic muscles, having an attachment to structures outside the tongue, are 

the genioglossal, hyoglossal, styloglossal and palatoglossal muscles.1 Four different intrinsic 

tongue muscles can be defined: the transversal, vertical, superior longitudinal and inferior 

longitudinal muscles.1 In general, the extrinsic tongue muscles alter the position of the tongue 

and the intrinsic tongue muscles alter the shape of the tongue. All, except for the palatoglossal 

muscle, receive motor innervation via the hypoglossal nerve, cranial nerve XII.2 The hypoglossal 

nerve passes between the external carotid artery and jugular vein and curves anteriorly to enter 

the submandibular triangle deep to the posterior belly of the digastric muscle. There it passes 

along with the lingual artery on the superior surface of the mylohyoid muscle.3 The tongue is 

vascularised by the lingual artery, a branch of the external carotid artery, that enters the tongue 

deep to the hyoglossal muscle.2
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Figure 1: Anatomy of the oral cavity, oropharynx and paranasal sinuses

1 buccal mucosa  11 soft palate 21 styloglossal muscle 27 mylohyoid muscle
2 upper gum  12 oral cavity 22 intrinsic tongue muscles 28 hyoglossal muscle
3 uvula 13 tonsillar fossa  A transversal 29 internal carotid artery
4 tonsil 14 base of tongue  B vertical 30 jugular vein
5 palatoglossal muscle 15 vallecula   C inferior longitudinal 31 hyoglossal nerve
6 vallate papillae  16 hyoid bone  D superior longitudinal 32 external carotid artery
7 tongue 17 epiglottis 23 floor of mouth 33 ethmoid cells
8 hard palate 18 nasopharynx 24 lower gum 34 orbit
9 nasal cavity 19 oropharynx 25 mandible 35 maxillary sinus
10 hard palate 20 hypopharynx/larynx 26 genioglossal muscle

Images downloaded from the internet, clockwise from upper left, Gray’s anatomy, Gray’s anatomy, www.
hausarbeiten.de, www.nature.com- GI Motility online.
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Nasal and paranasal sinus carcinomas may originate in the maxillary, sphenoid or ethmoid 

sinus or the nasal cavity itself. The maxillary sinus is enclosed by the orbit superiorly, the nasal 

cavity medially and the oral cavity caudally. The ethmoid and sphenoid sinus are located more 

posteriorly and are very close to the orbit, base of skull, internal carotid artery and the optic 

nerve.2

Incidence of oral and oropharyngeal cancer 

Oral cancer is the sixth most common cancer worldwide4 and estimated global incidence is 

around 275,000 per year.5 In the Netherlands 3.6 people per 100,000 inhabitants were diagnosed 

with oral cancer in 2010, which is standardised for age based on the global population.6 

Oropharyngeal cancer is less common than oral cancer. Age-standardised incidence of 

oropharyngeal cancer was 2.7 per 100,000 inhabitants in the Netherlands in 2010, calculated 

by the Dutch National Cancer Registry.6 The annual estimated incidence worldwide is around 

50,000.7 The incidence of oropharyngeal cancer is not well documented, as it is rarely described 

according to the anatomic definition,8 but usually grouped with oral or pharyngeal tumours, 

including hypo- and nasopharynx. However, oropharyngeal cancer should be regarded as a 

separate entity, because etiologic factors differ.

A geographical variance in incidence of oral and oropharyngeal cancer is observed, with higher 

incidences in parts of South-East Asia, Eastern Europe and France.5,7,9 This has to do with 

distribution of risk factors for developing head and neck cancer, such as cultural differences in 

smoking and alcohol use.5 The tradition of chewing filled betel leaf, which is a known risk factor,8 

makes oral cancer the most common cancer in men in South-East Asia.5 

For oropharyngeal cancer also prevalance of human papilloma virus (HPV) plays a role, which 

has become a recognised causative factor in development of oropharyngeal cancer.8,10 The 

proportion of oropharyngeal cancer that is HPV-positive varies geographically widely between 

18 to 93%.11 Between 2008 and 2010 in the Netherlands around 24% of all oropharyngeal cancer 

was HPV-positive.12 

Over the past decade, a rise in incidence of oropharyngeal cancer has been noted in Western 

countries, despite effective control of alcohol and tobacco abuse.7 It is thought that increasing 

HPV prevalence has caused this rise in incidence.7 HPV-positive cancer is typically in white men 

younger than 50 years, without a history of alcohol and tobacco use, who develop a malignancy 

of the lingual and palatine tonsils.10 
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The lateral borders of the tongue are the most ‘cancer-prone’ areas for oral cancer, along with 

the floor of the mouth.13 Approximately 1/3 of all oral cancers is localised in the tongue.14 

Only 9% is localised in the hard palate and 12% in the gums.6,14 The tonsils and base of tongue 

are the most frequent subsite for oropharyngeal cancer, comprising both around 1/3 of all 

oropharyngeal malignancies. The soft palate is the least frequent subsite.8 The most frequent 

histology for oral and oropharyngeal cancer is squamous cell carcinoma, which is the pathologic 

diagnosis in respectively 95% and 90% of all oral and oropharyngeal cancers.10,15

Incidence of paranasal sinus cancer

Paranasal sinus cancer is important to discuss here as well, since the paranasal sinuses are 

located at the superior border of the oral cavity and oropharynx, and surgical cancer treatment 

encompasses these latter structures quite often. Paranasal sinus cancer is quite rare. Although 

incidence numbers of paranasal sinus cancer are grouped with nasal cavity and middle ear 

cancer by the Dutch National Cancer Registry Database,6 this incidence was low, namely 

0.58 people per 100,000 inhabitants in 2010 in the Netherlands, which is age standardised 

for the global population. The reported incidence of malignant paranasal sinus cancer in the 

United States between 1973 and 2006 is 0.56 cases per 100,000 people.6 The proportion of 

tumours originating from the maxillary sinus varies, but is generally 1/3 to 1/5 of all paranasal 

sinus malignancies.16-18 More than 50% of all malignant sinonasal tumours are squamous cell 

carcinomas, other histopathologic diagnoses include adenocarcinoma, melanoma, adenoid cystic 

carcinoma, salivary gland carcinoma and esthesioneuroblastoma.18,19

staging

Staging systems for all cancers are described by the American Joint Committee on Cancer in the 

United States and the International Union against Cancer Committee in Europe. The classification 

is based on three components; T, N and M. The size and extension of the primary tumour is 

described by T classification, see table 2. Nodal status is represented by N, N0 meaning no 

regional lymph node metastasis. N1 describes an ipsilateral single node smaller than or equal to 

3 cm. N2a describes an ipsilateral single node of 3 to 6 cm, N2b multiple ipsilateral nodes, N2c 

bilateral or contralateral node(s). N3 describes a node larger than 6 cm. Distant metastasis are 

represented by the M; M0 meaning no distant metastasis or M1 any distant metastasis.20 

1
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table 2: T classification of malignancies in oral cavity, oropharynx and maxillary sinus20 

Oral cavity Oropharynx Maxillary sinus

t1 < 2 cm < 2 cm Limited to mucosa

t2 > 2-4 cm > 2-4 cm or more than 1 
subsite

Bone erosion or destruction of hard palate 
and/or middle nasal meatus

t3 > 4cm > 4cm  Invasion of bone of posterior wall of 
maxillary sinus, subcutaneous tissues, floor 
or medial wall of orbit, pterygoid fossa, 
ethmoid sinuses

t4a Invasion of cortical 
bone, deep tongue 
muscle, maxillary sinus, 
skin

Invasion of the larynx, 
deep/extrinsic muscle of 
tongue, medial pterygoid, 
hard palate, mandible

Invasion of anterior orbital contents, skin 
of cheek, pterygoid plates, infratemporal 
fossa, cribriform plate, sphenoid, frontal 
sinuses

t4b Invasion of masticator 
space, pterygoid plates, 
skulle base, internal 
carotid artery

Invasion of the 
prevertebral fascia, 
carotid artery, mediastinal 
structures

Invasion of orbital apex, dura, brain, middle 
cranial fossa, cranial nerves other than 
maxillary division of trigeminal nerve (V2), 
nasopharynx, clivus

The TNM staging system is used to describe the anatomical extent of disease. For purposes of 

tabulation and analysis it is useful to condense these categories into stage groups, see table 

3. For head and neck cancer, invasive tumours localised within the organ of origin are staged 

as I and II. Advanced cancer means stage III, defined by local extension or with regional lymph 

node metastases. Stage IV represents patients with a T4a or T4b primary, e.g. beyond the organ 

of origin, an N3 neck or distant metastasis.20 Oral, oropharyngeal and paranasal sinus cancers 

present often at a late stage of disease.14,18 Especially oropharyngeal cancer, as more than half of 

the cancers are grouped in stage IV at the time of diagnosis.14 Survival is dependent on T, N and 

M classification, and on stage grouping.17  

table 3: 5-year relative survival rate of oral and oropharyngeal cancer divided per tumour stage

tongue Floor of the 
mouth

Gum and other 
mouth

Oropharynx Paranasal sinus/ 
nasal cavity

I 71% 73% 81% 56% 63%

II 59% 60% 62% 58% 61%

III 47% 36% 45% 55% 50%

IV 37% 30% 40% 43% 35%

Five-year relative survival rate: survival rate of people with cancer compared to survival rate of people 
without cancer. These survival statistics originate from the National Cancer Institute’s Surveillance 
Epidemiology and End Results (SEER) program, based on 40,881 patients treated for head and neck cancer 
between 1988 and 2001 in the United States.21,22
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More recent data of the SEER database show higher survival rates for oral and oropharyngeal 

cancer than in the past. Between 2002-2008 relative 5-year survival for localized cancer of the 

oral cavity and oropharynx was 82.4%, and if there was spread to regional lymphnodes 57.3%. 

However, these numbers have not been grouped per tumour localisation, only for tongue cancer. 

For the patients with tongue cancer relative 5-year survival for localized cancer was 77.5% (see 

above stage I and II) and if there was spread to regional lymphnodes it was 58.2% (see in table 3 

stage III).23 

therapy

Surgery for advanced oral and oropharyngeal cancer

Beginning with Bilroth’s total laryngectomy on New Year’s Eve in 1873, radical surgery has been 

the first treatment for head and neck cancer.24 It is still the preferred treatment for many head 

and neck cancers. The Dutch guideline for oral and oropharyngeal cancer of 2004,14 recommends 

surgery with adjuvant radiotherapy for T3 and T4 oral and oropharyngeal cancer, except for base 

of tongue tumours. 

Surgical approach depends on tumour location and proximity to the mandible.4,25 Options 

are a transoral approach, with or without use of a skin flap, or a transmandibular approach. 

Mandibulotomy is used for more posterior oral lesions or oropharyngeal tumours. Including 

in continuity resection of the lymph nodes in the neck, it is traditionally called a ‘commando 

procedure’. This technique was formerly the mainstay in oral and oropharyngeal cancer surgery, 

but recently other techniques, like robotic or CO2-laser surgery and photodynamic therapy, have 

resulted in more preserving surgery.26 Tumour invasion in the bone of the mandible requires a 

segmental mandibulectomy and bony invasion of the maxilla requires a maxillectomy. 

Reconstruction of major surgical defects can be achieved using a free revascularised tissue graft. 

The donor site is chosen depending on the location of the defect.27 The free radial forearm 

flap is the most frequently used free flap in head and neck surgery. It is a fasciocutaneous flap, 

providing excellent tissue bulk and lining for soft tissue defects in the oral cavity. The fibula free 

flap is an osseocutaneous flap and remains the first choice for mandibular reconstruction.4 If 

making a microvascular anastomosis is not possible or contraindicated, a pedicled flap may be 

used, like a pectoralis major or latissimus dorsi flap. 

Organ-sparing therapy for advanced oral and oropharyngeal cancer

Due to evolvement of advanced reconstruction techniques, larger defects could be closed and 

more advanced and extensive tumours became operable.4,28 However, the oncologic results 

after resection of very large tumours are controversial, and postoperative morbidity is high,29 

1
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so other techniques were explored. Since decades, several attempts were made to study the 

effect of chemotherapy in head and neck cancer.24 In 1991, the Department of Veterans Affairs 

Laryngeal Cancer Study demonstrated equivalence in overall survival between patients treated 

with a total laryngectomy followed by postoperative radiotherapy compared to patients treated 

with induction chemotherapy and primary radiotherapy.30 Since this landmark study, primary 

nonoperative methods have assumed a greater role in the treatment of patients with head 

and neck cancer.24 The first chemoradiation protocol, intra-arterial RADPLAT, was developed 

in the United States31 and involved four cycles of targeted intra-arterial cisplatinum infusion 

with concurrent radiation therapy.31,32 Adding chemotherapy to radiotherapy showed improved 

survival in patients with head and neck cancer.33 Selective intra-arterial administration of high 

dose cisplatinum (150mg/m2 body surface) aimed at higher survival rates than intravenous 

cisplatinum, but this could not be proven in a randomised prospective trial.34 Nowadays, the 

chemoradiation regime in the Netherlands consists of 7 weeks radiotherapy (70 Gray in 35 

fractions) combined with three courses of cisplatinum 100 mg/kg intravenously on day 1, day 22 

and day 43.34 

The RADPLAT regime may have serious toxic side effects, as cisplatinum is nephro-, oto- 

and neurotoxic.35 It has acute side effects like nausea, vomiting, and in combination with 

radiotherapy it causes severe mucositis. Therefore, the treatment is suitable only for patients 

with normal creatinine clearance and a good performance status. Adding cisplatinum to 

radiotherapy has shown less effective for patients over 70 years old and in a large meta-analysis 

there was no significant survival benefit in this age category.36 However, this age-dependent 

effect was not demonstrated by others.37 

Cetuximab with concurrent radiotherapy is a novel treatment approach, which seems to be 

well tolerated and significantly more effective than radiation alone, although its effect has 

not yet been compared to cisplatinum-based chemoradiation.35,38 Nowadays, administration 

of cetuximab is limited to patients with low-risk disease, the elderly or patients with a poor 

performance status. Another organ-sparing option is an accelerated schedule of radiotherapy, 

consisting of 6 instead of 5 fractions in a week, which is more effective than conventional 

fractionation.39 Nevertheless, adding an extra fraction of radiotherapy does not compensate 

for the absence of chemotherapy.40 The effect of neo-adjuvant chemotherapy has been 

debated;33,35,41 in a meta-analysis of 93 trials evaluating chemotherapy for head and neck cancer, 

a more pronounced benefit of the concomitant chemotherapy as compared to induction 

chemotherapy was shown.33

Adjuvant therapy after surgery for oral and oropharyngeal cancer

The goal of oncologic surgery is complete resection of the tumour, with clear surgical margins.42 
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Close surgical margins are frequently defined as tumour-free margins less than 3mm, or 

otherwise less than 5mm.43,44 A description method of the surgical margin status is developed by 

the American Joint Committee of Cancer. No tumour at the surgical margins is classified as R0, 

microscopic tumour at the margins as R1. R2 means macroscopic tumour at the margins, or if the 

tumour is trans-sected.45

Adjuvant radiotherapy is indicated in T4 tumours and in case of other tumour-specific 

histopathologic characteristics; close surgical margins, multiple lymph node metastases and/or 

extracapsular tumour  growth.14 Adjuvant chemoradiotherapy has proven superior to adjuvant 

radiotherapy in case there is extracapsular spread of a lymph node metastasis or after surgery 

with positive surgical margins.46

Therapy choice for advanced oral and oropharyngeal cancer

In the past, only anatomically inoperable head and neck cancer was treated non-surgically with 

chemoradiotherapy, and not with radiotherapy alone, as adding chemotherapy had proven to 

be superior.33,47 Lately, chemoradiation has been used more and more as a primary treatment 

even for resectable head and neck cancer. A randomised controlled trial showed comparable 

outcome for advanced head and neck cancer after surgery with adjuvant radiotherapy or primary 

chemoradiation in 119 patients, of whom 48% had a malignancy originating from the oral cavity 

and oropharynx.48 Unfortunately there is not such evidence for separate isolated head and neck 

tumour sites, such as oral, oropharyngeal or sinosal. 

For advanced oropharyngeal cancer, chemoradiation is an acceptable option, as there is 

evidence that similar locoregional and overall control rates are achieved compared to surgery 

with postoperative radiotherapy.14,48-52 Also, functional outcome is reported be acceptable after 

chemoradiation for oropharyngeal tumour sites.53 

Treatment choice in oral cancer remains more controversial. A randomised trial comparing 

radiotherapy to surgery and adjuvant radiotherapy was ceased early after only 35 patients 

had been recruited due to a profound difference in overall survival in favour of surgery plus 

postoperative radiotherapy (p= 0.0006).54 However, the authors acknowledged that radiotherapy 

was delivered in suboptimally with delays in treatment and equipment failure contributing to the 

poor outcomes. At this moment, for oral and bone-invasive cancer, the mainstay of treatment 

remains primarily surgical,4 although study results of advanced oral cancer treated with 

chemoradiation are variable. Some studies show acceptable outcomes in terms of local control 

and survival,51,55,56 while others have shown worse results,57 see table 4 for a summary of those 

studies. 

1
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table 4: Studies evaluating chemoradiation results for oral and/or bone invasive cancer

D n= t-stage and site treatment survival ORn comment

Giralt53

2000
P 62 T4: n=44 

T3: n=15
Oral: n=42
Oropharynx:
n= 20

CRT + cisplatin and 
5-FU 
average RT dose 
60Gy

5-yr OS 70% 
5-yr DFS 59%
CR 46%

6% 25 patients 
underwent 
excisional 
biopsies 

samant59 
2001

CC 135 T4: n=135
Head neck cancer
Groups:
1. Bone/ cartilage 
invasion. n=45 
2. Without: n= 90 

CRT + cisplatin  
range RT dose 66-
74Gy 

Group 1: 
2-yr OS 
46.3%
CR 66.7%
Group 2:
2-yr OS 
36.9%. 
CR 71.1%, 

? No 
significant 
difference 
between 
bone- 
invasion or 
not

Cohen58 
2008

R 39 T4: n=39
Oral cancer, 
1. Bone/ cartilage 
invasion. n=16 
2. Without: n=23

CRT + 5-FU, 
hydroxyurea 
and cisplatin or 
paclitaxel 
average RT dose 
74Gy 

5-yr OS 56% 
5-yr LC 75%
RR group 1: 
38%
RR group 2: 
27%

18% No 
significant 
difference 
between 
bone- 
invasion or 
not

Fuwa50

2008
R 29 Stage 4: n=11

Stage 3: n=29
Tongue cancer

CRT + carboplatin    
average RT dose 
54Gy 

5-yr OS 
39.5% 
5-yr PFS 
32.5% 
5-yr LC 62%

?

stenson51 
2010

R 111 Stage 4: n= 99 
Stage 3: n= 12
Oral cancer

CRT + 5-FU, 
hydroxsyurea, 
paclitaxel, 
docetaxol, 
carboplatin, 
cisplatin, or others         
range RT dose 36-
75 Gy

5-yr OS 
65.9%
5-yr PFS 
66.9%    

18% 20 patients 
are spared 
total 
glossectomy

Kobayashi56 
2010

R 22 T4: n=18
T3: n=3 
T2: n=1
Oral cancer

CRT + docetaxel and 
nedaplatin
average RT dose 
66Gy 

5-yr OS 
78.5%
CR 81.8%

5% Small 
patient 
group 

Crombie57 
2012

R 54 Stage 4: n= 39
Stage 3: n=9
Stage 2: n=5
Stage 1: n=1
Oral cancer

CRT + cisplatin, 
5FU, tirapazamine, 
carboplatin and/ or 
cetuximab 
average RT dose 
70Gy

5-jr OS 29%
5-yr DSS 30%

11% All patients 
were 
functionally 
inoperable

D= Design, ORN= osteoradionecrosis, R= retrospective cohort, P= prospective cohort, CC= case-control 
study, OS= overall survival, DFS= disease free survival, PFS= progression free survival, CRT= concurrent 
chemoradiation, 5-FU= 5-fluorouracil, i.a.= intra-arterial, CR= complete response, LC= local control, RR= 
relapse rate.
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For malignancies invading bone or cartilage, chemoradiation seems equally effective, compared 

to patients without bone or cartilage invasion, as presented by two studies of 39 oral cancer 

patients and 135 head and neck cancer patients.58,59 The risk on osteoradionecrosis hovers in 

general around 10%,51 ranging between 5%56 and 18%.51 This is a disadvantage of organ-sparing 

treatment in case of bone invasion, as several patients need extensive treatments if they develop 

osteoradionecrosis. 

As mentioned earlier, HPV may be detected in a fair number of oropharyngeal cancers (24%)10,60 

and a smaller part of oral cavity carcinomas (4-5%).60,61 HPV-positive tumours have shown better 

survival than HPV-negative tumours which may be attributable to an increased sensitivity for 

radiotherapy.62 Its consequences for treatment choice remain to be investigated,63 as tumour 

HPV status is a strong and independent prognostic factor for survival among patients with 

oropharyngeal cancer, which appeared independent of treatment choice.64

Therapy of paransal sinus cancer

Assessment of trends in survival and treatment is difficult due to the rarity of paranasal 

carcinoma.18 Moreover, diverse histopathological tumour types are known with different clinical 

characteristics. When located in the maxillary sinus, the cancer can be treated by surgery 

followed by radiotherapy, by radiotherapy alone or by concurrent chemoradiation. The combined 

modality of surgery and postoperative radiotherapy is currently considered most effective.65-67 

However, it is difficult to perform a maxillectomy with tumour-free surgical margins, as high 

rates of irradical resections are reported.17,68 Adjuvant radiotherapy is often indicated. Defects 

after a maxillectomy are classified by Brown69 based on horizontal and vertical extension of the 

resection. 

Extensive resection is possible, and often followed by reconstruction with an osseocutaneous 

flap,70 for example a free revascularised fibula transplant or an iliac crest transplant. For 

cancer involving the infratemporal fossa and cribriform plate a craniofacial resection may be 

planned.71,72 Primary (chemo)radiation with or without endoscopic tumour debulking could serve 

as an alternative treatment option,73-77 at least for unresectable tumours.78,79,80

Function

Speech and swallowing after therapy

Eating and drinking are basic necessities of mankind. Generally, a healthy adult swallows 

between 800 and 2400 times a day. Although swallowing seems easy, it requires an extremely 

complicated interaction between various muscles. Timing, coordination, sensibility and muscular 

strength all play a significant role. When one or more of these conditions for swallowing are 
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disturbed, this is called dysphagia, which can have severe impact on patients’ quality of life.81,82 

Speech is one of the most powerful social interaction tools and plays a major role in the patient’s 

day to day activities. The importance of speech in a patient’s life cannot be overemphasised, as 

its loss is often associated with severe functional and psychosocial problems resulting in a poor 

quality of life.83

Both swallowing and speech are often compromised already before treatment due to growth of 

cancer that arises in the head and neck area. After treatment these functions may be even more 

compromised, either by surgical defects or due to radiotherapy induced morbidity. Although 

there are obvious differences with regard to functional outcomes between the two main curative 

treatment modalities, surgery (with or without postoperative radiotherapy) and chemoradiation, 

the magnitude and extent of the difference in functional result of both treatments is 

controversial.84,85 

Eating problems are the most important cause of a decreased quality of life for survivors of 

head and neck cancer.82 Dysphagia may be present after both therapies. Speech seems less 

impaired after organ-sparing therapy.86 Unfortunately, no randomised comparative studies 

between chemoradiation and surgery in advanced oral and oropharyngeal carcinoma have been 

performed neither on oral function nor on evaluating quality of life.87 

Quality of life is a very complex entity that is influenced by many factors. Studies in patients with 

oral and oropharyngeal cancer have shown that quality of life decreases during and directly after 

treatment, but on long-term quality of life scores are equal to pretreatment scores.88,89 Residual 

functioning after treatment and general quality of life are strongly interrelated, but this thesis 

focuses only on function after treatment, and general quality of life issues will not be discussed.

Function after surgery

Despite advanced surgical reconstructions that limit the functional side effects of the resection,27 

postsurgical speech and swallowing problems continue to exist.88,90-93 The tumourtissue already 

diminishes the swallowing and speech function, due to the stiff, immovable tumourmass that 

invades the oral cavity and oropharynx. Functional losses after surgery are mainly dependent on 

the location and extension of the tumour,92,94 as this defines the amount of tissue that should 

be removed in order to achieve clear margins. A defect after surgery may cause pooling and 

incomplete occlusion of the (naso)pharynx or larynx. Reconstruction with tissue grafts resolves 

this problem, but in that case bulky and stiff tissue may replace sensate mucosal and muscular 

tissue, which also hampers oral and pharyngeal function. 
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It is known that surgery for base of tongue cancer causes significant dysphagia.14,53,82,95 Other key 

anatomical sites in terms of functional outcome are the floor of the mouth and the posterior 

oral cavity. Loss of integrity in the genioglossal and geniohyoid muscles (important in providing 

tongue mobility) or the geniohyoid and mylohyoid muscles (fundamental for the normal 

elevation of the larynx) severely impairs speech quality and swallowing.96 Resection of the soft 

palate may lead to velopharyngeal insufficiency, meaning insufficient separation of the oral 

and nasal cavity. This causes nasal regurgitation during swallowing and hypernasal speech. The 

tongue is very important in both speech and swallowing. To keep the tongue vital and functional, 

the arterial blood supply by the lingual artery and motor nerve innervation of the tongue by the 

hypoglossal nerve have to remain intact, at least on one side.

Function after chemoradiation

After (chemo)radiation patients may suffer from severe swallowing complaints, depending 

on the radiation dose and tumour location.97 Dysphagia is present as an acute side effect of 

radiotherapy, predominantly caused by pain, ulcerations and mucositis. Long-term dysphagia 

is elicited by xerostomia, a dry mouth and fibrosis, due to radiation-induced damage of 

the salivary glands,98 oral and pharyngeal muscles and soft tissues.99 These side effects are 

worse, if concurrent chemotherapy is added to radiotherapy. This can be so disabling that 

permanent tube feeding is necessary, which is reported in 13 to 60% of all patients who undergo 

chemoradiation for head and neck cancer.97,99 Another common side effect of radiotherapy is 

reduced mouth opening (trismus), defined as a mouth opening of smaller than 35mm.100 Speech 

is relatively unaffected, although voice and perception of speech is thought to be changed after 

treatment.83,86,101 After all, it is important to keep in mind that ‘organ-sparing’ is not the same as 

‘function-sparing’. 

To diminish toxicity to surrounding structures, intensity-modulated radiotherapy was developed. 

Using complex computerised treatment planning, it delivers an increased dose of radiation 

to areas at risk for harbouring cancer, while reducing the dose to normal tissue. The use of 

intensity-modulated radiotherapy has increased significantly in recent years, as survival is equal 

compared to standard radiotherapy102 and the rate of long-term xerostomia lower.103 Another 

way to dwindle dysphagia seems to be preventive rehabilitation on swallowing and mouth 

opening during treatment.104 This reduces the problem of non-use atrophy provoked by the 

lack of swallowing muscle practice during tube feeding. However, a definitive evidence for this 

therapy by a randomised controlled trial still lacks. 
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Figure 2: Reconstruction of a maxillectomy defect with an obturator

Function after a maxillectomy

Function after a maxillectomy has traditionally been restored with a palatal prosthesis, called an 

obturator. These are dentures with a bulb of synthetic material, exactly fitting the maxillectomy 

defect, see figure 2. A well designed obturator prevents oronasal and oroantral communication, 

re-establishes normal speech and maxillary dentition, therewith improving the patient’s 

quality of life.105,106 The prosthesis can be supported by osseointegrated implants, especially in 

edentulous patients.107 Direct surgical reconstruction with a free revascularised tissue transfer 

is another reconstruction option, especially after larger resections.70 Both methods have their 

particular pros and cons. Some authors108,109 advocate that free flaps provide the surgeon 

an opportunity to deal with the problems of prosthetic obturation: nasal leakage, cleaning 
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and constant prosthetic refinement. It has to be realised that surgical flap reconstruction is 

still associated with increased operation time, chance for failure and the possibility of donor 

site morbidity. In contrast, fabrication of an obturator prosthesis shortens the operation 

time significantly and offers the possibility of immediate and adequate dental rehabilitation. 

During oncological follow-up the maxillectomy defect can be easily examined after removing 

the obturator prosthesis, so tumour recurrence, the most common therapy failure,16,110 may 

be detected and treated in a timely manner. The optimal reconstruction of the maxillectomy 

defect, whether it is an obturator prosthesis or a free flap reconstruction, however, remains 

controversial.111-114

Mastication may be impaired due to disabling alterations in the functional components 

of occlusion,115 especially after large resections including bone. Next to mastication, other 

functional problems may exist after a maxillectomy, due to scarring and resection of parts of 

the oral cavity, for example the soft palate. Also the vision may be compromised after surgical 

treatment of maxillary sinus cancer, if the resection has to be combined with an orbital 

exenteration. On the other hand, radiation may cause injury to the optic nerve or retina resulting 

in visual loss as well.116 However, currently, if the tumour extension allows it, intensity-modulated 

radiotherapy can spare the optic tract.117 

Measurement of function 

The focus of research in head and neck oncology has shifted from survival and locoregional 

control towards evaluating remaining function and quality of life after treatment, resulting 

in a fast growing volume of literature on these subjects published in the recent years.118,119 

Several methods of outcome measurement are used in studies. Swallowing is usually assessed 

by videofluoroscopic studies or endoscopic assessment of swallowing. Likewise, clinical 

observations, like descriptions of diet, can serve as an indicator of swallowing.118 Speech is often 

evaluated using perceptual analysis,118 but also a large diversity of other tools is used to assess 

the patients’ speech.101 Frequently, chewing performance is assessed by sieving chewed food or 

artificial material and measuring the degree of breakdown. Another option is evaluation of the 

ability to mix and knead a food bolus by using a two-coloured chewing gum or paraffin wax.120 

The use of subjective ratings from patients via quality of life questionnaires recently has become 

popular to describe function,119 next to general quality of life. The European Organization 

for Research and Treatment of Cancer (EORTC) QLQ-C30 questionnaire and the specific head 

and neck module (H&N35) are the most frequently used,118 followed by the University of 

Washington Quality of Life Scale (UW-QOL).119 There are some other well-organised, standardised 

questionnaires that have been validated throughout the literature.119 Sometimes a study specific 
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questionnaire is necessary to evaluate a particular patient group.121 For example, functioning of a 

maxillary obturator can be assessed by the Obturator Functioning Scale, developed and tested at 

Memorial Sloan Kettering Cancer Center, New York.122,123  

Clinical dilemma: functional inoperability

The availability of two treatment regimes (surgery with adjuvant radiation and chemoradiation) 

that have comparable initial oncologic response rates, but different factors that influence 

functional outcome, leads to our main issue, functional inoperability. The key question is which 

tumours can be denominated as functionally inoperable. Nowadays, these decisions are made 

by head and neck surgeons, or preferably by multidisciplinary head and neck oncology boards, 

and advice is given based on personal experiences and preferences. For this dilemma no 

guidelines are available and even no useful definition of functional inoperability can be found in 

literature.124,125 This thesis will focus on evaluating current practice of functional inoperability in 

advanced oral and oropharyngeal cancer and an attempt will be made to describe the anatomical 

borders of functional inoperability. 

