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Abstract 
Background: Head and neck cancer and its treatment cause significant functional, aesthetic, and social disabilities. 
These disabilities have a major impact on the quality of life of patients. When irradiation is required, removable 
dental prostheses are often the treatment of choice. This study investigated whether removable prosthetic rehabili-
tation improved patient function and aesthetics over the long term.
Materiel and Methods: In this prospective study, we assessed quality of life in 78 patients with the General Oral 
Health Assessment Index (GOHAI) questionnaire. Assessments were performed before, and 1 week, 3 months, 6 
months, and 12 months after denture insertion. We evaluated whether quality of life was influenced by the type of 
removable prosthesis and the primary tumour location. 
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Introduction
In 2017, in metropolitan France, the estimated numbers 
of new head and neck cancer (HNC) cases and HNC-re-
lated deaths were, respectively, 15,280 and 3630 (1). 
HNC and its treatment have a major functional impact 
on this anatomical region (i.e., impacts on chewing, swa-
llowing, breathing, phonation, etc.). Surgical consequen-
ces (disfigurement) and adjuvant treatments (radiothera-
py, chemotherapy) increase the functional consequences 
and generate psychological and social consequences (2) 
(3-5). Therefore, HNC has a substantial impact on quali-
ty of life, compared to other cancers (6,7).
There are several aspects related to quality of life, par-
ticularly oral quality of life. Oral quality of life depends 
on oral health, which was defined, in 2003, by the World 
Health Organization  (8)  as the “absence of oral or facial 
pain, oral or pharyngeal cancer, oral infection or injury, 
periodontal disease (disease affecting the gums), loose-
ning and loss of teeth, and other diseases and disorders 
that limit a person’s ability to bite, chew, smile, and 
speak, and thus, their psychosocial well-being.” 
An essential component of managing patients with HNC 
is prosthetic rehabilitation. A prosthetic provides full or 
partial restoration of function and aesthetics (9). This 
restoration limits the loss of self-esteem and increases 
the capacity for physical and moral recovery (3). For pa-
tients that require irradiation for HNC, in most cases, 
a removable prosthesis is the treatment of choice (10).
Currently, we lack substantial evidence on the influence 
of a prosthesis on quality of life in patients with HNC 
(2,11). One study showed that a prosthesis improved the 
overall quality of life. That study followed patients for 
one year, but did not specify the extent of variation ob-
served in the different quality of life domains, particu-
larly the psychological component (12). A preliminary 
study showed that patient oral quality of life improved at 
3 months after a prosthetic rehabilitation. However, that 
study did not distinguish among different types of pros-
theses or different tumour locations. Nevertheless, they 
observed a significant improvement in the psychosocial 
domain of quality of life (13).
The objective of this study was to investigate durable 

Results: We constructed mixed-effects linear regression models to identify correlates of the overall GOHAI score 
(GOAHI-add score) and the three domain-scores (functional, psychosocial, and discomfort/pain) in a longitudinal 
analysis over a 12-month follow-up. We compared scores (GOHAI-add score and domain-scores) in multivariate 
analyses between baseline (T0) and four post-insertion timepoints to determine significant changes.
Conclusions: We found that removable prosthetic rehabilitation had an influence on the evolution of quality of life. 
The psychosocial component scores increased steadily over the year and changed more significantly than the func-
tional and discomfort-pain components. The mandibular location of the primary lesion had a negative influence on 
quality of life. The type of removable prosthesis did not influence the results.
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changes in the oral quality of life of patients for 1 year 
after a prosthesis was inserted. We evaluated whether 
clinical characteristics, the type of prosthetic rehabilita-
tion, and the type of pathology led to changes in the oral 
quality of life and to what extents the different quality of 
life components were affected. 

