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Abstract 

Background: Orthognathic surgery has been performed with increasing frequency for the 

treatment of severe malocclusion, yet the postsurgical neuromuscular recovery of patients has 

been inadequately studied. 

Objective: To investigate the effect of short-term and simple jaw motor training on accuracy 

and precision of jaw motor control in patients following orthodontic treatment and 

orthognathic surgery.  

Methods: Twenty patients who had completed preoperative orthodontics, 20 patients who had 

undergone bimaxillary orthognathic surgery, and 20 age-and-gender-matched healthy controls 

participated in the study. Participants were asked to perform 10 continuous jaw opening and 

finger lifting movements before and after a 30-minute motor training session. The variability 

in the amplitude of these simple movements was expressed as percentage in relation to the 

target position (accuracy - Daccu) and as coefficient of variation (precision - CVprec) in order to 

describe the motor performance. Furthermore, the changes in amplitude before and after 

training were measured in percentage.  

Results: Daccu and CVprec of simple jaw and finger movements significantly decreased after 

motor training (P ≤ 0.018) in all groups. The relative changes in finger movements were 

higher than jaw movements (P < 0.001) but with no differences amongst the groups (P ≥ 

0.247). 

Conclusion: Both accuracy and precision of simple jaw and finger movements improved 

after short-term motor training in all three groups, demonstrating the inherent potential for 

optimization of novel motor tasks. Finger movements improved more than jaw movements 
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but with no differences between groups, suggesting that changes in occlusion and craniofacial 

morphology are not associated with impaired neuroplasticity or physiological adaptability of 

jaw motor function.  

Keywords: Orthodontics, Orthognathic surgery, Motor training, Neuroplasticity, Jaw motor 

pathway, Postsurgical recovery 
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1 Background 

It is well known that repetition of novel motor tasks can lead to improved performance of the 

tasks trained, reflected in more accurate and less variable movements.1-4 This effect of 

training is believed to be subserved by, at least in part, by plasticity in corticomotor pathways 

which has been demonstrated convincingly in many studies on spinal motor physiology.5-9 

Less is known about training-induced effects in the trigeminal motor system and in particular 

how treatments aiming to restore oral function may impact such effects. Various methods 

have been used to test orofacial training paradigms. For example, Iida et al. did a series of 

studies on jaw movements and masseter muscle exercises via clenching tasks.10-12 Kumar et al. 

instructed participants to use their incisors to split food in halves.13,14 Moreover, tongue 

training using force sensors and playing computer games with the use of tongue have also 

been applied.15-17 All the above mentioned studies showed similar results that well-designed 

and well-operated motor training tasks can improve the motor performance. In addition, 

several studies have tested simple jaw movements and hand movements to compare the 

neuroplasticity changes between trigeminal nervous system and spinal nervous system.18-20 

For standardization purposes, the rather simple types of movements were restricted to jaw 

opening and finger lifting, tooth clenching and finger pitching, tooth force-holding and digit 

force-holding. The results from these studies were somewhat contradictory with two 

studies19,20 indicating more plasticity, i.e., more improvement for hand-related movements 

compared to simple jaw movements. Further studies seem warranted to test out the 

complexity of training trigeminally-innervated muscles compared to spinally-innerverted 

muscles.  
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Malocclusion can be associated with a series of problems for the individual affecting 

aesthetics, function, and oral health. Orthodontic treatment aims to align the teeth, level the 

arch and establish stable occlusal contacts with external force, professionally named 

orthodontic force, for malocclusion correction. Orthodontists use different types of appliances 

to create orthodontic force, which leads to orthodontic tooth movement.21 Fixed appliance is 

the most common type at present. Orthodontic treatment is accompanied by several types of 

discomfort, which originates from displacement of teeth and periodontium and changes in 

occlusal contacts. For patients with severe skeletal abnormalities, orthodontic treatment is 

usually combined with orthognathic surgery. The presurgical orthodontic treatment for these 