Factors influencing treatment choice to be taken into account are patient related, for example 

age, comorbidity, willingness to be treated, and other factors are physician related, for example 

expertise in various disciplines including surgery, radiotherapy, chemotherapy, rehabilitation, 

dental and prosthetic support, and psycho-social support.33 Nevertheless, tumour invasion and 

the required resection of tissue are the critical factors determining the remaining swallowing 

and speech functions after surgery and these will be regarded as the most important factors for 

functional inoperability. 

Future perspectives

Knowledge is moving fast in this era of evidence based medicine. The surgical pendulum that 

was historically on the side of radical surgery has moved over the last decades towards the side 

of organ-sparing protocols. The question is if it will swing back to the side of surgery, thanks 

to the development of minimal invasive surgery, like CO2-laser surgery, photodynamic therapy 

or robotic surgery with the Da Vinci robot. On the other hand, the pendulum may stay at the 

centre between surgery and organ-sparing approach, because of better patient selection.24 This 

may be based on recognition of biomarkers and its consequences for therapy, like HPV, more 

precise preoperative imaging, or more influence of the individual patient on the decision-making 

process. 

Selection of patients for surgery might be ameliorated by better radiological examinations, 

keeping in mind the dynamics of the oral cavity and oropharynx. Nowadays tumour extension 
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is evaluated on static Magnetic Resonance Imaging (MRI), which has excellent soft tissue 

contrast. The only dynamic functional imaging in current practice is videofluoroscopy, which 

gives a 2D impression of the contour of the oral cavity and oropharynx. Mobility and function 

of involved structures remain difficult to evaluate. Cine MRI is a series of several consecutive 

MRI’s that are made during swallowing, a technique that has shown extra value in visualising 

the dynamic structures of the oral cavity and oropharynx.126-128 This might have an additional 

value in preoperative assessment of oral and oropharyngeal tumours, as well as in evaluation of 

posttreatment dysphagia. 

Better patient selection can also be pursued by involving the patient more in the decision-

making process. The traditional patient–doctor relationship has been based on a paternalistic 

and passive decision-making model, in which the doctor supplies patients with information 

about their medical condition and relevant treatment options. Even yet, some patients prefer 

deferring the final decision to their doctor, especially older patients and those with a lower level 

of education. Currently, the general opinion is that clinical decisions should be made based on 

integrating clinical expertise, best available evidence and patient values. The integration of these 

three elements increases the potential for positive health outcomes. In the absence of research 

evidence to guide decisions, like in the debate about functional inoperability, greater emphasis 

is placed on the interaction between patient and doctor. Decision-making relies on individual 

preferences and values, which are central to the patient.129 Objective information must be made 

available to patients, so they have the power and opportunity to implement their decision.130 The 

informed patients can then make their decision based on their personal values and with a clear 

understanding of the potential consequences of their actions.129 

Nowadays, providing the patient with objective information about the expected treatment result 

after resection of oral and oropharyngeal cancer, however, is very difficult. A dynamic model of 

the oral cavity and oropharynx, wherein the surgical resection can be simulated, could be helpful 

for objectively predicting and visualising the postoperative anatomical and functional results for 

both patient and doctor. 

Aim and brief outline of thesis

Aim of this thesis is to evaluate and define the concept of functional inoperability in advanced 

oral and oropharyngeal cancer, therewith evaluating current practice of treatment and providing 

the first steps for future solutions of this clinical dilemma. Chapter 2 summarises literature 

data on functional results after surgery for advanced oral and oropharyngeal cancer. Chapter 

3 describes the results of a web based survey among 67 Dutch head and neck surgeons and 

radiotherapists, reflecting their opinion on functional inoperability and current practice in 
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treatment of oral and oropharyngeal cancer. Chapter 4 reports on results of the same survey 

among 179 international experts in the field of head and neck oncology, additionally comparing 

worldwide differences. Chapter 5 evaluates the current surgical management of oral cancer 

invading the maxilla and maxillary sinus carcinoma in 69 patients that underwent a maxillectomy, 

exploring risk factors for irradical resection. Chapter 6 describes the function after reconstruction 

with an obturator in 32 maxillectomy patients, evaluating mastication, mouth opening and 

quality of life questionnaires. Chapter 7 reports on a feasibility study of cine MRI of the 

swallowing of 23 patients with advanced oral and oropharyngeal carcinoma, in order to evaluate 

the additional value of this new technique. Chapter 8 describes the first steps that are taken 

to design a dynamic 3-dimensional model of the tongue for future development of a model of 

oral cavity and oropharynx that allows virtual resection and better preoperative assessment 

of postoperative function. The thesis ends with a general summary and concluding remarks in 

chapter 9. 
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ABstRACt

Purpose of this review is the evaluation of speech and swallowing function after surgical 

treatment for advanced oral and oropharyngeal carcinoma. 

A systematic literature search (1993-2009) yielded 1,220 hits. The predefined criteria for 

inclusion in this systematic review were: oral or oropharyngeal cancer, surgical treatment, 

speech and/or swallowing function outcome, T classification ≥ 2, patient cohort > 20, adequate 

description of the patient cohort in terms of tumour (sub)site and low risk of bias (according to 

Cochrane criteria). 

Twelve studies fulfilled the predefined criteria. The results for speech more than 1 year after 

resection of oral or oropharyngeal cancer are reported to be moderate to good; although in 

the majority of patients speech is experienced as deviant. Overall sentence intelligibility scores 

are normal (92-98%). Swallowing is reported to be often already disturbed before treatment 

and is even more severely compromised after treatment. Aspiration rates of liquids vary from 

12 to 50% and especially after oropharyngeal resection, pharyngeal transit times are delayed. 

Postoperative radiotherapy further increases function disturbances significantly. Critical subsites 

with regard to speech are the mobile tongue and the soft palate. Critical parts for swallowing are 

the posterior base of tongue and soft palate, but also the floor of mouth and the hard palate. 

Prosthetic appliances (e.g. obturators, palatal augmentation prostheses) can diminish function 

losses considerably. 

In conclusion, surgery for oral and oropharyngeal cancer yields functional deficits, most notably 

with regard to swallowing. Series are small and outcome measurements vary. Therefore, to 

optimise pre-operative risk assessment, there is a need for internationally standardised outcome 

measurements. 
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IntRODuCtIOn

During the last decade, functional consequences and quality of life after head and neck cancer 

treatment have become increasingly important outcome parameters. Despite all efforts to limit 

the functional sequels of the various treatments, speech and swallowing problems after therapy 

continue to exist.1,2 Although there are obvious differences with regard to functional outcomes 

between the two main curative treatment modalities, surgery (with or without postoperative 

radiotherapy) and chemoradiation, the magnitude and extent of these differences remain 

controversial.3,4 

Treatment choice depends on several factors, such as the site of the tumour, tumour stage, 

comorbidity, and wishes and expectations of the patient. Also surgical and reconstructive 

tradition and experience, and availability of and experience with (chemo)radiotherapy protocols 

may influence treatment choices. Generally, first choice still is radical surgery with (on indication) 

adjuvant radiotherapy. If surgery is anatomically impossible or questionable, due to invasion 

of the skull base or carotid artery, patients will be offered chemoradiotherapy. According to a 

recent survey in the Netherlands, primary surgery is considered to cause unacceptable function 

loss when tumour resection requires total glossectomy5 and the term functional inoperability 

is suggested for such a situation. Treatment advice is given by specialists, in an ideal setting 

after specialised tumour board discussion, but this is currently still mainly based on clinical 

experience, which is quite remarkable in this era of evidence-based medicine. 

During the last two decades, a sizable number of studies have been published concerning the 

functional consequences of surgical treatment of advanced oral cavity and oropharyngeal cancer, 

with or without microvascular free flap repair.6 In order to get a good overview of the present 

knowledge about the functional outcomes of such surgery, and to hopefully provide a more 

scientific basis for the decision-making between treatment options for advanced oral cavity and 

oropharyngeal cancer, a systematic literature review was conducted. 

MethOD

An extensive systematic literature search was performed in Medline, the Cochrane Library, 

Embase databases, and the National Cancer Database. All possible synonyms for oral and 

oropharyngeal carcinoma, surgical therapy and function were entered to search in titles and 

abstracts, combined with index terms for the search in Embase and relevant MeSH terms in 

Medline. Next to this, limits as English, publication date from 1993 on, adults (18+ years), 

humans, and relevant study designs were used.

2
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table 1: In- and exclusion criteria for relevance of article

Inclusion exclusion

Oral cavity and/or oropharyngeal carcinoma, > 80% or > 50% with the 
results discussed separately

Inclusion of patients < 1990

T2-4 tumours, > 80% or > 50% with the results discussed separately Population ≤ 20

Treatment with surgery and if indicated adjuvant radiotherapy Treatment with chemoradiation

Outcome measurements of speech and/or swallowing, objectively 
measured and/or subjectively assessed with a questionnaire.

Lip carcinoma

Squamous cell carcinoma  

For systematic review evaluating the functional results after surgery for oral and oropharyngeal cancer

table 2: Criteria and definition of risk on bias, described by the Cochrane Handbook for 

Systematic Reviews of Interventions7

Criteria Risk on bias Interpretation Relationship to 
criteria

clear 
description of

study 
group

gender, age, 
histological diagnosis, T 
classification and exact 
location of the lesion

A. Low all criteria met plausible bias 
unlikely to 
seriously alter 
the results

followed 
treatment

exact surgical 
intervention, method 
of reconstruction and % 
patients that underwent 
adjuvant radiotherapy

B. Moderate one or more 
criteria partly 
met

plausible bias 
that raises some 
doubt about the 
results

patient 
inclusion 
criteria 

no selection bias C. High one or more 
criteria not 
met

plausible bias 
that seriously 
weakens 
confidence in 
the results

follow-up length; >3 months

% drop 
outs

reason for dropout

reliability 
of outcome 
measurement

referenced, validated or self-made 
tests, observation of speech and 
swallowing by 1 or more observers, 
inter- and intrarater reliability 
percentage

For systematic review evaluating the functional results after surgery for oral and oropharyngeal cancer
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Titles and abstracts of all hits were screened independently on relevance (matching patient 

group, treatment, outcome) by two reviewers, AK and LM, and articles that were considered 

possibly relevant were obtained full text and evaluated on relevance and risk of bias by the 

two reviewers independently. Relevance was scored A. absolutely relevant, B. rather relevant 

or C. not relevant, based on matching with the in- and exclusion criteria, see table 1 for in- and 

exclusion criteria. 

Risk of bias was scored A. low risk of bias, B. moderate risk of bias or C. high risk of bias, 

according to the Cochrane Handbook for Systematic Reviews of Interventions.7 This evaluation 

was based on the criteria described in table 2.

Results

The above described literature search, covering the period from the 1st of January 1993 to 

the 1st of February 2009, yielded a total of 1,220 hits (Medline 592, the Cochrane Library 61, 

Embase 546 and the National Cancer Database 21). Of these, 207 studies were obtained full 

text. After careful evaluation, 12 papers were scored A-A or A-B for relevance and lack of bias 

and thus included, and 24 papers were considered second best, scoring B-A or B-B, see figure 

1. The B-A/B articles were excluded, because more than 20% of the patient group had a T1 

tumour, the description of the cohort or tumour localization was too confined, or the drop-out 

was more than 30% or without a clear explanation. As tumour localization and T classification 

are very important factors for functional outcome, studies were not selected if they did not 

describe their cohort with regard to these parameters. All studies meeting the predefined 

inclusion criteria were published during the last 8 years (2001-2008). The search from 1993 until 

2001 did not result in any studies fulfilling the criteria. All included studies were cohort studies, 

and all cohorts included patients with primary squamous cell carcinomas of the oral cavity or 

oropharynx with a T classification ≥2. The analysed outcomes were quite variable and occurred in 

different combinations, i.e. nine studies used objective, and three subjective outcomes. In total, 

seven articles reported on intelligibility results; four studies reported on swallowing outcomes, 

assessed by means of videofluoroscopy or flexible laryngoscopy; three papers reported self-

assessment of speech and swallowing outcomes by means of questionnaires. The results will 

be discussed per type of outcome and tumour site in the following section, see table 3 for all 

included studies. For a summary of all objectively measured outcomes, see figure 2, showing a 

flowchart of all studies with objective outcomes of speech and swallowing, divided per tumour 

localization.
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Figure 1: Selection of articles

A= first choice article, B= second choice article

Figure 2: Objectively measured speech and swallowing results 1 year after surgery

Summary of results after extended literature search (1993-2009) for objective results of speech and 
swallowing after resection of advanced oral and oropharyngeal carcinoma. Nine studies are included, results 
are divided per tumour localization, as indicated by the subheading ‘oral’, ‘oropharyngeal’ , etc. The numbers 
in the arrows represent the size of the patient group, if several numbers are shown it means that it contains 
results of multiple studies shown in the same order, see references.
OTT= oral transit time, PTT= pharyngeal transit time; between parenthesis normal values are given
References figure 3: [1] Borggreven,9 [2] Borggreven,10 [3] Tei,18 [4] Rieger,15 [5] Chien,12 [6] de Carvalho- 
Teles,11 [7] Furia,13 [8] Rieger,14 [9] Bohle III.8



Speech and swallowing after surgery 

45

Speech

Intelligibility scores assessed by multiple blinded listeners with interrater reliability scores are 

known to be a good parameter for speech function.20 Three studies8,9,14 evaluated intelligibility 

this way. Others11,13,15 used multiple blinded listeners but gave no intra- and interrater reliability 

scores. Different tumour sites were evaluated. Four articles examined patients with tongue 

carcinoma.11-14 Other studies analysed patients with oral and oropharyngeal cancer,9 only 

oropharyngeal tumours,15 or oral and oropharyngeal cancer with invasion of the soft palate.8 

Rieger et al.14 followed 32 patients, who had a tongue carcinoma with at least 50% of the base 

of tongue resected without involvement outside the oropharynx. At 1 year postoperatively word 

intelligibility was 79%, sentence intelligibility 93%. 

Furia et al.13 evaluated intelligibility of 27 patients who underwent a glossectomy. More than 6 

months after a partial glossectomy or hemiglossectomy (n=12) mean vowel intelligibility was 19 

(scored on a 21-scale), after a subtotal glossectomy (n=9) 17 (of 21) and after a total glossectomy 

(n=6) 16 (of 21). Spontaneous speech was considered intelligible after a partial glossectomy or 

hemiglossectomy, partially intelligible after subtotal and intelligible ‘with attention’ after total 

glossectomy. 

The cohort by Chien et al.12 concerned 39 patients, who underwent total or nearly total 

glossectomy with laryngeal preservation. One year after surgery (without recurrence) only 3 of 

the 39 patients (8%) had unintelligible speech, the rest had intelligible speech. Unfortunately, the 

criteria for ‘unintelligible speech’ and the way of measurements are not clearly described in this 

article. 

Carvalho et al.11 reported on spontaneous speech intelligibility, on average 32 months after 

hemiglossectomy or (sub)total glossectomy, for patients wearing a palatal augmentation 

prosthesis. Eight of 36 patients (22%) had normal spontaneous speech intelligibility, 11 of 36 

(31%) had mild impairment, 9 of 36 (25%) moderate and 8 of 36 (22%) severe. With prosthesis, 

intelligibility was significantly better than without. In addition, the syllable intelligibility improved 

with prosthesis, and the formants, i.e. the natural resonance frequencies of the vocal tract, 

although they were still different, came closer to normal.

Borggreven et al.9 described a prospective study of 80 patients with stage II-IV oral or 

oropharyngeal sqaumous cell carcinoma treated with microvascular soft tissue transfer. One year 

after surgery intelligibility of a standardised text was assessed on a 10-point scale. The higher 

the score, the better the speech, with a score of 10 representing perfect speech and a score of ≤ 

5 representing deviant speech. Mean score was (assessed from a box plot figure) approximately 
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4.2, and 71% of the cohort (30 out of 41 patients at 1 year) had deviant intelligibility, meaning 

a score below 6. In the same way nasality and articulation were evaluated, resulting in 67% of 

patients having a deviant nasality score and 76% having a deviant articulation score. Speech was 

significantly worse than healthy controls.

In a retrospective cohort study of 55 patients who underwent resection of the soft palate as part 

of ablative cancer therapy, Bohle et al.8 reported a median intelligibility of sentences of 94%. 

Patients who had tongue involvement had mean word intelligibility of 57% and without tongue 

involvement 81%. 

Rieger et al.15 reported in oropharyngeal cancer patients at 1 year from surgery a sentence 

intelligibility ranging from 92.4% to 98.7%, which was considered to be normal. 

The results are difficult to compare in numbers due to different outcome measurements, but 

in general the results for speech at 1 year after resection of oral or oropharyngeal cancer vary 

from moderate to good. Sentence intelligibility scores were considered normal (ranging from 

92 to 98%),8,14,15 word intelligibility was reduced (ranging from 51 to 81%).8,14 In two cohorts 

the majority of patients postoperative spontaneous speech and standardised text intelligibility 

is regarded as ‘deviant’,9,11 with high rates of abnormal nasality, articulation9 and formants 

(unnatural resonance frequencies)11.

Swallowing

Three studies analysed swallowing function by videofluoroscopy at 1 year after surgery. 

Borggreven et al.10 analysed this in their cohort of 80 patients with oral and oropharyngeal 

cancer, Tei et al.18 in 25 patients with oral carcinoma treated with free flaps, and Rieger et al.14 in 

32 patients with at least 50% of the base of tongue resected, without further involvement of the 

oropharynx.

Videofluoroscopy allows the assessment of the oral transit time (OTT) and pharyngeal transit 

time (PTT), which are frequently used as parameters of swallowing function, with normal 

scores for OTT < 1 second and for PTT < 0.6 second.21 Borggreven et al.10 reported a mean OTT 

for liquids of 0.52s and a PTT of 1.09s at 1 year after surgery. Rieger et al.14 found a mean OTT 

for pudding of 1.24s and a mean PTT of 1.96s. This means that in both cohorts the PTT was 

prolonged, and was normal in only 53% of patients in Borggreven’s study. In Rieger’s study14 

also is found that the OTT was longer than normal at one year post surgery. In the study of 

Borggreven et al,10 also the oral and pharyngeal phase were globally evaluated by experienced 

speech therapists and were judged to be abnormal in respectively 66 and 56% of all patients. Tei 
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et al.18 reported on ‘swallowing efficiency’, and at 1 year post surgery 22 of 25 patients (88%) had 

dysfunctional swallowing efficiency of liquids. 

Overall, pharyngeal transit times at 1 year after surgery were deviant,10 especially in a cohort of 

patients with oropharyngeal cancer,14 and in this cohort, the oral transit time was deviant too. In 

the majority of patients swallowing efficiency18 and the oral and pharyngeal phase of swallowing 

were considered to be abnormal.10 

Another important outcome in analysing swallowing function by means of videofluoroscopy is 

aspiration. Aspiration of liquids at 12 months after surgery was seen in 25% (8 of 32 patients)10 

and in 19% (4 of 21 patients)14 of patients. Thirty-four per cent (11 of 32)10 versus 24% (5 of 21)14 

showed no aspiration at all. The rest of the patients had penetration of liquids to the larynx. 

In the study of Tei et al,18 12% (3 of 25 patients) aspirated on liquids at more than 1 year post 

surgery. Chien et al.12 reported that after at least 1 year post surgery 74% (29 of 39) (sub)total 

glossectomy patients did not aspirate, 10% (4 of 39 patients) showed significant aspiration, and 

15% (6 of 39) had ‘non-significant’ aspiration. The specifics of this latter analysis however are not 

given. In conclusion, aspiration rates more than 1 year post surgery range from 12-50%.10,12,14,18

Questionnaires 

Three studies used questionnaires. The UW QoL questionnaire was used by Zuydam et al.19 for 

278 patients with oral cancer, and also used by Rogers et al.16 for 561 oral and oropharyngeal 

cancer patients (of whom the cohort of 172 T3-4 oral cancer patients was selected). The EORTC 

QLQ H&N 35 questionnaire was used by Schoen et al.17 (among other questionnaires) for 50 

edentulous primary oral cancer patients. 

In the study of Zuydam et al,19 the longitudinal trend is that speech worsened at the first 

measurement (3 and 6 months after surgery). Speech remained stable after 12 months or longer, 

but mean scores were significantly lower than before therapy. This is also the trend for patients 

receiving adjuvant radiotherapy (RT) in the study of Schoen et al,17 but for patients who did not 

need RT, speech remained stable and relatively uncompromised. In both cohorts postoperative 

speech was worse for patients, who underwent RT compared to those, who did not have RT. 

Rogers et al.16 reported no significant differences in this respect with 14 of 43 patients (33%) 

without adjuvant RT considering their speech the ‘same as always’, and 9 of 46 (20%) patients 

with adjuvant RT. 

In addition, with regard to swallowing, a significant difference between patients undergoing 

adjuvant RT and those who did not have RT was found in these three studies. Rogers et al.16 
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showed that 33 of 43 patients without RT (77%) could swallow as before the surgery, compared 

to only 23 of 48 patients with RT (48%). In the RT group 35% could swallow liquids only and 

another 35% could not swallow at all due to aspiration.

 

Mean swallowing score was reported to be already impaired before treatment.17,19 The trend in 

both cohorts of Schoen et al.17 and Zudyam et al.19 for swallowing for patients who underwent 

RT was that swallowing function worsens early after surgery. Mean scores improved slightly at 12 

months after  surgery, although they were still significantly lower than pretreatment scores in the 

largest cohort.19 Schoen et al.17 even showed improvement of swallowing function after surgery 

compared to the function before treatment in patients, who did not received RT. In the study by 

Zuydam et al.19 a small deterioration in swallowing function was found for patients without RT, 

comparing the results before and 1 year after therapy. As could be expected, the higher the T 

classification, the worse the swallowing function was after therapy. 

Tei et al.18 reported self-assessment of dysphagia in 25 postsurgical oral cancer patients. One 

year after surgery, no patients had a completely normal oral intake. The majority, 21 of 25 

patients (84%) had mild dysphagia, but full oral intake, whereas the rest had moderate dysphagia 

and needed ‘supplemental nutrition’.

In conclusion, subjective swallowing was impaired before surgery, but even more compromised 

after surgery and adjuvant radiotherapy. Patients experienced minimal speech problems before 

treatment, but speech was impaired after treatment, especially in patients receiving adjuvant 

radiotherapy.  

Factors influencing speech and swallowing

Swallowing function was affected by the resection area as well. Oral tongue localization induced 

the least swallowing problems, whereas soft palate and base of tongue resections10,14,19 showed 

the most prominent dysphagia. In the study of Tei et al,18 in 25 patients with oral cancer, floor of 

mouth carcinomas induced the most severe swallowing dysfunction. 

Several studies reported that intelligibility is influenced by the area the resection took place. 

The areas which negatively influenced intelligibility are soft and/or hard palate,8,19 tongue,8,9 

and resection of the posterior tongue/base of tongue.14,19 The more tongue tissue resected, 

the worse postoperative speech.8,13 However, Rieger et al.15 showed that in their population of 

oropharyngeal cancer patients, intelligibility was not dependent on the size of the soft palate 

defect. Patients who underwent a combined soft palate/tongue resection8showed worse speech 

results, with a word intelligibility of only 57%, compared to 81% in patients who had a soft 
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palate resection only. Patients with floor of mouth tumours had the best nasality scores, patients 

with tonsil or soft palate tumours the worst. 9 Nasalance and aeromechanical results were 

dependent on the size of the soft palate resection.15 Palatal prostheses enhanced speech in case 

of tongue11 or soft palate resections,8 and free radial forearm flap reconstruction with ‘soft palate 

insufficiency repair’ (SPIR: the folded free radial forearm flap is attached to the posterior and 

lateral pharyngeal wall and slightly elevated, leaving a small nasopharyngeal orifice) for >1/2 soft 

palate defects15 was better in this respect than to free radial forearm flap without ‘SPIR’. Speech 

therapy improved postoperative speech13 significantly for glossectomy patients. 

T classification was a strong factor influencing postoperative function. Higher T classification was 

associated with worse speech and swallowing, measured objectively9,10 as well as subjectively by 

questionnaires.19 

Several other factors influenced the swallowing function. Comorbidity turns out to be a negative 

factor for swallowing,10 and, as already mentioned above, adjuvant radiotherapy significantly 

further deteriorated swallowing function.16,17,19 Free flap reconstruction yielded better results 

compared to pedicled flap reconstruction and finally, primary closure yielded better functional 

results than flap reconstruction.19

Comparison of cohorts

To compare the functional results of different cohorts, a detailed description of the study is 

needed and tumour site and resection area should be noted. As described in this review, some 

studies reported one tumour site, such as base of tongue14 or mobile tongue carcinomas.11-13 

The other cohorts included patients with tumours at several sub-sites in the oropharynx,15 oral 

cavity,16-18 or both,8-10,19 resulting in a heterogeneous patient group. 

Next to tumour site, T classification is very important for the functional outcome. In the cohort of 

Bohle et al,8 in 31% of the cases T classification was unknown. However, this cohort was included 

because number of patients with known T classification was quite high. In the cohort of Zuydam 

et al.19 25% of patients had a T classification < 2, but this study was selected because results were 

presented per T classification. Carvalho et al.11 described a cohort of patients that underwent a 

hemiglossectomy or a larger resection of the tongue, therefore we included this study, although 

T classifications were unknown. Schoen et al.17 described cohorts with smaller T classifications, 

which may explain their more favorable results. The patients in the cohort of Chien et al.12 had 

tumours with higher T classifications, however, their results were remarkably good. 
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DIsCussIOn

Although during the last decades a sizable number (n=1220) of papers concerning the functional 

consequences of and quality of life after surgical treatment of head and neck cancer have been 

published,6 only 12 studies could be identified that describe long-term function after resection 

of advanced oral and oropharyngeal cancer thorough enough to warrant their inclusion in this 

systematic review. The fact that no papers could be identified in the earlier part of the search 

period, 1993 until 2001, underlines that only recently, besides oncologic outcomes, functional 

results are receiving more attention. 

Evaluation of speech after surgery has shown that intelligibility remains quite good only if the 

mobile tongue and soft palate are not involved. In case of substantial tongue or soft palate 

resections,8,9,19  speech is reported to become deviant. The more tongue resected, the worse 

the postoperative speech intelligibility.8,13 This is not surprising given the anatomical change of 

the vocal tract, and with the mobile tongue being the most important articulator. A dysmorphic 

tongue challenges the place of articulation. 

Patients with tonsil or soft palate tumours had the worst nasalance rates, compared to patients 

with tumours at other locations of the oral cavity and oropharynx.9 Resection of the soft palate 

and tonsil15 may result in deterioration of the velopharyngeal function. A normal velopharyngeal 

function consists of closure of the nasal cavity by the pharyngeal walls and the soft palate, during 

speech, but also during e.g. swallowing, blowing or gagging. Impaired velopharyngeal function 

challenges the pronunciation of velar consonants (such as /k/) and hampers the regulation of 

(higher) intraoral air pressure needed for the articulation of e.g. plosives (such as /p/ /t/ /k/ 

). In the most severe cases velopharyngeal insufficiency may result in a compensatory change 

of the place of articulation and the occurrence of glottal stops instead.22 Palatal prostheses 8,11 

and specific surgical reconstruction techniques of the soft palate15 may enhance postoperative 

speech as it improves the velopharyngeal function.

An important aspect of postoperative speech is the alteration in the perception of speakers, 

who have been treated with microvascular free flap reconstruction for oral or oropharyngeal 

cancer. Social perception is a process in which we assign attributes to others, with the speech 

signal playing an integral part in attribution. Rieger et al.23 revealed that positive perceptions 

of speakers significantly diminished as a result of surgery, and negative perceptions increased. 

Certain variables, such as degree of resection of the soft palate and base of tongue, and sex of 

the speaker, influenced the results. This suggests that intelligibility measurements of speech, 

although useful, do not provide a complete indication of the social impact of reconstructive 

surgery on patients with oropharyngeal resections. 
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Results of this review show that sentence intelligibility scores of surgically treated patients 

with oral and oropharyngeal cancer are quite high, indicating that patients are satisfactorily 

understood in practice. However, this does not reflect normality of speech and communication. 

The reviewed research also indicates that word intelligibility rates are significantly compromised 

and nasality and articulation are deviant in the majority of patients, as is intelligibility of 

(spontaneous) text. Probably, alterations in speech functioning did not lead to diminished 

sentence intelligibility because of redundancy. In sentence intelligibility, the influence of 

syntactic-semantic information is important, as with this additional information, the intelligibility 

of single words might become redundant. Therefore, although sentence intelligibility appears 

to be normal, patients still may suffer from compromised oral function and ‘abnormal’ speech, 

shown by e.g. several small misarticulations, resonance disturbances, a hoarse voice and loss of 

facial harmony, causing an altered perception in social communication. This is also suggested by 

the deviant nasality and articulation rates and diminished word intelligibility in postsurgical oral 

and oropharyngeal cancer patients, as found by several authors.8,9,11,14

Besides speech, also swallowing can be impaired after surgical therapy for oral and 

oropharyngeal cancer, and the reviewed literature suggests that swallowing is affected 

notably worse. These functional impairments obviously are important for the quality of life 

for patients. This is clearly underlined by the study of Zuydam et al.19 in which patients ranked 

various functional UW-QoL issues, and they ranked problems with saliva, chewing, speech and 

swallowing as the most important issues following their treatment. Not surprisingly, immediately 

after surgery, swallowing function is worse, but it is reported to improve a little over time, 

measured objectively as well as subjectively. An important parameter of swallowing ‘normalcy’ 

is the pharyngeal transit time (PTT). PTT’s are found to be significantly delayed, especially when 

oropharyngeal resection is followed by adjuvant radiotherapy.14 Aspiration is the ultimate, 

potentially life-threatening swallowing problem, and aspiration rates vary between 12 and 

50%. Swallowing disorders postoperatively were most prominent when significant parts of the 

soft palate and base of tongue were resected. One small study18 finds also that floor of mouth 

resections induce swallowing problems, which is not supported by the other studies.

Comparison with organ-sparing therapies

Functional results after surgical therapy should be compared to functional results after organ-

sparing therapies, as this is the other curative therapy option. Van der Molen et al.24 showed 

that after chemoradiation for head and neck cancer the swallowing disorders are moderate to 

very severe and aspiration rates after therapy increase to 23-78%. This illustrates that despite 

organ-sparing results of concomitant chemoradiation, the risk on functional sequelae is still 

considerable.25 The most common long-term complication is dysphagia, caused by damage to the 
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base of tongue and pharyngeal wall after severe mucositis, radiation induced fibrosis, xerostomia 

and radiation necrosis.25-28 Speech, however, appears to be relatively uncompromised 29-31 and 

might be better after treatment with chemoradiation compared to surgical therapy. 

Limitations of this literature review

In our selection, there were two retrospective cohort studies and ten prospective cohort studies. 

The size of the cohort varied from 25 to 278. In total, this review comprised of 856 patients. 