Material and Methods 
-Sample
We recruited 78 patients from the Functional Unit of the 
Hospital of Odontology (Pôle Odontologie) at the Hôpi-
tal Universitaire Timone in Marseille, France. Patients 
that had completed a therapeutic protocol for HNC were 
referred by the maxillofacial surgery and otolaryngolo-
gy departments of different hospitals of the Assistance 
Publique des Hôpitaux de Marseille, for management, 
diagnosis, and oral rehabilitation. 
Inclusion criteria were: a diagnosis of HNC, with no 
time limit; required radiotherapy as part of the treatment 
protocol (≥60 Gy), with no time limit; and a diagnosis 
that required oral rehabilitation with a removable pros-
thesis.
Exclusion criteria were: inability to complete the ques-
tionnaires; failure to wear the prosthesis.
-Ethical considerations 
Patients participating in this study were included in a 
clinical research protocol on oral health outcomes after 
upper aerodigestive tract radiotherapy (N IDCRB 2014-
A01244-43). Administrative and medical data were co-
llected directly from individuals. Informed consent for-
ms were completed and signed by each participant. The 
study was conducted in compliance with the Declaration 
of Helsinki (14).
-Location of the primary tumour
The location of the primary tumour corresponded to the 
type of disability generated by the therapeutic protocol 
and the anatomic consequences related to the therapeutic 
protocol. Therefore, the pathologies were classified into 
three groups, based on the International Classification of 
Diseases 11th Revision (ICD-11) (15): Group A: maxi-
llary tumours; Group B: mandibular tumours; and Group 
C: tumours in other locations (e.g., pharynx, larynx).
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-Type of prosthesis
Patients were rehabilitated with removable dental pros-
theses. The heterogeneity among dental formulas led to 
the creation of groups of prostheses with common cha-
racteristics. Therefore, we assigned patients to one of 
two groups: patients with a rehabilitation diagnosis that 
required at least one removable complete prosthesis (full 
denture); and patients with a rehabilitation diagnosis that 
required a removable partial prosthesis (partial denture).
-Design
The oral quality of life was assessed at different time 
points with the General Oral Health Assessment Index 
(GOHAI) (16) (17). The GOHAI included 12 simple, 
easily understandable questions about the HNC context 
and the patient’s current state of vulnerability. The ques-
tions were scored on a scale of 1 to 5, and the overall 
score (GOHAI-add) ranged from 12 to 60 points. Scores 
≤50 indicated a “poor” quality of life; scores between 51 
and 56 indicated an “average” oral quality of life; and 
scores ≥57 indicated a “good” quality of life.
The GOHAI included the assessment of three domains. 
The functional domain (e.g., chewing, swallowing, spea-
king), which included 4 items, with scores from 4 to 20; 
the psychosocial domain (e.g., concern about one’s oral 
health, aesthetic dissatisfaction, and abandonment of so-
cial relationships), which included 5 items, with scores 
from 5 to 25; and the pain and discomfort domain, which 
included 3 items, with scores from 3 to 15.
The questionnaire was administered at five time-points: 
before the prosthesis was inserted (T0), and 1 week 
(T1), 3 months (T2), 6 months (T3), and 12 months (T4) 
after the prosthesis was inserted. A single practitioner 
administered the questionnaires, collected data, and per-
formed the prosthetic rehabilitation, following the same 
protocols and techniques for each patient. The sample 
size was reduced over time, partly due to individuals 
lost to follow-up (i.e., death, absence from follow-up 
appointments, etc.) and partly due to insufficient time 
for data collection and management.
-Statistical analysis
For the descriptive analysis, patient characteristics are 
presented as numbers and percentages, for categorical 
data, or the median and interquartile range, for quanti-
tative data. Wilcoxon rank sum tests were conducted to 
examine differences in GOHAI scores between patients 
that only completed the GOHAI at T0 and patients se-
lected for the longitudinal study. The longitudinal study 
included GOHAI data from the T0-T4 follow-up period. 
We constructed mixed-effects linear regression models 
to identify correlates of the GOHAI add score and the 
three domain scores (functional, psychosocial, and dis-
comfort/pain). Variables tested in the models included 
fixed variables, assessed at T0 (i.e., sex, age, type of pa-
thology, and presence of at least one complete prothe-
sis), and time-varying variables (i.e., items that changed 

between time-points). A likelihood ratio test, backward 
selection procedure was used to build the final multiva-
riable models, which comprised only variables signifi-
cant at the p≤0.05 level. 
In these models, time was used as categorical variable. 
To identify factors that influenced the GOHAI-add and 
each domain-score, univariate and multivariate analy-
ses were performed, and 95% confidence intervals 
(95%CIs) were calculated with the bootstrap resampling 
procedure. 
Statistical analyses were performed with SAS 9.4 sof-
tware (SAS Institute Inc. Cary. NC. USA) and R Softwa-
re, version 3.6.3 (R Foundation for Statistical Compu-
ting. Vienna. Austria). All statistical tests were two-sided 
and the significance level was set to p≤0.05.