patients usually causes a significant repositioning of the mandible, which may lead to 

long-time neurophysiological adaptation of jaw motor functions.22 While orthognathic surgery 

will indeed change the position of the jaws and teeth, which has a great effect on the orofacial 

neuromuscular system and can cause reattachment of muscles, changes of muscle length, and 

re-adaptation of nerves.22 In addition, patients need inter-jaw ligation to maintain the 

postoperative jaw position, which generates muscle atrophy, muscle fiber denaturation and 

other problems.22 Overall, these problems can have a great negative impact on the function of 

the orofacial neuromuscular system. Few studies have investigated the recovery or 

adaptability of the orofacial neuromuscular system after orthognathic surgery. 

The purpose of the present study was to investigate if neuroplasticity following 

standardized and simple motor training could be impacted by presurgical orthodontic 

treatment or orthognathic surgery. We hypothesized that jaw motor performance, but not 

finger motor performance, would be impaired in such patients when compared to matched 
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control participants.  

  

2 Methods 

2.1 Participants 

A total of 60 participants were recruited. Group 1 consisted of 20 healthy individuals from 

Nanjing Medical University (10 men and 10 women, average age 23.5 ± 1.2 years). Group 2 

included 20 patients (10 men and 10 women, average age 22.6 ± 1.8 years) who had 

undergone presurgical orthodontics for 6-12 months and planned to undergo bimaxillary 

orthognathic surgery. Group 3 consisted of 20 patients (10 men and 10 women, average age 

23.1 ± 1.4 years) who had undergone bimaxillary orthognathic surgery 6-12 months earlier. 

The exclusion criteria were: signs or symptoms of pain in the head, face, and the 

dominant hand; limitation of the temporomandibular joint, wrist joint, finger joint, and related 

muscle movements; history of trauma to the orofacial region and upper limbs; history of 

systemic diseases affecting joints or related muscles; history of mental illness and nervous 

system; administration of drugs (pain relievers, sleeping pills, etc.) or alcohol consumption 

within the past two weeks. Moreover, Group 1 participants should not receive any ongoing 

oral treatment. Group 2 and 3 participants should not have any other ongoing oral treatment 

except for orthodontic treatment.  

This study was approved by the Ethics Committee of The Affiliated Stomatological 

Hospital of Nanjing Medical University (PJ2017-050-001) and informed consent was 

obtained from all participants prior to inclusion in the study.  
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2.2 Instruments 

A kinesiograph (K7/CMS; Myotronics, Inc., USA) was used for recording mandibular and 

finger movements with an accuracy of 0.1 mm and a sampling frequency of 50 Hz (according 

to the device instruction). Eight magnetic sensors contained in the head set tracked the motion 

of a magnet (CMS Magnet; Myotronics, Inc., USA), which was attached to the lower central 

incisors or the index finger nail of the dominant hand. A commercial software program (K7 

Program, Myotronics, Inc., USA) was used to sample, store, and analyze the movement data 

in accordance with our previous publication.18 

 

2.3 Recording procedure 

All recruited participants were required to complete two trials and one motor training task. In 

each trial, participants were instructed to perform simple jaw-opening movements to 

individually adjusted positions and simple finger-lifting movements to a 20 mm amplitude for 

10 times. Figure 1 illustrated the recording equipment of jaw and finger movement. 

