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The impact of the muscle spindles in the masticatory performance remains elucidated. This study 
aimed to investigate the impact of local anesthesia in the jaw-closing muscles on masticatory 
performance in healthy participants. Thirty healthy pain-free volunteers underwent in two rounds of 
chewing tasks involving two types of viscoelastic candies and a two-coloured chewing gum. Lidocaine 
(3.0 mL) was injected into a total of six points in the masseter and temporalis muscles bilaterally 
for the second round. Pain intensity, fatigue, the number and area of particles, and the degree of 
mixing of the chewing gum were assessed at baseline and after each round of chewing. The number 
of candy particles after injection of lidocaine, was significantly lower (33%) for women compared to 
the results without anesthesia (p < 0.05). There was no significant difference in the variance of hue 
of the two-coloured chewing-gum when comparing values before and after anesthesia. None of the 
participants experienced any pain during the experiment. However, self-reported fatigue increased 
during the second round, i.e., after anesthesia, with significantly higher values observed at the final 
assessment point. (p = 0.029). Local anesthesia of the jaw-closing muscles appears to impair the 
masticatory function in women, leading to reduced efficiency in food comminution compared to 
normal mastication. The observed sex differences suggest that women may be more vulnerable to 
neuromuscular control alterations following sensory alterations.
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Mastication is a complex process involving facial muscles, salivary secretion, teeth, and numerous receptors 
in the orofacial region, all of which have crucial connections to several areas of the brain1. The rhythmic 
mandibular movements involved in mastication are generated by the masticatory muscles, which primarily 
consist of the temporalis, masseter, medial pterygoid and lateral pterygoid muscle2. This is made possible by the 
innervation from the mandibular branch of the trigeminal nerve through alpha-motoneurons that are located in 
the trigeminal motor nuclei within the brainstem3.

The movements during mastication enable the comminuting of food by opening the mouth and occluding 
with the precise force needed to bring the teeth into intermittent contact4,5. This precision is possible due to 
the continuous sensory feedback, primarily from periodontal mechanoreceptors and muscle spindles, which 
allows continuous adaptation of muscle activity based on the properties of the food throughout the masticatory 
sequence5–7. In addition to this, it has been shown that mechanoreceptors in the temporomandibular joint, facial 
skin, lips, oral mucosa, and dental pulp have also been shown to provide important proprioceptive information 
during mastication8–10.

Masticatory muscles are richly innervated by muscle spindles, with the majority being found in the temporalis 
and masseter muscles11,12. Muscle spindles are highly complex and sensitive sensory receptors distributed 
throughout the belly of the muscles, that provide precise information about proprioception as well as changes in 
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length and velocity of contraction in muscle length and velocity13. They are composed of several intrafusal fibers 
innervated by alpha, gamma and beta motor neurons, whose cell bodies in the mesencephalic nucleus of the 
trigeminal nerve13. It has been demonstrated that muscle spindles in limb muscles are important for maintaining 
static posture based on their proximity to fatigue resistant motor units that generate small forces14. Input 
from muscle spindles in the masseter muscle, however, appears to be more effective on larger motor neurons, 
suggesting that they may rather be important for load compensation and the generation of large bite forces14. 
Studies show that the firing frequency of the muscle spindles during mastication is based on the hardness of the 
food and in correlation with jaw muscle activity, leading to the conclusion that muscle force regulation during 
mastication is mediated by muscle spindles6,7,15,16.

Masticatory performance is commonly evaluated by assessing the ability to comminute food based on 
particle size distribution or surface area of food particles17–20. Previous research has objectively examined jaw 
kinematics and masticatory function in various populations, including older adults, denture wearers, dental 
implant users, and individuals with chronic jaw myalgia21–26. Other studies have demonstrated that as food 
hardness increases, muscle activity in healthy, pain-free jaw-closing muscles increases, primarily due to sensory 
feedback from periodontal receptors and spindle afferents5,6,27,28 . Although few studies have addressed the 
impact of nociceptive influences on jaw muscle proprioception29, to our knowledge, no study has directly 
assessed masticatory function by selective reduction of these inputs. Understanding how muscle spindle input 
contributes to chewing efficiency is essential for refining diagnostic and therapeutic strategies for conditions 
affecting jaw function.

Furthermore, individuals experiencing impaired mastication may modify their food choices or swallow 
larger pieces as a compensatory strategy during eating1. Unbalanced food choices, such as favoring softer and 
more easily consumed products instead of hard-to-chew food can lead to imbalanced dietary intake, while 
swallowing larger pieces may lead to gastrointestinal disturbances due to reduced nutrient bioavailability1. Thus, 
an efficient masticatory function is considered fundamental to supporting overall general health and quality of 
life in humans7.

To effectively address symptoms of impaired masticatory function, it is crucial to understand the full range 
of mechanisms involved in the masticatory system. In addition, there is a lack of studies evaluating masticatory 
function following reduced muscle spindle input in humans, highlighting the need to determine the role of 
muscle on masticatory performance. Given these considerations, the present study aims to investigate how 
masticatory performance is affected by anesthetizing the jaw closing muscles in young healthy participants. The 
working hypothesis is that altering muscle afferents via anesthesia of the muscles impairs the ability to finely 
commute food, while mixing ability remains unaffected due to compensatory function of the tongue.

Material and methods
Participants
Thirty healthy and pain-free participants (15 men and 15 women) aged between 18 and 40 years were enrolled 
in this study. The sample size calculation indicated that a minimum of 12 participants were needed to achieve 
a power of 80%, a significance level of p < 0.05 and an effect size of 1.226; to account for potential missing data 
and participant dropout, 15 participants were included in each group. They were divided into two groups 
based on sex in order to subsequently evaluate sex differences. The volunteers were recruited at the University 
Dental Clinic of the Department of Dental Medicine, Karolinska Institutet, Huddinge, Sweden. The study was 
conducted in accordance with the Declaration of Helsinki and approved by the Regional Ethical Review Board 
in Stockholm (DNR: 2014/1394-3). Written informed consent was obtained from all participants.

Inclusion criteria for all participants were (a) of good general health with no known diseases or regular 
intake of medication; (b) age between 18 and 40. Exclusion criteria were (a) signs of TMD according to DC/
TMD; (b) bridges or implants in premolar or molar region; (c) two or more crowns on molars; (d) class II or 
III malocclusion; (e) current dental problems; (f) tobacco use 7 days prior to experiment; (g) NSAID intake 
2 days prior to experiment; (h) pregnancy or recent delivery; (i) allergy to Lidocaine; (j) no use of hormonal 
contraceptives i.e. pills, implant, patch or hormonal IUD.

Experimental protocol
Prior to inclusion, to make sure that all inclusion criteria were met, digital questionnaires regarding pain, jaw 
function, oral health, fear of movement, physical symptoms, psychosocial signs, and masticatory ability were 
completed by all participants. In addition, a brief clinical examination of the participant according to Axis I of 
DC/TMD was performed30. All participants were then asked to complete two rounds of chewing tasks involving 
two soft elastic candies, two hard plastic candies, and one pair of two-coloured gum. During each task, chewing 
duration was measured and chewing strokes were counted. Before starting the second round, local anesthesia 
was injected bilaterally into the masseter and temporalis muscle. Pain intensity and self-reported fatigue were 
assessed at baseline and after every task, before and after the local anesthesia. The candies were weighed in grams 
(g) both before and after the experiment. One examiner (TK) provided comprehensive information about the 
experiment, conducted the initial clinical examination as well as assessed pain and fatigue between each task. 
The other examiner (NK) provided instructions before each task, monitored the time and number of chewing 
strokes, and delivered the local anesthesia before round two.

Psychosocial questionnaires
The questionnaires included were: Graded chronic pain scale (GCPS)31, Oral behavior checklist (OBC-21)32, Jaw 
functional limitation scale (JFLS-20)33, Pain catastrophizing scale (PCS-13), Perceived stress scale (PSS-10), Oral 
health impact profile (OHIP-5), Tampa scale of kinesiophobia (TSK-TMD)34, The patient health questionnaire 
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for depression (PHQ-9)35, The patient health questionnaire for physical symptoms (PHQ-15)36 and Generalized 
anxiety disorder scale (GAD-7)37.

Test food
The mixing ability was examined using a standardized two-coloured gum called Vivident Fruitswing® “Karpuz/
Asai Üzümü” (Vivident) (Perfetti van Melle). This gum consists of two inseparable layers, violet and green, and is 
a reliable and widely accepted method used in several previous studies26,38. To examine the comminuting ability, 
viscoelastic candies were utilized21,28,39. Red, round, sugar-coated sour gummy gelatin candies (Haribo Syrlingar, 
Haribo Lakrits AB) served as hard plastic candy, while large, red, heart-shaped jelly candies (Stora Gelé Hjärtan, 
Konfektyrfabriken Aroma AB) served as soft elastic candy26,40. One examiner (TK) manually cut and shaped all 
the soft elastic candies into cubes measuring the standardized dimensions of 20 × 20 × 5 mm, while the round-
shaped hard candies already met the standardized dimensions of 20 × 5 mm.