Results
-Descriptive statistics
Initially, the study cohort included 78 patients; of these, 
25 completed only the baseline assessment. Therefore, 
53 patients were included in the longitudinal study. The 
initial and longitudinal study groups were not signifi-
cantly different in socio-demographic or clinical charac-
teristics. Moreover, the baseline GOHAI-add scores and 
the three domain-scores were not significantly different 
between the two groups.
•Characterization of the sample at T0
The longitudinal study consisted of 53 patients, aged 34 
to 87 years, and 60.4% were women. The patient cha-
racteristics are summarized in Table 1. At T0, more than 
90% of the patients stated that they had a poor oral qua-
lity of life, and only 2% stated that they had a good oral 
quality of life. The mean GOHAI-add score at T0 (data 
not shown) was 32.6 (sd=9.8), which indicated that the 
perceived oral quality of life was poor before prosthe-
tic rehabilitation. At baseline, 39.6% of tumours were 
classified as group A and nearly half were classified as 
group B. At baseline, the sample was equally distributed 
between the two types of prosthesis.
•Changes in the overall GOHAI score and the three GO-
HAI domain-scores over time
For the GOHAI-add score and the three domain-scores, 
we observed that the median score at T1 was higher than 
that at T0 (Table 2, Fig. 1). However, from T1 to T3, 
there were very small variations in the quality-of-life 
scores. 
-Mixed-effect models
The mixed-effect model results are presented in Tables 3 
and 4. The univariate analysis based on the mixed-effect 
model showed that patient sex, age, and prothesis type 
had no significant effects on the overall GOHAI score 
(Table 3), the pain/discomfort score, or the psychologi-
cal score (Table 4). On the other hand, the type of pa-
thology significantly affected the overall GOHAI score 
and the pain and discomfort score. In contrast, the type 
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Variables n (%)
Sex
Male 21 (39.6)
Female 32 (60.4)
Age
≤55 years 26 (49.1)
between 55 and 75 years 12 (22.6)
75 years 15 (28.3)
Type of pathology
A 21 (39.6)
B 26 (49.1)
C 6 (11.3)
Prosthesis
at least one complete prothesis 27 (50.9)
no complete prothesis 26 (49.1)
GOHAI classes
poor QoL 49 (92.4)
medium QoL 3 (5.7)
good QoL 1 (1.9)

Table 1: Baseline characteristics of patients treated for HNC that 
received prosthetic rehabilitation (n=53).

HNC: head and neck cancer; GOHAI: General Oral Health Assess-
ment Index; Qol: quality of life

Timepoints T0 T1 T2 T3 T4 p*

n 53 53 39 29 19

Overall score 32 [26 ;40] 43 [35 ;51] 45 [37 ;53.8] 43 [34 ;51] 41 [33 ;52] <0.001

Pain and discomfort score 11 [8 ;12] 12 [9 ;14] 12 [9.5 ;13] 11 [9 ;13] 11 [9.5 ;13] 0.134

Functional score 8 [6 ;12] 12 [9 ;14] 12 [9 ;15.8] 12 [10 ;14] 13 [9 ;17.5] 0.010

Psychosocial score 13 [8 ;18] 20 [15 ;23] 21 [17 ;24] 20 [16 ;25] 18 [13.5 ;23] <0.001

Table 2: Overall GOHAI scores and domain-scores, measured at different time-points.

Values are the median and interquartile interval [Q1; Q3]; GOHAI: General Oral Health Assessment Index; T0: before the day of 
prosthesis insertion; T1-T4: timepoints after prosthesis insertion, as follows: T1: 1 week, T2: 3 months, T3: 6 months, T4: 12 months; 
*p-value, based on the Friedman test

of pathology did not significantly affect the functional 
score or the psychological score (Table 4).
In the multivariate analysis, we compared the overall 
GOHAI score and each domain-score between baseline 
(T0) and each post-insertion (post-operative) time-point 
(T1, T2, and T3). We observed significant improvements 
in all scores over time. Compared to the scores at T0, 
we observed increases at T1 in the GOHAI-add sco-
re, the pain and discomfort score, the functional score, 
and the psychosocial score, by score increases of 9.42 
6.90;11.84., 1.24 0.53;1.93., 2.62 1.56;3.65., and 5.55 
4.19;6.86., respectively.
The GOHAI-add score was significantly higher among 
patients in group C than in patients in group A, by a sco-

re increase of 9.130 2.45;16.73. (Table 3). This effect 
was largely due to the significant change in the pain and 
discomfort score in group C, which changed by a sco-
re increase of 2.44 0.76;4.34. compared to patients in 
group A (Table 4).
Interestingly, compared to patients under 55 years old, 
patients between 55 and 75 years old had significantly 
higher functional scores (coefficient = 2.28 0.17;4.49.). 
Moreover, there was no significant interaction with time 
during the 1-year follow-up.