Most cohorts were relatively small, 5 studies have patients groups consisting of less than 40 

patients, so one has to keep in mind that especially the results of these studies may be less 

reliable. 

Papers were selected following an evaluation of relevance and risk on bias. As only 4 papers 

were scored A/A also papers scored A/B were selected, with moderate risk on bias. According to 

Cochrane criteria, studies should be rated as B when one or more of the predefined criteria were 

partly met. The criteria that were considered of utmost importance were: a clear description 

of the patient group with regard to T classification, tumour site and extension, and extent of 

resection. 

A publication bias 32 might also play a role in the favourable outcomes of all these studies. It is 

not unrealistic to assume that unacceptable functional results are less likely to be published.

The most important limitation of this review is that results remain mainly descriptive, and that 

pooling of results is not possible, as ways of outcome measurements differ. This is the reason 

that this review does not provide an overall picture. However, conducting a review aiming at 

comparable outcome measurements would result in more heterogeneous patient groups, 

lowering chances for making scientific conclusions. Therefore, this descriptive review is an 

attempt to evaluate the present knowledge of functional results after surgery for advanced oral 

and oropharyngeal cancer, although it does not provide an unambiguous result. 

Objective versus subjective outcomes

None of our articles reported both on outcomes of objective measurements of function and 

on outcomes retrieved by validated quality of life questionnaires. Only Tei et al.18 reported 

swallowing efficiency based on videofluoroscopy combined with a (non-validated) self-assessed 

dysphagia grading. It appeared that these outcomes correlated, although some patients with 

severely deviant swallowing efficiency had a remarkable low dysphagia grading, namely a mild 

dysphagia and nutrition by an easy chewable diet. 
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Borggreven et al.33 described in another paper subjective outcomes in the same patient 

group. They concluded that most general health related quality of life issues do not change 

after treatment, or improve compared to baseline scores (which are already lower thant 

healthy controls). Most head and neck specific issues deteriorate after treatment but return to 

pretreatment levels at 12 months, except for senses, opening mouth, sticky saliva, and coughing 

which remain deteriorated in the long term. Speech and swallowing return to pretreatment 

levels as well. This shows a discrepancy with the objectively measured outcomes, demonstrating 

a compromised function after therapy.

Several factors, besides tumour site, age, comorbidities, and reconstruction method seemed 

to have an effect on the quality of life after surgery,33,34 for example women and young patients 

report in subjective studies more functional problems.35 It remains difficult to link quality of life 

with function. Even in patients with laryngeal cancer, where comparison can be made between 

patients with and without laryngeal speech, it is difficult to link function and quality of life.36

Besides postoperative oral function, many other factors influence quality of life. Although a 

relation between functional status and quality of life has been suggested,37 it certainly is not yet 

established. Therefore, we suggest that studies regarding function after surgery should include 

both objective and subjective outcomes. By using both clinical and patient-rated scores it is 

possible to gain a better judgment of clinical functional defects. 

Outcome measurements

In the head and neck oncology literature there is a lack of uniformity in measurements of oral 

function. Standardization is imperative to be able to compare functional outcomes published in 

different studies. Mlynarek et al.20 proposed that functional data should be collected at several 

points in time, including pretreatment. Swallowing should be assessed via modified barium 

swallows, diet history, weight and presence or use of a gastrostomy tube. Speech intelligibility 

could be assessed via the Computerised Assessment of Intelligibility of Dysarthric Speech and 

quality of life via the EORTC QLQ H&N 35 and the MDADI.20 There are several other good ways 

of measuring functional outcomes, but uniformity is important. Use of standard outcome 

measurements internationally would lead to a better understanding of functional outcomes after 

treatment for head and neck cancer. 

Clinical implications of this review

Obviously, impairments of speech and swallowing after surgery within the vocal tract and the 

first part of the alimentary tract have to be taken into account, as the reviewed studies clearly 

have shown, especially when the tumour invades the soft palate and the base of tongue. This is 

an important issue for clinicians when counselling patients with an advanced oral cavity and/or 
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oropharyngeal tumour invading significant parts of the mobile tongue, the soft palate and the 

base of tongue. Obviously, no general definition of functional inoperability can be given (yet), 

as multiple factors play a role and thoughts about what is functional inacceptable will obviously 

vary per patient, physician and hospital. Nevertheless, based on the findings of this review, 

critical areas for functional inoperability have been defined. 

COnClusIOn

Speech after surgery for advanced oral and oropharyngeal carcinoma seems moderate to good, 

but the results are difficult to compare in numbers due to different outcome measurements. The 

negative effects of surgery with regards to swallowing are more prominent and more severely 

affecting quality of life. The reviewed studies also show that adjuvant RT has an additional 

detrimental effect on swallowing and speech. Besides adjuvant RT, other important factors 

influencing functional outcomes are T classification, comorbidity, and method of reconstruction. 

Most speech problems were seen in patients with tumours located in the mobile tongue, the 

base of tongue and/or the soft palate. Most postoperative swallowing problems were seen in 

patients operated on tumours in the base of tongue and/or the soft palate. 
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ABstRACt

Objective. If surgical resection of a tumour results in an unacceptable loss of function, this is 

defined as functional inoperability. The current survey aims to define the borders of functional 

inoperability in oral and oropharyngeal carcinoma and evaluate its current use by obtaining 

opinions from the experts in the field.

Design. A web based survey. 

Participants. Dutch head neck surgeons and radiotherapists. 

Main outcome measures. Assessment of functional results after tumour resection in twenty-two 

statements and five cases.

Results. Response on the survey is 93% and the reactions are variable. Reactions vary slightly 

by the size of the clinic or discipline (radiation oncology versus head and neck surgery). There is 

agreement about the unacceptable function loss after total glossectomy. There is no absolute 

consensus about the functional outcome after certain surgical procedures, namely: bilateral 

maxillectomy, resection of a tonsil and base of tongue carcinoma including removal of the 

vallecula and epiglottis, and total soft palate resection. Disagreement of operability is also 

observed for T3 and T4 base of tongue carcinomas based on case descriptions and magnetic 

resonance images. Assessment of whether one hypoglossal nerve can be preserved is agreed to 

be a key factor for functional operability. 

Conclusion. The term functional inoperability appears to be clinically used by Dutch experts in 

the decision-making process in advanced head and neck carcinomas. According to the experts 

who took part in the survey, primary total glossectomy or sacrificing both hypoglossal nerves 

is an operation that causes too much and therefore unacceptable function loss. In several case 

scenarios a consensus over operability could not be reached by the experts. The reactions vary 

per physician, institute and patient. Functional inoperability is variable and difficult to determine, 

but it is clinically used and therefore important to bring under attention. 
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IntRODuCtIOn

Although it is not a widespread used term to describe the impossibility to preserve function 

after resection of a tumour, head and neck surgical oncologists may use the idea of functional 

inoperability as one of the important parameters for their therapeutic decisions. The starting 

point of the present wave of organ preservation treatment protocols is the impossibility to 

preserve function in advanced laryngeal cancer when a total laryngectomy is deemed necessary.1 

However, the decision to whether or not treat advanced head and neck cancer surgically is 

mainly dictated by the appraisal of achieving clear margins. Since the availability of advanced 

reconstruction techniques, chances to achieve clear margins have improved considerably. 

However, as a result of certain extensive resections the function loss will be so severe that even 

with the best current reconstruction methods the resulting function loss will not be acceptable. 

This could be called functional inoperability.

For oral and oropharyngeal cancer, there is evidence that organ preservation protocols have 

achieved similar locoregional and overall control rates, compared to surgery2,3 (although for oral 

cancer this still remains to be validated). It is important to assess the functional consequences 

of each treatment in order to have a balanced view on the pros and cons of this approach. 

Unfortunately, no randomised comparative studies between chemoradiation and surgery in 

advanced oral and oropharyngeal carcinoma have been performed on oral function or quality of 

life.4

The question that remains is at what stage oral and oropharyngeal cancer can be considered 

functionally inoperable, i.e. when is the expected postoperative loss of function so severe that 

treatment in an organ/function preservation protocol is indicated. With the absence of any 

useful definition of functional inoperability, also given the wide variation of anatomical sites, 

surgical skills and reconstruction techniques, this study was conducted to establish an expert-

based definition (level of evidence 5).5 We have performed a web-based survey among head 

neck surgeons and radiotherapists in the Netherlands. The survey aims to consider the opinion 

of experts in the field about the function loss to be expected after several surgical interventions 

to reach a consensus that may contribute to further refinement of the definition of this surgical 

dilemma. We will report the findings of this survey and discuss the problems that arise when 

describing and defining functional inoperability.
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MAteRIAls AnD MethODs

Participants

A web-based survey was sent to seventy-two head neck surgeons (with basic training in 

otorhinolaryngology or oral-maxillofacial surgery) and radiotherapists in the Netherlands, 

participating in the Dutch Head and Neck Cooperative Group. The participants were contacted by 

mail and/or telephone to achieve the highest possible response rate. 

The questionnaire

The questionnaire consists of cases and statements, for the translated survey see appendix A. 

The questionnaire begins with general questions and a multiple-choice question concerning 

factors that influence functional inoperability, see figure 1. There are five cases, illustrated by 

magnetic resonance images (MRI) and clinical information. In each case, the participants are 

asked whether they regarded the tumour functionally inoperable or not. Apart from the cases 

there are twenty-one statements. All statements are based on cases with availability optimal 

(free) flap reconstruction after ablative surgery. In all statements and cases there is also a 

possibility to opt for ‘neutral’. 

Results

Compliance to the survey is 93%, with retrieval of completed questionnaires from 67 experts. 

The participants are comprised of 43% (n=29) otorhinolaryngologists, 18% (n= 12) oral-

maxillofacial surgeons and 22% (n=15) radiotherapists and in 16% (n=11) this is unknown.

All participants are certified as oncological head and neck surgeon or radiotherapist with at least 

two years of experience and members of the Dutch Head and Neck Cooperative Group. They 

work in 15 different clinics in the Netherlands. Seven of the participants work in ‘small’ clinics, 

seeing less than 200 new head/neck cancer patients per year, 51 in ‘medium size’ clinics, seeing 

200-300 new head/neck patients per year, 9 in a ‘large’ clinic, seeing more than 300 new head/

neck patients per year. Forty-seven of the participants work in university hospitals (8 Dutch and 

1 Belgian), 8 in peripheral hospitals, 3 in radiotherapy centres and 9 in specialised oncology 

centres. All clinics have official Head and Neck tumour boards. 

All participants use the term functional inoperability in their current practice. According to the 

participants the most important factor in determining functional inoperability is total loss of oral 

and oropharyngeal food transport, see figure 1. 
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Figure 1: Factors determining functional inoperability
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The numbers represent the percentage of respondents that felt that the factor influences the operability of 
oral and oropharyngeal carcinoma

Ninety per cent of the respondents opted for this factor as a criterion to decide functional 

inoperability. This is followed by total loss of speech (85%), deterioration of the swallowing 

function resulting in a fluid diet (51%) and a cosmetically unacceptable result (51%). Expectations 

and wishes of the patient was considered to be a decisive factor by only 43% and comorbidity by 

36%.

Statements

In nine statements, reflecting surgical procedures, there was agreement that the tumours 

were operable (84% to 97%). In figure 2 the statements are shown, reflecting an unacceptable 

functional result according to more than 50% of the respondents. 

Four statements involving total or subtotal glossectomy as first treatment option were 

considered an argument for functional inoperability by the most: a total glossectomy alone, 

in combination with a supraglottic or total laryngectomy and a commando procedure with 

anterior segmental resection of the mandible, resection of anterior floor of mouth and subtotal 

glossectomy without preserving any of the hypoglossal nerves. See figure 2 for the percentage of 

respondents that considered these as unacceptable.
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Figure 2: Interventions that lead to an unacceptable functional result according to more than half 

of the respondents

93 

93 

88 

84 

76 

63 

55 

52 

Total glossectomy and supraglottic laryngectomy 

Total glossectomy 

Commando procedure: resection of the floor of mouth and 
subtotal glossectomy sacrificing both hypoglossal nerves 

Total glossectomy + total laryngectomy 

Resection of tonsil and base of tongue carcinoma with dubious 
chance of saving one hypoglossal nerve and lingual artery 

Total mandibulectomy 

Total soft palate resection 

Resection of tonsil and base of tongue carcinoma with resection of 
the vallecula and epiglottis 

The numbers represent the percentage of respondents that considered the functional result of the 
intervention as unacceptable. Only statements are shown that are regarded as functional unacceptable by 
more than half of all respondents.

In eight of the 21 statements (38%) the opinions varied a lot. In two of these, the majority opted 

for functional inoperability, see figure 2: 

1. Total mandibulectomy (63% considered the functional result as unacceptable);
2. Resection of a tonsil and base of tongue carcinoma extending over the midline with 

dubious possibility of preserving one hypoglossal nerve and lingual artery (76%). 

In three of these eight statements most of the respondents judged the tumour as operable: 

1. Resection of the posterior and lateral pharyngeal wall (64% considered this as a 
functional acceptable result);

2. A commando procedure with subtotal glossectomy (unilateral preservation of the 
hypoglossal nerve), lateral floor of mouth resection and lateral segmental resection of 
the mandible with disarticulation (69%);

3. A commando procedure consisting of a subtotal glossectomy with preservation of 
one hypoglossal nerve, anterior floor of mouth resection and an anterior segmental 
mandible resection (67%). 
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The opinions about three of the following hypothetical resections were very divergent: 

1. Total soft palate resection (39% operable/ 55% functionally inoperable/ 6% neutral) 
2. Resection of a tonsil and base of tongue carcinoma with resection of the vallecula and 

epiglottis (18%/ 52%/ 30%);
3. Bilateral maxillectomy (48%/ 22%/ 30%).

Figure 3: T2N0 tongue carcinoma

Axial and saggital slice of a T2 weighed MRI-scan. The scan shows a base of tongue carcinoma (2.5 x 2.5 cm), 
extending until the midline.

Figure 4: T3N0 base of tongue carcinoma

Axial and saggital slice of a T2 weighed MRI-scan. The scan showes a symmetrical exofytic growing tumour 
medially in the base of tongue.
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Cases

With regard to the five presented patients, the results were concordant in three. In two cases 

the opinions varied. In one of these, a 48-year-old man with a T2N0 tongue carcinoma with 

clinically submucosal extension over the midline, the majority of the respondents (66%) chose 

for resecting the tumour, see figure 3. 

table 1: Concordant cases of electronic survey on Functional Inoperability

MRI Case Description

O
perable (%

)

Inoperable (%
)

n
eutral  (%

)

Case 1
63 yrs

T4aN2a 
cheek/ 
inferior 
alveolar 
proces 

 Examination: large ulcerating 
tumour at the inferior alveolar 
process., extension to maxilla, 
not to tongue and mobile to 

skin, mental nerve intact. 
MRI: tumour (max. 6cm) with 

infiltration of the right horizon-
tal part of the mandible and to 
the lateral floor of mouth, not 

to the tongue.

81 9 10

Case 2
54 yrs

T3N2b 
base of 
tongue

  Examination: a tumour at the 
base of tongue left, no infiltra-

tion to vallecula or contralateral 
side. 

MRI: tumour (max 5x2x2,5cm) 
at the base of tongue left, ex-

tension over the midline to the 
right side and to left tonsil, the 
vallecula is filled up caudally.

7 85 8

Case 3
52 yrs

T3N0 
floor of 
mouth

 

 

Examination: an ulcus 
(1x1,5cm) at median and left 
side of the floor of mouth, no 

deep infiltration of the tongue, 
root or dorsum of tongue and 
mobile to the mandible. MRI: 

tumour (1,5x2,5cm) at the 
floor of mouth left paramedian, 

against the mandible that is 
intact.

97 3 0
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In the other case, a 50-year-old woman with a T3N0 median, exophytic growing base of tongue 

carcinoma, the majority (72%) considered the tumour as functionally inoperable, see figure 4. 

In the above described cases the diversity of the answers is probably due to different 

preoperative assessments of the possibility to spare one hypoglossal nerve. In the other three 

cases the results were quite concordant. See the summary of the cases in table 1. 

In two of the five cases the tumour was considered by the majority as functionally inoperable: 

the case described in figure 4 and another case describing a T3N2b base of tongue carcinoma, 

see table 1. 

The most frequently mentioned factors that led to this decision, were predicted total loss of 

swallowing (81%), total loss of speech function (52%), deterioration of swallowing to a fluid diet 

(22%) and severe deterioration of speech (36%). 

There were no significant differences between disciplines regarding answers of the statements. 

See table 2 for a break-down of the discordant cases.

table 2: Discordant statements and cases; a break-down by physician 

Functional result acceptable after surgeons 
(n=41)

Radiotherapists 
(n=15)

P1

Total soft palate resection Yes 15 5 1.000

No 24 8

Resection of tonsil, base of tongue, 
vallecula, epiglottis

Yes 6 1 0.359

No 24 11

Bilateral maxillectomy Yes 23 4 0.066

No 9 6

Case 1, T2N0 tongue carcinoma,          
see figure 3

Yes 30 12 0.019

No  5 3 

Case 2, T3N0 tongue carcinoma,          
see figure 4

Yes 8 7 0.614

No 28 5
Respondents of whom discipline was unknown were excluded (n=11) for this comparison and so were the 
‘neutral’ answers. 1) P-values were calculated in a 2x2 crosstab with Pearson Chi Square test or with Fisher’s 
exact test as the numbers were too low. The bold value represents significance, meaning p<0.05.

Regarding the functional results after a bilateral maxillectomy the radiotherapists’ answers were 

more negative, although not significant due to low numbers. Furthermore, there appeared to be 

a statistically significant difference of opinion between the different disciplines (surgeons versus 

radiotherapists), for the results of the first case (T2N0 tongue carcinoma, see figure 3); a greater 
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percentage of surgeons, 68%, consider the tumour as inoperable because of expected function 

losses, versus 33% of the radiotherapists (p=0.019, see table 2). In these answers, the surgeons 

considered the function loss due to surgery worse than the radiotherapists. 

We also compared the results per different clinic, divided in small, medium and large or in 

university, satellite hospital or comprehensive cancer centre. The only statistical significance was 

for the second case, a patient with a T3N0 tongue carcinoma. From university hospitals, 36 out 

of 47 (76%) considered the tumour as operable, from cancer centre/ radiotherapy centres 5 out 

of 12 (42%) and from the satellite clinics only 3 out of 8 (38%), a statically significant difference 

(p=0.011). Regarding the functional results after soft palate resection the results varied but not 

statistically significant per size of the clinic; 5 out of 7 participants (71%) from small clinics agreed 

on the operability, 20 out of 51 in the medium clinics (39%) and only 1 out of 9 (11%) from the 

large clinic. 

DIsCussIOn

Synopsis of results

Functional inoperability is currently used for tumour board discussions on selection of patients 

for organ-sparing therapies e.g. concurrent chemoradiation. Although the term seems 

(subconsciously) widely accepted in the Netherlands among head and neck surgeons and 

radiation oncologists,6 so far no serious attempts have been made to reach consensus on this 

surgical dilemma. We realise that the issue of functional inoperability is troubling to many, since 

the definition varies considerably among treating physicians and is related to the expertise of 

the individual surgeon. Results of our survey showed some differences between clinics and 

physicians, although difficult to interpret due to small sample sizes. 

Although the results of our survey are just a reflection of the points of view of Dutch Head and 

Neck surgeons and radiotherapists, this could be the first attempt to demarcate a certain clinical 

condition as functionally inoperable and to reach a level of evidence 5, the expert opinion.5

Results of our survey show that amongst Dutch experts the most consistent agreement about 

functional inoperability is when a total glossectomy is required, resecting both hypoglossal 

nerves and lingual arteries. In nine out of 22 (41%) of the statements there was no agreement 

about the acceptability of the expected function loss. This diversity illustrates the controversies 

amongst functional inoperability. 
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Results after non-surgical therapy in literature

When describing a particular tumour extension as functionally inoperable, it is important to 

consider the treatment outcome after the alternative therapy: chemoradiation. Despite organ-

sparing results of concomitant chemoradiation, the risk of functional consequences is still 

considerable.7 The most common long-term complication is dysphagia, caused by damage to the 

base of tongue and pharyngeal wall after severe mucositis, radiation induced fibrosis, xerostomia 

and radiation necrosis.4,7-9 Speech, however, appears to be relatively uncompromised4,10,11 and 

might be better after treatment with chemoradiation compared to surgical therapy.

When choosing for a non-surgical approach, the frequency of salvage surgery has to be kept 

in mind. In the study of Soo et al.2 eventually only in 45 % of the chemoradiation arm, the 

treatment was organ-sparing. After salvage surgery higher complication rate and wound-healing 

problems may be expected. 

The need of multidisciplinary discussion and individualisation

A large number of factors play a role in the functional result after treatment for large oral cavity 

and oropharynx tumours. Firstly, surgery remains a skill and the ability and experience of the 

surgeon in large resections and chosen method of reconstruction is a key factor for success of 

surgical therapy. 

Moreover, the clinical experience in an institution, its customary practices and resources, 

influence the protocols of reconstruction, radiotherapy, dental rehabilitation, speech and 

swallowing therapy, dietary consultation and other support that are of utmost importance for 

the functional outcome. Other factors to be taken into account are local availability of as well 

chemo- and radiotherapy and operation room facilities, waiting time and complication rate of a 

specific institute.

As illustrated by the cases from the survey and described in the results section, the diagnostic 

accuracy and clinical assessment of the physicians is also very important. In our cases, the 

experts disagreed about the operability of the tumour in two of the five cases, presumably 

because they had different opinions about the infiltration of the tumour and how much tongue 

tissue had to be removed. Further research in exploring other diagnostic tools is necessary. It 

may be assumed that future imaging techniques implementing both organ mobility and tumour 

extension may give us more insight into the functional operability of the lesion.12,13 Additionally, 

high resolution multi slice computed tomography images may provide more information about 

the course of the hypoglossal nerve and the lingual artery and their relation to the tumour.14

3



Chapter 3

70

Apart from tumour- and doctor-related factors, there are several patient related factors: 

willingness to accept morbidity, age of the patient, comorbidities, expected therapy compliance 

and social situation influence the outcome of functional status. Comorbidities are proven 

as factors that have an impact on the patient perceived quality of life and on the functional 

outcome after surgical therapy.15 The preferences and expectations of a patient should be taken 

into account with the highest priority to achieve the best treatment result and satisfaction of the 

patient. In our opinion this is one of the most important factors in the decision-making process. 

Therefore, we think a clear guideline for functional inoperability is not manageable and would 

not be accurate. Nevertheless, the reached consensus among Head and Neck oncology experts 

in the Netherlands on judging primary total glossectomy as representative for functional 

inoperability is a first step towards answering a quite problematic question. We recommend 

thorough discussion among the multidisciplinary group of clinicians to decide the best treatment 

course, especially taking into account every patient’s individual perceptions and expectations, as 

all factors and nuances are to be captured neither in guidelines nor in protocols.

Future perspectives

This survey reflects only the opinions of Dutch experts and as opinions regarding the treatment 

choice differ worldwide, it is our goal to perform a similar survey internationally. Moreover, 

the opinions of the patients-self, but also of experienced speech therapists, nurses and 

physiotherapists would be interesting to evaluate, because they follow patients longitudinally 

along their treatment. 

Attempting to resect the tumour with ‘negative’ margins has always been the main surgical 

goal. However, discussion arises of what margin of surrounding tissue should be removed. 

Some support the ‘more is better’ theory, but the approach using very narrow surgical margins 

with adjuvant radiotherapy has resulted in equal if not better oncological control.16 The 

recent upcoming of minimally invasive techniques such as transoral laser ablation and robotic 

surgery using the Da Vinci robot17 are therapies that might influence the concept of functional 

inoperability in the future. Newer surgical techniques may enable large tumours to be excised 

with less surrounding tissue and thus less function loss. 

Furthermore, advancements in imaging techniques could possibly define the margins of 

functional inoperability better. For example, a cine MRI made during swallowing, may enable the 

imaging of the elasticy and fixation of tissues and tumour,12,13 therewith improving the prediction 

of the postoperative function. The ultimate solution would be a model in which per individual 

patient the postoperative function can be assessed, so the patient can self-decide.
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COnClusIOn

The term functional inoperability appears to be clinically used by Dutch experts in the decision-

making process in advanced head and neck carcinomas. In their opinion, primary total 

glossectomy or sacrificing both hypoglossal nerves is an operation that causes significant and 

therefore unacceptable function loss. In several tumour extensions there is no consensus about 

the functional operability. It varies per physician, institute and patient. Functional inoperability is 

variable and difficult to determine, but it is clinically used and therefore important to bring under 

attention.

3
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ABstRACt

Objective. If surgical resection of a tumour results in an unacceptable loss of function, this is 

defined as functional inoperability. The current survey aims to define the borders of functional 

inoperability in oral and oropharyngeal carcinoma and evaluates its current practice in treating 

advanced oral and oropharyngeal cancer, comparing worldwide differences.

Design. A web based survey.

Participants. Experts in the international field of head neck oncology.

Main Outcome Measures. Assessment of functional results after tumour resection in eightteen

statements about hypothetical surgical interventions and four cases of patients with advanced 

oral and oropharyngeal cancer.

Results. Response rate on the survey is 20% (n=179). Fifty-one per cent used the term functional

inoperability in their current practice. More than half of respondents considered the functional 

result after tumour resection unacceptable if resection of both hypoglossal nerves was needed 

(53-85%), and after resection of a tonsil/base of tongue carcinoma with invasion of the vallecula 

(53%). Geographical differences were noted; respondents from Northern America were more 

tended to opt for surgical approach than European respondents. In cancer institutes the term 

functional inoperability was more often used than in university hospitals or community hospitals.

Conclusion. Reactions on functional inoperability varied, especially per geographical location and 

type of clinic. A majority of the respondents considered a tumour as functionally inoperable if 

for radical resection both hypoglossal nerves needed to be sacrificied. This and other common 

denominators may create an opportunity to make internationally accepted guidelines for 

functional inoperability. Level of evidence: 5
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IntRODuCtIOn

The decision to whether or not treat advanced head and neck cancer surgically is mainly 

dictated by the estimation of achieving clear margins. Since the availability of advanced 

reconstruction techniques making larger resections possible, the chances for clear margins 

have improved considerably. However, as a result of these more extensive resections, function 

loss will occasionally be so severe that even with the best reconstruction methods it will not 

be acceptable to many patients. For this situation the term functional inoperability has been 

coined.1

No randomised comparative studies between surgery and a non-surgical approach in advanced

squamous cell oral and oropharyngeal carcinoma have been performed, neither comparing 

oncologic outcome nor function.2 A cross-sectional study comparing long-term quality of life 

in patients after treatment for advanced oropharyngeal carcinoma (n=58) reported that better 

long-term quality of life was observed in patients that underwent chemoradiation, although 

another study (n=54) reported similar outcomes.3,4

Both treatments regimes for advanced oral and oropharyngeal cancer induce functional 

problems after treatment. The most important long-term side effects of (chemo)radiation are 

xerostomia and dysphagia.5 Also the incidence of osteoradionecrosis should be noted, which 

overall hovers around 10% after radiotherapeutic treatment of advanced oral cancer.6

According to our recently published literature review,7 it appears that after surgery for advanced 

oral and oropharyngeal cancer functional deficits continue to exist, most notably with regard 

to swallowing. The functional result depends on the amount and location of tissue that is to 

be removed in order to achieve cancer-free surgical margins. The vital question is at what 

stage and tumour extension the expected postoperative loss of function will be so severe that 

treatment in an organ preservation protocol is likely to result in better functional outcome. In 

the Netherlands, the term functional inoperability appears to be clinically used in the decision-

making process in advanced squamous cell head and neck carcinomas, evaluated by a previous 

web based survey among head neck surgeons and radiation oncologists.1

As functional results are dependent on multiple factors, we supposed that treatment regimes 

vary worldwide. Aims of this study were to evaluate the current practice of treatment of oral and

oropharyngeal cancer internationally, to investigate the opinion of experts in the field about the

function losses to be expected after several surgical interventions, comparing worldwide 

differences, in order to establish an expert-based definition (level of evidence 5).8
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MAteRIAls AnD MethODs

Respondents

A web based survey was sent to 907 head neck surgeons and radiation oncologists worldwide, 

based on personal contacts of the Antoni van Leeuwenhoek Hospital/ Netherlands Cancer 

Institute and the VU University Medical Center in Amsterdam, and along with the newsletter of 

the American Head Neck Society to all corresponding members.

The questionnaire

The questionnaire started with general questions and a multiple-choice question concerning 

factors that influence functional inoperability, followed by four cases and 18 statements, see 

Appendix A. Respondents were asked to consider the functional result of an intervention 

acceptable or not, having a possibility to opt for ‘neutral’. Four cases were illustrated by clinical 

information and magnetic resonance images (MRIs), and respondents were asked whether 

they regarded the tumour as functionally operable or inoperable. It was to be assumed that all 

tumours were primary tumours, that patients had no relevant medical history or comorbidity 

and that the patient’s opinion about treatment choice was neutral. In these hypothetical 

situations, optimal surgical and prosthetic reconstruction was performed, resulting in the most 

optimal result. Furthermore, alternative curative therapy was concurrent chemoradiation in an 

experienced multidisciplinary team with up-to-date treatment protocols.

Statistical analysis was performed using SPSS version 11.1 (IBM Corporation, Somers, New York,

USA). Chi-square test was performed in cross-tabulation comparing for several subgroups the 

number of respondents that answered ‘yes’ and ‘no’ on the cases and statements; neutral and 

missing answers were filtered out in order to perform the test.

Results

There were 179 responses resulting in a response rate of 20%. Fifty-one per cent used the term

functional inoperability in their current practice. The most important factor in determining 

functional inoperability was total loss of oral and oropharyngeal food transport; 47% of the 

respondents opted for this factor, followed by wishes and expectations of the patient (45%), 

comorbidity (41%), total loss of speech (32%), expected compliance of the patient (31%), 

deterioration of swallowing resulting in a liquid diet (27%) and a cosmetically unacceptable result 

(22%).
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Figure 1: Surgery for oropharyngeal cancer
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The bars represent the percentage of respondents that considered the functional result of surgery as 
unacceptable.

Figure 2: Surgery for oral cancer
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The bars represent the percentage of respondents that considered the functional result of surgery as 
unacceptable.
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Two interventions for oropharyngeal cancer are by more than half of the respondents 

considered as functionally inoperable, namely resection of tonsil and base of tongue carcinoma 

with invasion of the vallecula, and resection of a tonsil and base of tongue carcinoma with 

questionable likelihood of preservation of the contralateral hypoglossal nerve and lingual artery. 

For all results, see figure 1.

Regarding tongue cancer, 53% of the respondents considered total glossectomy as functional

unacceptable and even more in combination with a total laryngectomy (63%) and a supraglottic

laryngectomy (85%), see figure 2. An anterior segmental mandibulectomy, anterior floor of 

mouth resection and subtotal glossectomy sacrificing both hypoglossal nerves is considered 

functional unacceptable by 64% of the respondents.

