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Abstract 

Objectives: The study aims to investigate the effects of the HUBER 360 proprioceptive muscle 

rehabilitation training system on the treatment of balance disorders in patients after stroke.  

Methodology: Researchers adopted a double-blind, randomized controlled experiment. Sixteen 

patients that experienced stroke for the first time were divided evenly into the treatment group and 

the control group (eight patients each) based on the random number method. Both groups took the 

conventional motion function and balance function training for three weeks, while the treatment group 

was trained on the HUBER 360 proprioceptive muscle rehabilitation training system. Researchers 

evaluated the differences between the two groups using the Berg balance scale and Huber360's 

balance assessment results. 

Results: After three weeks of training, the control group's Berg balance scale score was significantly higher 

than that of the control group (P<0.05). After the intervention, the two groups' motion track became more 
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stable, the peripheral area of the movement of patients' center of gravity shrank, and patients moved more 

quickly. The treatment group’s results were significantly better than those of the control group (P<0.05). 

Conclusions: Patients suffering balance disorders after stroke significantly improved their balance function 

after using the HUBER 360 proprioceptive muscle rehabilitation training system. 

Keywords: Balance assessment and training system; stroke; balance disorders; rehabilitation training 

A crucial rehabilitation goal for patients after stroke is to improve their daily living capacity where the standing 

balance function plays a determining role. The function can also indicate the degree of recovery of patients' 

limb function and walking ability[1, 2]. Insufficient standing balance function is also a vital risk factor that causes 

patients to fall[3]. Although most stroke patients can stand independently after recovery, they experience 

disorders such as asymmetric posture and reduced ability to move their center of gravity and cope with 

external disturbance[4]. The clinical diagnosis and treatment guideline suggests that patients suffering from 

balance disorders after stroke take balance training[5]. To improve patients' balance capacity through various 

rehabilitation methods is a critical goal in the patients' rehabilitation. HUBER 360 proprioceptive muscle 

rehabilitation training system can systematically evaluate the patients' balance function and treat patients 

accordingly[4], but so far, no findings regarding the device have been published. The study, therefore, 

investigates the rehabilitation effect of HUBER 360 proprioceptive muscle rehabilitation training system on 

patients with balance disorders after stroke. 

1 Patients’ Information and Methodology 

1.1 Patients’ Information 

The sixteen patients were selected from patients that took rehabilitation protocols in the in-patient or out-

patient departments during the period from July 2019 to January 202 at the Department of Rehabilitation 

Medicine in Beijing Tongren Hospital affiliated to Capital Medical University. 

1.1.1 Inclusion Criteria: 

1 The patient met the diagnostic criteria for cerebral hemorrhage and cerebral infarction enacted by the 

Fourth Cerebrovascular Disease Conference; 
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2 The focus of the patient's first stroke diagnosed by MRI or CT was located on one cerebral hemisphere, and 

the course of the disease was less than six months; 

3 The patient aged between 30 to 70 and their vital signs were stable; 

4 The patient had no other diseases in the central and peripheral nervous system before their stroke; 

5 The patient had no unilateral neglect or hemianopia after the screening, and the patient could reach level 3 

of standing balance. 

6 The patient and their families had been informed of the treatment, agreed to cooperate with the check, and 

signed the informed consent letter. 

1.1.2 Exclusion Criteria 

1 The patient had impaired consciousness; cognitive dysfunction; obvious speech, visual, or hearing 

impairment, causing them unable to complete the clinical examinations as required; 

2 The patient had lower limb joint or muscles disorders; 

3 The patient had pathological changes in bilateral hemispheres, limb tremor, or ataxia, causing the patient 

unable to complete the treatment as required; 

4 The function of the patient's heart, lung, liver, kidney, and other vital organs decreased or failed; 

5 The patient refused to provide a written consent letter or could not complete the check as required due to 

unknown reasons. 

1.1.3 Patient Overview 

The sixteen patients were divided into two groups based on the random number method. There were no 

significant differences in age, course of the disease, disease diagnosis, side of the focus, and gender (P>0.05), 

as shown in Table 1. 
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1.2 Methodology 

All patients took the conventional motion function training of the Department of Rehabilitation Medicine 

during the study. The same physiotherapist carried out the training for every patient. Each session took 40 

minutes and was done twice per day, five days a week, for three weeks. The conventional motion function 

training included neuromuscular facilitation technologies (the PNF technology, Bobath technology, and 

proprioception facilitation technology), core muscles training, move of the center of gravity and balance 

training (during the training, the bearing surface was reduced and became softer, and the control scope was 
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enlarged; patients performed the training with eyes open and then gradually with their eyes closed; the 

training started from static balance to self-dynamic balance and then to balance with external disturbance). 