Participants received no prior motor training before Trial 1. A 30-minute motor training task 

was conducted for each participant (Figure 2), followed by Trial 2 in which all participants 

were asked to repeat the movements as Trial 1. A metronome set to 10 beats per minute 

(auditory cue) was employed to control and maintain a similar pace of the movement in each 

trial. Participants kept their eyes open and a mirror was provided to participant for visual 

feedback of their jaw movements throughout the training task. All recording procedures were 

accomplished by the same examiner and followed our previously published methods.18  

2.3.1 Simple jaw movement 
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Participants were placed in an upright sitting position and the magnet was fixed on the labial 

surface of the mandibular central incisors. Before the trial started, participants were asked to 

do a maximum jaw opening movement three times. The average value was calculated to 

record the maximum jaw-opening distance. The target position for jaw movement was 50% of 

the maximal jaw-opening position, individually adjusted for vertical overbite. A plastic block 

(Block 1) was cut to assist participants to reproduce the target position (Figure 1). After 

confirming the target position with Block 1, ten consecutive jaw opening movements to the 

target position were performed by each participant at a rate of 10 times per minute without the 

help of Block 1. The same procedure was used in our previous study.18 

2.3.2 Simple finger movement 

Participants were seated in a chair, with the dominant hand and forearm flat on the table, and 

palm downwards without pressure. The magnet was fixed above the index finger nail of the 

dominant hand, placed at the center of the head set. Participants were instructed to lift the 

index finger 20 mm vertically, defined as the target position for finger movement, from the 

resting position. Another plastic block (Block 2) was cut for reproduction of the target 

position. Prior to each trial, Block 2 was used to help the participants confirm the target 

position, and then participants performed the finger movements 10 times without the aid of 

Block 2 in accordance with our previously described technique.18 

 

2.3.3 Motor training task 

Following Trial 1, each participant received a 30-minute motor training task. The customized 

plastic blocks (Block 1 and Block 2) were used to help the participants practice the simple 
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jaw and finger movements. In line with the trials, a metronome was also activated to maintain 

the same speed. The exercise program was to repeat 5 sets of jaw exercises firstly, then 5 sets 

of finger exercises with a 2-minute interval (Figure 2).  

 

2.4 Data analysis 

The performance of simple jaw and finger movement in this study was evaluated by Daccu and 

CVprec. The accuracy of the motor behaviors (Daccu) was defined as the ratio of the absolute 

error (𝜇𝜇) to the target value (𝑋𝑋), expressed here as a percentage: 

𝐷𝐷𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎(%) = 𝜇𝜇
𝑋𝑋

× 100  𝜇𝜇 = 1
10
∑ |(𝑥𝑥𝑖𝑖 − 𝑋𝑋)10
𝑖𝑖=1 |   (𝑖𝑖 = 1,2,3 … 9,10)                 (1) 

The coefficient of variation (CVprec) is defined as the standard deviation (𝜎𝜎) to their mean 

value (𝑥𝑥), expressed here as a percentage: 

𝐶𝐶𝐶𝐶𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝(%) = 𝜎𝜎
𝑥𝑥

× 100  𝜎𝜎 = � 1
10
∑ (𝑥𝑥𝑖𝑖 − 𝑥𝑥)210
𝑖𝑖=1    (𝑖𝑖 = 1,2,3 … 9,10)                (2) 

Relative changes (RC) were used to directly compare changes in jaw and finger 

movement between Daccu and CVprec before and after training. They are expressed here as 

percentages: 

𝑅𝑅𝑅𝑅𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎(%) =
𝐷𝐷𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎−𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏−𝐷𝐷𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎−𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎

𝐷𝐷𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎−𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏
× 100                                     (3) 

𝑅𝑅𝑅𝑅𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝(%) =
𝐶𝐶𝐶𝐶𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝−𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏−𝐶𝐶𝐶𝐶𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝−𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎

𝐶𝐶𝐶𝐶𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝−𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏
× 100                                   (4) 

Two-way ANOVA analysis was performed to compare accuracy and precision for jaw 

and finger movement separately. The relative change of jaw and finger movement amongst 

Group 1, 2, and 3 was also compared by means of two-way ANOVA. Furthermore, the 

difference of baseline values of jaw and finger movement before training were evaluated via 

another two-way ANOVA analysis. A value of P < 0.05 was considered statistically 
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significant. 

