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A B S T R A C T   

Objectives: It has been reported that in many cancer types, the evaluation of complications and side effects of 
treatment differs between subjective and objective evaluations. The purpose of this study is to verify whether the 
evaluation of postoperative oral dysfunction following oral cancer treatment was consistent subjective and 
objective evaluations. 
Materials and Methods: This cross-sectional study collected background data and evaluated the oral function 
(microorganisms, oral dryness, occlusal force, tongue pressure, masticatory function and eating assessment tool 
[EAT-10]) of 75 patients from September 2019 to December 2021. The postoperative oral dysfunction-10 (POD- 
10) was used for the subjective assessment of dysfunction in oral cancer patients. Also, Matsuda-Kanno classi-
fication was used for the objective assessment. The kappa coefficient between POD-10 and oral dysfunction was 
calculated for the degree of agreement. The relationship between oral function measurements and POD-10 was 
examined by multiple regression analysis. 
Results: The patients’ median age was 72.0 (25–75 percentile: 64.0–78.0) and 69.3% were male. The kappa 
coefficients indicating the degree of agreement with POD-10 were 0.41 (P < 0.01) for occlusal force, 0.27 (P =
0.01) for masticatory function, and 0.59 (P < 0.01) for EAT-10. Multiple regression analysis showed a significant 
association of occlusal force (β = − 0.33, P = 0.03) and EAT-10 (β = 0.80, P < 0.01) with POD-10. 
Conclusions: For postoperative oral dysfunction type III (occlusal type), the evaluations of subjective and 
objective evaluations tended to be consistent. However, for type I (transport type) and II (oral hygiene type), 
these evaluations may be prone to overestimation or underestimation by either the medical professional or the 
patient.   

Introduction 

The Common Terminology Criteria for Adverse Events (CTCAE), now 
updated to version 5.0, is a system for medical professionals to evaluate 
complications and side effects associated with cancer treatment as 
objective evaluations [1]. With the development of a patient-reported 
version of its PRO-CTCAE in 2008, patients’ subjective assessment of 
treatment has become easier and more generalized, facilitating better 
communication between health providers and patients [2]. Despite the 
potentially increasing importance of subjective evaluations, there are 
many reports of inconsistent evaluations between subjective and 

objective evaluations. A study assessing the quality of life (QoL) of pa-
tients treated for prostate cancer reported that physician assessment was 
irrelevant [3]. In a randomized controlled trial of patients undergoing 
chemotherapy for breast cancer, physicians underestimated patients’ 
subjective assessment of chemotherapy-induced peripheral neuropathy 
[4], and a study in which patients and physicians assessed the QoL of 
patients receiving palliative care concluded that physicians should not 
make subjective patient assessments [5]. In addition, two studies on 
physician-patient assessment of adverse effects in chemoradiotherapy of 
head and neck cancers, including oral cancer, reported that physicians 
tended to underestimate toxicity assessment [6,7]. On the other hand, 
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our previous study reported that the swallowing assessment and QoL 
assessment of patients who underwent surgery for oral cancer were 
generally associated. Based on the above, the differences between sub-
jective and objective assessments of oral function in oral cancer patients 
are controversial [8]. 

One of the reasons for the difficulty of research on the relationship 
between subjective and objective assessments of oral cancer patients is 
the diversity of oral functions. Although the term “oral cancer” can be 
summarized as a single term, it includes disorders affecting different 
parts of the body, such as the tongue, palate, and gingiva, thus incon-
sistent evaluation methods are used across studies [9,10]. However, a 
uniform evaluation method for oral function has been recently estab-
lished [11], which our research team applied to patients treated for oral 
cancer succeeding in classifying their disability after oral cancer treat-
ment into three types as Matsuda-Kanno classification [12]. This oral 
function measurement and classification of postoperative oral dysfunc-
tion can help to provide an objective and comprehensive understanding 
of oral function and to understand its relationship to the subjective 
assessment of patients treated for oral cancer. 

Therefore, we hypothesized that the agreement between subjective 
and objective evaluations in assessing postoperative oral dysfunction 
would differ by category. Thus, this study aimed to verify whether the 
evaluation of postoperative oral dysfunction following evidence-based 
oral cancer treatment is consistent between subjective and objective 
evaluations. 

