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AbSTRACT
Orofacial functions are frequently affected by 
stroke, but little is known on the nature and extent 
of the impairment of mastication, which is investi-
gated in this observational study. Thirty-one stroke 
patients, aged 69.0 ± 12.7 yrs, presenting with a 
hemi-syndrome with facial palsy, were recruited. 
Chewing efficiency, maximum bite and restraining 
lip forces were tested. Stroke severity (National 
Institutes of Health Stroke Scale) and dental state 
were recorded. The control group was similar in age, 
gender, and dental state (n = 24). The chewing effi-
ciency was significantly lower in the stroke group 
(p ≤ 0.0001) and was related to both the dental state 
and the lip forces measured with small and medium-
sized labial plates. The maximum bite force proved 
to be not significantly different between sides or 
groups (n.s.), whereas lip force was significantly 
lower in the stroke group (p ≤ 0.05). Chewing 
efficiency is severely affected by stroke; thus, 
rehabilitation protocols should aim to restore the 
strength and co-ordination of the orofacial muscles.

KEY WORDS: stroke, masticatory efficiency, 
two-color mixing test, maximum bite force, lip 
force.

InTRODuCTIOn

Stroke represents a major cause of adult disability and is the most common 
category in rehabilitation (Wolfe, 2000). Nearly half of the cases present 

with a hemi-syndrome with facial palsy that frequently involves impairment 
of orofacial functions (Bogousslavsky et al., 1988). However, little is known 
about the kind and severity of chewing dysfunction and bite force impair-
ment following stroke. In acute stroke patients, malnutrition has a reported 
prevalence of 20% and was associated with dysphagia and chewing difficul-
ties (Carr and Hawthorn, 1988; Gariballa et al., 1998). Chewing efficiency 
may also have an important impact on the oral-health-related quality of life 
in those patients (Schimmel et al., 2010). Efficient chewing requires not 
only an adequate dentition (Manly and Braley, 1950; Dion et al., 2007) and 
masticatory muscle activity (Okiyama et al., 2003), but also depends on the 
movement, force, and the co-ordination of tongue, cheek, and lip muscles, 
which are essential to form a bolus and re-locate it between the occlusal sur-
faces after each chewing stroke (Casas et al., 2003; Hori et al., 2005; Mazari
et al., 2007). Consequently, palsy of the facial and trigeminal nerve or injury 
of their central representation areas might contribute to impairment of masti-
catory performance. Therefore, the present study investigated the hypotheses 
that the maximum voluntary bite force, lip strength, and chewing efficiency 
are impaired in stroke patients with hemi-syndrome and facial palsy.

MATERIAlS & METHODS

Approval of the Ethics Committee of the University Hospitals of Geneva was 
obtained. All participants gave written, informed consent.

Study Sample

Patients were recruited from the Division of Neurorehabilitation of the 
Department of Clinical Neurosciences of the University Hospitals of Geneva, 
Switzerland. Thirty-one patients (18 men, 13 women, mean age 69.0 ± 12.7 
yrs) took part in the study.

Patients were included into the study if they:

 • were hospitalized for ischemic or hemorrhagic stroke,
 • presented with a hemi-syndrome with facial palsy,
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 • were able to understand the patient information and per-
form the various tests, and

 • were free of infectious disease.

Experiments took place between 18 and 85 days (mean 42.3 ± 
14.4 days) following stroke. Twenty-three patients suffered 
from ischemic and eight from hemorrhagic stroke; 21 lesions 
were on the right side of the brain. Twenty-nine patients had a 
hemispheric lesion; two presented with a lesion in the pons area. 
All patients presented with hemiparesis; among these were 17 
with a combined motor and sensory hemi-syndrome.

The control group consisted of 24 volunteers (13 men, 11 
women, age 68.8 ± 10.8 yrs) with an age, gender, and dental 
state similar to those of the patient group (Table 1).

nIH Stroke Scale

Stroke-related neurological deficits were evaluated according to 
the National Institutes of Health Stroke Scale (NIHSS), which is 
a graded and systematic assessment tool for the severity of a 
stroke. The NIHSS consists of 15 items and can be applied bed-
side (Dewey et al., 1999).

Dental State

The numbers of natural teeth as well as Decayed, Missing, and 
Filled Teeth (DMFT) were noted during a clinical examination. 
Based on the presence of opposing teeth, the participants’ dental 
state was allocated to Eichner groups (Eichner, 1990). This cat-
egorization provides a means to quantify the number of teeth in 
functional occlusion. Only natural teeth are taken into account. 
For analysis, the 10 ordinal Eichner groups were assigned val-
ues from 1 to 10.

