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Abstract
Introduction: Mandibulectomy is a critical surgical 
procedure for oral diseases but often results in impaired 
bite function, affecting eating and quality of life. This study 
investigates the relation between objective bite function and 
subjective oral-health related quality of life (OHRQoL) post-
mandibulectomy. 

Material and methods: Data were collected from 
eight patients six months post-segmental unilateral 
mandibulectomy. Bite function was assessed through a 
Digital Occlusal Force-Meter GM10, OMFT measuring 
station 430, the mixed nuts test and chewed wax test. 
OHRQoL was evaluated using the 14-item Oral Health 
Impact Profile (OHIP-14) questionnaire. Comparison was 
made between the reconstructed and non-reconstructed 
mandibular sides, further categorized based on dental arch 
shortening. 

Results: OMFT measuring station 430 indicated a 35% 
decrease in masseter muscle function post-mandibulectomy, 
while the Digital Occlusal Force meter GM10 showed a 
50% decline in overall bite force. Tongue and jaw function, 
assessed by the mixed peanuts test, experienced a minor 
3% reduction. Patients with slightly shortened dental arches 
exhibited higher masseter muscle forces (1.8 ± 0.2N) 
compared to more severe shortening (extremely shortened: 
0.4 ± 0.2N; moderately shortened: 0.7 ± 0.5N). This was 
also reflected in OHIP-14 scores, indicating physical pain 
and psychological discomfort (overall score = 30). 

Discussion: Mandibulectomy resulted in diminished bite 
function, which correlated with both the resection and 
shortened dental arches. (S66516)
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Introduction
Mandibulectomy is frequently performed to address 

conditions such as infections (e.g., osteomyelitis), 
osteoradionecrosis following head and neck irradiation, 
trauma, bisphosphonate-related osteonecrosis, and 
tumors. However, a significant consequence of this 
procedure is the development of bite dysfunction [1]. In 
particular, bite forces are affected as patients not only 
lose dentition but also jawbone. Therefore, achieving 
hard tissue reconstruction following segmental or hemi-
mandibulectomy becomes imperative for restoring 
bite function. Despite efforts to predict the extent of 
functional restoration, uncertainties persist regarding 
the outcomes, especially concerning the reconstructed 
side and the potential impact of dental arch shortening 
[2-4].

https://doi.org/10.23937/2469-5858/1510131
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classification, and reconstruction type, were extracted 
from medical records. 

The experimental protocol received approval from 
the ethics committee of the University Hospitals of 
Leuven, Leuven, Belgium (26/09/2022; S66516) and 
was conducted in accordance with the principles of 
the Declaration of Helsinki. Prior to participation, each 
patient was fully informed of the study's objectives and 
provided written informed consent. 

Objective assessment of the bite function

Bite force: Bite force was measured using the 
Digital Occlusal Force-Meter (GM10, Nagano Keiki 
Co., Japan) [13,14]. This device is recognized as a 
standard in objective bite function assessment, and 
has demonstrated reliability across various clinical 
populations, including patients with oral pathology 
and compromised dentition [15-17]. Measurements 
(in kilonewtons) were obtained from both anterior and 
posterior regions on the operated and non-operated 
sides. Patients were instructed to firmly bite down 
on the measurement tool once it was positioned 
between antagonistic elements. The instrument was 
calibrated prior to each session in accordance with 
the manufacturer’s guidelines. All assessments were 
performed by the same examiner to minimize inter-
operator variability. For reporting purposes, all values 
obtained were converted to Newtons (N).

Additionally, the OMFT Measuring Station 430, which 
has been validated for orofacial muscle assessment 
[18], was employed to measure contraction force (in 
Newton) of the masseter muscle. The probe was placed 
extra-orally against the muscle group and patients were 
instructed to bite with maximum force. To minimize 
measurement error, standardized instructions were 
provided and all assessments were administered by the 
same examiner.

Tongue, lip and jaw function: The OMFT Measuring 
Station 430 is equipped to also assess tongue and lip 
force [18]. Lip compression is measured (in Newtons) 
by positioning the tool between the lips, without 
contacting the teeth. To measure tongue force, patients 
are instructed to push their tongue forward firmly while 
the probe is pressed against the lips.

Furthermore, the tongue and jaw function are 
evaluated using the protocol developed by Kapur 
et al. (1991) [5,6]. The nut-particle test followed a 
standardized procedure, which involves placing exactly 
one gram of mixed peanuts with various particle sizes 
in the buccal vestibule. Patients were then instructed 
to move their tongue and cheek muscles to transfer 
the nuts into a cup within a 10-second period. Any 
remaining particles were carefully collected with 
tweezers, dried for 24 hours, and subsequently weighed 
to determine the proportion the patient successfully 
removed from their mouth. This standardized approach 

Regarding the measurement of bite function, there 
is currently no established consensus. Traditionally, bite 
function has been evaluated using methods such as two-
color chewing gum or mixed peanuts, or by measuring 
occlusal force [5-7]. However, these techniques are 
labor-intensive and often impractical to perform 
during routine follow-up. Therefore, there is a growing 
interest in transitioning to objective measurement 
devices, although the lack of reference values remains 
a challenge.