Chewing tasks
The participants performed two identical rounds of chewing tasks where they chewed two pieces of soft candies 
(S1 and S2), two pieces of hard candies (H1 and H2) and one two-coloured gum. Participants were instructed to 
begin with S1, chewing the candy in a fixed number of cycles, 20 times using their preferred side and then spitting 
it out along with their saliva into a paper cup. Next, they were instructed to chew S2 as naturally as possible 
until swallowing threshold, while the examiner (NK) counted every chewing stroke. Instead of swallowing, they 
spat the chewed candy and saliva into a paper cup for later spreading on a transparent sheet. The same tasks 
were followed for the hard candies, H1 was chewed 20 times and H2 until swallowing threshold. All the paper 
cups containing the chewed candies were marked and saved for subsequent spreading on transparent sheets. 
Additionally, to assess the mixing ability, participants were instructed to chew the two-coloured gum for fixed 
number of 20 cycles, following the manual of Schimmel38 . They were asked to chew as naturally as possible, 
allowing them to change chewing side during the strokes, and then spit it out. After every task, the participants 
were told to rinse their mouths with water. A second round of chewing tasks, identical to the first one, was then 
performed after injection of local anesthesia into the masseter and temporalis muscles. The test sequence was 
not randomized, based on methodological considerations and experimental feasibility. See flowchart in Fig. 1.

Local anesthesia
Lidocaine (Lidocaine Hydrochloride 10 mg/ml, Mylan Ireland Limited) was administered as a local anesthetic, 
with a total dose of 3 ml injected41,43. Thus, 0,5 ml was delivered at three points: one in the temporalis muscle 
(approximately 2 cm posterior to the outer corner of the eye) and two in the masseter muscle (approximately 
1 cm anterior to the ear and below the zygomatic arch, into the posterior part of the masseter and in the belly of 
the masseter, approximately 1,5 cm above the mandible’s lower border).

Assessment of pain and fatigue
Pain intensity and self-reported fatigue were assessed at baseline and after each chewing task in both rounds. 
Fatigue was assessed using Borg’s Rating of Perceived Exertion (Borg’s RPE) Scale. Participants were asked to 
rate their perceived exertion on this scale during the tasks, where a rating of 6 corresponds to extremely easy 
effort and a rating of 20 indicates maximal effort44. Pain was measured using a numeric rating scale (NRS) from 
0 to10 where 0 = no pain and 10 = worst imaginable pain45.

Fig. 1.  Flowchart of the experiment. Experimental protocol with sequence of assessments and chewing 
tasks for each candy and chewing gum (S1-1, S2-1, H1-1, H2-1, T1, S1-2, S2-2, H1-2, H2-2, T2). The candies 
are named after the type of candy with the first letter (S = soft, H = hard), type of chewing task with the first 
number (1 = standardized chewing, 2 = natural chewing) and which round with the second number (1 = round 
one, 2 = round two). The two coloured chewing gums are named T1 for round one and T2 for round two. Pain 
intensity and self-reported fatigue were assessed at baseline and after every task.
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Imaging, pre-processing and data analyses
After both rounds of chewing tasks were performed, all the fragmented candies in the paper cups were manually 
spread out on a transparent sheet with standardized dimensions of 100 mm × 100 mm. The candies were allowed 
to dry until the next day and scanned within the next 24 h. The chewed two-coloured gum was immediately 
put in a plastic bag with standardized dimensions of 60 mm × 90 mm × 1 mm and was flattened for scanning 
within 24 h. The candies, paper cups and the transparent sheets that were going to be used were weighed in 
grams (g) before the experiment. The next day the dried fragmented candies were weighed again. The scale 
used throughout this experiment was a digital gram scale with a precision of ± 1.0 g (Salter ARC 1066 BKDR15; 
Tonbridge, UK)26,46.

The scanning device Ricoh eduPrint Scanner was used to scan the samples of the fragmented candies and 
flattened chewing gum. All the samples were scanned with a white paper background. This device provides the 
possibility to image a two-dimensional illustration of the candies and chewing gum which were standardized 
with the following settings: Color → Original type-full color, Resolution → 300 dpi, Scanning-format → Cropped 
scanning in mm 210 × 297/5 × 5/70 × 70 for the chewing gum and 210 × 297/5 × 5/100 × 100 for the candy samples 
and Reproduction ratio → 100%. A standardized setting by Adobe Photoshop CC software (version 19.1.3, Adobe 
Systems Incorporated, San Jose, CA, USA) was used to preprocess the candy images to remove any shadows 
Fig. 2

Subsequently, candies were then analyzed with a standardized setting by Fiji Image J (Image Processing and 
Analysis in Java; National Institutes of Health, USA). The settings in Fiji Image J were as follows: Scale → width: 
1200, height: 1200, distance in pixels: 11.4, known distance: 1.00, pixel aspect ratio: 1.0, unit of length: mm, 
Type → 8-bite, Size → width: 1185, height: 1185, depth: 1, Color threshold → black and white: dark background, 
Set measurements → area, Feret´s diameter and Analyze Particles → Size (mm): 0-infinity, circularity: 0–1, show: 
outlines, display results, clear results, summarize, add to manager, include holes. The results were presented 
in number of particles per original candy, the mean area of those particles in millimeters (mm) and the 
measurement of each in minimum Feret´s diameter due to their irregular shape. 26.

The ViewGum©, which is the Hue-Check Gum® own a validated analyzing software (freeware), was used to 
analyze the variance of hue (VOH) according to the instructions of the manual38,47,48.

Statistical analyses
The statistical analyses were performed using SPSS software (IBM Corp. Released 2021. IBM SPSS Statistics for 
Windows, Version 28.0. Armonk, NY: IBM Corp). Normality of the data was tested with the Shapiro–Wilk test. 
Since all the variables showed a non-normal distribution the non-parametric Friedman test was used for intra-
group comparisons, while the Mann Withney U test was employed for inter-group comparisons. All masticatory 
variables, pain and fatigue were presented as medians with the interquartile range (IQR). The significance level 
was set at p < 0.05.

Results
The study comprised 30 participants, 15 healthy age-matched women and 15 healthy men with a median (min–
max) age of 24.8 (20–30) with no significant differences between groups (p > 0.05). All the participants were 
asymptomatic, without any TMD symptoms according to DC/TMD (Table 1).

Psychosocial questionnaires
The results showed low values for all the questionnaires used in both groups, indicating that the participants did 
not present any psychosocial distress or any orofacial pain that could have compromised the results (Table 1).

Chewing performance
There were no significant differences (p > 0.05) in chewing duration and chewing strokes when comparing values 
before and after anesthesia for either soft candies, hard candies, or the two-coloured gum in women and men. 
(Table 2‚3). A statistically significant higher number of chewing strokes was observed for the soft candy S2-1 
before injection between the groups (p < 0.02). (Table 4‚2).

Chewing tasks resulted in smaller weight loss in round two, but only the natural chewing task with hard 
candy H2 showed a significantly weight loss (p < 0.009) for women. However, the natural chewing task with soft 
candy S2 also showed a significant weight loss for men (p < 0.05) (Table 2). Significant differences were not found 
between groups. (Table 3).

The number of candy particles was significantly lower after anesthesia for soft candy S1 (p < 0.0001), soft 
candy S2 (p < 0.01), hard candy H1 (p < 0.03), and hard candy H2 (p < 0.04), in women. However, for men there 

Fig. 2.  Ilustration samples of fragmented soft candy (A), hard candy (B), two coloured gum after chewing (C) 
and pictures to illustrate the processed image before analysis (D, E).
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were no differences in the number of candy particles for either soft or hard (Table 4). Comparisons between 
groups showed that only the number of candy particles of the soft candies S2-1 before injection was lower in 
men (p < 0.02) (Table 5).

The mean area of candy particles was larger in round two compared to round one for soft candy S1 (p < 0.001) 
and soft candy S2 (p < 0.001) in women. On the other hand, men did not present differences in the area of candy 
particles in any candy. (Table 4) Any significant differences were found between groups.

Regarding minimum Feret´s diameter, the standardized chewing task for soft candy (S1) and natural chewing 
task for hard candy (H2) exhibited a statistically significant larger Minimum Feret´s diameter after injection, 
with p-values of 0.001 and 0.01 respectively, as shown in Table 4. In contrast, men did not present any differences 
in the Minimum Feret’s diameter. No significant differences were found between groups.

Finally, there were no significant differences in the variance of hue of the two-coloured gum when comparing 
values before and after anesthesia or between sexes.