Material and methods 

Patients enrollment 

This study was a single-center cross-sectional study; patients meeting 
the following criteria were enrolled: [1] diagnosis of oral squamous cell 
carcinoma, [2] admitted to the Department of Oral and Maxillofacial 
Surgery/Oral Care Center, Shimane University Hospital (Shimane, 
Japan) for evidence-based oral cancer treatment guided by National 
Comprehensive Cancer Network (NCCN) guidelines by a single surgical 
team in a single center, [3] older than or equal 20 years of age and able 
to receive explanations and provide consent on their own, and [4] able 
to understand the intent of the questions and answer the questionnaire 
by themselves. No exclusion criteria for patient enrollment were estab-
lished. The timing of data collection for all patients was right before 
discharge. The patient enrollment period was from September 2019 to 
December 2021, and a sequential sampling method was adopted. This 
study was conducted with the approval of the Institutional Review Board 
of the Ethics Committee of Shimane University Faculty of Medicine 
(number 4041). Written informed consent was obtained from each 
participant before enrollment. 

Patients characteristics 

We collected the following patient characteristics: sex, age (years), 
body mass index (BMI, kg/m2), drinking habit (regular drinker or not), 
Brinkman index, Eastern Cooperative Oncology Group performance 
status, primary tumor site, cancer stage based on the criteria of Union for 
International Cancer Control (version 8), treatment methods (surgery/ 
surgery and adjuvant chemotherapy/surgery and adjuvant chemo-
radiotherapy), presence of neck dissection, presence of reconstructive 
surgery, number of teeth. 

Oral function measurement 

As in our previous study, data collection for oral function measure-
ment as the objective evaluations was conducted in accordance with the 
position paper of the Japanese Society of Gerontology [11,12]. How-
ever, as tongue-lip motor function could not be assessed in patients with 
tongue defects caused by oral cancer treatment, it was removed from the 

items to be assessed. 

Microorganisms 
The oral bacterial count was measured using a bacterial counter 

(Panasonic Healthcare Co., Ltd.) by touching a 1 cm sample from the 
dorsum of the tongue using a constant pressure measuring applicator. If 
the tongue was excised by surgery, specimens were collected from the 
remaining tongue. If all the tongue was excised, the specimen was 
collected from the center of the flap. 

Oral dryness 
For oral dryness, data on the dorsum of the tongue was collected 

three times using an oral moisture checker (Mucus, Life Co., Ltd.) and 
the median value registered as data. If the tongue was excised by surgery 
by surgery, data were collected from the remaining tongue. If all the 
tongue was excised, data were collected from the center of the flap. 

Occlusal force 
The occlusal force was measured using a special pressure sensitive 

paper (Dental Prescale Occluzer, GC Co.) and occluding with maximum 
force at the intercuspal position for 3 s; then, the data were captured and 
analyzed by a computer. For patients with dentures, if possible, mea-
surements were performed with the denture in place. 

Tongue pressure 
Tongue pressure was measured using a JMS tongue pressure 

measuring instrument (TPM-01, JMS Co., Ltd.) and the maximum 
pressure on the dorsum of the tongue was registered. In cases where the 
tongue was replaced by a flap, measurements were performed in the 
center of the flap. 

Masticatory function 
For masticatory function, gummy jelly was chewed for 20 s, rinsed 

with 10 mL of water, and the sugar eluted in the water was measured 
using the masticatory ability testing system (Gluco Sensor GS- II, GC 
Corporation). 

Eating assessment tool 
Swallowing function was assessed by the Eating Assessment Tool 

(EAT-10) developed by Belafsky et al. [13]. The EAT-10 consists of 10 
questions on a 5-point Likert scale (0 = no problem; 4 = severe prob-
lem), scored with a maximum score of 40 and a minimum of 0. The 
higher the total score, the worse the swallowing function. 

Swallowing function measurement 

Functional oral intake scale 
Functional oral intake scale (FOIS) is a simple index as the objective 

evaluations for assessing swallowing function by grading the texture of 
the current meal into seven levels. The higher the FOIS grade, the better 
the swallowing function [14]. 