In addition to objective measurements, it is crucial to 
consider the patient's subjective experience. One widely 
accepted method for assessing patient-perceived impact 
across various oral and maxillofacial health conditions is 
the Oral Health Related Quality of Life (OHRQoL). The 
Oral Health Impact Profile-14 (OHIP-14) is the most 
used questionnaire for evaluating OHRQoL [8,9]. It 
encompasses 7 domains: functional limitation, physical 
pain, psychological discomfort, physical disability, 
psychological disability, social disability, and overall 
handicap [10]. With a recommended recall interval of 
7 days, the OHIP-14 enables the assessment of health 
changes over time [9,11].

The aim of the present study is to explore the 
impact of segmental unilateral mandibulectomy on bite 
function. This research involves a comparison between 
the bite function of the surgically treated side and the 
non-treated side of patients, while also examining the 
influence of dental arch length from both objective 
and subjective viewpoints. We anticipate that both 
the surgical resection and shortened dental arches will 
negatively affect bite function from both viewpoints.

Material and Methods
Patient population

The study enrolled adult patients who underwent 
unilateral mandibulectomy 6 months prior at the Oral 
and MaxilloFacial Surgery (OMFS) department of the 
University Hospitals of Leuven (Leuven, Belgium). 
Only cases of segmental unilateral mandibulectomy 
that excluded the condyle and involved bony flap 
reconstruction with a lack of dental rehabilitation were 
included. In this cross-sectional design, the bite function 
of the operated side was compared to the non-operated 
side. 

The extent of the defect following segmental 
mandibulectomy was classified according to the Brown 
Classification [12]. Further categorization was based 
on the remaining dental arch. These groups were 
identified as having extremely shortened dental arches 
(0-2 occluding pairs), moderately shortened dental 
arches (3-4 occluding pairs), and slightly shortened 
dental arches (5-7 occluding pairs) [3]. For comparative 
purposes, only the dental arch from the operated 
side was considered. Clinical and demographic data, 
including sex (male, female), age (years), Brown 
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questions). Each question offers 5 response categories, 
ranging from "never" (score 0) to "very often" (score 
4). A higher OHIP score indicates a lower quality of life 
related to oral health [19-23].

Statistical analysis 

Descriptive statistics include the mean and standard 
deviation of all measured forces and the OHIP-scores. 

Results
Patient characteristics

Out of the 36 consecutive treated patients, 8 
were included in the present study (Figure 1). Table 1 
provides details regarding patient demographics and 
measurements. 

The average age of the patients was 68 ± 16 years, 
with a male-to-female ratio of 5:3. Five patients 
underwent Deep Circumflex Iliac Artery (DCIA) 
reconstruction, while the remaining three underwent 
Free Fibula reconstruction. According to the Brown 
classification, defect range distribution was evenly split 
between classes I and II. Half of the patient population 
had a moderately shortened dental arch, with 2 patients 
having an extremely shortened dental arch and 2 having 
a slightly shortened dental arch. Data from two patients 
(patients 1 and 6) were missing for the occlusal bite 
force measurements due to pain when biting, while 
patient 8 was unable to complete the tongue- and jaw-
function test because of tongue hypersensitivity to the 
nut particles. 

ensured consistency across patients, with higher ratios 
indicating better tongue and jaw function.

Bite efficiency: To evaluate bite efficiency, Stockmar 
wax cubes (Stockmar, Sleeswijk-Holstein, Germany) 
were utilized. Identical cubes measuring 12 mm x 12 
mm were cut from two contrasting colors (yellow and 
blue) and soaked in warm water at 45°C for one minute 
to facilitate chewing. Patients were instructed to chew 
the cubes exactly 10 times consecutively on their 
preferred side while maintaining an upright posture. 
Subsequently, the sample was photographed against a 
contracting background and compressed to 1 mm thick 
slices between two glass plates. To ensure reliability, 
two researchers independently conducted visual 
analysis following the classification system proposed by 
Schimmel and colleagues (2007) [7]. Bite efficiency got 
categorized into five classifications: chewing gum not 
mixed, impressions of cusps or folded once (SA1); large 
parts of chewing gum unmixed (SA2); bolus slightly 
mixed, but bits of unmixed original color (SA3); bolus 
well mixed, but color not uniform (SA4); bolus perfectly 
mixed with uniform color (SA5). 