Pain and fatigue
The pain intensity for all participants did not change at any assessment. In both women and men, the baseline 
value was 0, as well as for all individual tasks reporting pain with soft and hard candies. There was no difference 
in pain intensity in round one (before injection) when compared to those in round two (after injection) or 
between groups.

Higher self-reported fatigue was reported by women after injection with the two-coloured gum (p < 0.029), 
as shown in Fig. 3. Meanwhile, men reported fatigue only during the H2 hard candy and two-coloured gum (T) 
tasks before injection, without any statistically significant differences compared to after injection. Comparisons 
between groups showed higher fatigue values for women for the two-coloured gum (T) after injection (p < 0.026) 
(Fig. 3).

Discussion
The findings of the present study demonstrated reduced masticatory performance and lower efficiency in 
comminuting food after receiving injections of local anesthetics in healthy participants. This decrease is likely 
due to diminished afferent signaling to the masseter and temporalis muscles. Masticatory performance, in 
this context, depends on the effective breakdown of food, which is assessed by the number of particles after 
chewing46. Based on our results, this seems to be influenced by gender, as anesthetizing the temporalis and 
masseter muscles did not appear to affect the chewing performance in men.

When comparing chewing duration patterns in both rounds, the participants used a shorter duration when 
naturally chewing the soft candy compared to the standardized chewing task. In contrast, for the hard candy, a 
longer chewing duration was preferred when chewing naturally, suggesting an adaptation to food hardness both 
before and after injection of local anesthetics. Since the anesthetic is expected to block muscle spindle input, it 
is possible that this adaptation is due to sensory input from periodontal mechanoreceptors49,50. This aligns with 

Variable Score

Age 24.7

Characteristic pain intensity (CPI)

 CPI 2.3

  Grade 0 n = 25

  Grade I n = 5

  Grade II n = 0

  Grade III n = 0

  Grade IV n = 0

Oral behavior checklist (OBC-21) 21.4

Jaw functional limitation scale (JFLS-21)

 Chewing 0

 Mobility 0

 Communication 0

 Total 0

Oral health impact profile (OHIP-5) 0.4

Tampa scale of kinesophobia (TSK-TMD) 21.4

Pain catastrophizing scale (PCS-13) 4.8

Perceived stress scale (PSS-10) 8.7

The patient health questionnaire for depression (PHQ-9) 3.1

The patient health questionnaire for physical symptoms (PHQ-15) 3.7

Generalized anxiety disorder scale (GAD-7) 3.4

Table 1.  Self-reported characteristics at baseline for 30 healthy participants. Data are expressed as mean value 
for all variables. Age was assessed in years.
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a previous study in which patients with chronic myalgia in the masseter muscles also displayed this adaptability 
to food hardness, despite impaired masticatory performance26.

The number of particles produced was the most distinct difference observed between round one and round 
two in women participants; they were able to chew the candy into significantly more particles before the injection 

Variable Before After P-value

Chewing Duration

S1

Women 15.8 (12.9-19.7) 15.7 (11.6-19.2) 0.5

Men 16 (11.6-21.7) 14.6 (12.6-21.4) 0.5

S2

Women 12.6 (8.7-17.7) 13.5 (8.9-19.1) 0.8

Men 10.4 (6.6-18) 11.3 (8.2-17.8) 0.1

H1

Women 17.0 (13.0-24.1) 17.1 (11.8-23.6) 0.5

Men 17.9 (14.1-23.6) 17.2 (13.7-21.7) 0.2

H2

Women 24.8 (11.7-42.4) 23.6 (14.1-46.5) 0.8

Men 26 (11.4-40.2) 26.3 (15.4-46.7) 0.2

C

Women 14.8 (11.2-20.5) 15.1 (11.2-21.2) 0.4

Men 15.3 (13.4-19.3) 14.8 (12.5-18.7) 0.5

Strokes

S2

Women 18 (12-28) 18 (12-34) 1.0

Men 13 (8-24) 16 (9-24) 0.1

H2

Women 25 (25-49) 29 (17-55) 0.3

Men 24.2 (11.4-40.2) 30 (17-45) 0.3

Candy Weight After Chewing (% of BL-weight)

S1

Women 100 (67-150) 100 (75-133) 0.4

Men 75 (50-300) 100 (-33-150) 0.8

S2

Women 75 (75-150) 100 (67-100) 0.8

Men 100 (33-200) 100 (50-300) 0.1

H1

Women 75 (75-100) 100 (75-100) 0.7

Men 100 (50-100) 100 (50-133) 1.0

H2

Women 75 (50-133) 100 (75-133) 0.009*

Men 67 (33-133) 0 (-100-50) 0.1

Candy Weight Loss

S1

Women 0 (-50-30) 0 (-33-25) 0.4

Men 25 (-200-50) 0 (-50-67) 0.8

S2

Women 25 (-50-25) 0 (0-33) 0.8

Men 0 (-50-100) 0 (-200-50) 0.05*

H1

Women 25 (0-25) 0 (0-25) 0.7

Men 0 (0-50) 0 (-33-50) 1.0

H2

Women 25 (-33-50) 0 (-33-25) 0.009*

Men 33 (-33-67) 0 (-100-50) 0.1

Table 2.  Clinical and experimental variables of chewing activity and efficiency measures before and after 
injection.
Data are expressed as median (min–max) for all variables. BL = Baseline. Chewing duration was assessed in 
seconds, weight loss in percent. *Significant difference P < 0.05.
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compared to after. Given that the duration and number of chewing strokes remained nearly constant between 
the two rounds, this disparity likely arises from muscle force adaptation. When local anesthetics are injected 
into the masseter and temporalis muscles, they block sodium channels on the nerve cell membranes, leading 
to the inhibition of action potentials. This primarily inhibits pain and temperature perception by blocking Aδ 
and C fibers51. More relevant to this study, it also inhibits proprioception by blocking Aγ and Aβ fibers, thus 
blocking the input from muscle spindles51. Muscle spindles, together with periodontal mechanoreceptors, 
provide continuous sensory feedback essential for adapting chewing and muscle activity based on the food’s 
consistency5–7.

Some degree of this adaptation persisted for women participants even after the injection of local anesthetics 
on the second round, as indicated by the similar duration and number of chewing strokes required for both hard 

Variable Women Men P-value

Chewing Duration

S1-1 15.8 (12.9-19.7) 16 (11.6-21.7) 1.0

S2-1 12.6 (8.7-17.7) 10.4 (6.6-18) 0.1

H1-1 17.0 (13.0-24.1) 17.9 (14.1-23.6) 0.8

H2-1 24.8 (11.7-42.4) 26 (11.4-40.2) 0.9

C1 14.8 (11.2-20.5) 15.3 (13.4-19.3)

S1-2 15.7 (11.6-19.2) 14.6 (12.6-21.4) 0.7

S2-2 13.5 (8.9-19.1) 11.3 (8.2-17.8) 0.3

H1-2 17.1 (11.8-23.6) 17.2 (13.7-21.7) 0.7

H2-2 23.6 (14.1-46.5) 26.3 (15.4-46.7) 0.5

C2 15.1 (11.2-21.2) 14.8 (12.5-18.7)

Strokes

S2-1 18 (12-28) 13 (8-24) 0.02*

H2-1 25 (25-49) 24.2 (11.4-40.2) 1.0

S2-2 18 (12-34) 16 (9-24) 0.2

H2-2 29 (17-55) 30 (17-45) 0.9

Candy Weight After Chewing (% of BL-weight)

S1-1 100 (67-150) 75 (50-300) 0.3

S2-1 75 (75-150) 100 (33-200) 0.03*

H1-1 75 (75-100) 100 (50-100) 0.9

H2-1 75 (50-133) 67 (33-133) 0.4

S1-2 100 (75-133) 100 (-33-150) 0.3

S2-2 100 (67-100) 100 (50-300) 0.2

H1-2 100 (75-100) 100 (50-133) 0.7

H2-2 100 (75-133) 0 (-100-50) 1.0

Candy Weight Loss

S1-1 0 (-50-30) 25 (-200-50) 0.3

S2-1 25 (-50-25) 0 (-50-100) 0.8

H1-1 25 (0-25) 0 (0-50) 0.9

H2-1 25 (-33-50) 33 (-33-67) 0.4

S1-2 0 (-33-25) 0 (-50-67) 0.3

S2-2 0 (0-33) 0 (-200-50) 0.2

H1-2 0 (0-25) 0 (-33-50) 0.7

H2-2 0 (-33-25) 0 (-100-50) 1.0

Number of Candy Particles

S1-1 22 (14-47) 21 (5-65) 0.2

S2-1 27 (11-45) 12 (5-34) 0.02*

H1-1 3 (1-10) 3 (1-21) 0.8

H2-1 6 (1-21) 5 (1-35) 0.7

S1-2 18 (6-34) 28 (5-49) 0.2

S2-2 18 (9-33) 18 (2-45) 0.6

H1-2 1 (1-9) 2 (1-22) 0.3

H2-2 2 (1-20) 8 (1-16) 0.1

Table 3.  Clinical and experimental variables of comminution and mixing ability measures before and after 
injection (Number and size of candy particles, and hue of gum)
Data are expressed as median (min–max) for all variables. Area of particles in square millimeter, minimum 
Feret´s diameter in millimeter and hue of gum in variance. *Significant difference P < 0.05.
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and soft candies. Despite this, participants struggled to break both candies into fine particles. The inhibition 
of muscle feedback seems to affect muscle force regulation, impairing the ability to apply the appropriate load 
needed to fragment the candies into small particles. This finding aligns with previous research suggesting that 
muscle spindles are crucial for muscle force regulation and the development of large bite forces14–16. Although 
muscle spindles play a significant role, other sensory receptors (such as mechanoreceptors in the periodontal 
ligaments, temporomandibular joint, and pulp) also provide essential proprioceptive information during 
mastication8–10. Despite the local injection of anesthesia into the muscles, it cannot be ruled out that these 
peripheral sensory receptors were also affected.