Chewing Efficiency

Chewing efficiency was assessed electronically by a two-color 
gum-mixing test (Prinz, 1999; Schimmel et al., 2007). Specimens 
were assembled from two different colors of chewing gums with 
a size of 30 x 18 x 3 mm. After participants chewed for 20 
cycles, the gum was retrieved, flattened to a 1-mm-thick wafer, 
and digitized with a flatbed image scanner. The pixels of 
unmixed color in the specimen were counted by means of Adobe 
Photoshop 2.0® software (Adobe Systems, San Jose, CA, USA), 
and the ratio to the pixels of the entire frame was computed. 
This ratio is called the Unmixed Fraction (UF). The more effi-
ciently the specimen is chewed, the less unmixed color remains, 
and the smaller the gum becomes, due to sweetener extraction 
(Anastassiadou and Heath, 2001). Consequently, a low unmixed 
fraction corresponds to good chewing efficiency.

Maximum bite Force

Maximum voluntary bite force (MBF) was recorded with the 
Occlusal Force-Meter GM 10® (Nagano Keiki, Higashimagome, 
Ohta-ku, Tokyo, Japan). The gauge is 8.7 mm thick and was 
placed unilaterally in the first molar region. Dentures were 
inserted if present. The participants were asked to bite as hard as 

possible for about 3 sec. For analysis, the mean of 3 recordings 
was calculated for each side.

Maximum lip Force and lip Seal

For the maximum restraining lip force (MLF) measurements, 
slightly curved labial plates of 3 different sizes (small, 17 x 17 mm; 
medium, 29 x 17 mm; large, 35 x 17 mm) and a thickness of 
about 2 mm in cold-cured resin were fabricated. The labial 
plates were placed in the oral vestibule. Anterior displacement 
forces were applied via a steel wire connecting the plates to a 
digital force gauge (Imada digital force gauge, Imada Co., 
Jinnoshiden-cho aza Kanowari Toyohashi, Japan). The partici-
pant was asked to withstand the pulling force as long as possi-
ble. The 3 plate sizes were used in descending order. Per size, 3 
peak recordings were averaged for analysis.

To evaluate the lip seal, each participant was asked to drink 
a sip of water.

Statistical Analysis

Normal distribution of continuous variables was tested by 
skewness-kurtosis tests, and, if these were positive, t tests were 
used to compare continuous data. Not normally distributed vari-
ables were analyzed by the Wilcoxon signed-rank or Mann-
Whitney tests. Categorical variables were compared by 
chi-square or Fischer’s exact test as appropriate. Maximum bite 
force was not distributed normally, but was successfully normal-
ized by a square root transform. A two-way analysis of variance 
(ANOVA) was performed with a repeated-measures factor (side 
or plate size) and an interaction term. Multiple linear-regression 
models were used to adjust for covariance. Stata Statistical 
Software, release 10.1, was used (Stata Corporation, College 
Station, TX, USA). The level of significance α was set at 5%.

RESulTS

Maximum bite Force

In four participants, the maximum bite force could not be mea-
sured because of missing teeth, and these individuals thus 
excluded from the bite force analyses. In both the patient and 
control groups, there were no significant side differences in 
maximum bite force (patient group, affected side 202.9 ± 181.1 
and non-affected side 184.5 ± 176.2 N; control group, left, 223.7 
± 208.2 N; right, 209.9 ± 175.0 N) (Fig. 1). Repeated-measures 
two-way ANOVA showed neither a group effect [F(1,46); p = 
0.456] nor a side effect (p = 0.980), and the same observations 
held for the interaction term (p = 0.722). Box’s conservative 
epsilon was used to adjust the p-values for repeated measures.

Chewing Efficiency

One patient was excluded from the chewing efficiency analysis 
because his denture was missing. The scanned gum specimens 
revealed significantly impaired chewing efficiency in the patient 
group (patient-group UF, 0.0901 ± 0.0488; control-group, UF 
0.0442 ± 0.0304; unpaired t test, p = 0.0001). These measured 
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chewing efficiencies can be applied to a nomogram of the 
dependence of log Unmixed Fraction on the number of chewing 
cycles used by young, healthy, and fully dentate volunteers (data 
from Schimmel et al., 2007). The chewing efficiency in the 
present patient group was about half that in the control group 
and only one-third of that in young dentate volunteers after 20 
chewing cycles (Fig. 2).