Subjective assessment of the bite function

The Oral Health Impact Profile (OHIP-14) comprises 
14 questions organized into 7 categories to evaluate 
OHRQoL. These categories include functional limitations 
(OHIP 1 & 2), physical pain (OHIP 3 & 4), psychological 
discomfort (OHIP 5 & 6), physical disability (OHIP 7 & 8), 
psychological disability (OHIP 9 & 10), social disability 
(OHIP 11 & 12), and overall handicap (all 14 OHIP 

Figure 1: Flowchart inclusion.
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Objective assessment of the bite function

Comparison between operated and non-operated 
side: The average total occlusal bite force on the 
operated side was 50% reduced, compared to the non-
operated side. Similarly, the average contraction force 
of the masseter muscle on the operated side was 35% 
lower compared to the non-operated side. However, 
a minimal difference of 3% was observed for average 
tongue and jaw function. 

Influence of the number of occluding pairs: For 
patients with an extremely shortened dental arch, 
the total occlusal bite force was either physically 
unmeasurable or below the measurable threshold of 
the Digital Occlusal Force Meter GM10. Among those 
with moderately shortened dental arches, the mean 
total occlusal bite force was 155.0 ± 92.0 N, while 
for slightly shortened dental arches, it was 165.0 ± 

90.0 N. Notably, the average contraction force of the 
masseter muscle was lowest for patients with extremely 
shortened dental arches (0.4 ± 0.2 N), followed by those 
with moderately shortened dental arches (0.7 ± 0.5 N) 
and slightly shortened dental arches (1.8 ± 0.2 N). 

Remarkable differences in lip compression were 
observed among patients with extremely shortened 
dental arches, resulting in a mean of 3.4 ± 3.5 N. In 
contrast, for patients with moderately and slightly 
shortened dental arches, the mean lip compression 
was 4.1 ± 2.3 N and 2.8 ± 0.2 N, respectively. Regarding 
tongue extension force, patients with extremely 
shortened dental arches exhibited the lowest average 
force (0.6 ± 0.7 N), followed by those with slightly (1.4 
± 1.8 N) and moderately (2.6 ± 0.9 N) shortened dental 
arches, respectively. Notably, there was high variability 
within the groups for tongue and jaw function, with 58.9 

Nr. Gender Age 
(Years) 

Reconstruction 
type

Brown 
classification Occluding pairs

Total occlusal force: 
Posterior operation 

side (N)

Total occlusal force: 
Posterior non-

operation side (N)
1 M 61 DCIA-flap II Extremely shortened / 201.0
2 F 79 DCIA-flap II Extremely shortened 0.0 0
3 M 67 DCIA-flap I Moderately shortened 253.0 770.0
4 M 78 Free Fibula Flap II Moderately shortened 139.0 152.0
5 M 74 DCIA-flap I Moderately shortened 72.0 195.0
6 M 87 Free Fibula Flap I Moderately shortened / 228.0
7 F 67 Free Fibula Flap II Slightly shortened 101.0 196.0
8 F 33 DCIA-flap I Slightly shortened 228.0 392.0

 Table 1: Patient characteristics, bite function and OHIP scores.

Nr.
M. Masseter 

Force: operation 
(N)

M. Masseter 
Force: non-

operation (N)
Lips Force (N) Tongue Force (N)

Tongue- and jaw-
function: operation 

side (%)

Tongue- and jaw-
function: non-

operation side (%)
1 0.5 1.4 5.8 0.1 97,3 96,5
2 0.2 0.8 0.9 1.1 20,5 58
3 1.4 2.5 7.3 3.8 91,1 72
4 0.6 1.4 3.4 2.2 0,6 55,3
5 0.4 0.5 1.9 1.8 34 71,9
6 0.4 1.0 3.6 2.6 95,3 54,8
7 1.6 1.5 2.9 0.1 69,6 16,1
8 1.9 1.7 2.6 2.7 / /

Note: DCIA: Deep Circumflex Iliac Artery Bone Flap

Nr. OHIP-
1

OHIP-
2

OHIP-
3

OHIP-
4

OHIP-
5

OHIP-
6

OHIP-
7

OHIP-
8

OHIP-
9

OHIP-
10

OHIP-
11

OHIP-
12

OHIP-
13

OHIP-
14

Total 
OHIP

1 1 5 2 2 1 1 1 1 1 2 2 1 2 1 23

2 3 4 2 5 4 4 1 1 2 3 1 3 1 2 36

3 2 1 1 4 1 1 1 5 1 5 2 1 1 1 27

4 1 1 1 1 2 1 1 1 1 1 2 1 1 1 16

5 1 1 5 4 4 5 4 3 4 3 4 5 4 4 51

6 1 1 2 5 1 4 3 1 3 3 1 5 4 3 37

7 4 1 1 5 1 1 1 1 1 1 1 1 1 1 21

8 1 3 3 2 1 1 1 1 1 1 3 5 1 2 26
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± 54.3% for the extremely shortened dental arch group 
and 55.3 ± 45.9% for the moderately shortened dental 
arch group. Additionally, only 1 patient in the slightly 
shortened dental arch group was able to perform the 
peanut test, resulting in a reported value of 69.6%. 

