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Abstract 

Objectives: Maxillofacial morphology and malocclusion are related to maximum occlusal 

force (MOF). Although it has been reported that MOF was related with handgrip strength 

(HS), the relationships between maxillofacial morphology/malocclusion and HS remain 

unclear. This study aimed to examine the relationships between maxillofacial morphology, 

malocclusion, and HS.  

Setting and Sample Population: Eighty-five women with malocclusion, aged 18–40 years, 

were selected. 

Materials and Methods: Lateral cephalometric radiographs (SNA, SNB, ANB, mandibular 

plane-FH, and gonial angles, overjet, and overbite), the Peer Assessment Rating (PAR) index, 

and HS were measured. Subjects were classified by the Japanese normal mean value of 

cephalometric analysis or the reference value which was defined by degree of malocclusion 

in each PAR index measurement item (small/low: value < mean/reference value, large/high: 

value ≧ mean/reference value). Measurements were then compared between groups.  

Results:  HS of the large-gonial angle group was lower than that of the small-gonial angle 

group. In the small-overbite group or high-transverse (PAR index score showing 

crossbite/scissor bite in the canine and molars) group, HS in the larger-gonial angle group 

was significantly lower than that in the small-gonial angle group.  

Conclusions: Our results suggest that gonial angle is the largest factor affecting HS. HS may 

be especially low in those subjects with a large gonial angle and a small overbite or a 

crossbite/scissor bite in the molar section. 
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Keywords: handgrip strength, maxillofacial morphology, malocclusion, PAR index, 

maximum occlusal force 

 

INTRODUCTION 

The goal of orthodontic treatment is to improve dentofacial aesthetics and function.
1
 

It has been reported that masticatory function such as masticatory chewing pattern, 

masticatory muscle activity, maximum occlusal force (MOF), and occlusal contact area 

(OCA) improved after orthodontic treatment.
2, 3 

 

Recent studies have focused on the relationship between masticatory function such 

as MOF and body function such handgrip strength (HS).
4,5

 In a measurement of physical 

function, HS is used as a convenient and useful measurement method, and collated with 

lower arm and leg strength.
6 

On the other hand, MOF and OCA is associated with 

maxillofacial morphology, such as high mandibular plane (Mp) angle and long face,
7
 and 

with malocclusion such as open bite,
7
 posterior crossbite,

8
 and scissor bite.

3 
However, the 

relationships between maxillofacial morphology/malocclusion and HS remain unclear. 

Furthermore, there is no one investigating simultaneously the relation between maxillofacial 

morphology, malocclusion, and MOF, OCA, and HS.  

We hypothesized that maxillofacial morphology/malocclusion is associated with HS. 

This study aimed to examine this hypothesis by evaluating maxillofacial morphology, 

malocclusion, MOF, OCA, and HS.    
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MATERIALS AND METHODS 

Subjects 

The present study participants were consecutively selected from the patients who 

visited the Department of Orthodontics at ******* University Medical and Dental Hospital, 

********, ***** from 2005–2017. The patients were diagnosed using panoramic and 

cephalometric radiographs and dental casts. Among the consecutive patients, all patients who 

met the inclusion and exclusion criteria were selected as subjects in the present study (n=85) 

(Figure 1). The study design was approved by the ******** University Ethics Committee 

(#***). 

 

Evaluation of skeletal morphology by lateral cephalometric radiographs 

Lateral cephalometric radiographs were used to evaluate anterior-posterior or 

vertical skeletal morphology and overjet/overbite (Figure 2). The measurements on the lateral 

cephalometric radiographs were determined using the WinCeph 9.0 software (Compudent, 

Koblenz, Germany). The subjects were classified by the Japanese normal mean value of each 

cephalometric measurement
9,10

 into two groups (small group: value < Japanese normal mean 

value, large group: value ≧ Japanese normal mean value), and HS or other measurements 

were compared between the two groups (Table 1 and 2). To assess the intra-examiner 

reproducibility and reliability of the measurements, 20 randomly selected cephalometric 

radiographs were retraced after a minimum interval of 2 months. Evaluation of discrepancies 

in measurement between the original and retraced radiographs (matched paired t-test) 

revealed no statistically significant differences.  
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Peer Assessment Rating (PAR) index 

We examined the PAR index scores using dental casts. The PAR index score is 

designed to estimate how far a case deviates from normal alignment and occlusion.
 
In this 

study, the PAR index scores were measured using a modified version of the PAR index 

(Table 1 and 2 
11,12

). Subjects were classified, using the reference value defined by degree of 

malocclusion for each measurement item on the PAR index, into two groups (Table 1). To 

assess the intra-examiner reproducibility and reliability of the measurements, 20 randomly 

selected dental casts and PAR index scores were measured after a minimum interval of 2 

months. Evaluation of discrepancies in measurement between the original and re-examined 

data (matched paired t-test) revealed no statistically significant differences. 