Figure 3: Cases of oral and oropharyngeal cancer

Case examination MR Images MRI report

Man
63 yrs
T4N2a cheek/
inferior alveolar
process

Large ulcerating 
tumour of the 
alveolar process
extending tot the 
tuber maxillae, 
tongue/ skin is free

Tumour of 6cm, exten-
sive erosion of the hori-
zontal part of mandible, 
extending to the lateral 
floor of mouth and  buc-
cal sulcus, tongue is free

Man
48 yrs
T2N0 oral
tongue

Tumour of the left
lateral border of 
the tongue, sub-
mucosal extending 
over the midline, 
tip of tongue is free

Tumour of 2.5cm in the
oral tongue, extending 
to the base of tongue on 
the left side and over the 
midline

Man
54 yrs
T3N2b base of
tongue

Tumour at the base 
of tongue, vallecula 
seems free

Tumour of max 5cm 
at the left base of the 
tongue extending over 
the midline and to the 
left tonsil and vallecula 
caudally

Woman
50 yrs
T3N0 base of
tongue

Tumour at the base 
of tongue extend-
ing to the whole 
base of tongue, 
vallecula is
free

Exophytic tumour medi-
ally in the base of tongue

Cases in the international survey on functional result after surgery for oral and oropharyngeal cancer (n=179)
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There were four cases in the questionnaire. The first two cases described a patient with a T4aN2a

carcinoma of the cheek and inferior alveolar process and one with a T2N0 oral tongue 

carcinoma. These tumours were considered as operable by 84% and 89% respectively, see figure 

3 for all case descriptions. Opinions varied more in the other two cases. The third case described 

a 54-year-old man with a T3N2b base of tongue carcinoma, 61% of the respondents considered 

this tumour as functionally inoperable, 32% as operable, 7% was undecided. The main reason 

for being deemed inoperable was deterioration of oral and oropharyngeal food transport 

and restriction to liquid diet, ticked by 65% of the respondents that opted for inoperability, 

followed by total loss of swallowing (58%), and severe deterioration of speech (58%). The last 

case described a 50-year-old woman with a T3N0 base of tongue carcinoma. Fifty-four per 

cent of respondents considered this tumour as functionally inoperable, 41% as operable, 5% 

was undecided. Main reason for inoperability was total swallowing loss, chosen by 65% of 

respondents that opted for inoperability, followed by deterioration of oral/ and oropharyngeal 

food transport (50%) and severe deterioration of speech (45%). 

Regional differences

The majority of the respondents was from the United States, see figure 4. European response 

rate was 42%, American/Canadian 14% and response from the remaining parts of the world 26%. 

For analytic purposes, three groups were composed: from North America (United States and 

Canada) (n=81), from Europe (n=57) and from other parts of the world (n=33). A Dutch group of 

our previous survey on this subject was added (n=67).1

Figure 4: Origin of respondents

United States 
40% 

Europe  
32% 

Other 
11% 

Asia 
8% 

Canada 
5% 

? 
4% 

Origin of respondents participating on the international e-mail survey on functional result of surgery for oral 
and oropharyngeal cancer (n=179)
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There were several significant differences between these groups. First of all, the use of the term

functional inoperability was much wider in the Dutch group (100%)1 compared to the remaining 

parts of the world (71%) and the European group (65%) and especially compared to the United 

States/ Canada group (37%, p=0.00). Answers on all four cases and on seven statements 

were significantly different. For example, a total glossectomy was considered as functionally 

inoperable by 97% of the Dutch respondents,1 compared to 68% of the North American 

respondents, 69% of the European respondents and 52% of the group comprised of respondents 

of the other parts of the world (p=0.00). For all other differences see table 1.

Overall, the Dutch respondents appeared to be more inclined to opt for a non-surgical approach, 

as the percentage of Dutch respondents that considered a certain surgical procedure as 

functionally unacceptable is frequently higher than the other groups. The respondents from 

North America more often tended to choose for surgery, as the percentage of this group that 

considered the statements and cases as unacceptable is frequently lower than the other groups, 

see table 1.

Type of institution

The majority, consisting of 121 respondents (68%), worked in a university hospital, 31 in a 

specialised oncology or radiotherapy centre (17%), 21 in a peripheral clinic (12%) and for six 

respondents this was unknown (3%). It appeared that in a specialised oncology or radiotherapy 

centre a higher percentage of the respondents (73%) used the term functional inoperability, 

compared to 48% of those that practice in a university hospital or community hospital (p=0.04). 

In the cases and statements there were no significant differences in the answers of the 

respondents of the different types of institutions.

Size of institution

Fifty-one respondents (28%) treat less than 200 new head neck cancer (HNC) patients per year, 

92 respondents (51%) treat 200-600 new HNC patients per year and 31 respondents (17%) treat 

more than 600 new HNC patients per year, in 5 (3%) it was unknown. There were no significant 

differences between the answers from these subgroups.
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table 1: International controversies on expected function after surgery for oral and 

oropharyngeal cancer.

Functional result not acceptable after a u
ni

te
d 

st
at
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/
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st
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p-
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Total glossectomy 69% 69% 52% 97% 0.00

Total glossectomy and total laryngectomy 69% 78% 67% 89% 0.03

Anterior segmental mandible resection, resection of the
anterior floor of mouth and subtotal glossectomy with
unilateral preservation of the hypoglossal nerve

11% 10% 13% 29% 0.04

Anterior segmental mandible resection, resection of the
anterior floor of mouth and subtotal glossectomy sacrificing
both hypoglossal nerves

68% 86% 69% 94% 0.00

Total mandibulectomy 47% 64% 63% 72% 0.02

Resection of a tonsil and base of tongue carcinoma with
dubious possibility of preservation of one hypoglossal nerve
and lingual artery

67% 64% 68% 91% 0.01

Total laryngopharyngectomy 17% 38% 20% n.a.** 0.02

The functional result after surgery is not acceptable

Case 1: 63-year-old man with a T4N2a carcinoma of the right
cheek and inferior alveolar process.

1% 7% 16% 10% 0.04

Case 2: 48-year-old man with a T2N0 oral tongue carcinoma. 4% 11% 13% 25% 0.00

Case 3: 54-year-old man with a T3N2b base of tongue
carcinoma.

64% 65% 71% 92% 0.00

Case 4: 50-year-old woman with a T3N0 base of tongue
carcinoma.

58% 53% 63% 79% 0.02

Answers on the worldwide survey on functional inoperability in oral and oropharyngeal cancer among 
respondents from the international survey (n=179) and a previous published Dutch survey (n=67).
* p-value calculated by Chi-square test.
**Not applicable: this statement was not included in the Dutch survey
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DIsCussIOn

Synopsis of results

Half of all respondents used the term functional inoperability in their current practice. More 

than half of the participants considered the functional result as not acceptable after a resection 

of tonsil and base of tongue carcinoma with invasion in the vallecula and epiglottis and 

after a surgical procedure sacrificing both hypoglossal nerves. From these answers it may be 

concluded that if both hypoglossal nerves should be sacrificed the majority of clinicians declines 

from surgery and may recommend chemoradiation. This may create an opportunity to make 

internationally accepted guidelines for functional inoperability.

Reactions on functional inoperability varied, especially per geographical location and type of 

clinic. It appeared that Dutch clinicians1 are more tended to opt for non-surgical therapy because 

of the expected functional deficits postoperatively. Respondents from the United States and 

Canada considered more frequently a surgical intervention as functional acceptable, moreover 

they had the lowest percentage of clinicians that used the term functional inoperability in 

their decision-making process. Reasons for these differences might be the tight organization of 

the Head and Neck Tumour Board with the multidisciplinary clinical decision- process and the 

longstanding experience with chemoradiation in the Netherlands, next to differences in health 

care systems.

Operability

There are numerous difficulties encountered when trying to define functional inoperability in oral 

and oropharyngeal cancer. Of greatest importance in treatment choice is that the oncological 

outcome of both treatments is expected to be comparable. For oral and oropharyngeal 

cancer, there is evidence that we have achieved similar locoregional and overall control rates 

with organ-preservation protocols compared to surgery. A randomised controlled trial of a 

cohort head and neck cancer patients, including oral and oropharyngeal tumours, comparing 

chemoradiation and surgery with adjuvant radiotherapy, showed similar survival rates.9 Several 

studies6,10,11 showed high survival and locoregional control rates after organ-sparing therapy for 

oral and oropharyngeal cancer, expressing a slight preference for chemoradiation if this entails 

that patients may be spared an extensive resection.6 Several other factors also play a role in 

the expected oncological response to treatment. For example, the increasing knowledge that 

HPV-positive tumours are especially sensitive to (chemo-) radiation treatment.12 Some of our 

respondents advocated that surgery has advantages over chemoradiation in controlling tumours 

invading bone, although comparable survival rates in patients with and without bone invasion 

have been described.13
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Like any decision in medicine, the recommendation is based on balancing risks and benefits. 

There are gradations of acceptable function that will be affected by comorbidities, the attitude 

and needs of an individual patient, among other factors. Therefore, a detailed discussion with 

a patient is needed to explain expectations of function after surgery for oral and oropharyngeal 

cancer and on the other hand the functional consequences and treatment success rate of 

chemoradiation.

In case of recurrence after chemoradiation functionally disabling operations are the only means 

of treating patients to save their lives, and functional inoperability is not applicable anymore. In 

these cases, it is the responsibility of the surgeon to inform patients about the expected results 

after such functionally disabling surgery, but also about the prognosis of tumour progression 

with possible negative impact on the function and quality of life, with increased symptoms of 

pain, dysphagia, respiratory obstruction and haemorrhage. 

The term functional inoperability could be replaced by the term functional unresectability. 

Strictly considering tumour extension and its resectability, functional unresectability might also 

be applicable. In this survey inoperability is used, considering current practice and common use, 

although inoperability may comprise as well the patient, its age and comorbidities.

Possible biases

We did not encourage perspective respondents with financial or equivalent inducements. All 

data were self-reported voluntarily. A weakness of this study is the low response rate, which may 

have created a selection bias. Another e-mail survey among academic surgeons had a response 

rate of 23%, which they considered as appropriate for an online survey.14 It is known that the 

response to e-mail surveys is declining, along with the overload of unsolicited e-mail and risk on 

viruses.15 In another review it has been evaluated that physicians had the lowest mean response 

rate among all other branches examined.16

It appeared that the European response rate was higher which might have influenced the results. 

This makes the results of the survey for the American respondents more at risk of selection 

bias. The difference might be due to the fact that European recipients were contacts of the two 

participating centres, while recipients if Northern America included the entire American Head 

and Neck Society (AHNS) membership, which makes it more anonymously. Response rate is also 

low due to the large amount surveys that was sent (n=907). Goal was to achieve the highest 

possible number of responses. A high number of responses, rather than a high response rate 

in a selected group will reflect the views of current practising head neck surgeons. Indeed we 

reached a fair amount of responses, giving us an idea of the opinions of 179 experts in the field 

of head and neck surgery.
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COnClusIOn

Reactions on functional inoperability varied, especially per geographical location and type of 

clinic. European head neck physicians were more inclined to opt for an organ preservation 

approach than their counterparts from Northern America. The most participants considered 

a tumour as functionally inoperable if for radical resection both hypoglossal nerves should be 

sacrificed, which may create an opportunity to make internationally accepted guidelines for 

functional inoperability.
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ABstRACt

Background. High rates of positive surgical margins are reported after a maxillectomy. A large 

part of tumours that are preoperatively considered ‘operable’ can thus not be resected with 

tumour-free margins. 

Methods. This was a retrospective study on medical files of 69 patients that underwent 

maxillectomy as primary treatment for a squamous cell carcinoma. 

Results. More than 1/3 (39%) of all resections performed is incomplete, with dorsal or 

dorsocranial-positive surgical margins in 2/3. Correlation of tumour extension on preoperative 

imaging to surgical margins status revealed that dorsal and cranial tumour extension were 

significant prognostic factors for tumour positive surgical margins (p=0.006 and p=0.031 

respectively). Positive margins were associated with a 2-fold increased risk on death, hazard ratio 

2.4, 95% Confidence Interval 1.2-4.9. 

Conclusions. Cranial or dorsal tumour extension on preoperative imaging was a significant risk 

factor for positive surgical margins after maxillectomy with significant negative influence on 

overall survival. 
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IntRODuCtIOn

Surgery followed by radiotherapy, radiotherapy alone or concurrent chemoradiation can all 

be applied for treatment of maxillary sinus cancer and oral cancer invading the maxilla.1 For 

maxillary sinus cancer, the combined modality of surgery and postoperative radiotherapy is 

currently considered most effective.2 Several studies have indicated a relatively poor outcome 

and prognosis after maxillectomy.3,4 Local recurrence is the most common cause of treatment 

failure and death.5,6 Local recurrence is significantly influenced by status of the surgical margins7-9 

and the risk of local recurrence ranges from 35 to 80%.2 The high rates of positive surgical 

margins, reported for excision of maxillary sinus cancer, range from 38% to 64%,9,10 and obviously 

achieving tumour-free margins remains difficult. 

Although the purpose of a maxillectomy for oral and maxillary sinus cancer is complete 

resection, a large part of tumours that are preoperatively considered ‘operable’ can thus not be 

resected completely. The complex anatomy and proximity of many critical structures, such as the 

eye, brain and cranial nerves, makes planning of treatment challenging, even when modern-day 

imaging is used.11 Herein, we report on the analysis of preoperative imaging and other factors 

that correlate with positive surgical margins after maxillectomy for a squamous cell carcinoma, to 

indicate the areas at risk for incomplete surgical removal.

PAtIents AnD MethODs

Using computerised operation codes, all maxillectomies performed in the Netherlands Cancer 

Institute/ Antoni van Leeuwenhoek Hospital between 1977 and 2007 (n=115) and the VU 

University Medical Center Amsterdam between 1991 and 2007 (n=74) were retrieved. Inclusion 

criteria were a maxillectomy for primary squamous cell carcinoma originating from the maxillary 

sinus or the oral cavity. Excluded were recurrences, oral cavity carcinomas requiring a commando 

operation including a partial maxillectomy, advanced lip and nasal vestibule carcinomas requiring 

a maxillectomy, patients without a computed tomography (CT) or magnetic resonance imaging 

(MRI) scan, or in whom the pathology report was inconclusive.

CT en MRI scans were evaluated for tumour extension, using the report of the radiologist, notes 

in the medical file and re-evaluation of the scan, if possible. If tumour invasion was present it 

was categorised according to the structure invaded, including the hard palate, alveolar bone, 

cheek mucosa, subcutaneous tissues, lateral, anterior, medial, posterior, inferior maxillary 

wall, infratemporal fossa, nasopharynx, cribriform plate, skull base (other than infratemporal 
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fossa and cribriform plate), pterygoid space, orbital floor, invasion of orbital contents, adjacent 

paranasal sinus, masseter muscle, nasal cavity and the septum.

If the tumour was incompletely resected, the location of the positive surgical margins was 

evaluated. Several additional data were extracted from the files: age, sex, imaging, type of 

surgery performed, adjuvant radiotherapy, radiation fields, local and regional recurrence and 

survival. Tumours are re-staged according to the Union Internationale Contre le Cancer staging 

system of 2002.8 According to Brown et al.12 the surgical intervention is categorised as follows: 

partial maxillectomy (resection of a part of the maxilla, alveolar bone and palate), unilateral 

maxillectomy (unilateral alveolar maxilla, hard palate resected and orbital floor), bilateral 

subtotal maxillectomy (bilateral alveolar maxilla and hard palate resected, crossing the midline 

of the alveolar process) and a bilateral total maxillectomy (removal of the entire alveolar bone 

and maxilla including orbital floor). Other characteristics of the surgical intervention were noted: 

excision of the pterygoid fossa, orbital floor, ethmoidectomy and resection of skin. If the orbital 

fat was invaded, an orbital exenteration was performed. 

Statistical analysis

Data are evaluated using Excel for windows and SPSS version 16.0. Associations between two 

binary variables are assessed based on the Pearson chi-square test. For disease-specific survival 

analysis, patients are followed from surgery to death of disease, death of other cause or loss 

to follow-up (wichever occurred first). For local recurrence-free survival analysis patients 

are followed from surgery to local recurrence, distant metastasis, death or loss to follow-up 

(whichever occurred first). Neck recurrence is not censored for local recurrence survival analysis, 

meaning that patients having a regional recurrence and thereafter a local recurrence still count 

as local recurrence. Survival times are illustrated by Kaplan-Meier plots and compared by the 

Log-rank test. Multivariately adjusted hazard ratios are calculated using proportional hazard Cox 

regression.

Results 

Sixty-nine patients undergoing maxillectomy for a primary squamous cell carcinoma are 

evaluated, 30 men and 39 women, see table 1. 

Three patients had a second primary head neck carcinoma. Three patients underwent neo-

adjuvant chemotherapy containing Methotrexate 3x 400mg. After a mean follow-up of 3.2 years 

(ranging from 2 days because of immediate postoperative death to 23 years), 24 patients (35%) 
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were alive without disease and 4 patients (6%) were alive with disease, whereas the remainder 

had died. Twenty patients (29%) had experienced a local recurrence. Sixteen patients (23%) 

developed a regional recurrence, almost all occurring in the first year after surgery. Two patients 

(3%) developed distant metastases.

table 1: Baseline Characteristics of a retrospective cohort of maxillectomy patients

 nº of patients

total 69

sex Male 30

Female 39 

t-stage T1 4 

T2 13 

T3 16 

T4 36 

site Oral 44 

Maxillary sinus 25 

Radiotherapy 46

Maxillectomy Partial 33

Unilateral 25

Bilateral/subtotal 11

Bilateral/total 2

Orbita floor resection 22

Orbita exenteration 1

Resection pterygoid 15

Ethmoidectomy 4

Resection skin 1

Surgical margins

Thirty-five of all 69 patients (51%) had tumour-negative margins, 7 of 69 (10%) had close margins 

(meaning margins <5mm), and 27 (39%) had microscopic tumour in 1 or more margins. For 

analytic purposes, 2 groups were made: a group with tumour-negative margins, including those 

with close margins, and a group with tumour-positive margins. 

Information on the location of positive surgical margins was available for 23 of the 27 patients in 

whom the resection was incomplete. The most common sites were dorsally in 15 of 23 patients 

(65%), of whom in 9 of 23 (39%) it was dorsocranially. In 9 of these 15 patients (60%), dorsal or 

dorsocranial tumour extensions were preoperatively not reported on imaging. 
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The difference in local recurrence-free survival between patients with negative and positive 

surgical margins did not reach statistical difference, see table 2, comparing these survival rates 

using the Log Rank test. Based on a multivariate Cox regression adjusting for site, T classification, 

location on imaging and postoperative radiotherapy, positive surgical margins were associated 

with a higher risk on local recurrence (Hazard Rate (HR)=1.6; 95% Confidence Interval (CI)= 0.6-

4.2), although this was not statistically significant.

table 2: Local recurrence-free survival of a retrospective cohort of maxillectomy patients

n° of 
events/ 
n° of 
patients

2-year 
survival 
rate 
(se)

5-year 
survival 
rate 
(se)

p-value* % with 
positive 
margins

p-value† hazard‡ 
ratio

95% 
Confidence 
Interval

All 20/69 67.5% 
(0.064)

61.1% 
(0.073)

n.a. 39% n.a. n.a. n.a.

negative margins 12/42 68.7% 
(0.079)

67.1% 
(0.104)

0.412 n.a. n.a. 1 0.6-4.2

Positive margins 8/27 63.5% 
(0.089)

57.5% 
(0.126)

n.a. 1.6

Maxillary sinus 7/25 73.0% 
(0.095)

64.9% 
(0.114)

0.984 64% 0.001 1.1 0.4-2.9

Oral cavity 13/44 64.3% 
(0.085)

58.4% 
(0.095)

25% 1

t1/t2  5/17  67.5% 
(0.121)

67.5% 
(0.121)

0.672 29% 0.344 0.8 0.3-2.3

t3/t4 15/52  67.8% 
(0.075)

58.7% 
(0.059)

42% 1

no postoperative 
radiotherapy

6/23 62.7% 
(0.126)

62.7% 
(0.126)

0.844 22% 0.036 1.4 0.5-4.4

Postoperative 
radiotherapy

14/46 69.4% 
(0.075)

61.3% 
(0.085)

48% 1

Dorsal extension 3/16 77.9% 
(0.113)

77.9% 
(0.113)

0.363 69% 0.006 1.8 0.5-6.8 

Ventral extension 17/53 64.4% 
(0.076)

56.3% 
(0.086)

30% 1

(Dubious) 
invasion in floor 
of orbit/ lC

2/14 90.9% 
(0.087)

72.7% 
(0.177)

0.224 64% 0.031 3.4 0.6-18.2

no invasion 
orbit/ lC

18/55 61.7% 
(0.075)

57.3% 
(0.082)

33% 1

N° = number, SE= standard error, LC= lamina cribrosa. * p-value calculated by Log-rank test. † p-value 
calculated with Chi-Square Test in crosstabulation for the relevant factor and surgical margin status. ‡ Hazard 
ratio, calculated with Cox regression analysis including variable of interest and surgical margin status, site, 
T-stage and postoperative radiotherapy, n.a.= not applicable, bold values represent statistical significance. 
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Figure 1: Overall survival by surgical margin status

Plot of overall survival, adjusted for T-stage, origin and postoperative radiotherapy calculated by Cox’s 
regression analysis, stratified for surgical margin status for patients that underwent a maxillectomy for 
squamous cell carcinoma (n=69), Hazard Rate=2.4, 95% CI 1.2-4.9. Continuous line represents survival of 
patients with negative surgical margins, dotted line represents patients with positive surgical margins.

Adjusted overall survival was significantly worse for patients with positive margins (HR=2.4; 95% 

CI 1.2-4.9), see table 3 and figure 1.

Five-year overall survival for patients with positive surgical margins was 27%, compared to 42% 

for patients with negative margins. This survival difference could not reach statistical significance 

(p=0.071). 

Imaging

Extension of the tumour was grouped according the involved structures, see figure 2. Based 

on axial studies, there was a ventral group (n=53) and a dorsal group (n=16), the latter having 

invasion of adjacent paranasal sinus, pterygoid space, infratemporal fossa, or nasopharynx. On 

saggital studies: a group with (n=12), unequivocal (n=2) or no invasion (n=55) of the orbital floor 

or the cribriform plate. This is comparable to the concept of Ohngren’s line, a theoretical plane 

passing between the medial canthus of the eye and the angle of the mandible, dividing tumours 

in the maxillary sinus in anteroinferior, having a better prognosis, and posterosuperior, having a 

worse prognosis.13 To identify critical structures for chance on radical surgery, we divided this in 2 

lines, 1 line in the axial plane and 1 in the saggital plane.
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table 3: Overall survival of a retrospective cohort of maxillectomy patients

n° of 
events/ n° 
of patients

2-year 
survival 
rate (se)

5-year 
survival 
rate (se)

p-value* hazard 
ratio†,

95% 
Confidence 
Interval

all 41/69  57.8% 
(0.063)

 36.5% 
(0.068)

 n.a. n.a. n.a.

negative margins 23/42  69.3% 
(0.074)

 42.4% 
(0.089)

0.071 1 1.2-4.9

Positive margins 18/27  39.0% 
(0.102)

 26.8% 
(0.101)

2.4

Maxillary sinus origin 13/25 55.0% 
(0.107)

48.9% 
(0.112)

0.363 1.3 0.6-2.7

Oral cavity origin 28/44 59.1% 
(0.077)

29.8% 
(0.082)

1

t1/t2 11/21 82.4% 
(0.092)

45.2% 
(0.151)

0.218 0.5 0.2-1.1

t3/t4 36/66 50.1% 
(0.073)

33.7% 
(0.075)

1

no postoperative radiotherapy 15/23 45.9% 
(0.107)

21.4% 
(0.115)

0.100 3.0 1.3-6.7

Postoperative radiotherapy 26/46 63.9% 
(0.075)

42.7% 
(0.083)

1

Dorsal extension 9/16 61.0% 
(0.117)

51.0% 
(0.117)

0.700 1.3 0.6-2.9

Ventral extension 32/53 61.0% 
(0.071)

33.3% 
(0.077)

1

(Dubious) invasion in floor of 
orbit/ lamina cribrosa

8/14 55.6% 
(0.136)

44.4% 
(0.148)

0.663 0.8 0.3-2.5

no invasion orbit/ lamina cribrosa 33/55 60.4%
(0.070)

34.1% 
(0.076)

1

N°= number, SE= standard error, *p-value calculated on survival curve by Log-rank test, † Hazard ratio, 
calculated with Cox regression analysis including variable of interest and surgical margin status, origin, 
T-stage and postoperative radiotherapy, n.a.= not applicable, bold values represent statistical significance.
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Figure 2: Radiological grouping of tumours in coronal and saggital planes

 Patients with a dorsally located tumour had more often tumour-positive margins, 69% versus 

30% (p=0.006). Tumours that showed clear or possible invasion of the floor of orbit or cribriform 

plate on MRI or CT more often revealed microscopic tumour at the margin, 64% versus 33% 

(p=0.031). Patients whose tumour had extended dorsally seemed to have higher risk on 

both local recurrence (HR=1.8; 95% CI= 0.5-6.8), and a slightly higher risk on death (HR=1.3; 

95% CI= 0.6-2.9), when adjusted for site, T classification, surgical margins, and postoperative 

radiotherapy. 

Patients with (possible) cranial tumour extension on imaging seemed to have a higher risk on 

local recurrence (HR=3.4; 95% CI= 0.6-18.2) and a similar risk on death (HR=0.8; 95% CI= 0.3-2.5) 

adjusted for other factors. These groups were unbalanced with regard to site, T classification, 

and postoperative radiotherapy and this trend was not seen when comparing local recurrence-

free and overall-survival rates calculated by Kaplan Meier analyses. 

Forty-three patients only underwent CT (62%), 11 patients only MRI (16%) and 15 patients had 

both (22%). There were no significant differences in statistical margin status for patients with 

different imaging modalities.

 

Postoperative radiotherapy

Forty-six of 69 patients (67%) underwent adjuvant radiotherapy with a mean dose of 59 Gray 

(Gy), ranging from 46 to 70 Gy. The most common indication for adjuvant radiotherapy was 

microscopic tumour at the margin or close margins (43% of all irradiated patients). The size (T3 

or T4) of the tumour was the second most frequent indication (33%). Other indications were 

peroperative tumour contamination, multiple neck node metastases and extranodal spread of a 

lymph node metastasis. 
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Local control rate in patients that received adjuvant radiotherapy was comparable to those 

that did not; 5-year local recurrence-free survival was 61% versus 63% (p=0.844), also after 

adjustment for site, T classification, and surgical margins (HR=1.4; 95% CI= 0.5-4.4). Two-year 

overall survival seemed better (64%) for patients that underwent radiotherapy compared to 

those who did not (46%; p=0.100). Adjusted for site, T classification and surgical margins, risk on 

death was significantly higher for patients that did not undergo radiotherapy (HR= 3.0; 95% CI= 

1.3-6.7). 

In 15 patients (22%) adjuvant radiotherapy was not indicated, while in 8 patients no radiotherapy 

was given despite it being indicated, because of old age and/or bad condition (n=5), or due to 

earlier RT (n=3). After excluding the 8 patients that did not receive radiotherapy while it was 

indicated, 5-year local recurrence-free survival seemed better for the group without radiotherapy 

(91%) compared to the group that underwent radiotherapy (61%; p=0.187). 

Radiotherapy fields and doses of the 20 patients with local recurrences were evaluated. 

Seventeen local recurrences occurred after adjuvant radiotherapy. It was possible to obtain the 

radiotherapy planning in 13 of these 17 patients, in 4 patient these data were not retrievable. 

Twelve local recurrences were in the radiotherapy field (given doses were 46-70 Gy). One 

recurrence was outside the radiotherapy field, which originated quite distant from the primary 

tumour, probably due to perineural growth. 

Site

There were no differences in survival for tumours originating in the maxillary sinus as compared 

to those in the oral cavity, see tables 2 and 3. A larger proportion of maxillary sinus carcinomas 

as compared to oral cancers could not be resected with tumour-free margins 64% versus 25% 

(p=0.001).

DIsCussIOn

Compared to other sites in the head and neck, it is more difficult to achieve negative resection 

margins after maxillectomy. In our series this surgical intervention resulted in complete resection 

in 1/3 of the patients. According to others,14 this study shows a higher risk on positive surgical 

margins in case of dorsal or dorsocranial extension on preoperative imaging and extension 

behind Ohngren’s line,13 meaning invasion of adjacent paranasal sinus, pterygoid space, 

infratemporal fossa, cribriform plate, other parts of the base of skull, nasopharynx or the orbital 

floor. In 60% of the patients with dorsal or dorsocranial positive surgical margins, the histological 
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tumour extension was not reported by the radiologist preoperatively. This reflects the difficulties 

of proper evaluation of preoperative imaging, particularly at sites requiring complicated surgical 

procedures for complete resection. Invasion of the structures that yield a higher risk for positive 

surgical margins should therefore be evaluated by a dedicated head and neck radiologist in the 

diagnostic phase. Combining CT and MRI scans should certainly contribute to a better judgment 

of areas at risk for incomplete resection. In our series the most patients had either a CT or an 

MRI scan.

Considering the high percentage of incomplete resections, the intended treatment regime could 

not be achieved in the most cases. Surgical margins status is of utmost clinical significance, as 

microscopic tumour at the surgical margin significantly influences overall survival, shown by this 

study and others.15,16 Thus, surgeons should keep on focusing to reach complete resection. The 

patients having dorsal or or dorsocranial tumour invasion might need another treatment regime. 

The most frequent site of positive surgical margins is dorsally and dorsocranially. This reflects the 

limited exposure especially on the posterior side and the presence of adjacent critical structures, 

like the orbit and base of skull. More extensive surgery for cancer involving the infratemporal 

fossa and cribriform plate probably helps in reaching higher rates of negative surgical margins, 

for example by planning a craniofacial resection,17,18 or a skull base resection. However, the 

expected postoperative function loss should be kept in mind and discussed carefully with the 

patient. Primary chemoradiation could serve as an alternative treatment option19-22 as well as 

endoscopic tumour debulking followed by radiotherapy.7,23,24

Our study group is relatively small and substantial correlation between several explanatory 

factors (surgical margins, locations, radiotherapy) limits the ability to disentangle the individual 

contributions of each factor on prognosis. The low patient numbers in series dealing with 

maxillectomy are obviously related to the rarity of tumours requiring this type of surgery. 