Discussion
This study showed that prosthetic dental rehabilitation 
improved the functional and aesthetic qualities of life 
in patients with HNC that underwent irradiation. This 
study compared quality of life before and after prosthe-
sis placement, as recommended by some authors (11). 
The original nature of this work was the focus on the 
evolution of quality of life, and the effects of specific 
factors, including tumour location and the type of remo-
vable dental prosthesis. 
Although the GOHAI questionnaire was not specifically 
designed for HNC, we chose it to assess improvements 
in oral quality of life (16,17), because it was the only 
French language questionnaire specific to dental patho-
logies, which explicitly addressed oral rehabilitation 

(18). We chose a 1-year observation period, with measu-
rements at different time-points, because it was well sui-
ted to our purpose. First, quality of life has been shown 
to decrease within 3 months after the end of treatment, 
and second, quality of life can return to a baseline level 
within 12 months after the completion of a therapeutic 
protocol. On the other hand, no significant difference in 
the level of quality of life has been reported between 12 
and 36 months after a treatment protocol (19). Therefo-
re, we were interested in this 1-year post-treatment (sur-
gery, radio-chemotherapy) period to evaluate the effect 
of rehabilitation on the patient’s quality of life as early as 
possible after treatment. We found that the GOHAI-add 
scores increased significantly between T0 and T1 and 
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Fig. 1: Boxplots show the overall GOHAI scores and the three domain-scores, measured at different timepoints. 
Overall GOHAI; Pain/Discomfort score; Functional score; Psychosocial score; GOHAI: General Oral Health As-
sessment Index; T0: before the day of prosthesis insertion; T1-T4: timepoints after prosthesis insertion, as follows: 
T1: 1 week, T2: 3 months, T3: 6 months, T4: 12 months.

between T0 and T2. However, after that, the scores were 
stable, although they decreased slightly at T3 and T4, 
compared to T1 and T2. Therefore, the quality of life 
showed an immediate improvement after the insertion 
of the rehabilitation prosthesis. This improvement re-
mained stable over time, from T2 onwards and did not 
improve further.
Like the GOHAI-add score, the three domain-scores 
(psychosocial, functional, and discomfort-pain) increa-
sed after T0, but at different time-points. The psycho-
social component score increased between T0 and the 
other time-points. This score increased more significant-
ly than the functional and discomfort-pain scores. The 
domain-scores remained stable between T1 and T4, with 
less important changes between T3 and T4. 
All these results were consistent with those obtained in 
a preliminary study; both studies demonstrated the im-
portance of assessing the different domains related to 
quality of life (13). The hypothesis that improvements 

in quality of life were mainly linked to the psychosocial, 
social relationships, and self-esteem domains appeared 
to be confirmed over time. For example, Patterson et al. 
showed that loneliness was linked to the depressive sta-
te in HNC survivors (20). They showed that quality of 
life improved when self-esteem and social relationships 
improved. In the present study, we found that improve-
ments in the GOHAI-add score remained stable over 
time. Moreover, the different domains varied in the same 
direction, which excluded that compensatory changes in 
the different domains might explain the stability in the 
overall score.
The main limitation of the current study was the me-
dium-to-small sample size, particularly at T4. This fea-
ture might have weakened the statistical power of the 
study. However, the use of a linear mixed model analy-
sis allowed us to exploit the all the data collected, and 
it provided reliable results. In addition, we minimized 
potential practitioner-dependent bias, because the same 
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Potential influencing
variables

univariate analysis multivariate analysis
Coef. [95% CI] p Coef. [95% CI] p

Intercept 33.01 [29.42 ; 36.60] <0.001

Time point
 (ref. T0)