Postoperative oral dysfunction Scale-10 

The postoperative oral dysfunction scale-10 (POD-10) is a ques-
tionnaire previously developed by our research team that can be used to 
subjectively assess oral function after oral cancer treatment. The POD-10 
consists on 10 questions and can be rated on a 5-point Likert scale (0 =
no problem; 4 = severe problem), with a maximum score of 40 and a 
minimum of 0. According to the literature, the cutoff value was set at 24 
points, and patients with POD-10 greater than or equal to 24 points were 
included in the High POD-10 group and those with POD-10 less than 24 
points were considered the Low POD-10 group [15]. The higher the total 
POD-10, the worse the oral function. 
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Matsuda-Kanno classification 
The Matsuda-Kanno classification was used to assess postoperative 

oral dysfunction (Table 1). It recognizes three types (type I: transport 
type, type II: oral hygiene type, type III: occlusal type); symptoms were 
evaluated with reference to the cutoff values of oral function measure-
ments [12]. 

Statistical analysis 

Descriptive statistics were expressed as number of patients (%) or 
median (25–75 percentile) after normality was verified by the Shapiro- 
Wilk test. Group comparisons were performed using the chi-square test 
for categorical variables and the Mann-Whitney’s U test for continuous 
variables. The association between POD-10 and each oral function 
measurement was calculated by Spearman’s rank correlation coefficient 
and the kappa coefficient as a concordance test. Finally, multiple 
regression analysis was used to examine the relationship between each 
oral function measurement and POD-10 after adjusting for confounding 
factors with POD-10 as objective variable. Statistical analyses were 
performed using SPSS version 26 (SPSS Japan Inc., Tokyo, Japan). We 
calculated two-tailed P-values for all analyses, and the alpha level of 
significance was set at P < 0.05. 

Results 

Patient characteristics 

Seventy-five post-treatment oral cancer patients (52 males [69.3%] 
and 23 females [30.7%]) were enrolled in the study. The median age was 
72.0 years (64.0–78.0), the most frequent primary tumor site was the 
tongue in 31 cases (41.3%), and it was advanced cancer (stage III and IV) 
in 49 cases (65.3%). Neck dissection was performed in 48 (64.0%) pa-
tients and reconstructive surgery with flap in 47 (62.7%) patients. De-
tails of patient characteristics and oral function measurements are 
summarized in Table 2. 

Group comparisons of POD-10 score and related factors 

Each score item was compared between the High POD-10 and Low 
POD-10 groups; there was a significant difference in the number of 
teeth, existence of pulmonary disease, performance status, tumor stage, 
adjuvant therapy, neck dissection, occlusal force, masticatory function 

and EAT-10 (P < 0.05). Group comparisons of POD-10 score and related 
factors are shown in Table 3. 

Relationship between POD-10 and oral function measurements 

There were significant relationships between POD-10 and occlusal 
force (r = -0.43, P < 0.01), masticatory function (r = -0.40, P < 0.01), 
and EAT-10 (r = 0.86, P < 0.01). Other oral function measurements 
showed no significant relationship with the EAT-10. Fig. 1 illustrates the 
relationship between POD-10 and oral function measurements. 

Table 1 
Matsuda-Kanno classification of postoperative oral dysfunction and cut-off 
values for oral function measurements.  

Types Names Definition Reference values for 
diagnostic criteria 

I Transport 
type 

A condition in which 
dysfunction occurs during 
the oral preparatory and 
transit phases of swallowing 
due to treatment-induced 
damage to the tongue, 
palate, buccal mucosa, or 
oral floor. 

Masticatory function (cut- 
off value: 83 mg/dl)EAT- 
10  
(cut-off value: 12)Tongue 
pressure  
(cut-off value: 14 kPa) 

II Oral 
hygiene 
type 

Conditions in which the self- 
cleaning and antibacterial 
moisturizing functions of 
the oral cavity are impaired 
by treatment. 

Number of microorganisms 
(cut-off value: 106.5 or 
more)Oral dryness  
(cut-off value: 27.0) 
Chief complaint of 
subjective oral health 
perception 

III Occlusion 
type 

Conditions in which 
occlusion is impaired due to 
loss of maxilla and 
mandibular or teeth from 
treatment. 

Occlusal force (cut-off 
value: 230 N)  

Table 2 
Demographic and clinical characteristics (N = 75).  