Apart from the same treatment given to the control group, the treatment group took intensive training on the 

US-made Huber360 comprehensive assessment and training system. Researchers calibrated the device and 

designed six levels of intensive training. The higher the level, the higher the flexibility and the smaller the 

resistance. Each level has five degrees of difficulty, from one star to five stars. Patients started the training 

from one star. If their score reached 90/100 or above, they were allowed to advance to the next star level. 

After unlocking the device's static status, the platform can move in eight directions -- front, rear, left, right, 

front right, rear right, front left, and rear left. Researchers designed the training protocols based on the pre-

treatment results of patients' body coordination function. Patients with a longer track and a larger area of the 

center of gravity movement shall choose training at higher levels and with higher flexibility requirements, 

while the patients with higher speed of the center of gravity movement shall choose training at lower levels 

and with larger resistance. Patients then took the intensive training and balance training on unstable platforms 

on the Huber360 platform following the device's training protocol. The training period was around five 

minutes, and the training protocol could also be changed based on the training progress of the patients. Each 

session lasted 30 minutes and was done twice a day, five days a week for three weeks. 

1.3 Assessment Methodology 

Two groups were assessed before treatment and three weeks after the treatment. All assessments were 

conducted by the same physiotherapist with rich experience. 

1.3.1 Researchers adopted the Berg balance scale to assess the patient's recovery. The scale includes a total 

of 14 items, with the score of each item ranging from 0 to 4. A score of 4 indicated that the patient could 

complete the motions as required, while a score of 0 meant that the patient could not complete the motion 

or could only complete the motion with moderate or substantial assistance. The total score of the assessment 

was 56, with the lowest score being 0. A higher score indicated a better balance function. 

1.3.2 Researchers adopted the US-made Huber 360 comprehensive assessment and training system to 

quantify patients' posture control ability at biped standing position with their eyes open and closed, 

respectively. The parameters included the center of the pressure movement (or the center of the movement 
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track), the length of the movement track (the total length of the patient's center of gravity movement), 

peripheral area (the area covered by the track of the patient's center of gravity movement), and movement 

speed (the average speed of the patient's center of gravity track). 

Measurement methodology:  

(1) Install the fixation bar on the balancing platform. 

(2) The patient fit the inner side of their bare feet tightly to the inner edges of the fixation bar. 

(3) Patients naturally hang down their upper limbs on both sides of their body. 

(4) When the test starts, the patient shall chin up, look ahead, and follow the auditory cues to start and stop. 

(5) After the test, the patient can get results of the center of gravity parameters, including the coordinates of 

the moving center of gravity, length of the track, peripheral area, and movement speed. Open-eye and closed-

eye test lasted 50 seconds each. Before the assessment, the control group and treatment group would both 

be given adaptive training to Huber360. 

1.4 Statistical Analysis 

Researchers analyzed and processed the data using SPSSl9.0 statistical software. The quantitative data were 

expressed as X ±S; two independent samples t were adopted to compare two groups in different time points; 

two paired samples t were adopted to compare the same group's results at different time points. The condition 

of P<0.05 shows that the difference is statistically significant. 

2. Results 

2.1 Berg Score Comparison of Two Groups Before and After Treatment (see Table 2) 

The two groups' Berg scores comparison before treatment did not show statistical significance (P>0.05). After 

three weeks of treatment, the two groups' BBS scores were dramatically higher than their own group's pre-

treatment scores. The treatment group's performance was better than that of the control group, and the 

difference was statistically significant. 
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2.1 Comparison of Two Groups' Posture Control with Eyes Open and Closed Before and After Treatment (see 

Table 2 and 3) 

The difference between the two groups regarding the motion track length, peripheral area, and motion speed 

with eyes open and closed showed no statistical significance (P>0.05) before treatment; after three weeks of 

treatment, two groups' performance with eyes open and closed significantly improved compared with their 

own group's performance before treatment. The treatment group's improvement was apparently better than 

that of the control group, and the difference was statistically significant.   
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3. Discussions 