Bite efficiency: Table 2 presents the visual analysis 
conducted by two different examiners (E.D. and L.V.L.) 
and the unmixed ratio. The Cohen's kappa statistic 
indicated a moderate agreement (Ƙ = 0.571) between 

the examiners. All analyzed samples were classified as 
SA3 or lower (Table 2). 

Subjective assessment of the bite function

The mean overall OHIP-score was the lowest for 
the slightly shortened dental arch (24 ± 4) compared 
to the ones of the extremely (30 ± 9) and moderately 
(33 ± 15) shortened dental arch groups. The mean 
overall OHIP-scores over all patients was 30 ± 11. The 
highest scores were rated for OHIP-4 (physical pain) and 

Nr.  SAside a (1)  SAside a (2)  Photoside a  SAside b (1)  SAside b (2)  Photoside b  Total OHIP

1  SA 2  SA 2 

 

SA 3  SA3    
 

23

2  SA 1  SA 1 

 

SA 1  SA1 
 

36

3  SA 3  SA 3 

 

SA 3  SA2 

  
 

27

4  SA 3  SA 3 

 

SA 3  SA3 

 

16

5  SA 2  SA 1 

 

SA 2  SA1 

 

51

6  SA 1  SA 1 

 

SA 1  SA1 

 

37

7  SA 3  SA 2 

 

SA 3  SA2 

 

21

8  SA 3  SA 3 

 

SA 3  SA3 

 

26

Note: SA1: chewing gum not mixed, impressions of cusps or folded once; SA2: large parts of chewing gum unmixed; SA3: bolus 
slightly mixed, but bits of unmixed original color; SA4: bolus well mixed, but color not uniform; SA5: bolus perfectly mixed with 
uniform color

 Table 2: Bite efficiency analysis.
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OHIP-10 (psychological disability). A higher OHIP-score 
represents a lower OHRQoL.

Discussion
In modern medicine, patient experience is 

increasingly recognized as crucial, yet the predominant 
focus often remains on objective measurements for 
treatment planning and follow-up. However, both 
approaches may present limitations [19]. Therefore, 
the present study aimed to integrate both objective 
and subjective assessments to comprehensively 
investigate the implications of segmental unilateral 
mandibulectomy. Such surgical intervention can lead 
to functional limitations, including alterations in bite 
ability, with profound implications for patients' future 
well-being [2,4]. Within this framework, outcomes 
between the operated and non-operated sides were 
compared, including the impact of dental arch length.

Initially, the objective assessment revealed 
that patients undergoing segmental mandibular 
resection exhibited approximately half the occlusal 
bite force on the mandibulectomy side compared 
to the non-mandibulectomy side. Additionally, a 
decrease in masseter muscle force was noted on the 
mandibulectomy side. These findings align with those 
of Ihara and colleagues [20], who similarly observed 
lower occlusal bite and masseter muscle forces on the 
non-operated side, with statistical significance noted 
only for the masseter muscle force. Conversely, Linsen 
and colleagues [21] reported a statistically significant 
difference in occlusal bite force measurements. Despite 
this, only a marginal 3% difference was detected in 
average tongue and jaw function between the operated 
and non-operated sides, a trend underscored by Curtis 
and colleagues [5], who demonstrated the negative 
impact of mandibulectomy on tongue and jaw function, 
regardless of reconstruction. Moreover, Curtis and 
colleagues emphasized the substantial influence of 
mandibular resection location, revealing a significant 
correlation between tongue function and bite ability. 

Furthermore, individuals with a slightly shortened 
dental arch exhibited greater masseter muscle 
contraction force and overall occlusal bite force 
compared to those with moderately and extremely 
shortened arches. This underscores the significance 
of dental rehabilitation in enhancing bite strength 
and, consequently, improving bite comfort. Similar 
conclusions drawn by Van der Bilt, et al. [24] emphasize 
the detrimental impact of a shortened dental arch on 
bite function, highlighting the pivotal role of both the 
number of dental elements and bite force. This pattern 
was not observed for lip and tongue forces. Likewise, 
the outcomes of the mixed peanuts test did neither 
align with this trend, despite the importance of tongue 
movements as a parameter in bite assessment [6].