Variables Categories N (%), median (25–75 
percentile) 

Sex Male 52 (69.3) 
Female 23 (30.7) 

Age (years)  72.0 (64.0–78.0) 
Body mass Index (kg/ 

m2)  
20.4 (18.6–23.6) 

Brinkman Index  0.0 (0.0–440.0) 
Drinking Regular drinker 34 (45.3) 

Social drinker 7 (9.3) 
None 34 (45.3) 

Number of teeth  16.0 (3.0–24.0) 
Systemic disease Diabetes mellitus 17 (22.7) 

Hypertension 27 (36.0) 
Cardiovascular disease 8 (10.7) 
Cerebrovascular disease 5 (6.7) 
Liver disease 4 (5.3) 
Pulmonary disease 8 (10.7) 
Kidney disease 5 (6.7) 
Orthopedic disease 8 (10.7) 
Psychiatric disease 6 (8.0) 
Cancer excepting oral 
cancer 

6 (8.0) 

Performance status 0 59 (78.7) 
1 9 (12.0) 
2 1 (1.3) 
3 6 (8.0) 

Primary tumor sites Tongue 31 (41.3) 
Upper gingiva 16 (21.3) 
Lower gingiva 16 (21.4) 
Plate 3 (4.0) 
Oral floor 5 (6.7) 
Buccal 3 (4.0) 
Lip 1 (1.3) 

Tumor Stage Stage I 17 (22.7) 
Stage II 9 (12.0) 
Stage III 12 (16.0) 
Stage IV 37 (49.3) 

Treatment Surgery 40 (53.3) 
Surgery + Radiotherapy 10 (13.3) 
Surgery +
Chemoradiotherapy 

25 (33.3) 

Neck dissection  48 (64.0) 
Reconstruction  47 (62.7) 
Oral function 

measurement 
Microorganisms (Grade) 3.0 (2.0–5.0) 
Oral dryness 24.8 (21.3–26.7) 
Occlusal force (N) 245.6 (18.0–443.6) 
Tongue pressure (kPa) 17.1 (7.5–23.6) 
Masticatory function (mg/ 
dl) 

75.0 (15.0–150.0) 

EAT-10 15.0 (4.0–25.0) 
Functional oral intake 

scale 
1 6 (8.0) 
2 4 (5.3) 
3 0 (0.0) 
4 8 (10.7) 
5 22 (29.3) 
6 25 (33.3) 
7 10 (13.3) 

POD-10  19.0 (9.0–26.0) 

EAT-10: eating assessment tool-10; POD-10: postoperative oral dysfunction 
scale-10. 
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Concordance test for the association between POD-10 and each oral 
function measurement 

A significant agreement with the POD-10 diagnosis was found for 
occlusal force (kappa coefficient = 0.41, P < 0.01), masticatory function 
(kappa coefficient = 0.27, P = 0.01), and EAT-10 (kappa coefficient =
0.59, P < 0.01). Detailed results of the concordance test are shown in 
Table 4. 

Relationship between POD-10 and oral function measurement using 
multiple regression analysis 

Multiple regression analysis showed a significant association with 

POD-10 of occlusal force (β = -0.33, P = 0.03) and EAT-10 (β = 0.80, P 
< 0.01; Table 5). 

Discussion 

The major findings of this study are that while there may be agree-
ment between subjective and objective evaluations in postoperative oral 
dysfunction type III (occlusal type), this might not be the case for type I 
(transport type) and II (oral hygiene type) postoperative oral dysfunc-
tion. A previous study suggested three possible reasons for underesti-
mation by medical professionals: 1. medical professionals may not pay 
attention to subjective adverse events; 2. medical professionals may not 
report adverse events they consider unrelated to treatment; and 3. they 
may be less concerned about symptoms widely recognized to be related 
to treatment [16]. Type III is most likely to occur in tooth loss and de-
fects of maxilla and mandible due to resection of gingival cancer, and 
oral-maxillofacial prosthetic treatment is often recommended [9]. The 
correlation and kappa coefficients of Type III are high because it is a 
visible disorder and medical professionals can easily recognize that it is 
related to treatment. 