The multiple linear regression analysis [F(2,45) = 10.48, 
adjusted r-squared = 0.32] showed that the chewing efficiency 
was influenced by both the dental state (Eichner group ß = 
0.0170, t = 2.35, p = 0.023) and the stroke (ß = 0.0411, t = 3.47, 
p = 0.001). Thus, the Eichner group and the stroke explained 
31.8% of the variability of the chewing efficiency. In the patient 
group, the chewing efficiency could be further predicted from 
maximum bite force of both the affected and non-affected sides 
[F(1,24) = 23.81, adjusted r-squared = 0.48, ß = -0.005, t = -4.88, 
p < 0.0001; and F(1,24) = 18.40, adjusted r-squared = 0.41, 

Figure 1. Box plot of the maximum voluntary bite force (MBF) at the 
first molars. There were no differences between patient (PG; n = 27) 
and control groups (CG; n = 24), or right and left sides (two-way 
ANOVA, n.s.). Box 50th and Whiskers 10th and 90th percentiles.

Figure 2. A nomogram of dependence of log Unmixed Fraction (UF) 
on the number of chewing cycles used. In a previous validation study 
on the two color-mixing tests, 20 young, healthy, and fully dentate 
volunteers provided a linear correlation between 5 and 50 chewing 
cycles and log UF (data from Schimmel et al., 2007). The log UF for 
20 cycles by the patient group (PG; n = 30) can be read from this 
nomogram to be equivalent to that achieved in about 7 strokes by 
young, fully dentate volunteers. For the control group (CG; n = 24), 20 
strokes equated to about 12 strokes by the young dentate adults.

Figure 3. The Maximum Lip Force (MLF) was different between patient 
(PG; n = 29) and control groups (CG; n = 24), as well as among the 
3 different plate sizes (p-values, Mann-Whitney test). MLF shows 
significant group [F(1,51); p = 0.0237] and size [F(2,51); p = 0.008] 
effects (repeated-measures two-way ANOVA). Box 50th and Whiskers 
10th and 90th percentiles.

ß = -0.005, t = -4.29, p < 0.0001, respectively]. Thus, maximum 
bite force explained around 41% of the variability of the chew-
ing efficiency in the stroke patients. This association was not 
consistent in the control group.

Maximum lip Force and lip Seal

The maximum restraining lip forces in the patient group were 
5.29 ± 1.92 N for MLFsmall, 6.70 ± 2.88 N for MLFmedium, and 
8.68 ± 4.13 N for MLFlarge. The control group showed signifi-
cantly higher lip forces, with 6.90 ± 2.18 N for MLFsmall, 8.47 ± 
2.90 N for MLFmedium, and 10.17 ± 3.76 N for MLFlarge (Fig. 3). 
Repeated-measures two-way ANOVA showed a significant 
effect of stroke [F(1,51); p = 0.0237] and plate size [F(2,51); 
p = 0.008]. There were no significant interactions (p = 0.876). 
For the patient group, the linear regression analysis revealed a 
significant relation between the maximum lip force and chewing 
efficiency for the small (MLFsmall, F = 6.32, adjusted r-squared = 
0.16, t = -2.51, p = 0.018) and medium- (MLFmedium, F = 5.91, 
adjusted r-squared = 0.15, t = -2.44, p = 0.022) sized plates, but 
not for the large plate. This effect was also present in the control 
group (MLFsmall, F = 4.64, adjusted r-squared = 0.14, t = -2.15, 
p = 0.043; MLFmedium, F = 6.90, adjusted r-squared = 0.20, t = 
-2.63, p = 0.015).

None of the participants experienced any leakage when 
drinking water during the experiments.

DISCuSSIOn

Clinical signs of hemi-syndrome with facial palsy vary consid-
erably, according to the size and location of the brain lesion. 
Consequently, the patient group was even more heterogeneous 
than in other clinical studies.
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The results revealed that the maximum bite force was not 
significantly different between the patient and control groups or 
between the 2 sides. Thus, these results confirm and extend 
previous findings reporting on maximum bite force in stroke 
patients (Kemppainen et al., 1999). Previous reports in the lit-
erature have shown greater variability (Crow et al., unpublished 
observations) and a 20-30% reduction in maximum bite force 
(Iwatsuki et al., 2001) as well as a 25% lower EMG on the 
paretic side (Cruccu et al., 1988). However, all cited studies 
used sample sizes below 17. Further methodological differences 
might have arisen from the thickness of our bite-force gauge, 
which exceeds the gape of habitual chewing. Such gape could 
equally explain the low forces measured in this study (Pröschel 
et al., 2008).