In evaluating bite efficiency, the visual inspection of 
chewed wax revealed a moderate agreement between 
observers (κ = 0.571), consistent with the findings of 
Schimmel and colleagues [7]. While this study did not 
yield statistical significance, de Groot and colleagues 
[25] demonstrated a significant influence of the number 
of occluding pairs on bite efficiency. Namaki and 
colleagues [2] also reported a significant decrease in 
bite efficiency following mandibulectomy. 

Secondly, our patient population's subjective OHIP-
14 score, at 30 points, is three times higher than the 
score reported for the general elderly by Ikebe and 
colleagues [26]. This disparity suggests a significant 
impact of mandibulectomy on patients' OHRQoL. 
Additionally, our findings indicate a worse overall OHIP 
score among those with a shorter dental arch. This 
aligns with the findings of Tan and colleagues [27], who 
reported a correlation between a shortened dental arch 
and the severity of OHIP-14.

Overall, there exists a strong correspondence 
between objective and subjective assessments. 
The diminished bite forces observed in the patient 
population, when compared to a healthy reference, 
are paralleled by lower patient-reported Oral Health-
Related Quality of Life (OHRQoL). Additionally, the link 
between a shortened dental arch and reduced bite forces 
is mirrored in lower OHIP-14 scores. As highlighted by 
Namaki and colleagues [2], pain influences bite behavior, 
often resulting in a preference for easily chewable 
foods. Consistently, the OHIP-14 results pinpointed 
pain as a prominent issue within the OHRQoL of the 
patient population, aligning with the observed decrease 
in bite forces. Notably, it is noteworthy that individual 
patients experiencing the most severe pain are not 
necessarily those with the poorest bite outcomes. 
Furthermore, psychological discomfort was markedly 
impacted, as also noted by Dholam and colleagues [28]. 
However, while an association between psychological 
discomfort and decreased bite function is suggested in 
the literature, it cannot be definitively concluded from 
our study population. 

While this study highlights a potential impact 
of segmental unilateral mandibulectomy on both 
objective and subjective bite forces, several limitations 
warrant consideration. Firstly, the study's sample size 
is relatively small, which is understandable given the 
rare prevalence of the specific surgical procedure and 
the strict inclusion criteria. Although these criteria 
ensure a homogeneous sample, limited to cases of 
segmental unilateral mandibulectomy without dental 
rehabilitation, they inherently precluded statistical 
analysis and reduced the generalizability of the findings. 
Secondly, some missing data occurred due to patient-
specific circumstances (pain during biting or tongue 
hypersensitivity). Although these cases slightly reduced 
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the number of available measurements, the reasons 
for missingness were unrelated to the patients’ general 
oral function or reconstructive characteristics, and the 
impact on the interpretation of results is therefore 
considered limited. Thirdly, the measurement of tongue 
and jaw function consistently commenced on the non-
operated side, potentially biasing results by providing 
patients with more familiarity and readiness for the 
subsequent measurement on the surgical side. To 
mitigate this, it would be preferable to conduct this test 
at two distinct time points, administered by different 
observers, thus eliminating any potential bias favoring 
the operating side during the second measurement. 
However, organizing such a protocol is challenging 
within a study population comprising patients 
recovering from intensive cancer treatments. Fourthly, 
although specific validation of the GM10 and OMFT 
devices in post-mandibulectomy patients is lacking, both 
instruments have been validated in related populations 
and were used here with calibrated, standardized 
protocols. This likely mitigates the potential impact 
of measurement error and strengthens the reliability 
of the recorded outcomes. Fifthly, only the masseter 
muscle was directly assessed. Masseter function 
serves as a robust reference point for masticatory 
performance, yet the temporalis and pterygoids also 
play important roles. Practical constraints precluded 
their evaluation. However, overall occlusal bite force 
was measured with the GM10 device, which reflects 
the combined action of all masticatory muscles and 
partly compensates for this limitation. Finally, patients 
with dental rehabilitation were excluded to ensure 
a homogeneous study population and to assess the 
effects of segmental unilateral mandibulectomy without 
confounding influences. As a result, the findings are 
most applicable to non-rehabilitated patients and may 
not be fully generalizable to the broader population, in 
which rehabilitation often plays a significant role. Future 
research including rehabilitated patients is therefore 
warranted.

By examining the impact of mandibulectomy 
through force and efficiency measurements alongside 
patient-reported questionnaires, this study offered 
a comprehensive perspective on the objective and 
subjective aspects of the associated challenges. By 
integrating both, patients can develop more informed 
expectations regarding the functional outcomes 
following mandibulectomy. Additionally, our findings 
underscored the utility of the OMFT Measuring Station 
430 and Digital Occlusal Force-Meter GM10 in a clinical 
context. 