 

Measurement of MOF and OCA  

Pressure-sensitive sheets (Dental Prescale 50 H, Type R) were used to measure the 

MOF and OCA.
13 

Each subject was instructed to bite on a Dental Prescale sheet in centric 

occlusion as strongly as possible for 3 s. The films were scanned using an Occluzer FPD-709 

scanner (Fuji Film Corp., Tokyo, Japan).  

 

Evaluation of HS 

HS was used as an indicator of muscle strength and was measured using a Smedley 

dynamometer (As one, Osaka, Japan). The HS on each side with one hand was measured 

twice while they stood
4
; the average value was used in the analysis.  
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Measurement of body height and calculation of body mass index (BMI) 

We examined body height and BMI, since HS is associated with body height and 

BMI.
14,15

 BMI (kg/m
2
) was calculated as weight divided by the square of body height.  

 

Statistical analysis 

Z-scores were used to evaluate how well the data fit the norms for Japanese women. 

The Z-score was calculated as (value-norm)/1 SD, using means and SD of norms for 

Japanese women.
9,10,13,16,17 

Differences in distributed variables between groups were 

evaluated using a Mann–Whitney U test. The probability of significance was calculated for 

each comparison, and P < 0.05 was considered statistically significant. We used the linear 

mixed model approach for the varying data (categorical data: large/high or small/low groups; 

continuous variables: MOF, and OCA) and evaluated the effects of parameters on HS or 

MOF. HS or MOF values in the maxillofacial morphology group (gonial angle groups) and 

the malocclusion group (overbite or transverse groups) were compared using generalized 

linear models. Statistical significance was set at P < 0.05 after Bonferroni adjustment for 

multiple comparisons. Statistical tests were performed using SPSS version 24.0 for Windows 

(IBM, Armonk, NY, USA). 

 

Sample size  

The sample size was calculated using a conventional alpha level of 0.05 and a power 

level of 0.8. The sample size for the Mann–Whitney U value or the generalized linear model 

required at least 27 or 13 subjects in each group, respectively (effect size: 0.8 or 0.4). If the 
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sample size was lower than the limit, we performed post-hoc power calculations (1-β), and 

we defined P values as < 0.05 with a power calculation of > 0.8 as significant.  

 

RESULTS 
 

HS was compared between the two groups. The HS in the large-gonial angle group 

was significantly lower than it in the small-gonial angle group (Table 1, P = 0.002). There 

were no significant differences in HS between two groups classified by the other 

cephalometric measurements and the measurements of PAR index (Table 1). The Z-score of 

HS was -1.70 (Table 2).
16 

Next, measurements other than maxillofacial morphology were compared between 

gonial angle groups. Overbite, MOF, and OCA in the large-gonial angle group were 

significantly lower than those in the small-gonial angle group (Table 2, P = 0.024, P = 0.003, 

and P = 0.005, respectively). Transverse score (PAR index score showing crossbite/scissor 

bite in the canine and molars) in the large-gonial angle group was significantly higher than 

that in the small-gonial angle group (Table 2, P = 0.006). We evaluated the effects of factors 

related with gonial angle on HS. The MOF, OCA, and gonial angle groups (small or large 

gonial angle), gonial angle groups (small or large gonial angle) × overbite groups (small or 

large overbite), and gonial angle groups (small or large gonial angle) × transverse groups 

(low or high transverse score) statistically significantly affected the HS (P = 0.009, 0.029, 

0.010, 0.025, and 0.048, respectively, Table 3). The OCA and gonial angle groups (small or 

large gonial angle) statistically significantly affected the MOF (P < 0.001 and 0.013, 

respectively, Table 3). 
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Within the small-overbite group and high-transverse group, HS in the large-gonial 

angle group was significantly lower than that in the small-gonial angle group (P = 0.018 and 

0.015, respectively, Figure 3). However, within the large-overbite group and low-transverse 

group, there was no significantly difference in HS value between gonial angle. 

 

DISCUSSION 

In this study, we found that gonial angle was the largest factor affecting HS. 

Particularly, those subject with a large gonial angle and a small overbite or a crossbite/scissor 

bite in the molar section had low HS. Thus, our hypothesis that maxillofacial 

morphology/malocclusion is associated with HS was accepted. 

Reportedly, HS is associated with age, sex
6,14

, body height and BMI.
14,15 

Therefore, 

we evaluated age, body height, BMI, HS, maxillofacial morphology, malocclusion, and MOF 

in women only. In the results, there was no significant difference in age, body height, and 

BMI between the large- and small-gonial angle groups which showed a significant difference 

of HS value. This leads us to believe that age, sex, body height, and BMI had no effect on HS 

in our study.  