Table 4.  Clinical and experimental variables of chewing activity and efficiency measures comparing both 
groups: women and men.
Data are expressed as median (min–max) for all variables. BL = Baseline. Chewing duration was assessed in 
seconds, weight loss in percent. *Significant difference P < 0.05.
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On the other hand, men didn’t show significant differences in the numbers of particles produced before 
and after injection. While it could be hypothesized that the muscle spindles were not sufficiently affected by 
the local anesthesia in male participants, due to the need of a larger dose of lidocaine for it to have its full effect 
considering that masseter muscle can be, thicker, wider and has a greater length in men than in women52,53. 
A more plausible explanation may lie in physiological differences related in neuromuscular control, as greater 
levels of muscular activity and greater occlusal force than those of females has been reported by researchers54. 
Rather than a suboptimal anesthetic effect, the preserved performance observed in men may be attributed to 
compensatory mechanisms involving the periodontal mechanoreceptors (PMRs). These receptors, which play 
a central role in modulating masticatory function, may have offset the reduced proprioceptive input from the 
anesthetized muscle spindles55. This neurosensory compensation could account for the absence of performance 
decline despite sensory blockade. In addition, insufficient PMR-mediated compensation has been associated 
with impaired mastication in certain individuals21,56.

Table 5.  Clinical and experimental variables of comminution and mixing ability measures comparing both 
groups: women and men. (Number and size of candy particles, and hue of gum).
Data are expressed as median (min–max) for all variables. Area of particles in square millimeter, minimum 
Feret´s diameter in millimeter and hue of gum in variance. *Significant difference P < 0.05.
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As expected, the participants reported higher fatigue levels after the chewing tasks with the hard candy 
and the two-coloured gum in both rounds, the scores were even higher in the second round. A statistically 
significant increase in fatigue after chewing the two-coloured gum was found in women after lidocaine injection, 
and comparisons between groups showed higher fatigue values for women for the two-coloured gum (T) after 
injection (p < 0.026). The repeated muscle activity required for these tasks could have lead to a decline in muscle 
performance, characterized by a decrease in maximal force or power production in response to contractile 
activity57, contributing to the observed reduction in the ability to finely divide the candy into particles. Likewise, 
it is important to understand that different factors interact on an individual basis to produce muscle fatigue 
and that the effects depend on the type and level of muscle activity and the host response58. This cumulative 
effect underscores the importance of considering muscle fatigue as a significant factor in studies examining 
masticatory performance, specifically in women. From a clinical standpoint, fatigue could account for patients’ 
subjective experience of an inability to chew as well as their actual impaired chewing performance.

There was no difference in the variance of hue when comparing pre- and post-injection values, suggesting 
that the local anesthetic injection did not affect the participants’ mixing ability. Although the comminution and 
mixing ability tests are generally believed to be positively correlated, some literature suggests that the ability to 
mix and knead a food bolus evaluates distinct aspects of mastication rather than directly reflecting masticatory 
performance59,60. Therefore, applying both tests may provide deeper insights into objective masticatory function61. 
Since mixing ability involves numerous structures (such as the teeth, palate, tongue, cheeks and neural pathways 
guiding the mandibular force and movements through muscle control)38, it is plausible that other structures 
adapted, maintaining this ability. This observation could be explained by the fact that the tongue, which was 
not affected by the anesthesia, plays a crucial role in the mixing of food. Its continued functionality likely 
compensated for any deficits in the masticatory muscles, ensuring the mixing process remained efficient despite 
the administration of local anesthetics. Furthermore, there is some evidence that larger values of masticatory 
performance are better assessed by the comminution test than by the mixing ability test. This may explain the 
absence of observed changes in values before and after injections46.

As the findings of the present study demonstrated reduced masticatory performance and lower efficiency 
in comminuting food after receiving injections of local anesthetics in women, it is relevant to highlight the 
gender differences in physiological mechanisms involved in mastication, which could have contributed to these 
results. Anatomical variations play a crucial role, studies have revealed that men exhibit greater muscle mass 
and higher muscle thickness compared to women62,63; as well as a greater bite force and a occlusal force, which 
also appear to be higher in men. These anatomical advantages likely contribute to more effective mastication in 
men. mastication54,64. Additionally, hormonal influences may modulate masticatory function. Estrogen seems to 
affect neuromuscular control and sensory perception65. To minimize hormonal variability across the menstrual 
cycle, all female participants in the present study were using hormonal contraceptives. This methodological 
approach reduces the potential confounding effects of fluctuating hormone levels on our results. Neuromuscular 

Fig. 3.  In this figure, the median is represented by the points on the line, the lower limit of the interval 
represents the first quartile (25%), while the upper limit represents the third quartile (75%). The width of the 
interval represents the interquartile range (IQR) of self-reported fatigue scores assessed with Borg’s rating of 
perceived exertion are shown at baseline and after chewing task S1, S2, H1, H2 and the two-coloured gum (T) 
before and after injection of local anesthetics for women and men. *Significant higher scores after injection 
comparing women and men (p < 0.026). # Significant higher scores after injection compared to before injection 
for women (Friedman ANOVA test; p < 0.029).
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differences further contribute to the observed gender differences, as women exhibit longer chewing cycles than 
men. The literature supports that men have larger masticatory movements and shorter cycle times compared to 
women, facilitating a faster food breakdown66,67. This could explain the decreased efficiency observed in women 
in our results. Finally, neural mechanism related to sensory processing may also play a role. Evidence suggests 
that men show more pronounced changes in brain activation related to sensory integration and cognitive 
control areas during transitions between hunger and satiety. Such differences in neural activation patterns could 
potentially influence how sensory information from the oral cavity is integrated with motor commands during 
chewing68. These physiological factors provide a plausible explanation for the observed gender differences and 
are consistent with previous findings.

Finally, all these findings regarding food comminution are directly related to the method used for quantifying 
masticatory performance. Although traditional sieving methods using silicone-based test foods such as Optosil 
Comfort have been widely regarded as a reference standard, they are time-consuming and requires specialized 
laboratory equipment.46,69–72 In contrast, the optical scanning technique employed in this study offers a 
validated, time-efficient alternative for quantifying particle size distribution46,73–75. Beyond its operational 
advantages, this method has demonstrated strong agreement with sieving outcomes and exhibits high ability 
to detect interindividual variations in masticatory efficiency73,76. The present results, therefore, not only reflect 
meaningful physiological differences but are also supported by a reliable and reproducible measurement strategy 
grounded in previous methodological literature.

Study strengths and limitations
This study offers methodological strengths that enhance the validity of its findings, to minimize the risk of 
confounding factors. The study involved a homogeneous matched group in terms of sex and age; and met 
strict inclusion criteria to ensure sample homogeneity. All participants were in good general health, with no 
comorbidities and not taking any medications. Questionnaires confirmed that this sample was representative of 
the study population and free from any conditions that could compromise the results. Regarding the test food, 
it was selected based on prior validation of their rheological behavior and used under standardized conditions 
(size, weight, storage, and chewing time); and were from the same batch. This ensured that all participants 
were exposed to identical conditions, and any potential effect of the candy would have been consistent across 
individuals, minimizing the risk of variability related to the test food. Another strenght of the study is the 
fixed test sequence for chewing tasks, structured to minimize fatigue and ensure reproducibility. Starting with 
non-anesthetized conditions and softer foods allowed participants to serve as their own controls under stable 
conditions, reducing potential order effects.

A possible limitation is the unintentional swallowing of candy fragments, assessing food comminution 
involves risks of unintentional swallowing and incomplete collection of particles, which could lead to 
measurement errors. This risk may be higher in S2 and H2, where a natural chewing pattern was used. Aditionally, 
the choice of test material can also affect the outcomes; only viscoelastic food was analyzed21,28,39. Different foods 
or food substitutes may present varying resistances and textures, which can influence chewing efficiency and, 
consequently, test results.