In conclusion, segmental unilateral mandibulectomy 
significantly impairs patients' bite function. Notably, 
bite force and efficiency are notably diminished on the 
side of the mandibulectomy, with a more pronounced 
reduction observed in cases of a shorter dental arch. 

These objective deteriorations align with alterations 
noted in subjective patient assessments. It is important 
to note that this study serves as an initial indication of 
these trends, highlighting the need for further research 
to draw more definitive conclusions. 

Declarations of Interest
None. 

Author Contributions
Conceptualization; Robin Willaert and Véronique 

Christiaens. Data curation; Lina Van Lint and Jeroen 
Van Dessel. Formal analysis; Lina Van Lint and Jeroen 
Van Dessel. Investigation; Lina Van Lint, Fleur Van 
den Bergh, Emma Dierick, Laurens Verdonk and Lynn 
Christiaens. Methodology; Véronique Christiaens. 
Project administration; Robin Willaert. Resources; Lynn 
Christiaens and Peter Helderop. Supervision; Véronique 
Christiaens. Validation; Lina Van Lint, Fleur Van den 
Bergh and Emma Dierick. Visualization; Lina Van Lint. 
Roles/Writing - original draft; Lina Van Lint. and Writing 
- review & editing; Laurens Verdonk, Jeroen Van Dessel, 
Robin Willaert, Michel Bila and Véronique Christiaens.

Funding
This research did not receive any specific grant from 

funding agencies in the public, commercial, or not-for-
profit sectors.

Data Statement
Data supporting the findings of this study are 

available from the corresponding author upon 
reasonable request.

References
 1.	 Kakarala K, Shnayder Y, Tsue TT, Girod DA (2018) 

Mandibular reconstruction. Oral Oncology 77: 111-117.

 2.	 Namaki S, Matsumoto M, Ohba H, Tanaka H, Koshikawa 
N, et al. (2004) Masticatory efficiency before and after 
surgery in oral cancer patients: Comparative study of 
glossectomy, marginal mandibulectomy and segmental 
mandibulectomy. J Oral Sci 46: 113-117. 

 3.	 Witter DJ, Hoefnagel RA, Snoek PA, Creugers NHJ (2009) 
Verlenging van (extreem) verkorte tandbogen met vaste 
of uitneembare prothetische constructies. Nederlands 
Tijdschrift voor Tandheelkunde 609-614.

 4.	 Laurell L, Lundgren D (1985) Chewing ability in patients 
restored with cross-arch fixed partial dentures. J Prosthet 
Dent 54: 720-725.

 5.	 Curtis DA, Plesh O, Miller AJ, Curtis TA, Sharma A, et al. 
(1997) A comparison of masticatory function in patients 
with or without reconstruction of the mandible. Head Neck 
19: 287-296.

 6.	 Kapur K, Garrett N, Hamada M (1991) A new approach for 
assessing tongue and cheek function. J Dent Res 70.

 7.	 Schimmel M, Christou P, Herrmann F, Müller F (2007) A 
two-colour chewing gum test for masticatory efficiency: 
Development of different assessment methods. J Oral 
Rehabil 34: 671-678. 

https://www.sciencedirect.com/science/article/abs/pii/S1368837517304220?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S1368837517304220?via%3Dihub
https://pubmed.ncbi.nlm.nih.gov/15287545/
https://pubmed.ncbi.nlm.nih.gov/15287545/
https://pubmed.ncbi.nlm.nih.gov/15287545/
https://pubmed.ncbi.nlm.nih.gov/15287545/
https://pubmed.ncbi.nlm.nih.gov/15287545/
https://repository.ubn.ru.nl/bitstream/handle/2066/79793/79793.pdf?sequence=1
https://repository.ubn.ru.nl/bitstream/handle/2066/79793/79793.pdf?sequence=1
https://repository.ubn.ru.nl/bitstream/handle/2066/79793/79793.pdf?sequence=1
https://repository.ubn.ru.nl/bitstream/handle/2066/79793/79793.pdf?sequence=1
https://pubmed.ncbi.nlm.nih.gov/3903140/
https://pubmed.ncbi.nlm.nih.gov/3903140/
https://pubmed.ncbi.nlm.nih.gov/3903140/
https://pubmed.ncbi.nlm.nih.gov/9213107/
https://pubmed.ncbi.nlm.nih.gov/9213107/
https://pubmed.ncbi.nlm.nih.gov/9213107/
https://pubmed.ncbi.nlm.nih.gov/9213107/
https://pubmed.ncbi.nlm.nih.gov/17716266/
https://pubmed.ncbi.nlm.nih.gov/17716266/
https://pubmed.ncbi.nlm.nih.gov/17716266/
https://pubmed.ncbi.nlm.nih.gov/17716266/


ISSN: 2690-3172DOI: 10.23937/2643-3907/1710078

Van Lint L, et al. Res Rep Oral Maxillofac Surg 2026, 10:078 • Page 8 of 8 •

 8.	 Slade GD, Spencer AJ (1994) Development and evaluation 
of the oral health impact profile. Community Dent Health 
11: 3-11.