 

3 Results 

All 60 participants completed the whole procedure successfully. Figure 3 demonstrates the 

individual values of all participants before and after training. Means and SDs of Daccu, CVprec, 

and their relative changes of all three groups are shown in Table 1. ANOVA results of 

accuracy and precision for jaw and finger movement are presented in Table 2. ANOVA results 

of baseline values are shown in Table 3. ANOVA results of RC amongst the three groups are 

shown in Table 4.  

Before training, Daccu of jaw movement was 26.2 ± 13.1 in Group 1, 22.4 ± 9.1 in Group 

2, and 26.1 ± 7.8 in Group 3. After training, the value significantly reduced to 22.4 ± 11.3, 

18.4 ± 8.8, and 19.3 ± 6.0, respectively (two-way ANOVA, P = 0.008). The value of CVprec 

for each group was 16.7 ± 3.5, 10.2 ± 3.7, 7.7 ± 2.6, which significantly reduced to 14.7 ± 2.6, 

9.0 ± 2.6, 6.9 ± 2.7 after training (two-way ANOVA, P = 0.018). There were significant 

differences among the groups for CVprec (two-way ANOVA, P < 0.001), but not for Daccu  

(two-way ANOVA, P = 0.209). 

For the finger movement, there was a significant reduction in Daccu after training 

compared to before training (48.9 ± 18.2 vs 32.7 ± 14.9, 30.5 ± 11.6 vs 19.9 ± 8.0, 38.4 ± 16.0 

vs 23.7 ± 15.0, two-way ANOVA, P < 0.001), as well as in CVprec (11.6 ± 3.1 vs 9.3 ± 3.1, 

12.2 ± 4.5 vs 9.1 ± 4.1, 8.7 ± 3.4 vs 6.7 ± 3.3, two-way ANOVA, P < 0.001). Significant 

differences were both found among the groups for Daccu and CVprec (two-way ANOVA, P < 

0.001). 
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The baseline values of Daccu and CVprec among three groups were significantly different 

(two-way ANOVA, P = 0.002, P < 0.001). And for finger movements, the baseline values of 

Daccu were significantly larger than jaw movements (two-way ANOVA, P < 0.001). While no 

significant differences were found in the baseline values of CVprec between the two 

movements (two-way ANOVA, P = 0.294). To rule out the group and site differences, relative 

changes defined as percentage changes from baseline were calculated and compared. 

RCaccu of jaw movement was 14.2 ± 10.7, 16.8 ± 23.5, 22.6 ± 21.9 in Group 1, 2, and 3. 

RCaccu of finger movement in each group was 30.1 ± 26.1, 32.3 ± 21.7 and 38.2 ± 24.4. No 

significant statistical differences were found amongst the three groups (two-way ANOVA, P = 

0.247). However, these RCaccu values of finger movements were significantly larger when 

compared to the jaw movements (two-way ANOVA, P < 0.001). 

There were no significant differences amongst the three groups for RCprec for either jaw 

movements or finger movements (two-way ANOVA, P = 0.835). RCprec values of jaw 

movements (11.4 ± 8.6, 30.0 ± 21.2, 10.0 ± 23.4) were significantly smaller than those of 

finger movements (19.6 ± 16.0, 24.0 ± 22.2, 25.1 ± 15.7, respectively in Group 1, 2, and 3, 

two-way ANOVA, P < 0.001).  

 

4 Discussion 

In the present study, it was shown that Daccu and CVprec of both jaw and finger movements 

significantly improved after simple motor training in all groups, and finger movements 

showed more improvement than jaw movements. However, there were no significant 

differences in relative changes amongst the three groups in either jaw or finger movements.  
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4.1 Motor training and neuroplasticity 

In our study, the performance of the simple movement tasks was evaluated by two descriptive 

statistical values, i.e., accuracy and precision. Accuracy is defined as the closeness of the 

evaluation value to the target value, while precision is defined as the proximity between the 

evaluation values, i.e., the repeatability of the evaluation value. Kumar et al. confirmed that 

there are differences between accuracy and precision in performance assessment after motor 

training.17 Therefore, it is necessary to consider accuracy and precision separately when 

evaluating changes in neuroplasticity after motor training.  