According to a study by the American Heart Position, in 2013, one out of twenty deaths was caused by stroke; 

someone in the US had a stroke every 40 seconds; someone died of a stroke every four minutes. Stroke is a 

commonly-seen serious disease with a high disability rate around the globe[7]. The onset could cause motion 

disorders, and varying degrees of limitations on patient's' neuromuscular control ability, daily living ability, 

and social participation abilities[8]. Balance function is a critical part of motion function[9]. Insufficient balance 

function could severely hinder the patient's daily living abilities, thus making it a key in today's rehabilitation 

training, but it remains a difficulty. 

A number of studies have shown that kinetotherapy can improve patients' balance function. However, 

conventional training requires patients to take long-term, repeated training, and its effect may vary with the 

experience of the physiotherapists. If supported by the balance training system, the training may be much 

more effective[10, 11]. Researchers adopted HUBER 360 proprioceptive muscular rehabilitation system to train 

and assess the patients' balance. After three weeks of treatment, two groups both saw significant 

improvement in their Berg scores, and two groups' parameters about patients' posture control (with eyes 

open and closed) improved apparently; the improvement of the treatment group was much more significant 

than the control group. In conclusion, the balance improvement in the treatment group was more significant 

than in the control group. 
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Balance refers to the ability to maintain, achieve, or restore and maintain the position by adjusting the posture. 

Balance disorders after stroke can often affect patient's ability to move and walk, causing harm to patients' 

confidence about rehabilitation[12]. Today's conventional motion function training relies on physiotherapists' 

experience. Conventional training proactively adopts the neuromuscular development technologies to 

promote the neurosensory input; involves core muscles training, the center of gravity movement training, and 

gait training to strengthen the motion control, showing good rehabilitation effects[13, 14]. However, patients 

may involuntarily use the healthy side to compensate for the affected side in training, and there is no objective 

tool reminding patients of the mistake. Long-term, repeated training can also be boring. By contrast, when 

patients train under the biped training mode on the HUBER 360 proprioceptive muscular rehabilitation 

training system, the patient would stand at the center of the moving platform with both feet, and the screen 

in front of the patients can provide visual feedback by displaying the changing center of gravity. Therapists 

should first confirm that the patient has no contraindications and then set the training level based on the 

patient's performance during assessment. Patients can also take advanced training with their eyes closed. 

Therapists would closely monitor and protect the patient, making sure no accidents such as sprains or falls 

would happen. With the help of objective data showing the track length of the center of gravity, peripheral 

area, and motion speed, the training can facilitate the sensory input, motion control, and central nervous 

system to integrate the three elements engaged in the maintenance of balance, to improve the balance of the 

patient. The device also provides the closed-eye training protocol to train patients' somatic sensation in 

keeping their balance without visual input. The treatment group was better than the control group in terms 

of every parameter, indicating HUBER 360 proprioceptive muscular rehabilitation training system's significant 

effects in improving stroke patients' balance. Studies have found that the self-efficacy of balance is the main 

predictor of stroke patient's motion and participation's ability[15] and also an important variable that stroke 

patients should pay attention to. Bandura defines self-efficacy as the faith a person has in his ability to carry 

out plans, complete tasks, or gain results[16]. Patients who complete the balance assessment training on the 

device can gain better confidence and higher self-efficacy to maintain confidence and motivation in further 

training. 

Limitations of the study: 

1. The selected sample size is too small; 
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2. The study only investigated the rehabilitation effects after three weeks of treatment, but did not follow up 

to see the results in a longer term; 

3.   The study did not adopt parameters for observing patients' changes in walking abilities and activities of 

daily living (ADL) before and after treatment. 

HUBER 360 proprioceptive muscle rehabilitation training system is mainly used for strength and balance 

functions training after motion damages. The study applied the training system in the balance function training 

for stroke patients, and the results showed that it could effectively improve the patients' balance, making the 

study clinically significant. Despite the limitations, the study preliminarily proved the feasibility of applying the 

HUBER 360 proprioceptive muscular rehabilitation training system to stroke patients, demonstrating statistical 

and clinical significance for the improvement of patients' balance. More comprehensive studies would be 

carried out in the future to resolve the aforementioned limitations. 
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