On the other hand, Type I is considered a disorder in stage I transport 
(pull back motion of the food from the anterior to the molar region of the 
mouth), processing (mastication and mixing of triturated food with 
saliva) and stage II transport (squeeze back motion of the processed food 
from the mouth to the pharynx) phases as described in the process model 
of swallowing [17]. Although Type I, which is a disorder of continuous 
motion, can be confirmed by swallowing videofluorography [18], it can 
only be detected as a fragmented and non-visible disorder by oral 
function measurements alone. This may explain the discrepancy. In 
addition, Loni et al. reported a disconnect between patient’s perception 
and swallowing pathophysiology for head and neck cancer patients 
including oral cancer [19]. The process of swallowing consists of a very 
complex physiology and is generally considered to result from the co-
ordinated action of six cranial nerves, multiple muscle groups, and 
cortical and subcortical brain signals [20]. Above all, this motion is a 
mixture of voluntary and involuntary movements, which makes it 
difficult to evaluate for both patients and medical professionals [21]. 
Among the three tests in Type I, masticatory function and tongue pres-
sure showed low correlation and kappa coefficients and no association in 
multiple regression analysis, while EAT-10 showed a strong association 
and concordance in all three tests, suggesting that evaluation using 
multiple modalities is important for the diagnosis of Type I [22]. In 
addition, it is reasonable that Type I consists of both subjective and 
objective items, and it is recommended to use POD-10 instead of EAT-10 
when the primary tumor site is in the oral cavity. 

Type II also showed a discrepancy between subjective and objective 
ratings from each analysis. A study of 650 randomly selected healthy 
individuals reported a discrepancy between the oral hygiene needs 
considered by healthcare providers and those considered by the sub-
jects, suggesting that patients may overestimate their own oral hygiene 
in Type II, unlike Type I and III [23]. However, while Type II is rarely a 
direct problem, it is an important issue because oral hygiene after oral 
cancer treatment might affect the incidence of aspiration pneumonia 
and even mortality [24]. The difficulty in dealing with Type II in 
particular is the need for close oral hygiene evaluation and care even 
after the acute phase and the transition to community care. In fact, 
regular dental visits after head and neck, oral cancer treatment are 
significantly associated with overall survival [25]. Therefore, medical 
professionals should create an environment that can provide seamless 
medical cooperation from acute care to community care for patients 
with Type II diagnosis. In addition, it has been pointed out that oral and 
maxillofacial surgeons with dental background and head and neck sur-
geons with otolaryngology background might have different perspec-
tives in treatments of oral cancer [26]. Thus, it is necessary to consider a 
possibility that differences in professions may have affected evaluation 
of mastication and swallowing in particular. 

Table 3 
Group comparisons of POD-10 and related factors (N = 75).  

Variables Categories POD-10 (N [%] or Median [25–75 
percentile]) 

Low POD-10 High POD- 
10 

P- 
value 

Sex Male 35 (46.7) 17 (22.7) 0.61 
Female 14 (18.7) 9 (12.0) 

Age (years)  72.0 
(65.0–76.5) 

72.5 
(61.8–80.5) 

0.79 

Body mass 
index (kg/ 
m2)  

21.1 
(18.6–23.7) 

19.5 
(17.4–22.8) 

0.32 

Brinkman index  0.0 
(0.0–310.0) 

100.0 
(0.0–725.0) 

0.25 

Drinking Regular drinker 20 (26.7) 14 (18.7) 0.11 
Social drinker 7 (9.3) 0 (0) 
None 22 (29.3) 12 (16.0) 

Number of teeth  20.0 
(8.5–25.5) 

7.5 
(0.0–22.0) 

0.04* 

Systemic 
disease 

Diabetes mellitus 10 (13.3) 7 (9.3) 0.57 
Hypertension 15 (20.0) 12 (16.0) 0.21 
Cardiovascular 
disease 

5 (6.7) 3 (4.0) 1.00 

Cerebrovascular 
disease 

2 (2.7) 3 (4.0) 0.33 

Liver disease 3 (4.0) 1 (1.3) 1.00 
Pulmonary 
disease 

2 (2.7) 6 (8.0) 0.02* 

Kidney disease 3 (4.0) 2 (2.7) 1.00 
Orthopedic 
disease 

4 (5.3) 4 (5.3) 0.44 

Psychiatric 
disease 

3 (4.0) 3 (4.0) 0.41 

Cancer excepting 
oral cancer 

5 (6.7) 1 (1.3) 0.66 

Performance 
status  

0.0 (0.0–0.0) 0.0 
(0.0–1.0) 

0.01* 

Primary tumor 
sites 

Tongue 19 (25.3) 12 (16.0) 0.63 
Gingiva 19 (25.3) 11 (14.7) 0.81 
Others 11 (14.7) 3 (4.0) 0.36 

Tumor Stage  3.0 (1.0–4.0) 4.0 
(4.0–4.0) 