Another limitation of the study is the lack of objective verification of successful muscle spindle afferent 
blockade. Only a subjective analgesic manifestation was obtained from participants to confirm the anesthesia 
effect. However, the study employed a well-established clinical model involving lidocaine, which is widely used 
for muscle block procedures and has demonstrated effective clinical outcomes42,77,78. Local anesthetics have 
been applied to investigate the role of peripheral inputs in several clinical trials, and it is reasonable to presume 
the occurrence hypoalgesia/hypoesthesia following their administration, since peripheral mechanisms play a 
substantial role in sensory signs and symptoms79. Lidocaine effects extend beyond muscle spindle afferents, 
potentially influencing other sensory receptors and nerve fibers80. It can depress ectopic activity in A- and 
C-fibers and inhibit muscle-type nicotinic acetylcholine receptors, affecting neuromuscular transmission81. 
Despite these broader effects, lidocaine remains widely used due to its proven clinical efficacy. Although the 
precise extent of muscle spindle afferent blockade cannot be objectively confirmed, evidence from previous 
clinical trials with positive outcomes supports the assumption that this model effectively blocks a sufficient 
proportion of muscle afferents for experimental purposes82.

Future studies should assess how masticatory performance is affected by the altering of mechanoreceptors 
in the temporomandibular joint as well. This will help to further expand our understanding about the different 
mechanisms involved in the masticatory system. Indeed, it would also be interesting to conduct a similar study 
on patients with myalgia for comparison with a healthy population. Additionally, future studies need to test 
other type of food with different mechanical and rheological properties, or different sizes of the test bolus. These 
findings should be interpreted within the scope of the study’s design and sample.

Conclusion
The altering of muscle spindle afferents by anesthetizing the jaw closing muscles appears to lead to a deficit in 
the masticatory function with reduced efficiency in comminuting viscoelastic food when compared to normal 
mastication in women. The mixing ability remained unaffected for all participants. This highlights the critical 
role of muscle spindle input in masticatory performance. The observed sex differences suggest that women may 
be more vulnerable to neuromuscular control changes following sensory alterations, emphasizing the need to 
consider these factors in the diagnosis and management of jaw-related conditions.
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Data availability
The datasets used and/or analyzed during the current study are available from the corresponding author on 
reasonable request.

Received: 16 July 2024; Accepted: 22 July 2025

References
	 1.	 N’Gom, P. I. & Woda, A. Influence of impaired mastication on nutrition. J Prosthet. Dent. 87, 667–673. ​h​t​t​p​s​:​/​/​d​o​i​.​o​r​g​/​1​0​.​1​0​6​7​/​m​

p​r​.​2​0​0​2​.​1​2​3​2​2​9​​​​ (2002).
	 2.	 van der Bilt, A., Engelen, L., Pereira, L. J., van der Glas, H. W. & Abbink, J. H. Oral physiology and mastication. Physiol. Behav. 89, 

22–27. https://doi.org/10.1016/j.physbeh.2006.01.025 (2006).
	 3.	 Okeson, J. P. Management of temporomandibular disorders and occlusion. (Elsevier, 2019).
	 4.	 Lund, J. P. Mastication and its control by the brain stem. Crit. Rev. Oral Biol. Med. 2, 33–64. ​h​t​t​p​s​:​/​/​d​o​i​.​o​r​g​/​1​0​.​1​1​7​7​/​1​0​4​5​4​4​1​1​9​1​0​

0​2​0​0​1​0​4​0​1​​​​ (1991).
	 5.	 Lavigne, G., Kim, J. S., Valiquette, C. & Lund, J. P. Evidence that periodontal pressoreceptors provide positive feedback to jaw 

closing muscles during mastication. J. Neurophysiol. 58, 342–358. https://doi.org/10.1152/jn.1987.58.2.342 (1987).
	 6.	 Foster, K. D., Woda, A. & Peyron, M. A. Effect of texture of plastic and elastic model foods on the parameters of mastication. J. 

Neurophysiol. 95, 3469–3479. https://doi.org/10.1152/jn.01003.2005 (2006).
	 7.	 Westberg, K. G. & Kolta, A. The trigeminal circuits responsible for chewing. Int Rev. Neurobiol. 97, 77–98. ​h​t​t​p​s​:​/​/​d​o​i​.​o​r​g​/​1​0​.​1​0​1​6​

/​B​9​7​8​-​0​-​1​2​-​3​8​5​1​9​8​-​7​.​0​0​0​0​4​-​7​​​​ (2011).
	 8.	 Johansson, R. S., Trulsson, M., Olsson, K. A. & Westberg, K. G. Mechanoreceptor activity from the human face and oral mucosa. 

Exp. Brain Res. 72, 204–208. https://doi.org/10.1007/BF00248518 (1988).
	 9.	 Trulsson, M. & Johansson, R. S. Orofacial mechanoreceptors in humans: encoding characteristics and responses during natural 

orofacial behaviors. Behav. Brain Res. 135, 27–33. https://doi.org/10.1016/s0166-4328(02)00151-1 (2002).
	10.	 Klineberg, I. Influences of temporomandibular articular mechanoreceptors in functional jaw movements. J. Oral Rehabil. 7, 307–

317. https://doi.org/10.1111/j.1365-2842.1980.tb00449.x (1980).
	11.	 Gremillion, H. A. K. Temporomandibular Disorders A Translational Approach From Basic Science to Clinical Applicability. (Springer 

International Publishing, 2018).
	12.	 Scutter, S. D. & Turker, K. S. The role of the muscle spindles in human masseter. Hum. Mov. Sci. 20, 489–497. ​h​t​t​p​s​:​/​/​d​o​i​.​o​r​g​/​1​0​.​1​

0​1​6​/​s​0​1​6​7​-​9​4​5​7​(​0​1​)​0​0​0​6​4​-​1​​​​ (2001).
	13.	 Lennartsson, B. Muscle spindles in the human anterior digastric muscle. Acta Odontol. Scand. 37, 329–333. ​h​t​t​p​s​:​/​/​d​o​i​.​o​r​g​/​1​0​.​3​1​0​

9​/​0​0​0​1​6​3​5​7​9​0​9​0​0​4​7​0​4​​​​ (1979).
	14.	 Kubota, K. & Masegi, T. Muscle spindle supply to the human jaw muscle. J. Dent. Res. 56, 901–909. ​h​t​t​p​s​:​/​/​d​o​i​.​o​r​g​/​1​0​.​1​1​7​7​/​0​0​2​2​0​

3​4​5​7​7​0​5​6​0​0​8​1​2​0​1​​​​ (1977).
	15.	 Hidaka, O. et al. Behavior of jaw muscle spindle afferents during cortically induced rhythmic jaw movements in the anesthetized 

rabbit. J. Neurophysiol. 82, 2633–2640. https://doi.org/10.1152/jn.1999.82.5.2633 (1999).
	16.	 Abbink, J. H., van der Bilt, A., Bosman, F. & van der Glas, H. W. Speed-dependent control of cyclic open-close movements of the 

human jaw with an external force counteracting closing. J Dent Res 78, 878–886. https://doi.org/10.1177/00220345990780040801 
(1999).

	17.	 Manly, R. S. & Braley, L. C. Masticatory performance and efficiency. J. Dent. Res. 29, 448–462. ​h​t​t​p​s​:​/​/​d​o​i​.​o​r​g​/​1​0​.​1​1​7​7​/​0​0​2​2​0​3​4​5​5​
0​0​2​9​0​0​4​0​7​0​1​​​​ (1950).

	18.	 Okiyama, S., Ikebe, K. & Nokubi, T. Association between masticatory performance and maximal occlusal force in young men. J. 
Oral Rehabil. 30, 278–282. https://doi.org/10.1046/j.1365-2842.2003.01009.x (2003).

	19.	 Olthoff, L. W., van der Bilt, A., Bosman, F. & Kleizen, H. H. Distribution of particle sizes in food comminuted by human mastication. 
Arch. Oral Biol. 29, 899–903. https://doi.org/10.1016/0003-9969(84)90089-x (1984).

	20.	 Ohara, A., Tsukiyama, Y., Ogawa, T. & Koyano, K. A simplified sieve method for determining masticatory performance using 
hydrocolloid material. J. Oral Rehabil. 30, 927–935. https://doi.org/10.1046/j.1365-2842.2003.01080.x (2003).

	21.	 Grigoriadis, A., Johansson, R. S. & Trulsson, M. Adaptability of mastication in people with implant-supported bridges. J. Clin. 
Periodontol. 38, 395–404. https://doi.org/10.1111/j.1600-051X.2010.01697.x (2011).

	22.	 Kohyama, K., Mioche, L. & Bourdiol, P. Influence of age and dental status on chewing behaviour studied by EMG recordings 
during consumption of various food samples. Gerodontology 20, 15–23. https://doi.org/10.1111/j.1741-2358.2003.00015.x (2003).