Annual incidence of maxillary sinus carcinoma is less than 1/100.000 inhabitants in the United 

States.8 In the Netherlands, in 2007 the incidence of oral cavity carcinoma was 5.4/100.000 

inhabitants.25 Of all oral cavity carcinomas only 9% is localised in the hard palate and 12% at the 

gingiva,25,26 so incidence of these tumours is approximately 1.2/100.000. These incidences make 

it almost impossible to organise well-designed prospective studies aiming at a large cohort of 

patients with uniform treatment modalities. Nevertheless, careful analysis of patient data, even 

in relatively small patient series, may contribute to a better understanding of factors that are 

important for achieving complete surgical removal of squamous cell carcinoma, which is still the 

mainstay of oncological head and neck surgery.15,16 
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COnClusIOn

Resection of squamous cell carcinoma invading the maxilla may be difficult and 1/3 of resections 

proved to be incomplete. Significant risk factors for incomplete resection on preoperative 

imaging include invasion into adjacent paranasal sinus, pterygoid space, infratemporal fossa and 

nasopharynx or invasion in the floor of orbit. When on preoperative imaging invasion into these 

structures is seen, high risk for incomplete resection is present with consequently decreased 

survival. 
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ABstRACt

Maxillectomy defects can be reconstructed by a prosthetic obturator or (free) flap transfer, but 

there is no consensus about the optimal method. 

This study evaluated 32 maxillectomy patients with prosthetic obturation regarding function 

(mastication, subjective oral and swallowing complaints and maximal mouth opening). Outcomes 

were related to extent of the resection (Brown Maxillectomy classification1), dentition and 

history of adjuvant radiotherapy. 

Maxillectomy defects ranged from 2-1 to 4B on the Brown classification, and most had a 

defect graded as 2-A or 2-B. Mean mixing ability test after 10 chewing strokes was 24.2 and 

after 20 chewing strokes 19.7, which compares to edentulous healthy individuals. None of the 

outcomes was influenced by Brown classification. Radiotherapy negatively influenced mean 

maximal mouth opening (29.1 mm versus 40.9 mm, p=0.017) and subjective outcomes. Edentate 

obturated patients had worse outcomes than dentate patients, measured by mixing ability test 

and questionnaire. 

In conclusion, mastication after obturator reconstruction of a maxillectomy defect is comparable 

to mastication with full dentures. Size of the maxillectomy defect did not significantly influence 

functional outcome, but adjuvant radiotherapy resulted in worse mouth opening and self-

reported oral and swallowing problems. Residual dentition had a positive influence on 

mastication and subjective outcomes. 
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IntRODuCtIOn

The incidence of patients undergoing a maxillectomy for maxillary cancer or oral cancer 

invading the hard palate is low. The annual incidence rate of maxillary sinus carcinoma is less 

than 1/100,000 inhabitants in the USA.2 In the Netherlands, in 2007 the incidence of oral cavity 

carcinoma was 5.4 per 100,000 inhabitants.3 Only 9% of all oral cavity carcinomas are localised in 

the hard palate and 12% at the gingiva.3,4

Several eptithelial subtypes of malignancies are found at the maxillary sinus; squamous cell 

carcinoma, adenocarcinoma, adenoid cystic carcinoma, salivary gland carcinoma, or malignant 

melanoma. Treatment consists mainly of surgery and/ or radiotherapy. The complex anatomy 

and proximity of many critical structures, such as the eye, brain and cranial nerves, makes 

treatment challenging. In case of squamous cell carcinoma concurrent chemoradiation with 

or without debulking can be considered for unresectable tumours5,6 or if resection leads to an 

unacceptable functional result, currently known as functional inoperability.7 

Informing patients preoperatively about the expected functional result is of utmost importance.8 

A maxillectomy may induce severe functional problems due to disabling alterations in the 

functional components of occlusion, potentially leading to severely impaired mastication causing 

dietary changes. Other postoperative problems may be hypernasal speech or nasal leakage. 

To test the chewing function a wax compound method was chosen rather than a fragmentation 

method because of a difficulty collecting of fragmented particles (i.e. particles disappear into the 

defect) and the higher risk of aspiration. Wax compound stays in one piece and does not have 

these disadvantages although it is sticky at first and becomes softer with rising temperature in 

the oral cavity during chewing. These disadvantages can be overcome by wrapping the tablets 

with saliva before the first chewing stroke. Before offering, the wax can be pre-heated to mouth 

temperature.9

Traditionally, restoration of hard-palate defects has been accomplished with palatal prostheses. 

This is a simple, non-surgical method to eliminate oronasal and oroantral communication, 

re-establishing normal speech and maxillary dentition.10 Other reconstruction options are non-

vascularised grafts, local flaps, regional flaps and free revascularised tissue transfer. There is 

limited literature available about function and quality of life issues in patients using an obturator 

prosthesis for primary reconstruction of a maxillectomy defect. The optimal reconstruction of the 

maxillectomy defect remains controversial.11-13
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The aim of this study is to evaluate function after a maxillectomy and prosthetic rehabilitation, 

in order to carefully select patients for different treatment options, and to provide sufficient 

preoperative patient counselling.

 

MAteRIAls AnD MethODs

The analysis was set up as a retrospective cohort study. The patient sample consisted of patients 

who underwent a maxillectomy as tumour ablative surgery between 1973 and 2009 and were 

still under recall of the special dental care unit of the Netherlands Cancer Institute/ Antoni van 

Leeuwenhoek Hospital and/or the Center for Special Dental Care in Amsterdam. Selection criteria 

for searching the database were: ‘obturator prosthesis’ or ‘resection prosthesis’ or ‘maxillo-facial 

defect’. Medical charts were reviewed for inclusion criteria: patients with a definite obturator 

(approximately 1 year after surgery), location of the defect and the presence of an obturator 

prosthesis in the maxilla. All patients with a defect of the maxilla and obturator reconstruction 

were contacted by telephone. If they considered participating in the study, patient information 

was sent. Patients were excluded if they had a local recurrence, no prosthetic reconstruction, 

serious psychiatric or cognitive problems or if an extra visit to the hospital would be difficult due 

to physical condition or distance (more than 45 minutes travelling).

Procedure 

After the maxillectomy, a temporary obturator was fabricated peroperatively using gutta percha 

based on preoperative assessments and dental casts. This obturator was inserted immediately 

after tumour resection and remained in situ for the following 4-6 weeks, to prevent shrinkage 

of the maxillectomy cavity. In patients with large defects, the cavity was lined with a split 

skin graft. Two to three months post surgery an interim obturator was fabricated and after 

approximately 1 year the patient was provided with the definite obturator, made of acrylic 

resin based on Beumer’s method,14 see figure 2 of chapter 1. This obturator protocol remained 

unchanged for the whole study period. Adjuvant radiotherapy was indicated by incomplete 

resection, bone invasion and multiple lymph node metastases or extracapsular growth. Patients 

with impaired mouth opening were offered physiotherapy and in the recent years also the 

TheraBite Jaw Motion Rehabilitation System, a portable medical device used to stretch and 

strengthen swallowing and jaw muscles, specifically designed to treat trismus and mandibular 

hypomobility.15 The maxillectomy defects were graded according to Brown maxillectomy 

classification,1 see figure 1. The oral cavity was inspected for remaining dentition. 
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Figure 1: Brown Classification of Maxillectomy1

Surgical defect classified according to vertical dimension of the maxillectomy, class 1-4. Class 1: no oro-nasal 
or oro-antral fistula or only resection of palatal bone leaving dental-bearing part of maxilla intact. Class 2: 
not including orbital floor or rim. Class 3: including orbital floor with or without skull base. Class 4: orbital 
exenteration. Class 2-4 is qualified by addition of a letter (a-c) which refers to the horizontal aspect, a. Less 
than or equal to the midline of the hard palate, b. Bilateral alveolar maxilla and hard palate, c. Entire alveolar 
maxilla and hard palate.

Mixing Ability Test

Mastication was evaluated using the mixing ability test (MAT).9 The test measures how well a 

subject mixes a tablet, which consists of a red and a blue wax layer. Two tablets were analysed 

per patient, after 10 chewing strokes (MAT 10x) and after 20 chewing strokes (MAT 20x). The 

chewed wax is flattened and photographed from both sides. The spread of the colour intensities 

is the measure of mixing. If the wax tablet has not been chewed, one side is red and the other 

is blue, and the spread of the intensities of both colours is maximal. Chewing the tablet mixes 

the colours, intermediate intensities appear, and the spread of the intensities decreases. A lower 

score means better colour mixing, and correlates with better chewing.

Maximal Mouth Opening

The Maximal Interincisor Opening (MIO) of the mouth was measured by the clinician using the 

TheraBite range-of-motion scale (Atos Medical, Hörby, Sweden). Mouth opening was measured 

without dentures (total or partial, depending on the patient). Dijkstra et al.16 did not find a clear 

cut-off point for the subgroups dentate, partially dentate and edentulous, but mouth opening of 

35 mm or less was regarded as the cut-off point for trismus of the total group. Therefore, in this 

study a cut-off point of 35 mm or less was taken as the threshold for the total group. 
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Quality of life questionnaire

Patients completed two questionnaires. The first is a Dutch questionnaire based on the questions 

of the EORTC- H&N 35 questionnaire, see appendix B. This questionnaire includes detailed and 

symptom-specific questions relevant for this cancer group. It is used frequently in the authors’ 

institute, showing its validity17-19 and without any differences when compared to validated 

standardised questionnaires such as (EORTC- H&N 35, QLQ-C30 and QLQ-H&N35). Correlation 

of the 10 questions in the questionnaire regarding oral symptoms (questions 3-13; see appendix 

B) and eight questions regarding swallowing and eating (questions no. 5 and 7-13; see appendix 

B) was checked by reliability analysis on SPSS, using Cronbach’s alpha test for assessing internal 

consistency. For scales used as research tools to compare groups, alpha values of 0.7-0.8 are 

regarded as satisfactory; for clinical use values of 0.9 are recommended.20 Total oral scores could 

theoretically range from 12 (absolutely no oral complaints), to 48 (very severe oral complaints). 

Total swallowing score could theoretically range from 8 (no swallowing complaints) to 33 (severe 

swallowing problems).

Obturator Functioning Scale

Patients also completed the Obturator Functioning Scale (OFS), developed and tested at 

Memorial Sloan Kettering Cancer Center as a means of assessing self-reported functioning of 

an obturator.21,22 The scale consists of 15 questions measuring the patient’s ability to eat and 

speak with the obturator and their satisfaction with the cosmetic effects. A 5-point Likert scale 

represents each item on the OFS, with descriptors under each point. The outcomes of the OFS 

score are analysed by adding up the scores per question. The range of this questionnaire was 

from 15 (absolutely no problems with the obturator) to 75 (very severe problems with the 

obturator). Internal consistency of the questions was assessed by Crohnbach’s alpha test. The 

OFS has been translated to Dutch and back into English by two independent translators for use in 

the Dutch language in this study. 

Statistics

Data were evaluated using Excell for Windows and SPSS 15.0. Primary outcome measurements 

were maximal mouth opening, mixing ability index after 10 and 20 chewing strokes, results of 

quality of life questionnaires for swallowing and oral symptoms and obturator functioning scale. 

Primary outcomes were related (using Mann Whitney U-test) to the size of the maxillary defect 

(Brown classification1), history of adjuvant radiotherapy and presence of residual dentition. 

The total sample size was divided into two major groups; group 1 consisting of patients with a 

Brown classification 2A or less and group 2 with Brown classification 2B or more. This grouping is 

based on the horizontal component, a group with a maxillary defect crossing the palatal midline 

and a group with a defect less or equal to the midline, see figure 1. The relationship between 
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subjective and objective outcomes was calculated by Jonckheere-Terpstra test.23 A relationship 

was regarded as significant if p-value was lower than or equal to 0.05. 

Results

Baseline

Eighty-five patients were found in the database. Five patients had died, five patients did not 

undergo the exact intended treatment regime consisting of maxillectomy and restoration with 

an obturator. Of the remaining 75 patients, 32 were included. Twelve could not be contacted, 

six patients had transport problems, one patient could not read Dutch and 14 did not want to 

participate. Ten patients wanted to participate, but could not be included because of logistic 

reasons. The study group consisted of 13 men and 19 women with a mean age of 49 years old. 

Mean time after maxillectomy was 11 years, for all baseline characteristics, see table 1. 

table 1: Baseline data of a retrospective cohort of maxillectomy patients

All (n=32) Brown ≤ 2-A (n=15) Brown ≥ 2-B (n=17)

Sex 13 men (41%)
19 women (59%)

6 men (40%)
9 women (60%)

7 men (41%)
10 women (59%)

Mean Age 49 yrs (SD 17.3yrs) 44 yrs (SD 21.1yrs) 53 yrs (SD 12.1yrs)

Mean Time after 
Maxillectomy

11yrs
(SD 10.7yrs)

13yrs 
(SD 11.1yrs)

9yrs 
(SD 10.4yrs)

Postoperative RT N= 18 (56%) N= 6 (40%) N= 12 (71%)

Thiersch N= 22 (79%) N= 9 (60%) N= 13 (77%)

Dentate N=26 (81%) N=12 (80%) N=14 (82%)

Soft palate resection N=11 (45%) N= 3 (20%) N= 8 (47%)

Mean remaining %  hard 
palate

40% (SD 23.5) 54% (SD 16.4) 27% (SD 21.6)

Premaxilla resected N=9 (28%) N=1 (6.7%) N=8 (47%)

Brown= Brown=Brown classification of maxillectomy defect,1 classification 1, 2a-4c, yrs= years, SD= standard 
deviation, mo= months, RT= radiotherapy

Maxillectomy defect according to Brown maxillectomy classification

Defects ranged from 2-1 to 4B, and the majority of patients had a defect graded as 2-A or 2-B, 

see table 2. For analytic purposes, patients were grouped, separated by defect classification 2-A 

or less (group 1) and classification 2-B or more (group 2). 
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table 2: Brown classification1 of the maxillectomy defect of 32 patients 

n= % Group

2-1 2 6% I

2-A 13 41% I

2-B 10 31% II

3-A 2 6% II

3-B 4 13% II

4-B 1 3% II

Total 32 100% I= 15
II= 17

Mixing ability test

Mean outcome of the MAT 10x was 24.2 and mean MAT 20x was 19.7, see table 3. Mean MAT 

10x was higher for Brown group 2 (≥ 2-B) compared to group 1 (≤2-A), 24.9 versus 23.7. Mean 

MAT 20x was slightly higher for group 2 compared to group 1, 20.0 versus 19.4. This gives an 

indication that chewing seems worse for patients with larger defects, although this difference 

was not statistically significant, p=0.395 and 0.637. 

Maximal mouth opening

Mean maximal interincisor opening (MMI) was 34mm. MMI was better for patients with Brown 

≤2-A compared to Brown ≥ 2-B (38mm versus 31mm; p=0.227). Fifty-nine percent of the patients 

with Brown ≥ 2-B had a trismus, compared to 47% in Brown ≤2-A (p=0.492).

Quality of life 

Consistency between answers of the questionnaire about oral complaints in general and 

swallowing complaints was calculated and Crohnbach’s alpha was 0.90 for both groups of 

questions. There was no significant difference between patients with Brown classifications ≤2-A 

and ≥2-B in severity of swallowing and general oral complaints, see the calculated oral and 

swallowing score in table 3. 

Obturator Functioning Scale

Reliability between the 15 answers of the OFS was calculated; Crohnbach’s alpha was 0.734. 

Mean OFS was higher for patients with Brown ≥2-B compared to ≤2-A (29.6 versus 25.7; 

p=0.819), reflecting more complaints about the obturator in patients with a larger maxillectomy 

defect, although this difference was not significant.
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table 3: Outcomes of mastication, mouth opening and quality of life after a maxillectomy, 

grouped by Brown classification,1 radiotherapy and dentition 

Mean MAt 
10x

Mean MAt 
20x

Mean MMI Mean OFs Oral score swallowing 
score

All 
(n=32)

24.2 
(SD 3.88)

19.7 
(SD 5.07)

34.2 
(SD 14.21)

27.8 
(SD 6.88)

20.0 
(SD 6.52)

12.2 
(SD 4.44)

Brown ≤2-A 
(n=15)

23.4 
(SD 4.23)

19.4 
(SD 4.76)

37.9 
(SD 15.19)

25.7 
(SD 5.83)

20.1 
(SD 8.27)

12.67 
(SD 5.95)

Brown ≥ 2-B 
(n=17)

24.9 
(SD 3.51)

20.0 
(SD 5.47)

31.0 
(SD 12.88)

29.6 
(SD 7.36)

19.9 
(SD 4.76)

11.7 
(SD 2.59)

p* .395 .637 .227 .819 .596 .145

No RT 
(n=14)

23.1 
(SD 3.78)

17.7 
(SD 2.53)

40.9 
(SD 11.97)

24.8 
(SD 6.12)

16.9     
(SD 3.82)

10.5 
(SD 2.47)

RT 
(n=18)

25.0 
(SD 3.85)

21.3 
(SD 6.01)

29.1 
(SD 13.93)

30.1 
(SD 6.69)

22.4     
(SD 7.21)

13.4 
(SD 5.23)

p* .217 .133 .017 .72 .014 .029

Edentate 
(n=6)

27.8 
(SD 3.02)

25.1 
(SD 5.25)

25.7 
(SD 18.04)

28.2 
(SD 5.27)

26.5     
(SD 9.97)

16.2 
(SD 8.01)

Dentate 
(n=26)

23.6 
(SD 3.60)

18.4 
(SD 4.19)

36.2 
(SD 12.79)

27.7 
(SD 7.29)

18.5     
(SD 4.51)

11.2 
(SD 2.63)

p* .006 .015 .116 .158 .040 .772

*Calculated using Mann Whitney U test, bold values are considered as statistically significant, meaning p ≤ 
0.05, MAT= Mixing Ability Test, a test that mearures the mixing after mastication,9 MMI= maximal intercisor 
opening, measured in millimeter, OFS= Obturator Functioning Scale, range 15-75, a high score represents 
more problems, Oral score= summary of questions regarding oral problems, range 12-48, a high score 
represents more problems, Swallowing score= summary of questions regarding swallowing, range 8-33,  a 
high score represents more problems, SD=standard deviation.

Comparison of all separate Brown classifications

Comparing MAT 10x, MAT 20x, mouth opening, OFS, oral score and swallowing score for all six 

different groups of Brown classification (from smaller defects to larger: 2-1, 2A, 2B, 3A, 3B, 4B) 

using Jonckheere-Terpstra test, the authors could not establish a significant relationship between 

larger defects and any of the outcomes (p = 0.400, 0.680, 0.074, 0.397, 0.344, 0.068, for the 

above described outcomes, respectively).
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Radiotherapy

Radiotherapy (RT) negatively influenced subjective symptoms after maxillectomy, see table 3. 

Mean OFS score for patients who underwent RT compared to patients without RT was 30.1 

versus 24.8; p= 0.72. The mean oral score of patients with RT compared to those without RT was 

22.4 versus 16.9; p=0.014. The mean swallowing score of patients with RT compared to without 

RT was 13.4 versus 10.5; p=0.029. This indicates that patients had more self-reported symptoms 

after RT. Mean maximal mouth opening was significantly lower after radiotherapy, 29.1 mm 

versus 40.9 mm; p=0.017. Chewing, assessed by MAT 10x was comparable, and assessed by MAT 

20x even better, for the patients with RT compared to those without, but it was not statistically 

significant different, p=0.217 and 0.133, respectively.

Dentition

Patients retaining a part of their own dentition had better mastication with significant differences 

for both MAT 10x and MAT 20x (p=0.006 and 0.015 respectively) compared to edentulous 

patients. Moreover, dentate patients had lower oral scores, meaning less complaints, on the 

quality of life questionnaires than the edentate patients; mean oral score was 18.5 for dentate 

patients and 26.5 for edentate patients (p= 0.040). Dentition did not influence the other 

outcomes, obturator functioning scale or maximal mouth opening, see table 3. 

Soft palate resection

Twenty-one patients did not undergo resection of the soft palate, seven had a partial soft palate 

resection and four a total soft palate resection. No significant differences in outcomes between 

these subgroups were found. 

Premaxilla

Nine patients underwent resection of the premaxilla during maxillectomy. This did not 

significantly influence the outcomes of MAT, subjective questionnaires or MMI. 

Correlation between subjective complaints and MAT

In order to correlate subjective and objective outcomes, three questions were correlated to 

MAT 10x and 20x. Patients were asked about problems with mastication, about their diet, if 

they had problems transporting solid food and if they had to drink during eating. These answers 

were correlated to MAT 10x and 20x. MAT was significantly correlated to masticatory problems 

as assessed by the questionnaire in most of these questions (six of eight), see table 4, where 

p-value is calculated by Jonckheere-Terpstra test.
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table 4: Correlation of masticatory perfomance after 10 and 20 chewing strokes to answers on 

questions in quality of life questionnaire in maxillectomy patients

Do you have 
chewing problems?

Do you have problems with 
transport of solid food?

What is your diet? 
(consistency)

Do you have to 
drink during eating?

MAT 10x .030 .018 .022 .067

MAT 20x .070 .031 .012 .007

MAT= Mixing Ability Test, a test that mearures the mixing after mastication,9 10x= after 10 times chewing, 
20x= after 20 times chewing, numbers are p-values calculated by Jonckheere-Terpstra test, representing 
correlation between question and MAT, bold values are considered as statistically significant, meaning p ≤ 
0.05.

In the questionnaire, patients were asked three questions about mouth opening: self-

experienced mouth opening; complaints during eating due to confined mouth opening; 

and speech problems due to confined mouth opening. The answers were correlated to the 

objectively measured MMI by Jonckheere-Terpstra test. Subjective experiences were significantly 

correlated to objectively measured MMI, all p-values were < 0.001.

DIsCussIOn

The mixing ability test showed that chewing function after maxillectomy is relatively good in this 

cohort. Individuals with natural dentition have mean masticatory performance score of 20.4 after 

10 chewing strokes and 15.8 after 20 chewing strokes. The vales for healthy people wearing full 

dentures are 24.1 after 10 chewing strokes and 21.2 after 20 chewing strokes.9 Maxillectomy 

patients with obturator reconstruction compare favourably with the full dentures group; their 

values in this study were 24.2 after 10 chewing strokes and 19.7 after 20 chewing strokes. 

This demonstrates that obturation of a maxillary defect has no severe deteriorating effect on 

mastication.

These results are comparable with earlier reports. Matsuyama et al.24 found similar masticatory 

function measured by a sieve method in a group of 20 patients with an obturator compared 

to healthy individuals. Ono et al.25 reported masticatory performance in 27 edentulous 

maxillectomy patients with an obturator prosthesis and found that the average masticatory 

performance with reconstruction was comparable to edentulous healthy individuals, tested by 

measuring the increase in surface area of comminuted pieces of a gummy jelly. 

Evaluation of subjective symptoms, measured with the quality of life questionnaire and 

OFS, showed no significant differences between smaller and larger maxillectomy defects. RT 
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induces more self-reported oral and swallowing problems. This is probably due to xerostomia 

and stiffness. It should be noted that in a retrospective study quality of life outcomes can 

be unreliable. Furthermore, several factors, besides tumour site, age, comorbidities, and 

reconstruction method, have an effect on the quality of life after surgery,26,27 for example women 

and young patients report more functional problems in subjective studies28. It remains difficult 

to link quality of life with function. Even in patients with laryngeal cancer, where comparison 

can be made between patients with and without laryngeal speech, it is difficult to link function 

and quality of life.29 By using both clinical and patient-rated scores it is possible to gain a better 

judgement of clinical functional defects. In this study, quality of life outcomes about self-reported 

mastication and mouth opening were comparable to objectively measured outcomes.  

Considering the positive results, it should be considered that the very large defects (Brown 3-C 

en 4-C) are not included, as it is difficult to construct an adequate obturator if the contralateral 

maxilla is resected as well. In these cases reconstruction can be done with a free osseocutaneous 

flap.30 Assuming these patients as functionally inoperable,7 organ-sparing treatment and 

chemoradiation with or without debulking, might be considered.5,6 

The authors’ institutes have longstanding experience in reconstructing these patients with an 

obturator, which might have contributed to the positive outcomes. The maxillofacial prothetist 

was actively involved in the whole multidisciplinary process of diagnosis and clinical decision 

making, which is important for an appropriate maxillofacial obturator reconstruction. Speech 

therapists were also present during follow-up, so physiotherapy and rehabilitation exercises 

were adequately applied. The prosthetic team was always very stable and experienced, providing 

close monitoring of the patient during a long-term follow-up. This might also be the explanation 

for the finding that the maxillary defect did not significantly influence mouth opening and 

masticatory performance in this study, although there was a trend for mastication to be worse 

for larger defects. 

Some10 advocate that free flaps provide the surgeon an opportunity to deal with the problems 

of prosthetic obturation: nasal leakage, cleaning and constant prosthetic refinement. It has to 

be realised that surgical flap reconstruction is still associated with increased operation time, 

opportunity for failure and possible donor site morbidity. In contrast, fabrication of an obturator 

prosthesis shortens the operation time significantly and offers the possibility of immediate 

and adequate dental rehabilitation. During oncological follow-up the maxillectomy defect can 

be easily examined after removing the obturator prosthesis, so tumour recurrence, the most 

common therapy failure, may be detected and treated in a timely manner.11 

A shortcoming of this study is that not all patients could be included. Of the 75 maxillectomy 
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patients still alive, 14 did not want to participate. This may cause a selection bias, particularly if 

patients in a worse condition are more likely to refuse participation. Owing to the retrospective 

nature and the confined patient group, the authors could not assess the influence of all factors, 

such as rehabilitation exercises. A study comparing obturation versus reconstructive surgery 

prospectively would be superior. Although this study represents a relatively small cohort and is 

retrospective, because of the low incidence of these tumours, it will be very difficult to organise 

large prospective studies to prove superiority of reconstructive surgery or obturation. 

COnClusIOn

Mastication after obturator reconstruction of a maxillectomy defect is comparable to mastication 

in patients with full dentures. The size of the maxillectomy defect did not significantly influence 

mastication, mouth opening or quality of life. Adjuvant radiotherapy negatively influenced mouth 

opening and subjective outcomes regarding oral and swallowing functions. Residual dentition 

positively influenced mastication and subjective outcomes.

6
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ABstRACt

Treatment of oral and oropharyngeal cancer may cause dysphagia. Cine magnetic resonance 

imaging (MRI) consists of several fast MR images that are made during a movement, resulting 

in a dynamic movie of this movement. Purpose is to examine whether cine magnetic 

resonance imaging (MRI) made during swallowing yields additional information compared to 

standard examination in the evaluation of posttreatment dysphagia and mobility of oral and 

oropharyngeal structures. 

Thirty-four cine MRI’s were made in 23 patients with advanced oral and oropharyngeal 

cancer, consisting of an MR image every 800ms during swallowing which is compared to 

videofluoroscopy and quality of life questionnaires. A scoring system was applied to assess 

mobility on cine MR and videofluoroscopy leading to a score ranging from 9-17.

 

Cine MRI of the swallowing in a midsaggital plane visualised the tumour (if located in the same 

plane), important anatomic structures and surgical reconstructions. Posttreatment mobility 

on cine MRI and videofluoscopy was significantly diminished compared to pretreatment, 

mean pretreatment cine MRI score was 10.8 and posttreatment 12.4 (p=0.017). Impaired 

mobility on cine MRI was significantly correlated to more swallowing problems (Spearman’s 

correlation coefficient 0.73, p=0.04). There was no correlation between impaired mobility on 

videofluoroscopy and subjective swallowing problems.

Cine MRI is a promising new technique as an adjunct to standard examinations for evaluation 

of swallowing in patients with oral and oropharyngeal cancer. Cine MRI directly visualises the 

dynamics of swallowing and allows evaluation of pre- and posttreatment differences. Abnormal 

findings are significantly correlated with subjective swallowing complaints of patients. 
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IntRODuCtIOn

The oral cavity and oropharynx are mobile structures with complex movements during 

swallowing and speech. Treatment of cancer in this region may cause serious function losses 

with regard to speech and swallowing, especially in advanced cancer stages.1,2 

Two treatment modalities are available for advanced oral and oropharyngeal cancers; surgical 

therapy, frequently combined with postoperative radiotherapy (RT) and organ-sparing therapy 

consisting of concurrent chemo- and radiotherapy.3 Both treatment regimes result in comparable 

survival rates4-7 and have their particular functional consequences. Function losses after surgery 

depend on the amount and location of the tissue that is removed and the possibilities for surgical 

reconstruction. Soft tissue defects are reconstructed using free or pedicled flaps, filling up the 

defect, but resulting in an infunctional mass. Xerostomia and fibrosis of oral and oropharyngeal 

tissues play a role in development of swallowing problems after RT, depending on radiation dose 

and volume.8 

Nowadays, oral function is assessed by videofluoroscopy. Mobility and function of involved 

structures remain difficult to evaluate. A more accurate functional imaging modality, visualizing 

both tumour extension and mobility may yield additional information. 

Cine magnetic resonance imaging (MRI) is a dynamic reflection of a movement, consisting of 

several consecutive MR images, resulting in a sort of movie. Earlier reports describe the use 

of cine MRI to visualise the dynamic structures of the oral cavity and oropharynx. Hartl et al.9 

applied cine MRI for evaluation of anatomical and physiological characteristics, consisting 

of 5x15 different images made during swallowing. They showed that oral preparatory, oral 

and oropharyngeal phases of deglutition were visible and that spatial resolution allowed for 

anatomical measurements of laryngeal elevation, oropharyngeal diameter, and 

tongue base and soft palate displacement. In a following study they applied this 

technique to evaluate 6 patients with persistent dysphagia after tumour treatment 

to analyse the morphology and mobility of the oral, oropharygneal and laryngeal 

structures.10 This yielded further information on the cause of dysphagia in 5 of 6 

cases. Kitano et al.11 described cine MRI in 12 patients with dysphagia after surgery 

and postoperative RT for oral cancer and successfully analysed swallowing ability. 

Cine MRI may give clinicians additional knowledge about the impact of cancer 

treatment on structures in the oral cavity and oropharynx. Cine MRI may also 

enhance insight in tumour location and treatment induced immobility of surrounding structures 

which might help in making the difficult choice between the two treatment regimes.

7
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The first purpose of this study was to establish the feasibility of cine MRI of swallowing in 

patients with advanced oral and oropharyngeal cancer for evaluation of tumour extension, and 

evaluation of visibility and mobility of important structures in the oral cavity and oropharynx, 

including various tongue muscles. Secondary purposes were to analyse the additional value of 

cine MRI compared to standard examinations, visualization of pre- and posttreatment differences 

in mobility and evaluation of the clinical consequences for quality of life of deviations on cine 

MRI.

PAtIents

From December 2008 until July 2009, all patients with newly diagnosed advanced (T2-4) 

squamous cell carcinoma in the oral cavity and oropharynx, that were planned for curative 

therapy (surgery or concurrent chemoradiation), were subsequently included. Exclusion criteria 

were contraindications for MRI, tumour histology other than squamous cell carcinoma and 

palliative therapy. 

MethODs

Cine MRI parameters

Cine MR images were obtained using a 3-Tesla MRI unit (Achieva, Philips, Best, Netherlands). 