<0.01* 

Adjuvant 
therapy  

17 (22.7) 22 (29.3) <0.01* 

Neck dissection  26 (34.7) 22 (29.3) 0.01* 
Reconstruction  29 (38.7) 18 (24.0) 0.46 
Oral function 

measurement 
Microorganisms 
(Grade) 

3.0 (2.0–4.0) 3.5 
(2.8–5.0) 

0.35 

Oral dryness 24.9 
(21.1–26.7) 

24.7 
(21.2–26.5) 

0.63 

Occlusal force (N) 324.8 
(198.8–594.6) 

45.0 
(0.0–253.6) 

<0.01* 

Tongue pressure 
(kPa) 

17.1 
(9.2–25.4) 

16.3 
(3.5–21.6) 

0.31 

Masticatory 
function (mg/dl) 

97.0 
(37.5–168.5) 

26.5 
(8.8–117.3) 

0.01* 

EAT-10 7.0 (2.0–16.0) 28.0 
(23.5–32.5) 

<0.01* 

POD-10: postoperative oral dysfunction-10. 
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This study has two limitations: first, as it is a cross-sectional survey, it 
is unclear whether subjective and objective assessments will match over 
time after treatment; second, due to the small sample size, the number of 
confounders adjusted for in multivariate analysis was small. Thus, 

further longitudinal studies with a larger sample size are needed for 
more precise and reliable analysis. 

Fig. 1. Scatter plot of the relationship between POD-10 and each oral function measurement (A) Microorganisms, (B) Oral dryness, (C) Occlusal force, (D) Tongue 
pressure, (E) Masticatory function, (F) EAT-10. 

Table 4 
Discrepancy between POD-10 and each oral function measurement using kappa coefficient.  

Variables Categories POD-10 (N [%]) κ coefficient P-value 

Dysfunction (Low POD-10) Function (High POD-10) 

Microorganisms (Grade) Function 25 (33.3) 13 (17.3) 0.01 0.93 
Dysfunction 24 (32.0) 13 (17.3) 

Oral dryness Function 10 (13.3) 4 (5.3) 0.04 0.60 
Dysfunction 39 (52.0) 22 (29.3) 

Occlusal force (N) Function 33 (44.0) 6 (8.0) 0.41 <0.01* 
Dysfunction 16 (21.3) 20 (26.7) 

Tongue pressure (kPa) Function 29 (38.7) 15 (20.0) 0.01 0.90 
Dysfunction 20 (26.7) 11 (14.7) 

Masticatory function (mg/dl) Function 28 (37.3) 7 (9.3) 0.27 0.01* 
Dysfunction 21 (28.0) 19 (25.3) 

EAT-10 Function 33 (44.0) 0 (0) 0.59 <0.01* 
Dysfunction 16 (21.3) 26 (34.7)  

A. Kato et al.                                                                                                                                                                                                                                    



Oral Oncology 129 (2022) 105879

6

Conclusion 

In case of postoperative oral dysfunction type III (occlusal type), the 
subjective and objective evaluations tended to be consistent. On the 
other hand, type I (transport type) and II (oral hygiene type) may be 
prone to overestimation or underestimation by either the subjective or 
objective evaluations. Therefore, medical professionals should pay 
attention to patient complaints following oral cancer treatment. 
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Table 5 
Relationship between POD-10 and oral function measurement using multiple regression analysis.  

Variables β B 95% confident interval P-value Adjusted R2 

Lower Upper 

Microorganisms (Grade)  0.06  0.42  − 1.18  2.01  0.60  0.21 
Oral dryness  − 0.09  − 0.20  − 0.70  0.30  0.43  0.21 
Occlusal force (N)  − 0.33  − 0.01  − 0.02  − 0.001  0.03*  0.26 
Tongue pressure (kPa)  − 0.13  − 0.12  − 0.34  0.10  0.26  0.22 
Masticatory function (mg/dl)  − 0.23  − 0.03  − 0.07  0.01  0.11  0.23 
EAT-10  0.80  0.74  0.61  0.87  <0.01*  0.73 

For multiple regression analysis, the analyses for each oral function were separated due to multi-collinearity, and sex, age, pulmonary disease, number of teeth, tumor 
stage and primary tumor site were simultaneously forced into the model equation for each analysis to adjust for confounding factors. POD-10: postoperative oral 
dysfunction-10; β: standardized partial regression coefficient; B: partial regression coefficient; R2: multiple regression coefficient. 
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