	23.	 Grigoriadis, J., Trulsson, M. & Svensson, K. G. Motor behavior during the first chewing cycle in subjects with fixed tooth- or 
implant-supported prostheses. Clin. Oral Implants Res. 27, 473–480. https://doi.org/10.1111/clr.12559 (2016).

	24.	 Rissin, L., House, J. E., Manly, R. S. & Kapur, K. K. Clinical comparison of masticatory performance and electromyographic activity 
of patients with complete dentures, overdentures, and natural teeth. J. Prosthet. Dent. 39, 508–511. ​h​t​t​p​s​:​/​/​d​o​i​.​o​r​g​/​1​0​.​1​0​1​6​/​s​0​0​2​2​-​3​
9​1​3​(​7​8​)​8​0​1​8​1​-​4​​​​ (1978).

	25.	 Eberhard, L., Schneider, S., Eiffler, C., Kappel, S. & Giannakopoulos, N. N. Particle size distributions determined by optical 
scanning and by sieving in the assessment of masticatory performance of complete denture wearers. Clin. Oral Investig. 19, 429–
436. https://doi.org/10.1007/s00784-014-1266-6 (2015).

	26.	 Al Sayegh, S., Christidis, N., Kumar, A., Svensson, P. & Grigoriadis, A. Masticatory performance in patients with jaw muscle pain: 
A case control study. Front. Dent. Med. https://doi.org/10.3389/fdmed.2022.963425 (2022).

	27.	 Morimoto, T., Inoue, T., Masuda, Y. & Nagashima, T. Sensory components facilitating jaw-closing muscle activities in the rabbit. 
Exp Brain Res 76, 424–440. https://doi.org/10.1007/BF00247900 (1989).

	28.	 Peyron, M. A., Lassauzay, C. & Woda, A. Effects of increased hardness on jaw movement and muscle activity during chewing of 
visco-elastic model foods. Exp. Brain Res. 142, 41–51. https://doi.org/10.1007/s00221-001-0916-5 (2002).

	29.	 Capra, N. F., Hisley, C. K. & Masri, R. M. The influence of pain on masseter spindle afferent discharge. Arch. Oral Biol. 52, 387–390. 
https://doi.org/10.1016/j.archoralbio.2006.10.011 (2007).

	30.	 Schiffman, E. et al. Diagnostic criteria for temporomandibular disorders (DC/TMD) for clinical and research applications: 
recommendations of the international RDC/TMD consortium network and orofacial pain special interest groupdagger. J. Oral 
Facial Pain Headache 28, 6–27. https://doi.org/10.11607/jop.1151 (2014).

	31.	 Von Korff, M., Ormel, J., Keefe, F. J. & Dworkin, S. F. Grading the severity of chronic pain. Pain 50, 133–149. ​h​t​t​p​s​:​/​/​d​o​i​.​o​r​g​/​1​0​.​1​0​
1​6​/​0​3​0​4​-​3​9​5​9​(​9​2​)​9​0​1​5​4​-​4​​​​ (1992).

	32.	 Markiewicz, M. R., Ohrbach, R. & McCall, W. D. Jr. Oral behaviors checklist: Reliability of performance in targeted waking-state 
behaviors. J. Orofac Pain 20, 306–316 (2006).

	33.	 Ohrbach, R., Larsson, P. & List, T. The jaw functional limitation scale: Development, reliability, and validity of 8-item and 20-item 
versions. J. Orofac Pain 22, 219–230 (2008).

	34.	 Visscher, C. M., Ohrbach, R., van Wijk, A. J., Wilkosz, M. & Naeije, M. The tampa scale for kinesiophobia for temporomandibular 
disorders (TSK-TMD). Pain 150, 492–500. https://doi.org/10.1016/j.pain.2010.06.002 (2010).

Scientific Reports |        (2025) 15:32519 12| https://doi.org/10.1038/s41598-025-13580-5

www.nature.com/scientificreports/

https://doi.org/10.1067/mpr.2002.123229
https://doi.org/10.1067/mpr.2002.123229
https://doi.org/10.1016/j.physbeh.2006.01.025
https://doi.org/10.1177/10454411910020010401
https://doi.org/10.1177/10454411910020010401
https://doi.org/10.1152/jn.1987.58.2.342
https://doi.org/10.1152/jn.01003.2005
https://doi.org/10.1016/B978-0-12-385198-7.00004-7
https://doi.org/10.1016/B978-0-12-385198-7.00004-7
https://doi.org/10.1007/BF00248518
https://doi.org/10.1016/s0166-4328(02)00151-1
https://doi.org/10.1111/j.1365-2842.1980.tb00449.x
https://doi.org/10.1016/s0167-9457(01)00064-1
https://doi.org/10.1016/s0167-9457(01)00064-1
https://doi.org/10.3109/00016357909004704
https://doi.org/10.3109/00016357909004704
https://doi.org/10.1177/00220345770560081201
https://doi.org/10.1177/00220345770560081201
https://doi.org/10.1152/jn.1999.82.5.2633
https://doi.org/10.1177/00220345990780040801
https://doi.org/10.1177/00220345500290040701
https://doi.org/10.1177/00220345500290040701
https://doi.org/10.1046/j.1365-2842.2003.01009.x
https://doi.org/10.1016/0003-9969(84)90089-x
https://doi.org/10.1046/j.1365-2842.2003.01080.x
https://doi.org/10.1111/j.1600-051X.2010.01697.x
https://doi.org/10.1111/j.1741-2358.2003.00015.x
https://doi.org/10.1111/clr.12559
https://doi.org/10.1016/s0022-3913(78)80181-4
https://doi.org/10.1016/s0022-3913(78)80181-4
https://doi.org/10.1007/s00784-014-1266-6
https://doi.org/10.3389/fdmed.2022.963425
https://doi.org/10.1007/BF00247900
https://doi.org/10.1007/s00221-001-0916-5
https://doi.org/10.1016/j.archoralbio.2006.10.011
https://doi.org/10.11607/jop.1151
https://doi.org/10.1016/0304-3959(92)90154-4
https://doi.org/10.1016/0304-3959(92)90154-4
https://doi.org/10.1016/j.pain.2010.06.002
http://www.nature.com/scientificreports


	35.	 Kroenke, K., Spitzer, R. L. & Williams, J. B. The PHQ-9: Validity of a brief depression severity measure. J. Gen. Intern. Med. 16, 
606–613. ​h​t​t​p​s​:​​/​/​d​o​i​.​​o​r​g​/​1​0​​.​1​0​4​6​/​​j​.​1​5​2​​5​-​1​4​9​7​​.​2​0​0​1​.​​0​1​6​0​0​9​​6​0​6​.​x (2001).

	36.	 Kroenke, K., Spitzer, R. L. & Williams, J. B. The PHQ-15: Validity of a new measure for evaluating the severity of somatic symptoms. 
Psychosom. Med. 64, 258–266. https://doi.org/10.1097/00006842-200203000-00008 (2002).

	37.	 Spitzer, R. L., Kroenke, K., Williams, J. B. & Lowe, B. A brief measure for assessing generalized anxiety disorder: the GAD-7. Arch. 
Intern. Med. 166, 1092–1097. https://doi.org/10.1001/archinte.166.10.1092 (2006).

	38.	 Schimmel, M. et al. A novel colourimetric technique to assess chewing function using two-coloured specimens: Validation and 
application. J. Dent. 43, 955–964. https://doi.org/10.1016/j.jdent.2015.06.003 (2015).

	39.	 Lassauzay, C., Peyron, M. A., Albuisson, E., Dransfield, E. & Woda, A. Variability of the masticatory process during chewing of 
elastic model foods. Eur. J. Oral Sci. 108, 484–492. https://doi.org/10.1034/j.1600-0722.2000.00866.x (2000).

	40.	 Shimada, A., Baad-Hansen, L. & Svensson, P. Effect of experimental jaw muscle pain on dynamic bite force during mastication. 
Arch. Oral Biol. 60, 256–266. https://doi.org/10.1016/j.archoralbio.2014.11.001 (2015).

	41.	 Christidis, N. et al. Repeated tender point injections of granisetron alleviate chronic myofascial pain–a randomized, controlled, 
double-blinded trial. J. Headache Pain 16, 104. https://doi.org/10.1186/s10194-015-0588-3 (2015).

	42.	 Costa, Y. M. et al. Local anaesthesia decreases nerve growth factor induced masseter hyperalgesia. Sci. Rep. 10, 15458. ​h​t​t​p​s​:​/​/​d​o​i​.​
o​r​g​/​1​0​.​1​0​3​8​/​s​4​1​5​9​8​-​0​2​0​-​7​1​6​2​0​-​8​​​​ (2020).