Patients were in a standard supine position. One 15-mm median sagittal slice, centered on 

the vallecula region comprising the oral and pharyngeal cavities from the lips to the cervical 

esophagus, was obtained from each acquisition. A mildly T2 weighted single-shot turbo spin 

echo technique was used with a repetition time of 800 ms (per acquisition slice), and the 

following parameters: echo time 44 ms, field of view 230x132 mm2, slice thickness 5 mm, 

pixels size acquisition 1.8x2.0 mm, reconstruction 0.6 mm2, NSA=1, flip angle 90, linear profile 

order, refocusing 120o,, sense factor 2, half scan 0.6, TSE Factor 37. One series of 25 acquisitions 

in the median sagittal plane was obtained for each patient. The subjects were instructed to 

repeatedly swallow in a natural manner and at a comfortable rate. No bolus (water or other) was 

administered because of risk of aspiration.9,10

For the first part of the study, only a pretreatment MRI was made. In the second part of the study 

a pretreatment cine MRI and a standard videofluoroscopy was made and the patient was asked 

to fill in the quality of life questionnaire. Approximately ten weeks after the last radiotherapy 

dose or day of surgery, this protocol was repeated.
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table 1: Immobility score for cine MRI and videofluoroscopy

Mobility * Anterior tongue BOT Soft palate PPW FOM

Contact ** Soft palate-PPW BOT- PPW BOT- soft palate Anterior 
tongue- palate

*Mobility was subjectively scored by two independent evaluators, using the following scores: 1= normal, 
2= somewhat decreased, 3= decreased. **Contact between structures was subjectively scored by two 
independent evaluaters, using the following scores: 1= visible contact, 2= no visible contact. Items that could 
not be visualised sufficiently to evaluate contact or mobility, were given a normal score (=1), see methods 
section for more information. BOT= base of tongue; FOM= floor of mouth, PPW= posterior pharyngeal wall.

Cine MRI scoring

Cine MR images studies consisted of 25 images in different stages of swallowing. Quality of cine 

MRI was evaluated based on the sharpness of the images and the visibility of the most important 

landmarks in oral and oropharyngeal swallowing. 

An immobility score was defined for subjective evaluation of the cine MRI, based both on 

mobility of the particular structures, the anterior tongue, the base of tongue (BOT), the posterior 

pharyngeal wall, the palate and the floor of mouth, see table 1. Mobility of these structures was 

subjectively assessed and scored as: ‘1’ (normal), ‘2’ (somewhat decreased) and ‘3’ (decreased/

immobile). Contact between anterior tongue and palate, BOT and posterior pharyngeal wall, 

BOT and soft palate, and soft palate and posterior pharyngeal wall was evaluated. It was scored 

as: ‘1’ (visible contact/normal), ‘2’ (no visible contact/abnormal). Adding the scores of these 9 

items, the immobility score varies in theory between ‘9’ (normal/ mobile) and ‘23’ (completely 

abnormal/ severely immobile). Items that could not be visualised sufficiently to evaluate contact 

or mobility, were given a normal score, ‘1’, and the number of items that could not be evaluated 

was counted (ranging from 0 to 9). Discrimination and mobility of genioglossus and geniohyoid 

muscle and intrinsic tongue muscles was additionally evaluated, though not included in the 

cine MRI immobility score as it would overestimate the score to include both the 

structure and the underlying muscle. 

Cine MR images were rated on quality and immobility subjectively by one author 

(AK). A quarter of all cine MRI evaluations were repeated by the same investigator 

again and by an experienced head and neck radiologist (FP) to calculate the intra- 

and interobserver reliability score. In case of disagreement, the study was re-

evaluated by the two reviewers and a final conclusion was reached in consensus.  

7
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Videofluoroscopy

All videofluoroscopies were evaluated according to the same criteria as cine MRI and immobility 

scores were calculated in the same way for videofluoroscopy by one author (AK) and re-

evaluated by an experienced speech therapist (EH), see table 1. 

Quality of life questionnaire and dysphagia score

The quality of life questionnaire was based on the EORTC- H&N 35 questionnaire, see appendix 

B.12 Questions from the EORTC- H&N 35 questionnaire were used about oral transport, 

swallowing of solid food, soft/grounded food and fluids, whether several swallows are necessary 

and whether it is necessary to drink whilst eating. Correlation of the 10 questions in the 

questionnaire regarding swallowing symptoms was checked by reliability analysis on SPSS, using 

Cronbach’s alpha test for assessing internal consistency. For scales which are used as research 

tools to compare groups, alpha values of 0.7 to 0.8 are regarded as satisfactory. For the clinical 

application, much higher values are needed, as the value of the scale is for an individual of 

interest and then the minimum alpha value is 0.90, and desirable is 0.95.13 After correlation 

analysis, the sum of 10 questions regarding swallowing resulted in a dysphagia score ranging 

from 10 – 37; 10 meaning normal swallowing and 37 meaning severe problems with swallowing 

or severe dysphagia.

Analysis

Spearman’s rank correlation coefficient between the dysphagia score and immobility scores of 

videofluoroscopy and cine MRI was calculated using SPSS. Correlation coefficients range from 

+1 to  –1, and +1 or -1 occurs when each of the variables is a perfect monotone function of the 

other. 

Differences in immobility scores on cine MRI and videofluoroscopy pre- and posttreatment were 

calculated using non-parametric testing with Wilcoxon Signed Rank test. Differences in results 

between T-stages were evaluated using the Man-Whitney U test, as groups were unequally 

balanced. 

Results

In total 23 patients were included and 34 cine MRI’s were made and evaluated. The first four 

patients only underwent pretreatment cine MRI as we first wanted to establish that image 

quality of the cine MRI was satisfactory. Four patients were excluded after the first cine MRI 

because of local recurrence (n=1), distant metastases and palliative therapy (n=2) and tumour 
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histology other than squamous cell carcinoma (n=1, lymphoma). One patient died and three 

patients refused to undergo the second cine MRI because of the extra visit to the hospital (n=1) 

and claustrophobia (n=2). A total of eleven patients were available for analysis in the second 

part of the study with data of a pre- en posttreatment cine MRI. For these 11 patients also 

videofluoroscopy and quality of life questionnaires were planned pre- and posttreatment.

Feasibility of cine MRI for imaging of swallowing

Thirty-four studies, 23 pretreatment and 11 posttreatment, were available for the first purpose, 

namely evalution of:

•	 the quality of cine MR images
•	 the visibility of the tumour 
•	 the visibility and mobility of oral and pharyngeal structures 

Twenty were considered of good quality, ten of moderate quality and 4 of low quality, because 

not all structures were visible (n=2) and images were not sharp (n=1) or all in the same 

swallowing phase (n=1). Images were blurry due to motion artifacts caused by a fast swallowing 

action.

In the pretreatment cine MRI’s (n=23), all midline tumours were visible (n=18), because the 

slice was taken in the midsaggital plane, see figure 1 for one of them. In 5 more laterally located 

tumours, the tumour could not be identified.

Important structures for the swallowing movement, such as the anterior tongue, base of tongue 

(BOT), soft palate, posterior pharyngeal wall, floor of mouth and epiglottis were all visible on 

cine MRI, see figure 1 and 2. It was also possible to evaluate mobility of the BOT, anterior tongue, 

soft palate, floor of mouth, and often also of the pharyngeal back wall. Differences in mobility 

between these structures were observed, see figure 1. In 34 cine MRI’s these structures were all 

distinguished, except for the epiglottis and posterior pharyngeal wall that were not 

visualised in two cine MRI’s that were of low quality. The evaluation of the cine MRI 

studies according to the criteria in table 1 resulted in an intraobserver agreement of 

90% and an interobserver agreement of 86%.

Frequently, it was possible to discriminate different tongue muscles, such as the 

intrinsic tongue muscles, the geniohyoid and genioglossus muscle. In all high 

quality cine MRI’s (n=20), it was possible to discern the genioglossus muscle. In 

19 cine MRI’s, it was possible to discern the intrinsic tongue muscles and in 16 the 

geniohyoid muscle was visible, see figure 2. 

7
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Figure 1: Cine MRI of a patient with a T4aN2c tongue carcinoma.

3 of the 25 cine MRI images showing different phases of swallowing, red= immobile tumour, blue= mobile 
base of tongue

Figure 2: Visibility of tongue muscles on cine MRI

1. Genioglossus muscle, 2. Geniohyoid muscle, 3. Intrinsic tongue muscles
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table 2: Patients with oral and oropharygal cancer and a pre- and posttreatment cine MRI

Pat. n° sexe Age (yrs) tnM stage tumour location therapy treatment Outcome

1 F 68 T4aN2c Tonsil CRT CR

2 M 59 T2N2b FOM S + RT Postoperative status 

3 M 59 T4bN2b Tonsil CRT CR

4 F 77 T2N2c Tonsil S Postoperative status 

5 M 53 T4aN2c Tonsil CRT CR

6 M 62 T4aN2b BOT S + RT Not made 

7 M 59 T4aN2b Inferior alveolar 
process

CRT CR

8 M 59 T4aN1 FOM CRT CR

9 F 55 rT4aN0 Tongue S Postoperative status 

10 M 48 T4aN2c Tongue Induction CT 
+ CRT

Residual tumour

11 F 48 T2N2c BOT CRT Decrease of base of tongue 
tumour, persisting assymetry

F= female, M= male, CR= complete remission, FOM= floor of mouth, S = surgery , RT= radiotherapy, CT= 
chemotherapy CRT=concurrent chemoradiation, BOT= base of tongue

Comparison of pre- and posttreatment cine MRI 

Eleven patients had cine MRI’s pre- and posttreatment, see table 2 for baseline characteristics. 

It was possible to evaluate differences in mobility of tongue structures and specific muscle 

groups in the tongue. In 9 of 11 patients the pretreatment cine MRI immobility score was already 

affected due to tumour invasion and in 7 of 11 patients even less mobility was seen after therapy. 

Mean cine MRI immobility score pretreatment was 10.8 (range 9-14) and posttreatment 12.4 

(range 9-17), see table 3. 

In 7 of 11 patients the immobility score on cine MRI was higher posttreatment 

compared to pretreatment. In 4 of 11 patients the score was the same. The 

difference between pre- and posttreatment scores is significant, p= 0.017.

In 2 of the 4 surgical patients the flap reconstruction could be observed, resulting in 

an immobile mass, the immobility depending on the size of the tissue transfer and 

the type of donor tissue used. In the third patient the flap was not visible on cine 

MRI as it was not located in the midline. In the two others the flap was not visible 

as it was not in the midline.

7
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table 3: Pre- and posttreatment scores of mobility on cine MRI, mobility on videofluoroscopy 

and dysphagia of 11 patients with advanced oral and oropharyngeal cancer

Pretreatment Posttreatment

 Cine MRI 
immobility 

score1

Video-
fluoroscopy2

Dysphagia3 Cine MRI 
immobility 

score1

Video-
fluoroscopy2

Dysphagia3

1 11 11(1) 15 17 14(2) -

2 9 9(1) 18 9 12(1) -

3      9(1)* 9(2) 12 10 11(2) 15

4 11 10(1) 17 12 13(2) 23

5 11 12(1) 11 11 10(1) 11

6 10 9(1) - 12 12(1) 19

7 12 10(2) 26      14(1)* 10(5) 23

8 10 9(1) - 10 9(1) 19

9 12 9(2) - 15 13(3) -

10 14 9(3) 28 14 9(1) 20

11 10 9(3) 10 12 11(1) 19

1) cine MRI immobility score, based on the 9 criteria described in table 1, ranging from 9 (normal) – 23 
(abnormal), 2) Videofluoroscopy immobility score, based on the criteria described in table 1, ranging from 
9 (normal)- 23 (abnormal), 3) Dysphagia score based on 10 swallowing items of the EORTC – H&N 35, 
ranging from 10 (normal) – 37 (abnormal), the number of structures that  were not visible and not evaluable 
is shown between brackets (see methods), * a cine MRI of low quality, therefore not all items could be 
visualised and scored.

Videofluoroscopy versus cine MRI

Mean immobility score on videofluoroscopy was also calculated, see table 3. Quality, as 

evaluated by both investigators, was high in all videofluoroscopy studies. Intraobserver 

agreement of videofluoroscopy evaluation was 94%, interobserver agreement 90%.

In none of the videofluoroscopies the primary tumour was visible. In 9 of 11 patients cine MRI 

had extra value compared to videofluoroscopy in evaluating mobility of oral and oropharyngeal 

structures.

In all (n=22) cine MRI’s, floor of mouth mobility was visible, in 13 of 22 mobility was abnormal. 

In none of the videofluoroscopy images this was evaluable. Neither was it possible to evaluate 

mobility of the geniohyoid and genioglossus muscle or the intrinsic tongue muscles on 

videofluoroscopy as opposed to cine MRI. 
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Quality of life versus cine MRI and videofluorosocpy

Questionnaires were available for 22 patients and 16 questionnaires were complete. Correlation 

between the 10 swallowing items on the quality of life questionnaire was high, Crohnbach’s 

alpha was 0.976, for all dysphagia scores see table 3. Figure 3 shows the correlation between 

posttreatment cine MRI immobility score and posttreatment dysphagia score on quality of 

life questionnaire: a more abnormal cine MRI correlates with more complaints of swallowing. 

Spearman’s correlation coefficient is 0.73 (p=0.04). Pretreatment cine MRI immobility was not 

significantly correlated to pretreatment dysphagia. Spearman’s correlation coefficient is 0.55 

(p=0.156).

Grouping patients with posttreatment cine MRI scores >11.5 and <11.5, this appeared to be a 

cut-off value: patients with more immobility on the cine MRI (a score >11.5) had significantly 

more dysphagia posttreatment. Patients with a cine MRI immobility score >11.5 had a mean 

dysphagia score of 21, standard deviation (SD) 2, and patients with immobility scores <11.5 had a 

mean dysphagia score 15, SD 4, p=0.032.

Figure 4 shows the scatter plot of videofluoroscopy immobility score and dysphagia score for

all completed questionnaires. No correlation was found between the subjective

swallowing and results of videofluorosocpy. Spearman correlation coefficient is

0.09, p= 0.83. Pretreatment cine MRI score did not correlate with posttreatment dysphagia 

score, figure 5 shows a scatterplot of the 8 patients for which a posttreatment dysphagia score 

and a pretreatment cine MRI were available. 

T-stage

Three patients had a T2 tumour, seven had a T4 tumour and one a recurrence (rT4). We could 

not find significant differences, neither in the questionnaires scores, nor in the immobility scores 

between the T2 and (r)T4 groups. 

7
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Figure 3: Subjective dysphagia score versus cine MRI immobility score

Scatter plot presenting relation between dysphagia score (ranging from normal swallowing=10 until 
completely abnormal swallowing =37) and cine MRI immobility score (ranging from normal mobility=9 until 
completely immobile= 23) in 16 cine MRI’s of patients with oral and oropharyngeal cancer. Both pre- and 
posttreatment time synchronous data were used, see table 3. A larger dot (11-11 and 12-19) reflects two 
dots at the same place.

Figure 4: Subjective dysphagia score versus videofluoroscopy immobility score

Scatter plot presenting relation between dysphagia score (ranging from normal swallowing=10 until 
completely abnormal swallowing =37) and videofluoroscopy immobility score (ranging from normal 
mobility=9 until completely immobile= 23) in 16 videofluoroscopies of patients with oral and oropharyngeal 
cancer. Both pre- and posttreatment time synchronous data were used, see table 3. A larger dot (11-15) 
reflects two dots at the same place.
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Figure 5: Subjective dysphagia score posttreatment versus cine MRI immobility score 

pretreatment

Scatter plot presenting relation between posttreatment dysphagia score (ranging from normal swallowing=10 
until completely abnormal swallowing =37) and pretreatment cine MRI immobility score (ranging from 
normal mobility=9 until completely immobile= 23) in 8 patients with oral and oropharyngeal cancer. A larger 
dot (10-19) reflects three dots at the same place. There is no significant correlation.

DIsCussIOn

Cine MRI of swallowing is useful to evaluate important structures for swallowing and to 

visualise mobility in patients with oral and oropharyngeal cancer. Cine MRI yielded additional 

information compared to videofluoroscopy, as it was possible to visualise and evaluate particular 

tongue muscles, the floor of mouth and the tumour. Both on videofluoroscopy and cine MRI 

immobility of the swallowing structures increased significantly posttreatment. 

Using our scoring system, only cine MRI was significantly correlated to the 

subjective swallowing problems. There was a correlation between an abnormal 

posttreatment cine MRI and posttreatment dysphagia, and there was no 

correlation between posttreatment videofluoroscopy and dysphagia. Moreover, 

we found a cut-off point, as there was a significant difference in dysphagia score 

between patients with an immobility score on cine MRI above 11.5 and below the 

cut-off of 11.5. 

Additional value of preoperative cine MRI as compared to videofluoroscopy is that both tumour 

location and extension are visible and that these can be studied simultaneously with swallowing 
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performance. The better visualization of the tissues in the oral cavity and oropharynx and the 

mobility (including contacts of important structures) during swallowing movement by cine MRI 

provides new insights in the pre- and posttreatment biomechanics of swallowing in patients 

with oropharyngeal carcinoma. This probably leads to a better and more detailed evaluation of 

swallowing pathofysiology than with standard videofluoroscopy.

The capability of cine MRI to visualise mobility of soft tissues and muscles as well as results of 

tissue transfer for reconstruction, makes it particularly well suited for the evaluation of dysphagia 

in patients who have undergone surgery for advanced oral cancer.11 Our study confirms the 

results of Kitano11 who successfully analysed cine MRI for 12 patients with dysphagia after 

surgery and postoperative RT for oral cancer. 

As opposed to videofluoroscopy, cine MRI does not use ionizing radiation. Another advantage 

of cine MRI is scanning of multiple planes, e.g. axial, coronal and sagittal planes, and in case of a 

lateral tumour, a paramedian slice through the tumour could also be taken. Cine MRI frequently 

allowed for direct visualization and evaluation of mobility of the intrinsic tongue, geniohyoid 

and genioglossus muscles. The use of one midline section, instead of the superimposed images 

of videofluoroscopy, potentially allows for more accurate interpretation of tumour-induced 

mobility impairment. Cine MRI is a non-invasive technique that does not require ingestion of 

oral contrast medium or ingestion of a solid or liquid bolus. Since all these patients undergo a 

standard pretreatment MRI as part of the diagnostic work-up, additional cine MRI only takes 

5 minutes extra time. In the future, cine MRI might potentially provide new data for tailored 

organ preservation radiotherapy and swallowing rehabilitation or preoperative counseling of 

the patient with regard to expected functional outcomes. Cine MRI seems to be useful in other 

patient groups as well, e.g. patients with obstructive sleep apnea syndrome.

Advantages of videofluoroscopy in comparison to cine MRI are real time imaging, constant 

high quality images, use of a bolus in different consistencies instead of dry swallow, and a 

more physiologic posture. Cine MR images were sometimes affected by motion artifacts 

and by metallic dental material. Our study was somewhat limited by the necessary focus on 

items, which could be evaluated by both imaging modalities, excluding the actual swallowing 

movement using a bolus, confirming presence of aspiration or penetration, what can be 

evaluated using videofluoroscopy. Dry swallow during cine MRI does not permit evaluation 

of aspiration and penetration, nasal reflux or stasis. Moreover, swallowing in the supine MRI 

scanning position may alter compensatory mechanisms in certain dysphagic patients, who 

may rely in part on gravity for swallowing.10 These advantages of videofluoroscopy make that 

cine MRI will not replace it, but it might be of additional value having other advantages over 

videofluoroscopy, as stated above. 
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The main weakness of the cine MRI used in our study is the low temporal resolution (1.3 

images per second) and the resulting need to analyse repeated swallows.10 However, scoring 

the immobility of tissue was possible without ordering the images into synchronous order. In 

the course of the study, we noticed that the quality of images was influenced by the velocity 

of swallowing. Asking patients in advance to swallow slowly gave the best image quality. Cine 

MRI using T1 weighted images may be performed with even better temporal resolution, but the 

soft tissue contrast will then be less than in T2 weighed images used in our study, thus tumour 

and different muscular structures are better visible in T2 weighed images. A shortcoming of this 

study is the low number of included patients and high incidence of missing values in quality of 

life scores. Nevertheless, we obtained interesting results, needing confirmation in a larger study 

group.

COnClusIOn

Cine MRI is a promising new technique as an adjunct next to standard examinations for 

evaluation of swallowing in patients with oral and oropharyngeal cancer, as it directly visualises 

the dynamics of swallowing and allows evaluation of pre- and posttreatment differences. 

Abnormal findings are significantly correlated with subjective swallowing complaints of patients 

where videofluoroscopy was unable to correlate. We are confident that cine MRI opens new 

insights for our knowledge of swallowing dynamics in the pretreatment phase, which might help 

in clinical decision making and evaluation of posttreatment dysphagia. This dynamic imaging 

technique enabled us to evaluate the effect of treatment on swallowing, potentially providing 

new data for tailored organ preservation radiotherapy and swallowing rehabilitation. 7



Chapter 7

136

ReFeRenCes
1. Morton RP. Studies in the quality of life of head and neck cancer patients: results of a two-year 

longitudinal study and a comparative cross-sectional cross-cultural survey. Laryngoscope 2003; 113: 
1091-103.

2. Pauloski BR, Logemann JA, Rademaker AW et al. Speech and swallowing function after oral and 
oropharyngeal resections: One-year follow-up. Head Neck 1994; 16: 313-22.

3. Ackerstaff AH, Balm AJ, Rasch CR et al. First-year quality of life assessment of an intra-arterial (RADPLAT) 
versus intravenous chemoradiation phase III trial. Head Neck 2009; 31: 77-84.

4. Fuwa N, Kodaira T, Furutani K, Tachibana H, Nakamura T. Treatment results of continuous intra-arterial 
CBDCA infusion chemotherapy in combination with radiation therapy for locally advanced tongue 
cancer. Oral Surg Oral Med Oral Pathol Oral Radiol Endod 2008; 105: 714-9.

5. Soo KC, Tan EH, Wee J et al. Surgery and adjuvant radiotherapy vs concurrent chemoradiotherapy in 
stage III/IV nonmetastatic squamous cell head and neck cancer: a randomised comparison. Br J Cancer 
2005; 93: 279-86.

6. Stenson KM, Kunnavakkam R, Cohen EE et al. Chemoradiation for patients with advanced oral cavity 
cancer. Laryngoscope 2010; 120: 93-9.

7. Tomita N, Kodaira T, Furutani K et al. Long-term follow-up and a detailed prognostic analysis of patients 
with oropharyngeal cancer treated with radiotherapy. J Cancer Res Clin Oncol 2009; 136: 617-23.

8. Li B, Li D, Lau DH et al. Clinical-dosimetric analysis of measures of dysphagia including gastrostomy-
tube dependence among head and neck cancer patients treated definitively by intensity-modulated 
radiotherapy with concurrent chemotherapy. Radiat Oncol 2009; 4: 52.

9. Hartl DM, Albiter M, Kolb F, Luboinski B, Sigal R. Morphologic parameters of normal swallowing events 
using single-shot fast spin echo dynamic MRI. Dysphagia 2003; 18: 255-62.

10. Hartl DM, Kolb F, Bretagne E, Marandas P, Sigal R. Cine magnetic resonance imaging with single-shot 
fast spin echo for evaluation of dysphagia and aspiration. Dysphagia 2006; 21: 156-62.

11.  Kitano H, Asada Y, Hayashi K, Inoue H, Kitajima K. The evaluation of dysphagia following radical surgery 
for oral and pharyngeal carcinomas by cine-magnetic resonance imaging (Cine-MRI). Dysphagia 2002; 
17: 187-91.

12. Rogers S, Ahad SA, Murphy AP. A structured review and theme analysis of papers published on “quality 
of life” in head and neck cancer: 2000-2005. Oral Oncol 2007; 43: 843-68.

13. Bland JM, Altman DG. Cronbach’s alpha. BMJ 1997; 314: 572.







Chapter 8
Development of a dynamic model of 

the tongue for virtual surgery.
M.J.A. van Alphen, A.M. Kreeft, F. van der Heijden,             

L.E. Smeele, A.J.M. Balm

Submitted 



Chapter 8

140

ABstRACt

Purpose. Advanced oral cancer can be treated by surgery or chemoradiation. This paper 

describes the development of a dynamic 3 dimensional (3D) model of the tongue. This is the 

first step in developing a model of the oral cavity and the oropharynx to allow virtual resection. 

The goal is to enable preoperative assessment of postoperative function, contributing to a better 

treatment choice. 

Methods. The finite element method is chosen to model the tongue. A 3D geometrical model 

of the tongue, consisting of 480 elements, is obtained by segmenting a multi resonance image 

(MRI). Models of the individual tongue muscles are placed according to anatomical descriptions 

and are activated manually. 

Results. A FE model of the tongue is developed. The model shows expected tongue movements 

by the activiation of separate of combined muscle groups. By changing stiffness parameters it 

is possible to mimic other tissue types, like scarring effects caused by surgery or radiotherapy. 

Volume changes are found during movement in individual elements, ranging from 74% to 129%. 

The volume of the total tongue body shows smaller volume changes; 99% after activation of the 

posterior part of the genioglossal muscle to 112% after activation of the superior longitudinal 

muscle. At the end of the movement, volume change of the whole tongue is small, on average 

103%.

Conclusion. The first steps in the development of a FE model of the tongue have been taken. 

Refinement is necessary to make the model suitable for future virtual surgery applications.
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IntRODuCtIOn 

Surgery, frequently combined with adjuvant radiotherapy, is the mainstay for treatment of oral 

cancer. However, oral surgery might seriously interfere with speech, swallowing, and mastication, 

especially in advanced cases. An alternative for surgery in the treatment of advanced head and 

neck cancer, is organ-sparing therapy, consisting of concurrent chemoradiotherapy (CRT), which 

has become more common in recent decades.1-4 Both treatment regimes, surgery and CRT, result 

in comparable survival rates,5-8 which makes it important to assess the functional consequences 

of each modality carefully.9

After CRT, patients may suffer from dysphagia, due to fibrosis and xerostomia, depending on 

the radiation dose and tumour location.10 Apart from patient-related factors, like age and 

comorbidity, function losses after surgery are mainly dependent on the location and extension 

of the tumour11 as these define the amount of tissue that should be removed in order to 

achieve clear margins. The choice between surgery and CRT remains difficult in certain cases 

and requires a careful weighing of all patient- and tumour-related factors. The term functional 

inoperability, can be applied if tumour resection causes unacceptable function loss. It is currently 

used in clinical decision-making and indicates the irreversible function losses of swallowing 

and speech after surgery.12 In a web-based survey among head and neck surgeons worldwide, 

we clearly demonstrated that opinions about functional inoperability vary significantly among 

individual physicians. The majority of surgeons based their decision between surgery and CRT 

on the expected postoperative swallowing ability, loss of speech, and wishes and expectations of 

the patient.12

In this era of evidence based medicine, clinical decisions should be based on integrating clinical 

expertise, best available evidence, and patient values. The integration of these three elements 

increases the potential for positive health outcomes.13

In order to achieve an objective way of estimating the operability and to involve the patient 

more in the decision-making process, the expected functional loss of the oral cavity should be 

assessed with a higher degree of predictability. Therefore, we aim to develop a realistic dynamic 

3 dimensional (3D) representation of the oral cavity to perform virtual surgery and visualise the 

functional impairments after treatment. In order to build such a predictive system the following 

items should be implemented:

•	 A patient-specific biomechanical/geometrical model of the tongue and the lips,  
 including the muscular and neural systems.
•	 An electromyographic (EMG) muscular innervation model for the tongue and the lips.
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•	 A biomechanical model for scar tissue.
•	 A virtual surgery module that adapts the models according to the planned intervention.
•	 A system that simulates the corresponding pathologic speech and swallowing.

The goal of the current paper is to describe the first steps taken to implement the first item, 

a biomechanical model of the tongue, which will make it possible to perform virtual surgical 

interventions. 

 

MethODs

Cine magnetic resonance imaging (MRI) data were used from a study performed on automatic 

segmentation to extract the tongue geometry.14 Image sequences were captured in the sagittal 

and transverse plane using a 3-T MRI unit (Achieva, Philips, Best, the Netherlands). A mildly T2 

weighted single-shot turbo spin echo (TSE) technique was used with a repetition time of 800 

ms (per acquisition slice) as well as the following parameters: echo time 44 ms, field of view 

230x122 mm2, slice thickness 5mm, pixels size acquisition 1.8 x 2.0 mm, reconstruction 0.6 mm2, 

number of signal averages 1, flip angle 90, linear profile order, refocusing 120°, sense factor 

2, half scan 0.6, TSE factor 37.The MR images were loaded into Matlab 7.13.0 (R2011b), The 

MathWorks Inc., Natic, MA, 2011, which is also used for further development of the model.

The finite element (FE) method was used to create the tongue model. In a FE model of the 

tongue, the tongue is divided into several ‘brick’ elements. The muscles are located between the 

vertices of those elements. Deformation and movement of the individual elements, caused by 

the forces generated by the activated muscles, were calculated using the second law of Newton:

Ma + Cv + Kd = F  (1)
   

M, C and K represent the material properties mass, damping, and stiffness matrix, respectively a, 

v, and d are the acceleration, velocity, and displacement vectors. F is the force vector acting on 

the elements. By changing the material properties of individual elements, the effects of virtual 

interventions can be simulated.

The geometric information for the tongue model is obtained by segmenting the tongue from 

the MRI scans. The midsagittal slice was selected and segmented, as well as four slices on one 

lateral side, in equal steps of 4 mm from the midline. Assuming the tongue is symmetric, the 

contralateral side is mirrored from the segmented side, resulting in a total of nine slices. For the 

meshing of the tongue volume, the model of Dang and Honda15 was mimicked, with six elements 

in the anterior-posterior direction, and ten elements along the surface of the tongue. In total 
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Figure 1: Finite Element structure of the tongue model, including the tongue musculature.

Colours represent different tongue muscles. Green: superior longitudinal intrinsic tongue muscle, red: 
transversal intrinsic tongue muscle, yellow: vertical intrinsic tongue muscle, turquoise: inferior longitudinal 
intrinsic tongue muscle, blue: genioglossal muscle, white: hyoglossal muscle, black: styloglossal muscle, 
grayish green: palatoglossal muscle. X-, y- and z-axis represent the movement directions.

480 3D solid quadrilateral elements were created. When the meshing process was finished, 

the muscle fibers of four extrinsic (genioglossal (GG), hyoglossal (HG), styloglossal (SG), and 

palatoglossal (PG)) and intrinsic (transversal (TRA), vertical (VER), superior longitudinal (SL), and 

inferior longitudinal(IL)) muscles were implemented. The GG is divided in a posterior (GGP), 

middle (GGM), and anterior (GGA) part. Those parts are activated individually. The muscle 

locations are based on the descriptions of Takemoto.16 In figure 1 the musculature, as situated 

in the model, is visualised. Activation of the muscles generates forces in the direction along the 

muscle fibers. The muscle activation patterns were set manually. In this way the deformation, 

caused by specific muscle contractions, can be analysed carefully. The strength of a contraction is 

also set manually. 

To retrieve a unique solution from equation 1, some displacements should be identified. In the 

current model, the nodes on the jaw and the hyoid are fixed, meaning that displacements, in all 

directions, are kept zero. The geometry of the jaw and hyoid, and their positioning relative to the 

tongue, are also obtained by segmenting the MR images.