 9.	 Su N, van Wijk A, Visscher CM (2021) Psychosocial oral 
health-related quality of life impact: A systematic review. J 
Oral Rehabil 48: 282-292.

 10.	 Wang S, Yin S, Zhang ZL, Su X, Xu ZF (2019) Quality of 
life after oral cancer resection and free flap reconstruction. 
J Oral Maxillofac Surg 77: 1724-1732.

 11.	 Waller N, John MT, Feuerstahler L, Baba K, Larsson P, 
et al. (2016) A 7-day recall period for a clinical application 
of the oral health impact profile questionnaire. Clin Oral 
Investig 20: 91-99. 

 12.	 Brown JS, Barry C, Ho M, Shaw R (2016) A new 
classification for mandibular defects after oncological 
resection. Lancet Oncol 17: e23-e30.

 13.	 Serra CM, Manns AE (2013) Bite force measurements with 
hard and soft bite surfaces. J Oral Rehabil 40: 563-568. 

 14.	 Sakaguchi M, Ono N, Turuta H, Yoshiike J, Ohhashi T 
(1996) Development of new handy type occlusal force 
gauge. Japanese Journal of Medical Electronics and 
Biological Engineering 34: 53-55.

 15.	 Patil SR, Maragathavalli G, Ramesh DNSV, Naidu GS, 
Alam MK, et al. (2022) The reliability of a new device for 
measuring the maximum bite force. Biomed Res Int 2022.

 16.	 Nitschke I, Moede C, Hopfenmüller W, Sobotta BAJ, 
Koenig A, et al. (2023) Validation of a new measuring 
instrument for the assessment of bite force. Diagnostics 
13: 3498.

 17.	 Olivieri Q, Maniewicz S, Chebib N, Mojon P, Müller F (2025) 
The preferred chewing side in partially edentulous patients 
is more related to residual dentition than hemispheric 
laterality. J Oral Rehabil 52: 949-956. 

 18.	 Helderop P (2017) Afwijkende mondgewoonten. . Tijdschrift 
Voor Bio-Energetische Tandheelkunde 6-12.

 19.	 Torres Carranza E, Infante-Cossío P, Hernández Guisado 
JM, Hens-Aumente E, Gutiérrez-Pérez JL (2008) 
Assessment of quality of life in oral cancer. Med Oral Patol 
Oral Cir Bucal 13: E735-E741.

 20.	 Ihara K, Goto M (2003) Masticatory function after jaw 
resection and rehabilitation with dental implants. Asian 
Journal of Oral and Maxillofacial Surgery 15: 19-30.

 21.	 Linsen S, Schmidt-Beer U, Fimmers R, Grüner M, Koeck B 
(2009) Craniomandibular pain, bite force, and oral health-
related quality of life in patients with jaw resection. J Pain 
Symptom Manage 37: 94-106.

 22.	 Van Der Meulen MJ, John MT, Naeije M, Lobbezoo F 
(2012) Developing abbreviated OHIP versions for use with 
TMD patients. J Oral Rehabil 39: 18-27. 

 23.	 Tesic M, Cankovic M, Jevtic M, Stevanovic D (2020) 
Validation of the oral health impact profile - 14 in patients 
with head and neck cancer. Med Oral Patol Oral Cir Bucal 
25: e739-e744.

 24.	 van der Bilt A (2011) Assessment of mastication with 
implications for oral rehabilitation: A review. J Oral Rehabil 
38: 754-780.

 25.	 de Groot RJ, Wetzels JW, Merkx MAW, Rosenberg AJWP, 
de Haan AFJ, et al. (2019) Masticatory function and 
related factors after oral oncological treatment: A 5-year 
prospective study. Head Neck 41: 216-224. 

 26.	 Ikebe K, Hazeyama T, Enoki K, Murai S, Okada T, et al. 
(2012) Comparison of GOHAI and OHIP-14 measures 
in relation to objective values of oral function in elderly 
Japanese. Community Dent Oral Epidemiol 40: 406-414.

 27.	 Tan H, Peres KG, Peres MA (2015) Do people with 
shortened dental arches have worse oral health-related 
quality of life than those with more natural teeth? A 
population-based study. Community Dent Oral Epidemiol 
43: 33-46.