	43.	 Quek, S. Y. P., Gomes-Zagury, J. & Subramanian, G. Twin block in myogenous orofacial pain: Applied anatomy, technique update, 
and safety. Anesth. Prog. 67, 103–106. https://doi.org/10.2344/anpr-67-01-03 (2020).

	44.	 Borg, G. A. Perceived exertion. Exerc. Sport Sci. Rev. 2, 131–153 (1974).
	45.	 Downie, W. W. et al. Studies with pain rating scales. Ann. Rheum. Dis. 37, 378–381. https://doi.org/10.1136/ard.37.4.378 (1978).
	46.	 van der Bilt, A. Assessment of mastication with implications for oral rehabilitation: A review. J. Oral Rehabil. 38, 754–780. ​h​t​t​p​s​:​/​/​

d​o​i​.​o​r​g​/​1​0​.​1​1​1​1​/​j​.​1​3​6​5​-​2​8​4​2​.​2​0​1​0​.​0​2​1​9​7​.​x​​​​ (2011).
	47.	 Halazonetis, D. J., Schimmel, M., Antonarakis, G. S. & Christou, P. Novel software for quantitative evaluation and graphical 

representation of masticatory efficiency. J. Oral Rehabil. 40, 329–335. https://doi.org/10.1111/joor.12043 (2013).
	48.	 Schimmel, M., Christou, P., Herrmann, F. & Muller, F. A two-colour chewing gum test for masticatory efficiency: Development of 

different assessment methods. J. Oral Rehabil. 34, 671–678. https://doi.org/10.1111/j.1365-2842.2007.01773.x (2007).
	49.	 Trulsson, M. Sensory-motor function of human periodontal mechanoreceptors. J. Oral Rehabil. 33, 262–273. ​h​t​t​p​s​:​/​/​d​o​i​.​o​r​g​/​1​0​.​1​

1​1​1​/​j​.​1​3​6​5​-​2​8​4​2​.​2​0​0​6​.​0​1​6​2​9​.​x​​​​ (2006).
	50.	 Grigoriadis, A. Masticatory function in people with dental implants Doctor of Dental Surgery thesis, Karolinska Institute, (2014).
	51.	 Baart JA, B. H. Local Anesthesia in dentistry. 2nd edn, (Springer, 2017).
	52.	 Lee, J. Y. et al. Topographic anatomy of the masseter muscle focusing on the tendinous digitation. Clin. Anat. 25, 889–892. ​h​t​t​p​s​:​/​

/​d​o​i​.​o​r​g​/​1​0​.​1​0​0​2​/​c​a​.​2​2​0​2​4​​​​ (2012).
	53.	 Tircoveluri, S. et al. Correlation of masseter muscle thickness and intermolar width - an ultrasonography study. J. Int. Oral Health 

5, 28–34 (2013).
	54.	 Shiga, H., Kobayashi, Y., Katsuyama, H., Yokoyama, M. & Arakawa, I. Gender difference in masticatory performance in dentate 

adults. J. Prosthodont. Res. 56, 166–169. https://doi.org/10.1016/j.jpor.2012.02.001 (2012).
	55.	 Peyron, M. A., Blanc, O., Lund, J. P. & Woda, A. Influence of age on adaptability of human mastication. J. Neurophysiol. 92, 

773–779. https://doi.org/10.1152/jn.01122.2003 (2004).
	56.	 Grigoriadis, A., Johansson, R. S. & Trulsson, M. Temporal profile and amplitude of human masseter muscle activity is adapted to 

food properties during individual chewing cycles. J. Oral Rehabil. 41, 367–373. https://doi.org/10.1111/joor.12155 (2014).
	57.	 Gandevia, S. C. Spinal and supraspinal factors in human muscle fatigue. Physiol. Rev. 81, 1725–1789. ​h​t​t​p​s​:​/​/​d​o​i​.​o​r​g​/​1​0​.​1​1​5​2​/​p​h​y​s​

r​e​v​.​2​0​0​1​.​8​1​.​4​.​1​7​2​5​​​​ (2001).
	58.	 Manfredini, D., Ahlberg, J., Wetselaar, P., Svensson, P. & Lobbezoo, F. The bruxism construct: From cut-off points to a continuum 

spectrum. J. Oral Rehabil. 46, 991–997. https://doi.org/10.1111/joor.12833 (2019).
	59.	 Sato, S. et al. Validity and reliability of a newly developed method for evaluating masticatory function using discriminant analysis. 

J. Oral Rehabil. 30, 146–151. https://doi.org/10.1046/j.1365-2842.2003.01050.x (2003).
	60.	 Speksnijder, C. M., Abbink, J. H., van der Glas, H. W., Janssen, N. G. & van der Bilt, A. Mixing ability test compared with a 

comminution test in persons with normal and compromised masticatory performance. Eur. J. Oral Sci. 117, 580–586. ​h​t​t​p​s​:​/​/​d​o​i​.​
o​r​g​/​1​0​.​1​1​1​1​/​j​.​1​6​0​0​-​0​7​2​2​.​2​0​0​9​.​0​0​6​7​5​.​x​​​​ (2009).

	61.	 Fueki, K., Yoshida, E., Sugiura, T. & Igarashi, Y. Comparison of electromyographic activity of jaw-closing muscles between mixing 
ability test and masticatory performance test. J. Prosthodont. Res. 53, 72–77. https://doi.org/10.1016/j.jpor.2008.09.003 (2009).

	62.	 Ispir, N. G. & Toraman, M. The relationship of masseter muscle thickness with face morphology and parafunctional habits: an 
ultrasound study. Dentomaxillofac. Radiol. 51, 20220166. https://doi.org/10.1259/dmfr.20220166 (2022).

	63.	 Tuxen, A., Bakke, M. & Pinholt, E. M. Comparative data from young men and women on masseter muscle fibres, function and 
facial morphology. Arch. Oral Biol. 44, 509–518. https://doi.org/10.1016/s0003-9969(99)00008-4 (1999).

	64.	 Palinkas, M. et al. Age and gender influence on maximal bite force and masticatory muscles thickness. Arch. Oral Biol. 55, 797–802. 
https://doi.org/10.1016/j.archoralbio.2010.06.016 (2010).

	65.	 Asarian, L. & Geary, N. Sex differences in the physiology of eating. Am. J. Physiol. Regul. Integr. Comp. Physiol. 305, R1215-1267. 
https://doi.org/10.1152/ajpregu.00446.2012 (2013).

	66.	 Nagasawa, T., Yanbin, X., Tsuga, K. & Abe, Y. Sex difference of electromyogram of masticatory muscles and mandibular movement 
during chewing of food. J. Oral Rehabil. 24, 605–609. https://doi.org/10.1046/j.1365-2842.1997.00537.x (1997).

	67.	 Tamura, K. & Shiga, H. Gender differences in masticatory movement path and rhythm in dentate adults. J. Prosthodont. Res. 58, 
237–242. https://doi.org/10.1016/j.jpor.2014.06.001 (2014).

	68.	 Haase, L., Green, E. & Murphy, C. Males and females show differential brain activation to taste when hungry and sated in gustatory 
and reward areas. Appetite 57, 421–434. https://doi.org/10.1016/j.appet.2011.06.009 (2011).

	69.	 Edlund, J. & Lamm, C. J. Masticatory efficiency. J. Oral Rehabil. 7, 123–130. https://doi.org/10.1111/j.1365-2842.1980.tb00428.x 
(1980).

	70.	 Sanchez-Ayala, A. et al. Reproducibility, Reliability, and Validity of Fuchsin-Based Beads for the Evaluation of Masticatory 
Performance. J Prosthodont 25, 446–452. https://doi.org/10.1111/jopr.12348 (2016).

	71.	 Sanchez-Ayala, A., Vilanova, L. S., Costa, M. A. & Farias-Neto, A. Reproducibility of a silicone-based test food to masticatory 
performance evaluation by different sieve methods. Braz Oral Res ​h​t​t​p​s​:​​​/​​/​d​o​​i​.​o​r​​g​/​​1​0​.​1​5​​9​​0​/​1​​8​0​​7​-​3​1​0​7​​​b​o​r​-​​2​​0​1​4​.​v​​​o​l​2​8​.​0​0​0​4 (2014).

	72.	 Elgestad Stjernfeldt, P., Sjogren, P., Wardh, I. & Bostrom, A. M. Systematic review of measurement properties of methods for 
objectively assessing masticatory performance. Clin. Exp. Dent. Res. 5, 76–104. https://doi.org/10.1002/cre2.154 (2019).

	73.	 van der Bilt, A., Abbink, J. H., Mowlana, F. & Heath, M. R. A comparison between data analysis methods concerning particle size 
distributions obtained by mastication in man. Arch. Oral Biol. 38, 163–167. https://doi.org/10.1016/0003-9969(93)90202-w (1993).