For both jaw and finger movements, Daccu and CVprec of all 3 examined groups were 

reduced after 30 minutes of motor training, indicating an increase in jaw and finger movement 

performance after motor training. The improvement in jaw and finger movement in our study 

could be speculated to be due to neuroplasticity caused by repeated motor training. Starting 

from the neuromuscular junction, through the afferent and efferent nerves to the primary 

motor cortex, the control and regulation of the neuromuscular system depends on the integrity 

and coordination of these pathways. Neuroplasticity is observed during the learning of new 

motor skills, backtracking of lost skills, and optimizing existing skills.23 It is one of the most 

prominent features of the nervous system and plays an important role in information storage. 

Repeated motor training has indeed been shown to trigger neuroplasticity in many 

studies.3,10-13,17,18,24-27 For example, the improvement of motor performance is related to the 

neuroplasticity when participants were able to divide the target food into more equal halves 

and more quickly with the upper and lower teeth.13 Repeated jaw clenching tasks also caused 
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neuroplasticity in the corticomotor pathways related to the jaw muscles.11 Using transcranial 

magnetic stimulation (TMS), a significant expansion of the cortical area related to the 

tongue-evoked responses was found after a week of tongue-protrusion training.3 However, the 

results at a two-week follow-up indicated that the neuroplasticity may be reversible and is lost 

if the training is not maintained.3 

 

4.2 Differences between jaw and finger movements 

After 30 minutes of exercise training, participants improved the accuracy and precision of 

both simple jaw and finger movements, but both RCaccu and RCprec of jaw movements differed 

significantly from those of finger movements. The results showed that finger movements had 

a greater magnitude of improvement. 

Jaw movements and finger movements are mediated by trigeminal and spinal nerve 

activity and obviously with significant anatomical differences.28 Studies have shown that 

there are significant differences in the movement control mechanisms of jaw and finger 

muscles.29,30 However, jaw and finger movements have similar patterns, such as opening jaws 

and raising fingers, clenching teeth and clenching (pinching) fingers. Some researchers have 

tried to test similar and simple finger movement training as a comparison while studying jaw 

movement training.18-20 Iida et al. used functional magnetic resonance imaging (fMRI) to 

directly compare the activity of the cerebral cortex when clenching fingers and clenching 

teeth. The result showed that compared with fist clenching, the light-teeth clenching 

movement may induce a more extended pattern of cerebral activity.31 Although difficult to 

compare directly due to the many anatomical and neurophysiological differences it may be 
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reasonable to suggest at least that the susceptibility and propensity for training-induced 

neuroplasticity may vary between the trigeminally-innervated muscles and the 

spinally-innervated muscles and deserves more studies. From the result of the present study 

that simple finger movements improved more in motor performance, we speculated that 

simple finger movements might be easier to learn and optimize after short-term exercise 

training when compared to simple jaw movements. However, after three days of exercise 

training, Chen et al. found that the performance improvement of jaw movements was greater 

than that of finger movements.18 Therefore, we assumed that the difference in training time 

may contribute to these results. Another factor that we cannot ignore is that in this study, after 

training, the second trial was immediately conducted, which might have contributed to a 

higher memory retention rate. This could probably contribute to the larger magnitude of the 

finger movement value. 

 

4.3 Effects of orthodontic treatment and orthognathic surgery 

The present results showed that there was no significant difference amongst presurgical 

patients, postoperative patients, and healthy individuals.  

In Group 2, the patients all underwent 6-12 months of preoperative orthodontic treatment. 