The patient group had significantly lower maximum lip 
forces, which were within the range of the 7.2 N reported by 
Hägg et al. (2008), although their method was slightly different. 
Maximum lip force is mainly effected by the orbicularis oris 
muscle, but the buccinator and other facial muscles also play a 
role (Standring and Gray, 2008). Ipsilateral EMG responses of 
the lower facial muscles to unilateral transcranial magnetic 
stimulation of the motor cortex have been described in healthy 
individuals, and descending ipsilateral nerve fibers have been 
reported (Yildiz et al., 2005). Thus, the lip muscle palsy in the 
present patient group might be overshadowed by activity from 
the ipsilateral non-affected hemisphere. Its clinical symptoms 
might have been even more evident without this compensatory 
mechanism. Furthermore, it has to be borne in mind that the 
pulling force was applied in the midline, and that the impair-
ment might have appeared even more pronounced if measured 
laterally on the affected side.

It is interesting to speculate on the different impairment pat-
terns of the lower face and the masticatory muscles. The effect of 
stroke on masticatory muscle function is negligible when com-
pared with the impairment seen in facial or limb muscles 
(Kemppainen et al., 1999; Morecraft et al., 2001). These findings 
might be explained by the bilaterality of the trigeminal motoneu-
ron control, even if the contralateral hemisphere has the pre-
dominant excitatory influence (Nordstrom, 2007). While 
stimulating the hemispheric masticatory projection area unilater-
ally in healthy individuals, Nordstrom and co-workers found 
EMG activity on both sides, and, surprisingly, it was only 39% 
higher on the contralateral side (Nordstrom et al., 1999). 
Nevertheless, cortical control of more complex tasks like chew-
ing is not yet fully understood (Miller, 1991; Nordstrom et al., 
1999; Nordstrom, 2007). Neuroplasticity has also been discussed 
within the context of altered sensory input and/or the adaptation 
of motor skills following brain lesion (Sessle et al., 2007).

Both oral sensory and motor functions are closely related to 
masticatory efficiency (Hirano et al., 2004). Lip, cheek, and 
tongue muscles are essential to manipulate and re-position the 
food bolus on the occlusal surfaces after it has been flattened 
and squeezed during chewing movement (Mazari et al., 2007). 
The lip seal further avoids drooling during mastication. The 
current study confirms the important relation between lip force 
and chewing efficiency in the patient and control groups, at least 
for the small and medium-sized labial plates. Both chewing 

efficiency and lip forces were significantly reduced in stroke 
patients. In a controlled clinical study with 10 stroke patients, 
Kim and Han (2005) confirmed this impairment by counting the 
chewing cycles before the patients swallowed. Chewing effi-
ciency may be further impaired by cheek and tongue dysfunc-
tion. The latter shows a reduced co-ordination and palatal 
pressure in stroke patients (Hori et al., 2005). Furthermore, the 
salivary flow rate might have influenced chewing efficiency. 
The linear regression analysis confirmed the influence of 
“stroke” on chewing efficiency, but not on its severity according 
to the NIHSS scale, possibly because only 2 of its 15 items 
(facial palsy, sensory) are relevant to oral function.

Chewing efficiency is also closely related to tooth loss 
(Fontijn-Tekamp et al., 2000). The Eichner group and the stroke 
explained 31.8% of the variability in chewing efficiency. In the 
patient group, chewing efficiency could be further predicted 
from maximum bite force. This influence was less consistent in 
the control group, which confirms previous reports (Schimmel 
et al., 2007). Chewing uses only a fraction of the available 
maximum bite force and is therefore usually not a good predic-
tor of chewing efficiency. These findings are therefore counter-
intuitive, also because the maximum bite force in the patient 
group was not significantly different from that in the healthy 
control individuals.

Rehabilitation approaches for dysphagia that improve facial 
muscle force and co-ordination seem promising (Hägg et al., 
2008). Neuroplasticity may foster functional recovery following 
stroke by adjacent cortical re-organization or the facilitation of 
other motor pathways, although little is known about the time 
required (Chen et al., 2002; Yildiz et al., 2005). Strengthening 
and increasing the co-ordination of the facial and chewing 
muscles could equally increase the masticatory performance and 
help to prevent malnutrition. In addition, an orofacial rehabilita-
tion approach could increase the oral-health-related quality of 
life, which was reported to be impaired in stroke patients 
(Schimmel et al., 2010).

In conclusion, the hypothesis of this study was only partly 
confirmed: Masticatory efficiency and maximum lip force are 
severely affected by stroke, but maximum bite force was not. 
Rehabilitation after stroke should seek to improve the strength and 
co-ordination of orofacial muscles to improve chewing efficiency.
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