	74.	 Eberhard, L. et al. Comparison of particle-size distributions determined by optical scanning and by sieving in the assessment of 
masticatory performance. J. Oral Rehabil. 39, 338–348. https://doi.org/10.1111/j.1365-2842.2011.02275.x (2012).

	75.	 Salazar, S. et al. Masticatory performance analysis using photographic image of gummy jelly. J. Prosthodont. Res. 64, 48–54. ​h​t​t​p​s​:​/​
/​d​o​i​.​o​r​g​/​1​0​.​1​0​1​6​/​j​.​j​p​o​r​.​2​0​1​9​.​0​4​.​0​1​0​​​​ (2020).

	76.	 van der Bilt, A., van der Glas, H. W., Mowlana, F. & Heath, M. R. A comparison between sieving and optical scanning for the 
determination of particle size distributions obtained by mastication in man. Arch. Oral Biol. 38, 159–162. ​h​t​t​p​s​:​/​/​d​o​i​.​o​r​g​/​1​0​.​1​0​1​6​/​
0​0​0​3​-​9​9​6​9​(​9​3​)​9​0​2​0​1​-​v​​​​ (1993).

Scientific Reports |        (2025) 15:32519 13| https://doi.org/10.1038/s41598-025-13580-5

www.nature.com/scientificreports/

https://doi.org/10.1046/j.1525-1497.2001.016009606.x
https://doi.org/10.1097/00006842-200203000-00008
https://doi.org/10.1001/archinte.166.10.1092
https://doi.org/10.1016/j.jdent.2015.06.003
https://doi.org/10.1034/j.1600-0722.2000.00866.x
https://doi.org/10.1016/j.archoralbio.2014.11.001
https://doi.org/10.1186/s10194-015-0588-3
https://doi.org/10.1038/s41598-020-71620-8
https://doi.org/10.1038/s41598-020-71620-8
https://doi.org/10.2344/anpr-67-01-03
https://doi.org/10.1136/ard.37.4.378
https://doi.org/10.1111/j.1365-2842.2010.02197.x
https://doi.org/10.1111/j.1365-2842.2010.02197.x
https://doi.org/10.1111/joor.12043
https://doi.org/10.1111/j.1365-2842.2007.01773.x
https://doi.org/10.1111/j.1365-2842.2006.01629.x
https://doi.org/10.1111/j.1365-2842.2006.01629.x
https://doi.org/10.1002/ca.22024
https://doi.org/10.1002/ca.22024
https://doi.org/10.1016/j.jpor.2012.02.001
https://doi.org/10.1152/jn.01122.2003
https://doi.org/10.1111/joor.12155
https://doi.org/10.1152/physrev.2001.81.4.1725
https://doi.org/10.1152/physrev.2001.81.4.1725
https://doi.org/10.1111/joor.12833
https://doi.org/10.1046/j.1365-2842.2003.01050.x
https://doi.org/10.1111/j.1600-0722.2009.00675.x
https://doi.org/10.1111/j.1600-0722.2009.00675.x
https://doi.org/10.1016/j.jpor.2008.09.003
https://doi.org/10.1259/dmfr.20220166
https://doi.org/10.1016/s0003-9969(99)00008-4
https://doi.org/10.1016/j.archoralbio.2010.06.016
https://doi.org/10.1152/ajpregu.00446.2012
https://doi.org/10.1046/j.1365-2842.1997.00537.x
https://doi.org/10.1016/j.jpor.2014.06.001
https://doi.org/10.1016/j.appet.2011.06.009
https://doi.org/10.1111/j.1365-2842.1980.tb00428.x
https://doi.org/10.1111/jopr.12348
https://doi.org/10.1590/1807-3107bor-2014.vol28.0004
https://doi.org/10.1002/cre2.154
https://doi.org/10.1016/0003-9969(93)90202-w
https://doi.org/10.1111/j.1365-2842.2011.02275.x
https://doi.org/10.1016/j.jpor.2019.04.010
https://doi.org/10.1016/j.jpor.2019.04.010
https://doi.org/10.1016/0003-9969(93)90201-v
https://doi.org/10.1016/0003-9969(93)90201-v
http://www.nature.com/scientificreports


	77.	 Sabatke, S., Scola, R. H., Paiva, E. S. & Kowacs, P. A. Injecction of trigger points in the temporal muscles of patients with miofascial 
syndrome. Arq. Neuropsiquiatr. 73, 861–866. https://doi.org/10.1590/0004-282X20150135 (2015).

	78.	 Venancio Rde, A., Alencar, F. G. & Zamperini, C. Different substances and dry-needling injections in patients with myofascial pain 
and headaches. Cranio 26, 96–103. https://doi.org/10.1179/crn.2008.014 (2008).

	79.	 Staud, R., Weyl, E. E., Bartley, E., Price, D. D. & Robinson, M. E. Analgesic and anti-hyperalgesic effects of muscle injections with 
lidocaine or saline in patients with fibromyalgia syndrome. Eur J. Pain 18, 803–812. ​h​t​t​p​s​:​/​/​d​o​i​.​o​r​g​/​1​0​.​1​0​0​2​/​j​.​1​5​3​2​-​2​1​4​9​.​2​0​1​3​.​0​0​4​
2​2​.​x​​​​ (2014).

	80.	 Kirillova, I. et al. Effect of local and intravenous lidocaine on ongoing activity in injured afferent nerve fibers. Pain 152, 1562–1571. 
https://doi.org/10.1016/j.pain.2011.02.046 (2011).

	81.	 Kankel, J. et al. Differential effects of low dose lidocaine on C-fiber classes in humans. J. Pain 13, 1232–1241. ​h​t​t​p​s​:​/​/​d​o​i​.​o​r​g​/​1​0​.​1​0​
1​6​/​j​.​j​p​a​i​n​.​2​0​1​2​.​0​9​.​0​0​8​​​​ (2012).

	82.	 Al-Moraissi, E. A., Alradom, J., Aladashi, O., Goddard, G. & Christidis, N. Needling therapies in the management of myofascial 
pain of the masticatory muscles: A network meta-analysis of randomised clinical trials. J. Oral Rehabil. 47, 910–922. ​h​t​t​p​s​:​/​/​d​o​i​.​o​r​
g​/​1​0​.​1​1​1​1​/​j​o​o​r​.​1​2​9​6​0​​​​ (2020).

Acknowledgements
We would like to thank all participants who participated in this study.

Author contributions
N.C., G.D.C, A.G. conceived the study and interpreted the data. T.K., C.M, N.K, and S.M recruited the patients. 
and collected the data. T.K., G.D.C., and J.S. managed the data. T.K., C.M, N.K, S.M and D.M.F drafted the 
manuscript. D.M.F prepared the final manuscript. P.C.C. provided expert opinion and a critical review of the 
manuscript. All the authors read and approved the final manuscript.

Funding
Open access funding provided by Karolinska Institute. The study is financed by Karolinska Institutet.

Declarations

Competing interests
The authors declare no competing interests.

Additional information
Correspondence and requests for materials should be addressed to D.M.F. or A.G.

Reprints and permissions information is available at www.nature.com/reprints.

Publisher’s note  Springer Nature remains neutral with regard to jurisdictional claims in published maps and 
institutional affiliations.

Open Access   This article is licensed under a Creative Commons Attribution 4.0 International License, which 
permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give 
appropriate credit to the original author(s) and the source, provide a link to the Creative Commons licence, and 
indicate if changes were made. The images or other third party material in this article are included in the article’s 
Creative Commons licence, unless indicated otherwise in a credit line to the material. If material is not included 
in the article’s Creative Commons licence and your intended use is not permitted by statutory regulation or 
exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy 
of this licence, visit http://creativecommons.org/licenses/by/4.0/.

© The Author(s) 2025 

Scientific Reports |        (2025) 15:32519 14| https://doi.org/10.1038/s41598-025-13580-5

www.nature.com/scientificreports/

https://doi.org/10.1590/0004-282X20150135
https://doi.org/10.1179/crn.2008.014
https://doi.org/10.1002/j.1532-2149.2013.00422.x
https://doi.org/10.1002/j.1532-2149.2013.00422.x
https://doi.org/10.1016/j.pain.2011.02.046
https://doi.org/10.1016/j.jpain.2012.09.008
https://doi.org/10.1016/j.jpain.2012.09.008
https://doi.org/10.1111/joor.12960
https://doi.org/10.1111/joor.12960
http://creativecommons.org/licenses/by/4.0/
http://www.nature.com/scientificreports

	﻿Impact of chewing muscle anesthesia on masticatory performance in healthy participants
	﻿Material and methods
	﻿Participants
	﻿Experimental protocol
	﻿Psychosocial questionnaires
	﻿Test food
	﻿Chewing tasks
	﻿Local anesthesia
	﻿Assessment of pain and fatigue
	﻿Imaging, pre-processing and data analyses
	﻿Statistical analyses

	﻿Results