 28.	 Dholam K, Chouksey G, Dugad J (2020) Impact of oral 
rehabilitation on patients with head and neck cancer: 
Study of 100 patients with liverpool oral rehabilitation 
questionnaire and the oral health impact profile. Indian J 
Otolaryngol Head Neck Surg 72: 308-312.

https://pubmed.ncbi.nlm.nih.gov/8193981/
https://pubmed.ncbi.nlm.nih.gov/8193981/
https://pubmed.ncbi.nlm.nih.gov/8193981/
https://pubmed.ncbi.nlm.nih.gov/32761938/
https://pubmed.ncbi.nlm.nih.gov/32761938/
https://pubmed.ncbi.nlm.nih.gov/32761938/
https://pubmed.ncbi.nlm.nih.gov/30904550/
https://pubmed.ncbi.nlm.nih.gov/30904550/
https://pubmed.ncbi.nlm.nih.gov/30904550/
https://pubmed.ncbi.nlm.nih.gov/25944561/
https://pubmed.ncbi.nlm.nih.gov/25944561/
https://pubmed.ncbi.nlm.nih.gov/25944561/
https://pubmed.ncbi.nlm.nih.gov/25944561/
https://pubmed.ncbi.nlm.nih.gov/26758757/
https://pubmed.ncbi.nlm.nih.gov/26758757/
https://pubmed.ncbi.nlm.nih.gov/26758757/
https://pubmed.ncbi.nlm.nih.gov/23692029/
https://pubmed.ncbi.nlm.nih.gov/23692029/
https://pmc.ncbi.nlm.nih.gov/articles/PMC8776449/
https://pmc.ncbi.nlm.nih.gov/articles/PMC8776449/
https://pmc.ncbi.nlm.nih.gov/articles/PMC8776449/
https://pubmed.ncbi.nlm.nih.gov/38066739/
https://pubmed.ncbi.nlm.nih.gov/38066739/
https://pubmed.ncbi.nlm.nih.gov/38066739/
https://pubmed.ncbi.nlm.nih.gov/38066739/
https://pubmed.ncbi.nlm.nih.gov/40013481/
https://pubmed.ncbi.nlm.nih.gov/40013481/
https://pubmed.ncbi.nlm.nih.gov/40013481/
https://pubmed.ncbi.nlm.nih.gov/40013481/
https://pubmed.ncbi.nlm.nih.gov/18978717/
https://pubmed.ncbi.nlm.nih.gov/18978717/
https://pubmed.ncbi.nlm.nih.gov/18978717/
https://pubmed.ncbi.nlm.nih.gov/18978717/
https://www.sciencedirect.com/science/article/abs/pii/S0915699203800286
https://www.sciencedirect.com/science/article/abs/pii/S0915699203800286
https://www.sciencedirect.com/science/article/abs/pii/S0915699203800286
https://pubmed.ncbi.nlm.nih.gov/19111778/
https://pubmed.ncbi.nlm.nih.gov/19111778/
https://pubmed.ncbi.nlm.nih.gov/19111778/
https://pubmed.ncbi.nlm.nih.gov/19111778/
https://pubmed.ncbi.nlm.nih.gov/21827525/
https://pubmed.ncbi.nlm.nih.gov/21827525/
https://pubmed.ncbi.nlm.nih.gov/21827525/
https://pubmed.ncbi.nlm.nih.gov/32388514/
https://pubmed.ncbi.nlm.nih.gov/32388514/
https://pubmed.ncbi.nlm.nih.gov/32388514/
https://pubmed.ncbi.nlm.nih.gov/32388514/
https://pubmed.ncbi.nlm.nih.gov/21241351/
https://pubmed.ncbi.nlm.nih.gov/21241351/
https://pubmed.ncbi.nlm.nih.gov/21241351/
https://pubmed.ncbi.nlm.nih.gov/30552819/
https://pubmed.ncbi.nlm.nih.gov/30552819/
https://pubmed.ncbi.nlm.nih.gov/30552819/
https://pubmed.ncbi.nlm.nih.gov/30552819/
https://pubmed.ncbi.nlm.nih.gov/22469135/
https://pubmed.ncbi.nlm.nih.gov/22469135/
https://pubmed.ncbi.nlm.nih.gov/22469135/
https://pubmed.ncbi.nlm.nih.gov/22469135/
https://pubmed.ncbi.nlm.nih.gov/25255742/
https://pubmed.ncbi.nlm.nih.gov/25255742/
https://pubmed.ncbi.nlm.nih.gov/25255742/
https://pubmed.ncbi.nlm.nih.gov/25255742/
https://pubmed.ncbi.nlm.nih.gov/25255742/
https://pubmed.ncbi.nlm.nih.gov/32728540/
https://pubmed.ncbi.nlm.nih.gov/32728540/
https://pubmed.ncbi.nlm.nih.gov/32728540/
https://pubmed.ncbi.nlm.nih.gov/32728540/
https://pubmed.ncbi.nlm.nih.gov/32728540/

	Title
	Corresponding author
	Abstract