During this period, we conducted a simple pretrial questionnaire for preoperative patients, and 

all 20 participants reported having or experiencing occlusal discomfort. Due to the application 

of orthodontic force, the alveolar bone starts to reconstruct and the teeth start to move as a 

result. During the decompensation procedure, the jaw position could be changed because of 

the removal of the restrictions such as cross bite, severe upright upper incisor, and so on. As 
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the patient's original occlusion and jaw position changes, the neuromuscular system needs 

time to adjust and readapt to the new position. So occlusal discomfort is a common complaint 

for orthodontic patients. Meanwhile, this discomfort dynamically appears during the 

orthodontic treatment because the alveolar bone reconstruction and tooth movement is a 

dynamic process. From the results of this study, we can suggest that orthodontic treatment 

does not affect the neuroplasticity brought about by simple jaw motor training. It indicates 

that the neuromuscular system during orthodontic treatment is resilient and similar to the 

control participants. 

The main purpose of orthognathic surgery is to improve facial aesthetics and occlusal 

function. However, due to the repositioning of the jaw and muscles, surgical trauma, and 

other reasons, no matter what the skeletal class is, there will be a certain degree of decreased 

motor ability after orthognathic surgery.32 There has not been a consensus on the duration of 

the jaw movement limitation, and some researchers have suggested that a long-term follow-up 

is needed.33-36 Considering past studies about the postoperative opening degree and 

mandibular movement ranges,32,37-39 our study focused on 6-12 months after surgery as the 

inclusion criteria in Group 2. The results showed no difference in neuroplasticity from jaw 

exercise training compared to Group 1 and 2, reflecting the adaptability of the patient's 

neuromuscular system function after 6-12 months of postoperative recovery.  

 

4.4 Study limitations 

A limited aspect of jaw and finger sensorimotor control has been investigated in the present 

study. We recognize that other types of jaw movements such as tasks involving jaw closing 
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movements as the jaw approaches intercuspal position could indeed have been affected by the 

intervention. The effect of simple motor training and learning ability in the present study was 

presented in young people since only young adults were recruited in the present study. 

Furthermore, only short-time training and short-period follow-ups were investigated, so future 

studies could be designed to run the same session following a long-term break after training to 

investigate if the improvement in motor performance will be impaired. Only accuracy and 

precision of the simple movements were studied in the current study, other kinematic aspects 

such as trajectories and velocity could also be taken into consideration in future studies. In 

addition, if more direct evidence of motor training and cortical neuroplasticity is required, the 

activity of the related motor cortex should be directly observed using fMRI or TMS and 

recordings of MEPs. 

 

Conclusions  

In conclusion, this study demonstrated that short-term and simple motor training can improve 

the motor performance of both jaw and finger movements, which underpins the suggestion 

that motor training can bring about neuroplasticity in the corticomotor pathways. Compared 

with simple jaw movements, simple finger movements improved more after training, 

indicating inherent differences in the control and regulation of the trigeminal and spinal motor 

systems. Orthodontic treatment did not affect the neuromuscular system and orthognathic 

surgery had no effect on neuroplasticity concerning jaw movement after 6-12 months. These 

findings convincingly demonstrate that the neuromuscular system can adapt and recover to 

normal only 6-12 months after orthognathic surgery. 
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Tables 

Table 1 Means and SDs of Daccu, CVprec and Relative Change of all three groups (Daccu: 

Accuracy of the motor behaviors, CVprec: Coefficient of variation)  

Group 1: Healthy individuals; Group 2: Patients who have undergone pre-surgical 

orthodontics; Group 3: Patients who have undergone bimaxillary orthognathic surgery 

 
 

 
Daccu ( %) CVprec ( %) 

Group 1 

Jaw 
Before Training 26.2 ± 13.1 16.7 ± 3.5 
After Training 22.4 ± 11.3 14.7 ± 2.6 

Relative Change (%) 14.2 ± 10.7 11.4 ± 8.6 

Finger 
Before Training 48.9 ± 18.2 11.6 ± 3.1 
After Training 32.7 ± 14.9 9.3 ± 3.1 