T1 9.42 [7.20 ;12.01] <0.001 9.42 [6.90 ; 11.84] <0.001
T2 10.60 [6.71 ; 14.62] <0.001 9.84 [6.61; 12.87] <0.001
T3 8.67 [4.71; 12.36] <0.001 8.21 [5.03 ; 11.51] <0.001
T4 9.40 [5.43 ; 13.48] <0.001  7.33 [3.21 ; 11.08] <0.001
Sex
(ref. female)

male 2.44 [-2.07; 7.08] 0.304 - -

Age
(ref. ≤55 years)
[56 ;75] 2.76 [-3.26 ;9.35] 0.369 - -
> 75 years -0.15 [-6.81; 6.70] 0.965 - -
Type of pathology
 (ref. A)
B -2.94 [-7.94; 160] 0.212 -2.94 [-7.94; 1.60] 0.740
C 9.13 [2.45;16.73] 0.016 9.13 [2.45;16.73] 0.011
At least one complete 
prothesis
 (ref. no)
yes 2.20 [-2.61; 6.87] 0.359 - -

Table 3: Mixed linear regression analysis results show associations between the overall GOHAI score and potential 
influencing factors.

GOHAI: General Oral Health Assessment Index; Coef:; ref: reference value; T0: before the day of prosthesis inser-
tion; T1-T4: timepoints after prosthesis insertion, as follows: T1: 1 week, T2: 3 months, T3: 6 months, T4: 12 months

practitioner performed all questionnaire administrations, 
all the data collection, and performed all prosthetic reha-
bilitations with the same techniques.
Previously, Ciocca showed that the quality of life was 
not different between patients with HNC that received 
fixed implant-supported and removable prosthetic reha-
bilitations after mandibular surgery with flap reconstruc-
tions (21). However, removable prostheses were the pre-
ferred option for patients with a high risk of developing 
osteoradionecrosis (10). 
According to Petrosyan et al., there is no proven link be-
tween prosthetic rehabilitation and improved quality of 
life; however, quality of life may improve independently 
over time (22).  Our findings showed that quality of life 
improved within a short time after a prosthesis insertion; 
moreover, our results excluded an influence of time on 
this improvement. This finding was consistent with that 
noted by Dholam et al., who studied patients that wore 
a prosthesis for 12 months (12). Additionally, our study 
clarified the conditions of improvement; we found that, 
among patients that received a removable prosthesis, 
there was no significant difference between those that 
wore at least one full denture and those that wore partial 

dentures. All the patients in our sample had undergone 
radiotherapy. Therefore, the corresponding side effects 
(xerostomia, burns, etc.) were common to both groups. 
This commonality may explain the lack of significant 
difference between the partial and total edentulous 
groups (23). Future studies might confirm this hypo-
thesis, by comparing improvements between irradiated 
and non-irradiated groups, based on strictly qualitative 
surveys to gain better feedback regarding prosthesis re-
habilitation (11).
The use of the ICD-11 to classify the primary tumour 
location was relevant, because patients could be grouped 
according to the anatomic consequences of the therapeu-
tic protocol. Similar disabilities have an equivalent func-
tional and social impact (11). In this study, we found that 
patients with a primary tumour in a laryngeal or phary-
ngeal location (Group C) had better GOHAI-add scores 
than those with a primary tumour in a maxillary location 
(Group A). In contrast, patients with a primary tumour 
localised to the mandible (Group B) had worse GO-
HAI-add scores than those with a primary tumour in a 
maxillary location. These results might be explained by 
the fact that disfigurement and stigmata after the thera-
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peutic protocol have the greatest aesthetic impact when 
they are localised to the maxilla or mandible. In parti-
cular, patients have reported that surgical procedures, 
like a mandibulectomy, glossectomy, or extensive maxi-
llectomy, had marked negative influences on quality of 
life (3) (24). In our study, these aesthetic problems were 
less marked for patients with pathologies in laryngeal or 
pharyngeal locations. This finding may explain, at least 
in part, the better scores for the different questionnai-
re components among patients treated for laryngeal or 
pharyngeal pathologies, compared to those treated for 
maxillary pathologies.
In conclusion, this study showed that prosthetic rehabi-
litation had a sustainable influence on the quality-of-life 
evolution. In particular, prosthetic rehabilitation influen-
ced the psychosocial component (social relationships, 
self-esteem) in the first weeks after the insertion of the 
prosthesis, which notably improved quality of life. The 
type of removable prosthesis did not seem to influen-
ce the results obtained. However, primary tumours in a 
mandibular location had a negative influence on quality 
of life. These results should be confirmed in future stu-
dies with larger samples that allow the exploitation of all 
the data collected.
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