We found that gonial angle in maxillofacial morphology was associated with HS. It 

is widely known that there is an interaction between craniofacial morphology, MOF, and jaw 

muscle size.
18,19

 Reportedly, there is a close relationship between gonial angle and the 

direction of the muscle forces including the masseter and temporalis muscles
20

 and that 

gonial angle is correlated with MOF.
19

 In this study, the subjects with large gonial angle had 

both low HS and low MOF, and gonial angle was a main fixed effect for HS and MOF. We 

think that maxillofacial morphology may be related to not only MOF but muscle limb skeletal 

muscle strength, since HS is associated with muscle strength in the upper and lower limbs.
6 
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To measure MOF, we used the dental prescale system. This method is calculated 

using OCA, which is reported to give excellent quantitative as one of the evaluation methods 

for occlusion.
2,3,7

 In this study, to evaluate both malocclusion and MOF, the dental prescale 

system was used, as it is the most suitable method for measurement of MOF and OCA. In 

addition, it had been reported that reliability of the dental prescale system is greater than that 

of ordinary measuring systems that use strain-gage transducer
21

, especially when measuring 

occlusal loading force on occlusal contacts at a clenching strength ≥ 60% of the maximum 

voluntary contraction.
22 

Since MOF by maximum clenching were measured in present study, 

we believe that the method is acceptable.  

In subjects with a small overbite or a crossbite and/or scissor bite from the canine 

and molars (higher transverse score in the PAR index), the large gonial angle was related to 

lower HS. However, in the subjects with a large overbite or without a crossbite and/or scissor 

bite, there was no significant difference in HS value between small and large gonial angles 

(Figure 3). This means that subject with both a large gonial angle and a small overbite or a 

crossbite/scissor bite had low HS, and HS may not depend on degree of gonial angle in 

subjects without those types of malocclusion. Reportedly, since open bite and crossbite or 

scissor bite are associated with MOF and OCA,
3,7,8

 low MOF/small OCA by those 

malocclusions may relate to low HS. Thus, the relationship between malocclusion and low 

HS may be an early indicator of general health.  

On the other hand, it is possible that clenching may relate to HS. It has been reported 

that clenching has an effect on muscle activity including HS.
23,24

 Clenching/masseter muscle 

activity has been shown to occur during physical activities where strength is involved
24

, 

which likely represents a form of body control acquired when learning to improve 

performance through so-called feed-forward mechanisms.
24,25

 The facilitation of stretch 

reflexes in the extremities by the contraction of remote muscles is a well-known phenomenon 
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in neurology. For instance, the H-reflex of muscles in the upper limbs is facilitated by teeth 

clenching.
26

 In contrast, recent studies have suggested that supraspinal mechanisms may play 

a role in remote facilitation in addition to spinal mechanisms. One report found that 

facilitation of the reflexes preceding remote muscle activity by clenching was due to a signal 

from supraspinal motor structures, possibly the motor cortex.
27

 We consider that 

voluntary/involuntary clenching may cause the facilitation of H-reflex in upper limb muscles 

through a signal from the motor cortex, which may increase HS. Gonial angle or 

malocclusion, such as an open bite crossbite/scissors-bite, related with masticatory functions 

such as MOF, masticatory jaw movement, and masseter and temporalis muscle activity,
3,7,18,19

 

may affect clenching and the H-reflex of muscles, which may affect HS. However, we could 

not clarify this based on our results. In order to clarify why craniofacial 

morphology/malocclusion is related to HS, further research is required.  

Regarding HS, the Z-score for subjects was -1.70 (Table 2). All study participants 

demonstrated some kind of malocclusion (range: 8-45 score).
 
It is considered that 

malocclusion may affect HS. However, we could not compare data from subjects with 

malocclusion to those with normal occlusion because cephalometric data in the subjects with 

normal occlusion were absent. Therefore, we evaluated the relationship between the degree of 

craniofacial morphology/malocclusion and HS. However, our study was limited by the fact 

that it was not possible to state the malocclusion type classification per subject and whether 

skeletal types or malocclusion, alone, affected HS. Further studies in subjects with the same 

skeletal morphology is needed to clarify which type of malocclusion is associated with HS. 
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CONCLUSIONS 

Our results suggest that gonial angle is the most prominent factor affecting HS. In 

particular, subject with a large gonial angle and a small overbite or a crossbite/scissor bite in 

the molar section may have low HS. 
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FIGURE LEGEND 

Figure 1. Flow chart of subject enrolment 

Figure 2. Lateral cephalometric analysis. 1, SNA angle (angle between the SN plane and NA 

line); 2, SNB angle (angle between the SN plane and NB line); 3, ANB angle (angle between 

the NA line and NB line); 4, Mandibular plane (Mp)-FH angle (angle between Mp and FH 

plane); 5, Gonial angle (angle between the ramus plane and Mp); 6, Overjet; 7, Overbite 

Figure 3. Effects of interaction between overbite groups/transverse groups and gonial angle 

groups on handgrip strength.  
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