It is not currently possible to obtain quantitative values concerning the movement of the tongue, 

based on specific muscle activation patterns. Another value that could be measured is the 

volume of the tongue. The tongue is considered as a muscular hydrostat, a muscular organ which 

lacks skeletal support. One of the main biomechanical features of a muscular hydrostat is the 

incompressibility.17

Therefore we measure the volume, to verify whether the model is indeed incompressible. The 

Poisson’s ratio (n) is set to 0.49. This is a measure for the strain in the perpendicular directions 

due to an axial force in one direction. A ratio of 0.5 means a perfect incompressible material 

and 0 represents almost no strain in the perpendicular directions. However, it is not possible 
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to use 0.5 exactly due to mathematical limitations.18 In this model, the volume changes during 

movement are also measured to verify whether the model is indeed incompressible. 

To test whether the effects of scar tissue could be mimicked, the stiffness parameter is changed 

for several elements. Currently no reliable values are available for stiffness of scar tissue, and an 

increased stiffness (multiplied by eight) was used to mimic the effect of scar tissue formation.

Results

Figure 2: Results of tongue deformation

Activation of individual extrinsic and intrinsic tongue muscles in finite element model of the tongue. GGM: 
middle genioglossal muscle, VER: vertical intrinsic tongue muscle, SG: styloglossal muscle, SL: superior 
longitudinal intrinsic tongue muscle

Figure 3: Protrusion of the tongue

Activation of the transversal intrinsic tongue muscle, vertical intrinsic tongue muscle, milddle and posterior 
genioglossal muscle .
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Figure 4: Displacement of the tongue tip during protrusion

Displacement in the x (solid), y (dashed), and z (dotted) direction when the transversal intrinsic tongue 
muscle, vertical intrinsic tongue muscle, posterior genioglossal tongue muscle, and middle genioglossal 
tongue muscle are activated simultaneously

Based on the FE method, a first, coarse tongue model was created, which is controlled manually. 

For some individual muscles the deformations are presented in Figure 2. A combined contraction 

of TRA, VER, GGP and GGM resulted in a protrusion of the tongue, as can be seen in figure 3. In 

figure 4 the x-, y- , and z-displacements of the tongue tip over time are shown for activation of 

protrusion. The activation of the muscles started at 0.01 seconds and increased linearly to the 

maximal activation level at 0.15 seconds. The x-displacements represent an anterior-posterior 

displacement, with positive values for the posterior direction, the y-displacement represents 

a cranial-caudal displacement, with positive values for the caudal direction, and the lateral 

movement is reflected by the z-displacement, with positive values for a movement to the left. 

As can be seen in figure 4, anterior and caudal movement is described for the movement of the 

tongue tip. Where the tongue is modeled in an exact symmetrical manner, no lateral movement 

is seen with this bilateral activation.

An average volume change of 103.1% (SD = 4.6%) was observed when individual muscles were 

activated. The maximal volume increment, seen after activating the SL muscle, was 112.3%, and 

the maximal volume decrement, found for the GGP, was 99.3%. The force applied by the muscles 

is chosen in such a way that a realistic deformation is seen. The amount of force influences the 
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volume change directly. It can be assumed that applying larger forces will result in larger volume 

changes. The volume changes per element can be much larger, ranging from 73.5% (SD=32.5) 

to 129.2% (SD = 29.7) of the original volume. However, their averaged differences in size is in all 

cases, except for the VER and GGP, nearer to the 100% than the total volume, with an average of 

101.06% (SD = 2.0). Thus, the smaller elements change more in volume than the larger elements. 

The volume of the tongue body, at the end stage of the movement was 100.0% of the original 

volume after activation of the VER, and 99.3% after activation of the GGP. In figure 5 the volume 

of the tongue body in time is shown for the combined activation of the TRA, VER, GGP, and 

GGM muscles. At the start of the movement a small volume decrease can be seen. When the 

activation is held for a longer period, and the muscle force is increased, a growth in volume is 

seen, with a constant equilibrium of 108.8% of the original volume. 

Figure 5: Volume change of the tongue during protrusion

Percentage of original volume over time for combined activation of transversal intrinsic tongue muscle, 
vertical intrinsic tongue muscle, middle and posterior genioglossal tongue muscle

After increasing the stiffness of several elements, the movement changes as expected, see figure 

6. Elements on the left lateral side received increased stiffness (factor eight), resulting in an 

ipsilateral deviation of the tongue tip during a combined activation of the GGM, GGP, TRA, and 

VER. 
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Figure 6: Protrusion of the tongue

A combined activation of transversal intrinsic intrinsic tongue muscle, vertical intrinsic tongue muscle, 
posterior genioglossal tongue muscle, and middle genioglossal tongue muscle, with increased stiffness for 
elements on the left lateral cranial side, resulting in a deviation to the left hand side. Left: front view, middle: 
side view, right: top view

DIsCussIOn

Synopsis of results

In the current study the first steps towards creation of a new tongue model are presented. 

The choice was made for a FE model which gives us the ability to detect causes of unexpected 

deformations, and enables us to adjust the inner workings of the model locally, if necessary. A 

FE model was created and inducing activation of different muscles and tongue movements could 

be visualised. Stiffness could be changed to mimic scarring effects either caused by surgery or 

by radiotherapy. We used Matlab to create our software to have full control over all aspects 

of the modelling, because standard software packages for FE modeling would have limitations 

regarding non-linear elastic materials.19

The deformations, as shown by the model, are comparable with descriptions of in vivo 

movements,20 see table 1. The combined activation of the GGP, GGM, TRA, and VER is mentioned 

as the activation pattern for protrusion.20 This behaviour is also confirmed by our model. The 

volume changes for the total tongue body are reasonable, although the volumes of the individual 

FE elements can change significantly. Therefore, implementing a volume constraint, which 

prevents large volume changes, but does not interfere with the movement of the tongue, is 

desirable. Increasing the stiffness value for several elements shows deformations as they were 

expected beforehand. When exact tissue parameters are known, our model should be able to 

mimic changes in the tissue, caused by the treatment. 
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table 1: Main actions of different tongue activations

Muscle Description model Description Agur & Dalley20

GGA Depression of the apex and deepening the groove Depresses tongue, posterior part pulls 
tongue anteriorly for protrusionGGM Protrusion of the apex and depression of the 

dorsum

GGP Protrusion

hG Depression of the dorsum Depresses and retracts tongue

sG Retracts the tongue and lifts the dorsum Retracts tongue and draws it up to create 
a trough for swallowing

PG Elevation of the tongue Elevates posterior part of the tongue

sl Retraction of the tongue and elevation of the apex Curls apex and sides of tongue superiorly 
and shortens tongue

Il Retraction of the tongue and pulls tongue tip down- 
and backward

Curls tip of tongue inferiorly and shortens 
tongue

tRA Small protrusion of the tongue and elevation of the 
dorsum and narrowing the tongue body

Narrows and elongates the tongue

VeR Downward movement of the tongue and slight 
protrusion

Flattens and broadens the tongue

Based on qualitative observations in our model and descriptions by Agur and Dalley.20 The genioglossal 
muscle is described as one muscle by Agur and Dalley, but an independent action for the posterior part is 
mentioned

PCA models

Another group of models described in medical literature is models based on Principal 

Component Analysis (PCA). A PCA model describes the shape and geometry of the tongue 

by a small number of modes of shape deformations. An arbitrary shape of the tongue can be 

synthesised by a suitable combination of modes. PCA models are black-box model types. By 

measuring the location of five positions on the tongue, and giving those as an input to the 

model, the result, the 3D tongue shape is obtained with a reasonable accuracy.21,22 However the 

model predicts the shape without information about the local, internal working of the tongue.

Choice between PCA and FE model

A PCA model is, from a technical viewpoint, easier to develop and to control, however, the 

lack of information on the inner workings (black box model) is an obstacle to achieving the 

final goal of virtually presenting the functional results of surgery. By contrast, models based on 

the FE method - so called white box models - result in a 3D representation of all local actions 

performed on the initial shape. This modeling type has the ability to simulate the muscle fibers 

and branches of the hypoglossal nerve as accurately as necessary, at a cost of calculation time. 

This modeling type creates promising opportunities for future virtual interventions and virtual 

postoperative functioning. 
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Different FE models

Two coarse FE models were developed during recent decades for the animation of tongue 

movements.23, 24 These models were developed to assess the function of different tongue 

muscles on the tongue deformation. Due to the few and relatively large elements being used, 

only an indication of the deformation is obtained. This makes them unsuitable for virtual 

surgery. A more detailed model was developed in 2005, including the jaw, velum, lips, and vocal 

folds, with the aim of characterising the elasticity properties of the tongue and the cheeks.25 

The theoretical background of this model is comparable with our model, however this model 

is developed using the FE package AnsysTM. Our model is developed in Matlab instead of a 

standard FE package, because in such a standard package it would not be possble to implement 

the muscular and neural systems, an EMG muscular innervation model and to adapt the model 

to virtual surgery. The three existing models are continuous models, meaning they use solid 

elements which are mutually connected. This manner of modeling makes it possible to retrieve 

a continuous course of the velocity and acceleration graphs as well. Another tongue model 

has developed by Dang and Honda,15 who did not use a continuous model, but made an extra 

division step. They also divided the tongue into solid ‘brick’ 3D quadrilateral elements as a first 

division step then divided each ‘brick’ into 26 cylinders connecting each node of the brick. In 

this way a semi-continuous model was developed. Such a model is simpler and has a shorter 

calculation time. However, a continuous model is easier to control and the accuracy is assumed 

to be higher compared to non-continuous models.26 The semi-continuous model of Dang and 

Honda will benefit from some advantages of a continuous model, but by implementing the extra 

division step, assumptions are made that are not necessary for our goal. Our research purpose 

was not to define a short calculation time, but to obtain high accuracy and reliable control of the 

model, which was achieved by using our solid 3D quadrilateral elements leading to a continuous 

model.

Future steps to be taken

The visualisation of deformations in 3D in an individualised model of the tongue, based on a FE 

model, makes it now possible to perform virtual tumour resections by removing and adjusting 

the influenced elements. By simulating surgery and the resulting functional loss an objective 

judgment of expected function losses will be made available. Our modeling method gives 

possibilities to adjust material properties in such a manner that scar and reconstructive tissue 

compartments can be matched. The exact location of the muscle fibers and hypoglossal nerves 

can be done by diffusion MRI sequences.27-30

Further individualisation of the tongue model will be reached by implementation of EMG-signals 

of the various tongue muscles involved. The model should be optimised by determining muscle 
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activation patterns for specific tongue movements. Next to this, the amount of FE elements 

should be increased to obtain a more accurate simulation and a smoother surface of the tongue. 

This would improve future speech synthesis too.31, 32 Detailed information on tissue parameters is 

necessary to adequately simulate the effects of surgery. Finally a clinical evaluation is necessary 

to assess the accuracy of the model in a quantitative manner. 

COnClusIOn

The first steps towards virtual surgery for oral cancer are taken. A coarse finite element model of 

the tongue is created, based on tongue shapes segmented from a MRI scan. Tongue movements 

are simulated based on single or combined muscle contractions. As the internal workings of the 

model are adjustable, changes in anatomy or tissue properties can be simulated, mimicking scar 

tissue, surgical reconstruction or radiotherapy effects. Further development of the model can 

make virtual surgery possible for assessment and visualisation of the postoperative functional 

results, to reach the final goal to optimise personalised medicine of oral cancer.
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suMMARy AnD COnClusIOn

Chapter 1 

General introduction to the concept of functional inoperability of advanced oral and 

oropharyngeal cancer.

Advanced head and neck cancer may be treated by two treatment regimes; surgery and 

concurrent chemoradiation. Both have comparable oncologic results, but different factors 

influence the functional outcome. In the preoperative stage the operability is assessed for 

surgical treatment. In this setting, one speaks about functional inoperability if a tumour 

is technically resectable, but the functional result after treatment should be considered 

unacceptable. Nowadays for functional inoperability of oral and oropharyngeal cancer 

predominantly subjective arguments are used that cannot be verified. In the current scientific 

literature, this subject has not been described, even though it is important to bring this problem 

under attention among head and neck surgeons, oncologists and radiotherapists. 

The aim of this thesis is to examine functional inoperability of oral and oropharyngeal cancer, by 

the evaluation of the current practice and the clinical decision-making process about functional 

inoperability. Possibilities to solve this clinical dilemma are being explored, partly by searching 

for more objective parameters to assess functional inoperability.

Chapter 2 

Speech and swallowing after surgical treatment of advanced oral and oropharyngeal carcinoma: 

a systematic review of the literature. 

The purpose of this review is the evaluation of the speech and swallowing functions after surgical 

treatment for advanced oral and oropharyngeal carcinoma. 

A systematic literature search (1993-2009) yields 1,220 hits. The criteria for inclusion in this 

systematic review are: patients with oral or oropharyngeal cancer, surgical treatment, T 

classification ≥ 2, patient cohort > 20, adequate description of the patient cohort and the tumour 

location, speech and/or swallowing function as outcome and low risk of bias (according to 

Cochrane criteria). Twelve studies fulfilled the predetermined criteria. 

The results for speech more than 1 year after resection of oral or oropharyngeal cancer are 

reported to be moderate to good, although in most patients speech is evaluated as deviant. 

Overall sentence intelligibility is normal (92-98%). Swallowing is reported to be often disturbed 

already before treatment and is even more severely compromised after treatment. Aspiration 

rates of liquids vary from 12% to 50%. Especially after oropharyngeal resection, mean pharyngeal 
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transit times are delayed. Postoperative radiotherapy significantly increases function loss. 

Anatomic structures important to preserve for the speech function are the mobile tongue and 

the soft palate. For swallowing, the base of tongue, the soft palate, the hard palate and the floor 

of mouth are important structures. Prosthetic appliances (e.g. obturators, palatal augmentation 

prostheses) can diminish the function loss considerably. 

This review shows that surgery for oral and oropharyngeal cancer can result in functional deficits, 

most notably with regard to swallowing, although series are small and outcome measurements 

of the included studies are variable.

Chapter 3

The surgical dilemma of functional inoperability in oral and oropharyngeal cancer: current 

consensus on operability with regard to functional results.

A web base survey is conducted among Dutch head and neck surgeons and radiotherapists in 

order to assess the borders of functional inoperability and to evaluate its current use.

The response rate to the survey is 93% (n=69). Responses vary slightly by the size of the clinic 

or discipline (radiation oncology versus head and neck surgery). There is agreement about the 

unacceptable functional loss after a total glossectomy. The functional outcome after certain 

surgical procedures is controversial, namely: 

•	 a bilateral maxillectomy
•	 resection of a tonsil and base of tongue carcinoma including removal of the vallecula  

 and epiglottis

•	 a total soft palate resection. 

Disagreement about functional inoperability is also observed for T3 and T4 base of tongue 

carcinomas based on case descriptions and magnetic resonance imaging (MRI). Assessing 

whether whether one hypoglossal nerve can be preserved seems a key factor for functional 

inoperability. 

The term functional inoperability is clinically used by 100% of the Dutch experts in the decision-

making process in the treatment of locally advanced head and neck carcinomas. According to 

the experts who took part in the survey, primary total glossectomy or a subtotal glossectomy 

sacrificing both hypoglossal nerves is an operation that causes unacceptable functional loss. In 

several case scenarios a consensus about operability could not be observed. The reactions varied 

per physician, institute and patient. Functional inoperability appears to be interpreted quite 

variable, which makes it difficult to determine. The concept of functional inoperability is clinically 

used and therefore it is important to bring this under attention.

9
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Chapter 4 

A worldwide survey on expected function after surgery for oral and oropharyngeal cancer.

A similar web based survey as described in chapter 3 is conducted among experts in the 

international field of head neck oncology and surgery to evaluate current practice in treating 

advanced oral and oropharyngeal cancer. The aim was to compare the worldwide differences and 

to define the borders of functional inoperability in advanced oral and oropharyngeal carcinoma. 

The response rate to the survey is 20% (n=179). Fifty-one per cent of the respondents use the 

term functional inoperability in their current practice. More than half of all respondents consider 

the functional loss after tumour resection unacceptable if resection of both hypoglossal nerves 

is needed. In the Dutch survey this percentage is higher, namely 84-97%. The functional result 

after resection of a tonsil/base of tongue carcinoma with invasion of the vallecula is considered 

by 53% of the international experts as unacceptable, which is comparable to the Dutch survey, 

with 52% of the respondents opting for functional unacceptable in this case. There are more 

geographical differences noted; respondents from Northern America are more inclined to opt for 

surgical approach than European respondents. In comprehensive oncology institutes the term 

functional inoperability is more commonly used (73%) than in university hospitals (48%) and 

community hospitals (48%). 

These findings show that reactions on functional inoperability vary, especially per geographical 

location and type of clinic. Most of the respondents consider a tumour functionally inoperable if 

for radical resection both hypoglossal nerves need to be sacrificed, something also found in the 

Dutch survey. This may be used to create international guidelines for functional inoperability, 

with a level of evidence of 5 according to the Oxford Centre for Evidence-based Medicine, as it is 

based on an expert opinion.

Chapter 5 

Preoperative imaging and surgical margins in maxillectomy patients.

High rates of positive surgical margins are reported after a maxillectomy. A large part of tumours 

that are preoperatively considered operable, are not resected with tumour-free margins. This 

retrospective study is conducted with the aim of evaluating factors influencing surgical margins 

status, especially focussed on the role of preoperative imaging. 

Medical files of 69 patients that underwent a maxillectomy as primary treatment for a squamous 

cell carcinoma were evaluated. More than 1/3 (39%) of all resections performed are incomplete, 

having tumour-positive surgical margins on the dorsal or dorsocranial side in 2/3 of the cases. 

Tumour extension on preoperative imaging is correlated to surgical margins status. Dorsal 
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and cranial tumour extensions are significant risk factors for tumour-positive surgical margins 

(p=0.006 and p=0.031 respectively). Tumour-positive margins are associated with a 2-fold 

increased risk of death (hazard ratio 2.4; 95% confidence Interval 1.2-4.9). 

These results show that cranial and dorsal tumour extension on preoperative imaging is a 

significant risk factor for positive surgical margins after a maxillectomy. This has a significant 

negative influence on overall survival.

Chapter 6 

Oral function after maxillectomy and reconstruction with an obturator.

Maxillectomy defects can be reconstructed by a prosthetic obturator or a free revascularised 

tissue transfer with microvascular anastomosis. There is no consensus about the optimal 

method. The surveys about functional inoperability showed that 23% of the international 

and 48% of the Dutch respondents consider the function after a bilateral maxillectomy as 

unacceptable. The aim is to evaluate 32 maxillectomy patients with prosthetic obturation 

on function, using as outcomes mastication, subjective oral and swallowing complaints and 

maximal mouth opening. The outcomes are related to the extent of the resection (on the 

Brown Maxillectomy classification), presence of remaining dentition and history of adjuvant 

radiotherapy. 

Maxillectomy defects range from 2-1 to 4-B on the Brown classification scale. Most have a defect 

graded as 2-A or 2-B. The study group does not contain any patients with a defect graded in the 

horizontal plane as C, which means a total bilateral resection of the maxillae. The mean mixing 

ability test after 10 chewing strokes is 24.2 and after 20 chewing strokes 19.7, which compares to 

edentulous healthy individuals. None of the outcomes is influenced by the Brown classification. 

Radiotherapy negatively influenced the mean maximal mouth opening (29.1 mm versus 40.9 

mm, p=0.017) and the subjective functional outcomes are also worse after radiotherapy. 

Edentate obturated patients have worse functional results than partial dentate patients, 

measured by the mixing ability test and questionnaire. 

In conclusion, mastication after obturator reconstruction of a maxillectomy defect is comparable 

to mastication with full dentures. The size of the maxillectomy defect does not significantly 

influence the functional outcome, but adjuvant radiotherapy results in reduced mouth opening 

and more self-reported oral and swallowing complaints. Residual dentition has a positive 

influence on mastication and subjective outcomes. However, regarding the function after a 

bilateral maxillectomy, no statements can be drawn, because in all patients of this study a part of 

the contralateral maxilla has been preserved.

9
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Chapter 7 

Cine MRI of swallowing in patients with advanced oral or oropharyngeal carcinoma: a feasibility 

study.

Cine MRI is a novel technique that consists of a consecutive series of images made every 800ms 

during a movement, resulting in a dynamic reproduction of this movement. The purpose of 

this study is to examine whether cine MRI of swallowing yields additional information next to 

standard examinations in the evaluation of patients with dysphagia caused by treatment for 

advanced oral and oropharyngeal cancer.

Thirty-four cine MRIs were made in 23 patients with advanced oral and oropharyngeal cancer. 

These patients also underwent videofluoroscopy. Their quality of life was assessed by using a 

questionnaire. 

Cine MRI of the swallowing in a midsaggital plane visualises the tumour (if located in the same 

plane) and important anatomic structures. Postoperatively the surgical reconstructions with 

free or pedicled tissue transfers are visible. A scoring system is applied to quantify the mobility 

of the oropharynx on cine MRI and videofluoroscopy. This mobility score ranges from 9 (normal 

mobility) to 17 (extreme immobility). The mean pretreatment score of the mobility on cine MRI 

is 10.8 and posttreatment 12.4 (p=0.017). This shows that posttreatment mobility is significantly 

diminished compared to pretreatment. Relating the mobility scores to the subjective outcomes 

of the questionnaire, it appears that impaired mobility on cine MRI is significantly correlated to 

swallowing complaints (Spearman’s correlation coefficient= 0.73, p= 0.04). Impaired mobility on 

videofluoroscopy is not correlated to subjective swallowing problems. 

Cine MRI is a promising new technique and has additional value next to standard examinations 

for the evaluation of dysphagia in patients with oral and oropharyngeal cancer. An abnormal 

cine MRI has proven to be significantly correlated with subjective swallowing complaints of 

patients. Cine MRI allows visualisation of both the tumour and the dynamics of swallowing, 

so development and aetiology of dysphagia can be followed more precisely. Preoperatively 

the extension of the tumour in relation to the dynamic tissues, important for the swallowing 

function, can be evaluated. Therefore, cine MRI may contribute to the assessment of functional 

inoperability in the individual patient. 

Chapter 8 

Development of a dynamic model of the tongue for virtual surgery. 

The aim of this study is to design a 3-dimensional model of the tongue. The ultimate goal is to 

develop a dynamic model of the oral cavity and oropharynx for virtual resection. This will lead 
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to better assessment and visualization of the postoperative oral function, and, consequently, to 

objectify functional inoperability. 

The finite element method is chosen to model the tongue. This geometrical model divides 

the tongue in 480 elements, obtained from segmenting an MRI volume scan. Models of the 

individual tongue muscles are placed according to anatomical descriptions and activated 

manually. The model shows expected tongue movements by the activation of separate or 

combined muscle groups. Changing stiffness parameters gives the opportunity to mimic other 

tissues types, like scarring effects caused by surgery or radiotherapy. Volume changes are noted 

when individual muscles are activated, but at the end of the movement the volume change on 

average is 103%.

In conclusion, these first steps in the development of a dynamic 3-dimensional model of the 

tongue seem promising. The activation of tongue muscles results in realistic movements of the 

virtual tongue. Refinement is necessary to make this finite element model suitable for future 

virtual surgery application, in order to assess functional inoperability in the preoperative stage. 

Conclusion

This thesis demonstrates that functional inoperability is an interesting clinical concept. This 

concept should be considered in the treatment of advanced oral and oropharyngeal cancer, 

weighing up surgery against organ-sparing chemoradiation. In the Netherlands, the concept 

of functional inoperability is integrated in the current practice of head and neck oncology. 

According to Dutch clinicians, striking examples of functional inoperability are a primary (base of) 

tongue tumour that requires for radical resection a total glossectomy or a subtotal glossectomy, 

sacrificing both hypoglossal nerves and lingual arteries. Other interventions appear controversial, 

namely a total soft palate resection, a bilateral maxillectomy and a resection of a tonsil 

carcinoma taking out the vallecula and epiglottis. 

Worldwide, there is no agreement about the concept of functional inoperability. There are 

geographical differences, which may be influenced by financial motives or availability and 

experience with different techniques. Respondents to our web based survey from Northern 

America demonstrate a greater tendency to opt for a primary surgical approach than their 

European counterparts, especially the Dutch. Only half of all international experts in the survey 

use the term functional inoperability in current practice. This shows the absence of agreement. 

An attempt to reach agreement could for instance be made by an international consensus-

finding meeting in cooperation with the International Federation of Head and Neck Oncology and 

Surgery (IFHNOS). 
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A considerable part of the respondents in both surveys consider the functional result after 

a bilateral maxillectomy as unacceptable. As well for some maxillary sinus tumours or oral 

tumours with invasion of the maxilla, concurrent chemo- and radiotherapy is a curative option. 

In order to explore functional inoperability concerning a maxillectomy, this patient group is 

further examined. Firstly the primary goal, the oncologic result, is evaluated and thereafter the 

functional result. 

On histopathological examination of the resected tissue, it appears that over 1/3 of all 

maxillectomies is incomplete, having a negative influence on overall survival. Tumour extension 

dorsally and dorsocranially on preoperative imaging is a risk factor for incomplete surgery. 

Negative surgical margins can be achieved with more extensive resections, for example by means 

of an orbital exenteration or a craniofacial resection. These more extensive resections will lead to 

an increased postoperative morbidity, thus functional inoperability should be kept in mind. 

The functional result appears relatively good in the study group that underwent a maxillectomy 

and reconstruction with an obturator. As long as a part of the contralateral maxilla remains, 

the size of the maxillectomy cavity does not influence the rehabilitation of function. Adjuvant 

radiotherapy does increase swallowing complaints and trismus after treatment. It is important 

to mention is that this study group does not contain any patients that underwent a total bilateral 

maxillectomy.

To objectify the clinical dilemma of functional inoperability, therewith founding its clinical 

use, innovative imaging techniques have been explored. Cine MRI is a good example, as this 

modality can locate the tumour in relation to the important dynamic structures for swallowing 

and speech. This may lead to better preoperative assessment of the tumour and surrounding 

dynamic tissues that are important for function. Moreover, this contributes to a better evaluation 

and understanding of the development of postoperative (and postradiotherapeutic) dysphagia. 

A dynamic model of the oral cavity and oropharynx, in which virtual surgery can be drawn, is 

in development. Eventually, this can involve the patient in the decision-making process around 

the surgical treatment, providing an objective reproduction of the expected functional result. 

Herewith functional inoperability can be objectively assessed in the preoperative stage for the 

individual patient. 

Concluding, in this thesis the current national and international practice and clinical decision-

making process about functional inoperability are evaluated. An impression is drawn of which 

clinicians already apply the concept in practice, and which surgical procedures are being 
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considered as functional inoperable. The decision-making process concerning functional 

inoperability appears subjective and variable, with evident geographical differences. The first 

step in objectifying functional inoperability has been taken by development of the cine MRI of 

swallowing and a dynamic model of the oral cavity and oropharynx. 

9
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neDeRlAnDse sAMenVAttInG en COnClusIe

hoofdstuk 1 

Algemene introductie van het begrip functionele inoperabiliteit bij gevorderde mondholte- en 

orofarynxcarcinomen. 

Er zijn twee behandelstrategieën voor gevorderde hoofd-halscarcinomen; chirurgie en 

chemoradiatie. Beide hebben vergelijkbare oncologische resultaten, maar verschillende factoren 

beïnvloeden het functionele resultaat. In het preoperatieve stadium wordt voor chirurgische 

behandeling de operabiliteit ingeschat. In dit verband wordt er van functionele inoperabiliteit 

gesproken, wanneer blijkt dat de tumor technisch resectabel is, maar dat het postoperatieve 

functionele resultaat na radicale resectie als onacceptabel wordt ingeschat. Tegenwoordig 

worden voor functionele inoperabiliteit van een mondholte- of orofarynxcarcinoom 

voornamelijk subjectieve argumenten aangewend, welke niet te verifiëren zijn. In de huidige 

wetenschappelijke literatuur wordt dit onderwerp niet beschreven alhoewel het van het 

grootste belang is om dit probleem onder de aandacht van hoofd-halschirurgen, -oncologen en 

-radiotherapeuten te brengen.

Het doel van dit proefschrift is om functionele inoperabiliteit van mondholte- en 

orofarynxcarcinomen te onderzoeken, door evaluatie van de huidige praktijk en klinische 

besluitvorming omtrent functionele inoperabiliteit. Mogelijkheden om dit klinische dilemma 

op te lossen worden geëxploreerd, mede door te zoeken naar objectievere parameters ter 

beoordeling van functionele inoperabiliteit. 

hoofdstuk 2 

Spreken en slikken na chirurgische behandeling van het lokaal gevorderde mondholte- en 

orofarynxcarcinoom: een systematische literatuur review.

Het doel van deze review is om spraak en slikken na chirurgie voor een gevorderd mondholte- en 

orofarynxcarcinoom te evalueren. 

Een systematische zoekactie (1993-2009) in de literatuur levert 1220 treffers op. De criteria voor 

inclusie in deze systematische review zijn: patiënten met een mondholte- of orofarynxcarcinoom, 

chirurgische behandeling, T-classificatie ≥ 2, aantal patiënten > 20, adequate beschrijving van het 

patiënten cohort en de tumorlokalisatie, spraak- en/of slikfunctie als uitkomst en laag risico op 

bias (volgens de Cochrane criteria). Twaalf studies voldeden aan de omschreven criteria.

De resultaten voor spraak meer dan 1 jaar na resectie van een mondholte- of 

orofarynxcarcinoom worden als redelijk tot goed beschreven, ook al wordt bij de meeste 
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patiënten spraak wel als afwijkend beoordeeld. Gemiddeld is de verstaanbaarheid van zinnen 

normaal (92-98%). Slikken is vaak verstoord, al voor de behandeling, en nog veel sterker na de 

behandeling. Aspiratie bij vloeibaar drinken komt voor bij 12% tot 50% van de patiënten. In 

het bijzonder na orofaryngeale resecties is de gemiddelde faryngeale transportfase verlengd. 

Postoperatieve radiotherapie verergert het functieverlies significant. Anatomische structuren 

belangrijk voor het behoud van de spraakfunctie zijn de mobiele tong en het palatum molle. 

Voor het slikken zijn de de tongbasis, het palatum molle, het palatum durum en de mondbodem 

belangrijke structuren. Prothetische aanpassingen (bijvoorbeeld een klosprothese) kunnen het 

functieverlies aanzienlijk beperken. 

Deze review toont aan dat chirurgie voor mondholte- en orofarynxcarcinomen functionele 

gevolgen kan hebben, in het bijzonder voor de slikfunctie, al zijn de patiënten aantallen klein en 

de uitkomstmaten van de geïncludeerde studies verschillend. 

hoofdstuk 3 

Het chirurgische dilemma van functionele inoperabiliteit bij mondholte- en orofarynxcarcinomen: 

huidige consensus over operabiliteit nopens de functionele gevolgen.

Om de grenzen van functionele inoperabiliteit in mondholte- en orofarynxcarcinomen in te 

schatten en om het eventuele huidige gebruik ervan te evalueren, is een e-mail enquête onder 

Nederlandse hoofd-halschirurgen en radiotherapeuten opgezet.