Relative Change (%) 30.1 ± 26.1 19.6 ± 16.0 

Group 2  

Jaw 
Before Training 22.4 ± 9.1 10.2 ± 3.7 
After Training 18.4 ± 8.8 9.0 ± 2.6 

Relative Change (%) 16.8 ± 23.5 6.3 ± 21.2 

Finger 
Before Training 30.5 ± 11.6 12.2 ± 4.5 
After Training 19.9 ± 8.0 9.1 ± 4.1 

Relative Change (%) 32.3 ± 21.7 24.0 ± 22.2 

Group 3 

Jaw 
Before Training 26.1 ± 7.8 7.7 ± 2.6 
After Training 19.3 ± 6.0 6.9 ± 2.7 

Relative Change (%) 22.6 ± 21.9 10.0 ± 23.4 

Finger 
Before Training 38.4 ± 16.0 8.7 ± 3.4 
After Training 23.7 ± 15.0 6.7 ± 3.3 

Relative Change (%) 38.2 ± 24.4 25.1 ± 15.7 

 

Table 2 Two-way ANOVA analysis of Daccu and CVprec (Daccu: Accuracy of the motor 

behaviors, CVprec: Coefficient of variation) 

Group: Group 1 - Healthy individuals; Group 2 - Patients who have undergone pre-surgical 

orthodontics; Group 3- Patients who have undergone bimaxillary orthognathic surgery.  

Trial: Trial 1 - Before training; Trial 2 - After training  
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Daccu（%） CVprec（%） 

  
F-value P-value F-value P-value 

Jaw 

Group 1.585  0.209  79.900  <0.001*  

Trial 7.192  0.008*  5.766 0.018* 

Group*Trial 0.273  0.762  0.420  0.658  

Finger 

Group 11.376  <0.001*  8.079  0.001*  

Trial 26.436  <0.001*  13.025 <0.001* 

Group*Trial 0.385  0.681  0.195  0.823  
*： Indicates a significant difference (P < 0.05).  

 

Table 3 Two-way ANOVA analysis of baseline Daccu and CVprec before training (Daccu: 

Accuracy of the motor behaviors, CVprec: Coefficient of variation)   

Group: Group 1 - Healthy individuals; Group 2 - Patients who have undergone pre-surgical 

orthodontics; Group 3- Patients who have undergone bimaxillary orthognathic surgery.  

Site: Jaw movement, Finger movement 

 
Daccu（%） CVprec（%） 

 
F-value P-value F-value P-value 

Group 6.752  0.002*  27.494  <0.001*  

Site 34.022  <0.001*  1.113 0.294 

Group*Site 3.042 0.052 11.384 <0.001* 
*： Indicates a significant difference (P < 0.05).  

 

Table 4 Two-way ANOVA analysis of RCaccu and RCprec (RC: Relative change) 

Group: Group 1 - Healthy individuals; Group 2 - Patients who have undergone pre-surgical 

orthodontics; Group 3- Patients who have undergone bimaxillary orthognathic surgery.  
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Site: Jaw movement, Finger movement 

 
RCaccu（%） RCprec（%） 

 
F-value P-value F-value P-value 

Group 1.416  0.247  0.181  0.835  

Site 14.551  <0.001*  15.522 <0.001* 

Group*Site 0.001 0.999 0.658 0.520 

*： Indicates a significant difference (P < 0.05). 

 

 

Figure legends 

Figure 1 

Illustration of the recording equipment of jaw movement (A) and finger movement (B)  

(a: head set containing eight magnetic sensors; b: magnet; c: individual plastic block) 

 

Figure 2 

Schematic diagram of the experimental design 

 

Figure 3 

Individual values of all participants before and after training: Daccu of jaw movements (A) and 

finger movements (B) in percentage before and after training; CVprec of jaw movements (C) 

and finger movements (D) in percentage before and after training 

(Daccu: Accuracy of the motor behaviors, CVprec: Coefficient of variation) 
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