De respons op deze enquête is 93% (n=69). Antwoorden verschillen per kliniekgrootte en 

per discipline (radiotherapeuten versus hoofd-halschirurgen). Men is het erover eens dat het 

functieverlies na een totale glossectomie onacceptabel is. Onder de respondenten bestaat 

controverse over de functionele uitkomst van bepaalde chirurgische ingrepen, namelijk: 

•	 een bilaterale maxillectomie
•	 resectie van een tonsil en tongbasis carcinoom met verwijdering van de vallecula en  
 epiglottis
•	 een volledige palatum molle resectie.

Meningsverschillen zijn gevonden over de functionele inoperabiliteit van T3 en T4 

tongbasistumoren, gebaseerd op casusbeschrijvingen en MRI-scans (magnetic resonance 

imaging). De inschatting of in ieder geval één nervus hypoglossus kan worden gespaard lijkt een 

belangrijke factor voor functionele inoperabiliteit. 

De term functionele inoperabiliteit wordt klinisch gebruikt door 100% van de Nederlandse 

deskundigen in het besluitvormingsproces rond behandeling van lokaal gevorderde hoofd-

halscarcinomen. Volgens de experts die deelnamen aan deze enquête, leidt een primaire 
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totale glossectomie, of een subtotale glossectomie met opofferen van beide nervi hypoglossi, 

tot een onacceptabel functieverlies. In diverse casus wordt er geen overeenstemming over de 

operabiliteit waargenomen. De reacties variëren per arts, instituut en per patiënt. Functionele 

inoperabiliteit blijkt verschillend te worden geïnterpreteerd, wat de definitie moeilijk maakt. 

Het concept van functionele inoperabiliteit wordt klinisch gebruikt, daarom is het belangrijk dit 

onder de aandacht te brengen. 

hoofdstuk 4

Een wereldwijde enquête over de verwachte functie na chirurgie voor mondholte- en 

orofarynxcarcinomen.

Een e-mail enquête, vergelijkbaar met die beschreven in hoofdstuk 3, is opgezet om de 

behandeling van gevorderde mondholte- en orofarynxcarcinomen in de huidige praktijk in kaart 

te brengen, onder deskundigen in het internationale veld van hoofd-halsoncologie en -chirurgie. 

Respons op de enquête is 20% (n=179). Eenenvijftig procent van de respondenten gebruikt 

tegenwoordig de term functionele inoperabiliteit in de praktijk. Meer dan de helft van de 

respondenten vindt het functieverlies na resectie van een tumor onacceptabel als hiervoor 

beide nervi hypoglossi moeten worden meegenomen. In de Nederlandse enquête is dit 

percentage hoger, namelijk 84-97%. Het functionele resultaat na resectie van een tonsil- en 

tongbasiscarcinoom met invasie van de vallecula vindt 53% van de international experts 

onacceptabel, wat vergelijkbaar is met de Nederlandse enquete, waarvan 52% opteert voor 

functioneel onacceptabel in dit geval. Er worden meer geografische verschillen gevonden; 

respondenten uit Noord-Amerika zijn vaker geneigd om te kiezen voor chirurgische benadering 

dan de Europese respondenten. In oncologische instituten wordt de term functionele 

inoperabiliteit vaker gebruikt (73%) dan in academische ziekenhuizen (48%) en perifere klinieken 

(48%). 

Deze resultaten tonen aan dat de meningen over functionele inoperabiliteit verschillen, 

voornamelijk in geografische zin en per type kliniek. De meerderheid van de respondenten 

vindt een tumor functioneel inoperabel als voor radicale resectie beide nervi hypoglossi moeten 

worden opgeofferd, wat ook gevonden is in de Nederlandse enquête. Dit zou gebruikt kunnen 

worden voor het opstellen van internationale richtlijnen over functionele inoperabiliteit, met een 

‘level of evidence’ van 5 volgens Oxford Centre for Evidence-based Medicine, namelijk gebaseerd 

op de mening van deskundigen. 
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hoofdstuk 5 

Preoperatieve beeldvorming en radicaliteit bij maxillectomie patiënten.

Na een maxillectomie komen tumorpositieve snijranden vaak voor. Een groot deel van de 

tumoren die preoperatief worden beschouwd als operabel worden uiteindelijk niet compleet 

verwijderd. Deze retrospectieve studie werd uitgevoerd om de factoren die de radicaliteit 

van een maxillectomie beïnvloeden te evalueren, voornamelijk toegespitst op de rol van 

preoperatieve beeldvorming.

De medische dossiers van 69 patiënten die een maxillectomie ondergingen als primaire 

behandeling voor een plaveiselcelcarcinoom werden onderzocht. Meer dan 1/3 (39%) van alle 

resecties blijkt incompleet, met tumorpositieve snijranden aan de dorsale of dorsocraniale zijde 

in 2/3 van de gevallen. De tumoruitbreiding op de preoperatieve beeldvorming is gecorreleerd 

aan de radicaliteit van de resectie. Dorsale en craniale tumoruitbreiding is een significante 

risicofactor voor tumorpositieve snijranden (respectievelijk p=0.006 en p=0.031). Tumorpositieve 

snijranden zijn geassocieerd met een tweemaal zo hoog risico op overlijden (hazard ratio 2.4; 

95% betrouwbaarheidsinterval 1.2-4.9). 

Deze resultaten laten zien dat craniale en dorsale tumor uitbreiding op de preoperatieve 

beeldvorming leidt tot een significant verhoogd risico op tumorpositieve snijranden na een 

maxillectomie. Dit heeft een negatief effect op de overleving.

hoofdstuk 6

Mondfunctie na een maxillectomie en reconstructie met een klosprothese.

Defecten ten gevolge van een maxillectomie kunnen worden gereconstrueerd met een 

klosprothese of een vrij gerevasculariseerd weefseltransplantaat met microvaatanastomosen. 

Er is geen overeenstemming over de optimale methode. Uit de enquêtes over functionele 

inoperabiliteit blijkt dat 23% van de internationale en 48% van de Nederlandse respondenten de 

functie na een bilaterale maxillectomie onacceptabel vindt. Het doel is om bij 32 maxillectomie 

patiënten met een klosprothese functie te evalueren, met als uitkomstmaten de kauwfunctie, 

subjectieve mond- en slikklachten en maximale mondopening. De uitkomsten worden 

gerelateerd aan de uitgebreidheid van de resectie (volgens de Brown maxillectomie classificatie), 

aanwezigheid van eigen dentitie en adjuvante radiotherapie. 

Maxillectomie defecten variëren van 2-1 tot 4-B volgens de Brown classificatie. De meerderheid 

heeft een defect gegradeerd als 2-A of 2-B. De studiegroep bevat geen patiënten met een 

defect wat ingeschaald is als C in het horizontale vlak, wat duidt op een totale bilaterale resectie 

van de maxillae. De gemiddelde mixing ability test na 10 maal kauwen is 24.2 en na 20 maal 

9
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19.7, hetgeen vergelijkbaar is met edentate gezonde individuen. Geen enkele uitkomst wordt 

beïnvloed door de Brown classificatie. Radiotherapie beïnvloedt de gemiddelde mondopening 

significant (29.1mm versus 40.9mm, p=0.017) en ook de subjectieve functionele uitkomsten 

zijn slechter na radiotherapie. Edentate patiënten met een klos hebben slechtere functionele 

resultaten dan gedeeltelijk dentate patiënten, gemeten met de mixing ability test en de 

vragenlijst.

Concluderend, uit deze studie blijkt dat kauwfunctie na reconstructie van een 

maxillectomiedefect met een klos vergelijkbaar is met kauwfunctie in aanwezigheid van een 

volledige prothese. De grootte van de maxillectomieholte beïnvloedt het functionele resultaat 

niet significant, maar adjuvante radiotherapie resulteert wel in verminderde mondopening 

en geeft meer klachten van de mond en het slikken. Resterende dentitie heeft een positieve 

invloed op de kauwfunctie en op de subjectieve uitkomsten. Echter, wat betreft de functie na een 

bilaterale maxillectomie kunnen geen uitspraken worden gedaan, aangezien bij alle patiënten in 

deze studie nog een deel van de contralaterale maxilla is gepreserveerd.

hoofdstuk 7

Cine-MRI van het slikken bij patiënten met een gevorderd-stadium mondholte- en 

orofarynxcarcinoom: een feasibility studie.

Cine-MRI is een nieuwe techniek waarbij iedere 800ms opeenvolgende beelden gemaakt worden 

tijdens een beweging, resulterend in een dynamische weergave van deze beweging. Doel van 

deze studie is om te onderzoeken of cine-MRI van de slikact extra informatie oplevert naast de 

standaard onderzoeken bij patiënten met dysfagie na behandeling van gevorderd mondholte- en 

orofarynxkanker.

Vierendertig cine-MRI’s zijn gemaakt in 23 patiënten met een gevorderd mondholte- en 

orofarynxcarcinoom. Deze patiënten ondergingen ook een slikvideo. Kwaliteit van leven werd 

geïnventariseerd met een vragenlijst. 

Cine-MRI van het slikken in een midsaggitale doorsnede visualiseert de tumor (indien 

gelokaliseerd in dezelfde doorsnede) en omgevende belangrijke anatomische structuren. 

Postoperatief zijn de chirurgische reconstructies met vrije of gesteelde weefsel transplantaten 

goed zichtbaar. Een score is bedacht om de mobiliteit van de orofarynx te kwantificeren op zowel 

cine-MRI als slikvideo. Deze mobiliteitscore varieert van 9 (normale mobiliteit) tot 17 (extreem 

verminderde mobiliteit). De gemiddelde mobiliteitscore op cine-MRI voor behandeling is 10.8 en 

na de behandeling 12.4 (p=0.017). Dit toont aan dat na de behandeling de mobiliteit significant 

minder is dan voor de behandeling. Wanneer mobiliteitscores worden vergeleken met de 
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subjectieve uitkomsten van de vragenlijst, blijkt het dat verminderde mobiliteit op de cine-MRI 

significant gecorreleerd is aan slikklachten (Spearman’s correlatie coëfficiënt= 0.73, p= 0.04). 

Verminderde mobiliteit op de slikvideo is niet gerelateerd aan subjectieve slikklachten.

Cine-MRI is een veelbelovende nieuwe techniek en heeft aanvullende waarde boven de 

standaard onderzoeken om dysfagie bij patiënten met een mondholte- of orofarynxcarcinoom 

te evalueren. Een afwijkende cine-MRI blijkt significant gecorreleerd aan subjectieve slikklachten 

van patiënten. Cine-MRI maakt visualisatie van zowel de tumor als de slikdynamiek mogelijk, 

waardoor het ontwikkelen en de etiologie van dysfagie nauwkeurig kan worden gevolgd. 

Preoperatief kan de uitbreiding van de tumor in relatie tot de dynamische weke delen, die 

van belang zijn voor de slikactie, worden beoordeeld. Mogelijk kan cine-MRI op deze manier 

bijdragen aan de inschatting van functionele inoperabiliteit in de individuele patiënt. 

hoofdstuk 8

Ontwikkeling van een dynamisch model van de tong voor virtuele chirurgie. 

Het doel van deze studie is om een 3-dimensionaal model van de tong te ontwerpen. Het 

uiteindelijke toekomstige doel is de ontwikkeling van een dynamisch model van de mondholte 

en orofarynx voor virtuele chirurgie. Dit zal leiden tot een betere preoperatieve inschatting 

en visualisatie van de postoperatieve functie en zodoende het objectiveren van functionele 

inoperabiliteit. 

De finite-element-methode is gekozen om de tong te modelleren. Dit geometrische model 

verdeelt de tong in 480 elementen, verkregen door segmentatie van een MRI-volume-scan. 

Modellen van de individuele tongspieren worden volgens anatomische beschrijvingen ingericht 

en handmatig geactiveerd. Het model toont de verwachte tongbewegingen door activatie 

van aparte of gecombineerde spiergroepen. Verandering van de stijfheidsparameters geeft 

de mogelijkheid om ook andere weefseltypes te simuleren, zoals verlittekening na chirurgie 

of radiotherapie. Volume veranderingen worden gezien wanneer individuele spieren worden 

geactiveerd, maar aan het eind van de beweging bedraagt de volume verandering gemiddeld 

103%. 

Concluderend lijken deze eerste stappen in de ontwikkeling van een dynamisch 3-dimensionaal 

model van de tong veelbelovend. Activatie van tongspieren resulteert in realistische bewegingen 

van de virtuele tong. Verfijning is noodzakelijk om dit finite-element-model geschikt te maken 

voor toekomstige virtuele-chirurgie applicaties, om uiteindelijk preoperatief functionele 

inoperabiliteit in te kunnen schatten. 

9
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Conclusie

Dit proefschrift laat zien dat functionele inoperabiliteit een interessant klinisch concept is, wat 

bij de behandeling van een gevorderd mondholte- of orofarynxcarcinoom gehanteerd moet 

worden in de afweging van chirurgie en orgaansparende chemoradiatie. In Nederland is het 

begrip functionele inoperabiliteit geïntegreerd in de huidige praktijk van hoofd-halsoncologie. 

Volgens Nederlandse clinici zijn markante voorbeelden van functionele inoperabiliteit een 

primair tong(basis)carcinoom waarbij radicale resectie een totale glossectomie vereist, of een 

subtotale glossectomie met opofferen van beide nervi hypoglossi en arteriae linguales. Andere 

ingrepen blijken controversieel, bijvoorbeeld een volledige palatum molle resectie, een bilaterale 

maxillectomie en een resectie van een tonsilcarcinoom met medenemen van de vallecula en 

epiglottis. 

Wereldwijd is er geen overeenstemming over het concept functionele inoperabiliteit. Er zijn 

geografische verschillen, die mogelijkerwijs worden beïnvloed door financiële motieven of 

beschikbaarheid en ervaring met de verschillende technieken. Respondenten van onze e-mail 

enquête uit Noord-Amerika waren meer geneigd om te kiezen voor een primaire chirurgische 

benadering vergeleken met hun Europese tegenhangers, met name in vergelijking met de 

Nederlanders. De helft van alle internationale deskundigen in de enquête gebruikt de term 

functionele inoperabiliteit in de huidige praktijk. Dit toont het ontbreken van consensus. Een 

poging tot het vinden van overeenstemming zou bijvoorbeeld gerealiseerd kunnen worden door 

een internationale consensus vergadering in samenwerking met de International Federation of 

Head and Neck Oncology and Surgery (IFHNOS). 

Door een aanzienlijk deel van de respondenten in beide enquêtes wordt het functionele 

resultaat na een bilaterale maxillectomie als onacceptabel beschouwd. Ook voor bepaalde sinus 

maxillaris tumoren of mondholte tumoren met invasie van de maxilla is gecombineerde chemo- 

en radiotherapie een curatieve optie. Om functionele inoperabiliteit rondom een maxillectomie 

te onderzoeken, wordt deze patiënten groep verder onderzocht. Ten eerste werd het primaire 

doel, het oncologische resultaat, geëvalueerd en vervolgens het functionele resultaat.

Bij histopathologisch onderzoek van het resectie preparaat, blijkt dat ruim 1/3 van alle 

maxillectomieën tumorpositieve snijranden heeft, wat een negatieve invloed heeft op de 

algemene overleving. Tumoruitbreiding naar dorsaal en dorsocraniaal op de preoperatieve 

beeldvorming geeft een significant verhoogd risico op een incomplete resectie. Om tumorvrije 

resectieranden te behalen kan uitgebreidere chirurgie worden toegepast, bijvoorbeeld door 

middel van een orbita exenteratie of een craniofaciale resectie. Deze uitgebreidere resecties 

leiden tot toename van de postoperatieve morbiditeit, waardoor functionele inoperabiliteit in 

beeld komt.
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Het functionele resultaat blijkt relatief goed in de onderzochte patiënten die een maxillectomie 

hebben ondergaan en reconstructie met een klosprothese. Zolang een deel van de 

contralaterale maxilla resteert, wordt het functieherstel niet beïnvloed door de grootte van 

de maxillectomieholte. Adjuvante radiotherapie verergert wel slikklachten en trismus na de 

behandeling. Belangrijk om te vermelden is dat in deze studiegroep geen patiënten voorkomen 

die een bilaterale totale maxillectomie hebben ondergaan. 

Om het klinische dilemma functionele inoperabiliteit meer te objectiveren en zo het gebruik 

in de praktijk funderen, is naar innovatieve beeldvormende technieken gezocht. Cine-MRI is 

hier een goed voorbeeld van, want deze modaliteit maakt de tumor zichtbaar in relatie tot 

de dynamische structuren die belangrijk zijn voor slikken en spraak. Dit leidt tot een betere 

preoperatieve inschatting van de tumor en de omliggende dynamische weke delen, welke 

belangrijk zijn voor de functie. Bovendien kan dit bijdragen aan een betere inschating van het 

ontstaan van postoperatieve (en postradiotherapeutische) dysfagie.

 

Een dynamisch model van de mondholte en orofarynx, waarin virtuele chirurgie kan worden 

uitgevoerd, is in ontwikkeling. Dit zal het mogelijk maken de patiënt uiteindelijk ook te betrekken 

in het besluitvormingsproces rondom zijn of haar operatieve behandeling, met een weergave van 

het postoperatieve functionele resultaat. Hiermee kan functionele inoperabiliteit preoperatief 

individueel en objectief worden ingeschat. 

 

Concluderend, in dit proefschrfit wordt de huidige nationale en internationale praktijk en 

klinische besluitvorming omtrent functionele inoperabiliteit geëvalueerd. Een beeld wordt 

geschetst van welke experts het begrip reeds toepassen in de praktijk, en welke chirurgische 

ingrepen functioneel inoperabel worden gevonden. De besluitvorming over functionele 

inoperabiliteit bleek subjectief en variabel, met evidente geografische verschillen. De eerste 

stappen om functionele inoperabiliteit te objectiveren werden gezet met de ontwikkeling van de 

cine-MRI van het slikken en een dynamisch model van de mondholte en orofarynx. 9
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First time used for web base survey among Dutch physicians in 2007

Second time a slightly moderated version was used among international physicians in 2009, 

moderations are shown in the text. 

General questions

1) Name:

2) Department (general surgery, oral/maxillofacial surgery, otorhinolaryngology, radiotherapy): 

3) Do you use the term functional inoperability in current practice?

4) If you do, which factors influence the operability?

- total loss of speech
- total loss of oral/oropharyngeal food transport
- severe deterioration of speech
- deterioration of oral/oropharyngeal food transport to fluid diet
- total loss of taste
- cosmetically unacceptable
- older age (older than 75 years)
- comorbidity, ASA III
- expected treatment compliance

- expectations and wishes of patient 

Cases

Case 1

A male of 63-years of age with a T4aN2a carcinoma of the right cheek and inferior alveolar 

process.
 Case description:

During examination of the oral cavity a 

large ulcerating tumour of the inferior 

alveolar process is observed. The 

tumour extends to the tuber maxillae. 

The tongue is unaffected and the 

overlying skin mobile. The function of 

the mental nerve is intact. MRI shows 

a tumour with a maximal diameter 

of 6cm with extensive erosion of the 

horizontal part of the mandible. There 

is invasion to the lateral floor of mouth, 

the tongue is free, the buccal reflection 

involved.
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1) Do you consider this tumour functionally inoperable?       Yes/No/ Neutral

2) If yo do, why? (multiple answers possible)

- total loss of speech

- total loss of oral/oropharyngeal food transport

- severe deterioration of speech

- deterioration of oral/oropharyngeal food transport to fluid diet

- cosmetically unacceptable

- something else..…………..

Case 2 (only in Dutch survey 2007) 

A 48-year-old man with a T3N0 tongue and floor of mouth carcinoma on the left side.  

Case description:

During examination of the oral cavity a tumour at the left lateral border of the tongue is 

seen, with submucosal extension over the median to the right side. The tip of the tongue is 

tumourfree. The MRI showes a tumour of 1,5x2,5cm at the floor of mouth on the leftside, 

reaching untill the mandible, that is intact. 

1) Do you consider this tumour functionally inoperable?       Yes/No/ Neutral

2) If you do, why? (multiple answers possible)

- total loss of speech
- total loss of oral/oropharyngeal food transport
- severe deterioration of speech
- deterioration of oral/oropharyngeal food transport to fluid diet
- cosmetically unacceptable
- something else…………..
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Case 3

A male of 48-years of age with a T2N0 oral tongue carcinoma.

Case description: 

During intra-oral examination a tumour of the left lateral marge of the tongue is seen, with 

submucosal extension over the midline to the right side. The apex of the tongue is tumour free. 

MRI shows a tumour at the base of tongue on the left side, extending to the midline, diameter 

2.5 x 2.5cm. 

1) Do you consider this tumour functionally inoperable?       Yes/No/ Neutral

2) If you do, why? (multiple answers possible)

- total loss of speech
- total loss of oral/oropharyngeal food transport
- severe deterioration of speech
- deterioration of oral/oropharyngeal food transport to fluid diet
- cosmetically unacceptable
- something else…………..
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Case 4

A male of 54-years of age with a T3N2b base of tongue carcinoma. 

Lower two saggital MR images only in international survey 2009

Case description:

During examination under general anesthesia an irregular lesion at the base of the tongue is 

observed. The vallecula is not infiltrated and the tumour seems confined to the ipsilateral side. MRI 

shows a tumour at the left base of the tongue with extension over the midline to the right side. 

Maximal dimension of the tumour is 5x2x2,5 cm (cranio-caudal/ left-right/ anterior-posterior). 

Cranially, the tumour invades the left tonsil and caudally the vallecula is infiltrated.

1) Do you consider this tumour functionally inoperable?       Yes/No/ Neutral

2) If you do, why? (multiple answers possible)

- total loss of speech
- total loss of oral/oropharyngeal food transport
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- severe deterioration of speech
- deterioration of oral/oropharyngeal food transport to fluid diet
- cosmetically unacceptable

- something else…………..

Case 5

A 50-year-old woman with a T3N0 base of tongue carcinoma

Case description:

During examination under general anesthesia a tumour at the base of the tongue is seen, 

comprising the whole base of tongue, without invading the vallecula. MRI shows a symmetrical 

exofytic proces medially in the base of tongue. 

1) Do you consider this tumour functionally inoperable?       Yes/No/ Neutral

2) If you do, why? (multiple answers possible)

- total loss of speech
- total loss of oral/oropharyngeal food transport
- severe deterioration of speech
- deterioration of oral/oropharyngeal food transport to fluid diet
- cosmetically unacceptable
- something else…………..

statements 

While evaluating the following hypothetical surgical interventions, it should be assumed that:

- all tumours are primary tumours 
- patients have no relevant medical history
- after the surgical intervention an optimal surgical and prosthetic reconstruction will be  
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 performed resulting in the most optimal result 
- the opinion of the patient is neutral 
- the alternative curative therapy is concurrent chemoradiation, assuming optimal  
 availability and an experienced multidisciplinary team with up-to-date treatment  

 protocols.

The functional loss after a subtotal glossectomy (2/3 of the mobile tongue), preserving the 

hypoglossal nerve unilateral, is acceptable.

Yes/No/ Neutral

The functional loss after a total glossectomy is acceptable

Yes/No/ Neutral

The functional loss after a total glossectomy and supraglottic laryngectomy is acceptable.

Yes/No/ Neutral

The functional loss after a total glossectomy and total laryngectomy is acceptable

Yes/No/ Neutral

The functional loss after a commando procedure, consisting of a subtotal glossectomy with 

unilateral preservation of the hypoglossal nerve, with resection of the lateral floor of mouth and 

segmental lateral mandibulectomy including disarticulation, is acceptable.

Yes/No/ Neutral

The functional loss after a bilateral maxillectomy is acceptable

Yes/No/ Neutral

The functional loss after a Commando procedure, consisting of an anterior segmental mandible 

resection, resection of the anterior floor of mouth and subtotal glossectomy with unilateral 

preservation of the hypoglossal nerve, is acceptable.

Yes/No/ Neutral

The functional loss after a Commando procedure, consisting of an anterior segmental mandible 

resection, resection of the anterior floor of mouth and subtotal glossectomy sacrificing both 

hypoglossal nerves, is acceptable.

Yes/No/ Neutral
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The functional loss after a hemimandibulectomy including disarticulation is acceptable.

Yes/No/ Neutral

The functional loss after a total mandibulectomy is acceptable. 

Yes/No/ Neutral

The functional loss after 2/3 resection of the soft palate is acceptable. 

Yes/No/ Neutral

The functional loss after a total soft palate resection is acceptable.

Yes/No/ Neutral

The functional loss after a Commando procedure consisting of resection of a tonsil, lateral part 

soft palate and ascending part of the mandible is acceptable.

Yes/no/neutral 

The functional loss after a resection of the dorsal and lateral pharynx wall is acceptable.

Yes/no/neutral 

The functional loss after resection of a tonsil and base of tongue carcinoma with unilateral 

preservation of the hypoglossal nerve and lingual artery is acceptable.

Yes/no/neutral 

The functional loss after resection of a tonsil and base of tongue carcinoma with dubious 

possibility of preservation of one hypoglossal nerve and lingual artery is acceptable.

Yes/no/neutral 

The functional loss after resection of a tonsil and base of tongue carcinoma with invasion in the 

vallecula and epiglottis is acceptable.

Yes/No/ Neutral

Only in Dutch survey 2007:

The functional loss after an anterior floor of mouth resection with segmental mandible resection, 

sparing the mental nerve unilaterally is acceptable.

Yes/No/ Neutral
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The functional loss after a floor of mouth and anterior mandible resection (arch-to-arch 

resection) including both mental nerves is acceptable

Yes/No/ Neutral

The functional loss after a Commando procedure, consisting of an anterior segmental mandible 

resection, resection of the anterior floor of mouth and subtotal glossectomy with preservation of 

both hypoglossal nerves, is acceptable.

Yes/No/ Neutral

The functional loss after an unilateral maxillectomy with orbita exenteration is acceptable.

Yes/No/ Neutral

The functional loss after a base of skull resection with resection of a small part of the frontal lobe 

is acceptable.   

Yes/No/ Neutral

Only in international survey 2009:

The functional loss after total laryngopharyngectomy is acceptable

Yes/no/neutral 

Thank you very much for your support and cooperation!
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Used for the studies:

• ‘Oral function after maxillectomy and reconstruction with an obturator.’

• ´Cine MRI of swallowing in patients with advanced oral or oropharyngeal carcinoma: a  

 feasibility study.´

A. Socio-demographic data (9 questions)

B. Complaints over the last week

a. Sense of smell (4 questions)

1. What is your smell like?

1 = bad   2 = fair

3 = good   4 = excellent

2. Has your sense of smell changed after treatment?

1 = much worse  2 = slightly worse

3 = the same   4 = a bit better

5 = much better  6 = not applicable

3. What is your taste like?

1 = bad   2 = fair

3 = good   4 = excellent

4. Has your taste changed after treatment?

1 = much worse  2 = slightly worse

3 = the same   4 = a bit better

5 = much better  6 = not applicable 

b. Diet, swallowing and chewing (17 questions)

1. Do you still have your own teeth besides the obturator?

1 = yes   2 = no

3 = no, and I don’t wear a prosthesis

2. How often do you clean your teeth?

1 = a couple of times a day 2 = once a day

3 = less than once a day  4 = not at all

3. How do you experience your mouth opening?

1 = normal   2 = a little bit limited

3 = very limited  4 = I cannot open my mouth
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4. What is your diet like?

1 = I eat solid food  2 = I only eat soft (minced) food

3 = I only eat liquid food 4 = I only have tube feeding

5 = combination soft diet and tube feeding

5. Do you experience problems with eating, because of a limited mouth opening?

1 = not at all   2 = a little

3 = rather   4 = quite a lot

6. Do you experience problems with speech, because of a limited mouth opening?

1 = not at all   2 = a little

3 = rather   4 = quite a lot

7. Do you have problems with chewing your food?

1 = not at all   2 = a little

3 = rather   4 = quite a lot

8. Do you have problems with moving solid food around in your mouth?

1 = not at all   2 = a little

3 = rather   4 = quite bad

9. Do you have problems with moving soft/minced food around in your mouth?

1 = not at all   2 = a little

3 = rather   4 = quite a lot

10. Do you have problems with moving liquid food around in your mouth?

1 = not at all   2 = a little

3 = rather   4 = quite a lot

11. Do you have problems with swallowing solid food?

1 = not at all   2 = a little

3 = rather   4 = quite a lot

12. Do you have problems with swallowing soft/minced food?

1 = not at all   2 = a little

3 = rather   4 = quite a lot

13. Do you have problems with swallowing liquid food?

1 = not at all   2 = a little

3 = rather   4 = quite a lot

14. Do you have to swallow repeatedly to get rid of food?

1 = yes    2 = no  

3 = sometimes

15. Do you have to drink during a meal to ease food down?

1 = yes    2 = no  

3 = sometimes
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16. Do you have a normal amount of saliva (spit)?

1 = much less   2 = a bit less

3 = the same   4 = a bit more

5 = much more

17. Can you keep your saliva in the mouth without leakage?

1 = not at all   2 = a bit

3 = fairly well   4 = quite easily

c. Social contacts (6 questions)

1. How frequently did you visit family or friends over the last month?

1 = every day   2 = a few times a week

3 = once a week  4 = 2-3 times a week

5 = once this month  6 = not at all

2. How frequently did family or friends visit you?

1 = every day   2 = a few times a week

3 = once a week  4 = 2-3 times a week

5 = once this month  6 = not at all

3. How frequently did you phone family or friends over the last month?

1 = every day   2 = a few times a week

3 = once a week  4 = 2-3 times a week

5 = once this month  6 = not at all

4. How has your contact been with others, recently?

1 = bad   2 = fair

3 = reasonable   4 = good

5. Do you feel compromised in your contact with others?

1 = not at all   2 = a little

3 = rather   4 = severely

6. Do you avoid strangers?

1 = never   2 = sometimes

3= frequently   4 = always

d. Voice and speech (6 questions)

1. How do you rate your intelligibility?

1 = poor  2 = moderate

3 = reasonable  3 = good

2. How do you rate the volume of your voice?

1 = poor  2 = moderate
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3 = reasonable  3 = good

3. How do you rate the pitch of your voice?

1 = poor  2 = moderate

3 = reasonable   = good

4. How do you rate your rate of speech?

1 = poor  2 = moderate

3 = reasonable  3 = good

5. How do you rate your intelligibility over the phone?

1 = poor  2 = moderate

3 = reasonable  3 = good

6. Is your voice as it used to be?

1 = yes  2 = no 

e. Sleep (3 questions)

1. Do you use sleeping medication?

1 = yes  2 = no; skip to chapter f

2. How often do you use sleep medication?

1 = 1-2 times a week  2 = 3-4 times a week

3 = 5 or more times a week 

3. Which sleeping pill(s) do you use?

f. Smoking/ alcohol (4 questions)

1. Do you smoke?

1 = no, not at all (skip to question 3)   

2 = a little  3 = quite a lot

4 = very much  5 = not anymore

2. How many cigarettes do you smoke/ smoked every day?

3. Do you drink alcohol?

1 = no, not at all (skip to next questionnaire)   

2 = a little  3 = quite a lot

4 = very much  5 = not anymore

4. How many units alcohol do/ did you drink per day?
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