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Abstract 

In Multiple sclerosis (MS) it is important to preserve the residual physiological functions of 
subjects. The aim of the present study was to investigate the influence of nanotechnological 
device treatment combined with home-based training program (TP) on lactate level, hand grip 
strength and cervical mobility on MS patients. Seventeen MS patients were enrolled in the study 
and randomly assigned to an experimental group (EG) in which the Taopatch® nanotechnological 
device was applied or to a control group (CG). All the participants carried out a cervical range 
of motion (1) assessment and the hand grip test at baseline (T0) and after TP (T1), also 
investigating the lactate levels to figure out if there could be a correlation with the possible 
changes in the investigated parameters. The results showed no significant differences in both 
groups for ROM. As regards the hand grip test, EG showed a statistically significant 
improvement on strength for both hands, dominant (p = 0.01) and non-dominant (p = 0.04), while 
the CG showed an improvement only for the non-dominant hand (p = 0.001). No correlation was 
found between baseline lactate level and cervical ROM change. We can definitely conclude that 
exercise and Taopatch® can help to improve and maintain hand strength in MS subjects and also 
can prevent sedentary lifestyle during the COVID-19 pandemic time. These are preliminary 
results that need further investigations, possibly increasing sample size and lengthening time of 
intervention. 
Key Words: Home-based training program; cervical range of motion; lactate; nanotechnology-
based device; hand grip test; Taopatch®; light therapy. 
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 Multiple Sclerosis (MS) is a chronic disabling disease 
of the central nervous system (CNS) of  unknown 
aetiology.1 In this disease the CNS is affected by an 
immune-mediated inflammatory disease followed by a 
demyelination with consequent axonal damage.2 This 
disabling state affects the musculoskeletal system 
impairing physical characteristics.3 In fact, among the 
symptoms that MS patients experience, there are fatigue, 
weakness, impaired mobility, with related physical 
functioning scores which affect the quality of life.4 It has 

been demonstrated that specific physical training 
protocol, such us proprioceptive training, can improve 
the quality of life in these subjects through the 
improvement of some impaired abilities.5 However, these 
protocols alone seem to have no prolonged effects over 
time to improve balance, range of motion or postural 
control in these subjects.1 For this reason, myofascial 
release (MFR) has been proposed as a method that 
improves the range of motion and the quality of 
movements.6 However, there are obvious limitations for 
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MFR being an operator sensitive technique. 
Alternatively, it emerged the possibility to use a very 
similar but simpler technique, the self-myofascial release 
(SMFR), which can be self-applied individually.7 
Furthermore, change in lactate concentration are related 
to various physiological and pathological conditions such 
as MS in which is already known that there is an increase 
of lactate levels.8 In general, in research experience the 
influence of several biomechanical devices, as occlusal 
splints and foot orthoses, on many physical features have 
been investigated reporting conflicting results.9-12 
Although the use of nanotechnological devices is 
growing in different healthcare application, only a few 
research groups have studied the role of a 
nanotechnological device on physical features.13 A 
medical device, recently developed, that uses 
nanotechnology is the Taopatch® (Tao Technologies, 
Italy). This device acts through light therapy thanks to the 
use of quantum dots. These quantum dots are 
nanocrystals excited with the heat and the sunlight that 
will be transformed into near-far infrared and ultraviolet 
light that can have beneficial effects on the human 
body.13 Taopatch® appears as a circular microchip, with 
16 mm diameter and less than 1 mm thick. The device is 
applied to the skin with the aid of tape. The coating is in 
hypoallergenic plastic material with inside a mixture of 
nanotechnology, the main components are nanocrystals 
called quantum dots, of the upconverting nanocrystals.  
In a recent study, Carbonari et al have highlighted 
changes in strength and body balance using this 
nanotechnological device by detecting athlete’s 
performance. In fact, Taopatch® device has improved 
strength and balance performance increasing the 
maximum tension of the affected muscles; the 
electromyography was used to detect changes in the 
activity of the postural muscles.13 Lomeo et al. (2019),9 
investigated the effect of Taopatch® in subjects with MS 
and showed that the use of these devices can improve and 
prolong the effect on proprioception, balance, 
mouvements of the affected limbs and this can be 
extremely helpful for these patients. They also observed 
(SF-36 Questionnaire) an improvement in physical and 
emotional conditions of the patients.9 In addition, 
nanotechnology has been shown to be useful for several 
purposes including performance and posture 
improvements and injury recovery.13 It is now known that 
exercise improves physical health but also the quality of 
life and this need is accentuated in this period of forced 
sedentary lifestyle due to the pandemic situation,14,15 and 
especially in subjects with various pathologies, physical 
activity can be the key factor to improve quality of life; 
in particular, individuals with MS have a tendency to be 
sedentary due to the difficulty of following a 
rehabilitation program in hospitals or authorized 
centers.16 This is due to fatigue due to illness, drug 
treatment as well as depression and social isolation also 
due to the consequences of the pandemic caused by 
COVID-19. The aim of our study was to evaluate if 

Taopatch®, combined with a home-based protocol of 
proprioceptive and joint mobility training together with a 
SMFR treatment, can induce a change in biochemical 
biomarkers like lactate as well as strength and cervical 
ROM in MS patients. 

Materials and Methods 
Patients 
Seventeen subjects (age: 51,24±10,66; height: 
170,65±10,42; weight: 76,47± 12,30) with relapsing-
remitting MS (RR-MS) with an Expanded Disability 
Status Scale (EDSS) between 3.5-5.5 were enrolled in the 
study by physical medicine and rehabilitation center 
“Vitality” from Vita, Sicily, Italy. Subjects were 
randomly assigned to the Experimental Group (EG; n=9) 
or Control Group (CG; n = 8) who performed a Training 
Program (TP) with (EG) or without (CG) Taopatch®.  
The study was conducted according to the guidelines of 
the Declaration of Helsinki, and approved by the Ethics 
Committee of The Palermo 1, decree N 7/2016 
Policlinico Giaccone Hospital, Palermo, Italy. Informed 
written consent was obtained from all participants of the 
study. An anamnestic examination was carried out by 
specialized medical personnel before starting the study. 

Assessments 
Participants of both groups performed a cervical ROM 
and a hand grip test at baseline (T0) and after a training 
program period (T1). In addition, lactate level was 
evaluated in all participants at baseline (Accutrend® Plus, 
Roche). Cervical ROM was measured with an 
accelerometer (Moover®; Sensor Medica®; Guidonia 
Montecelio, Roma, Italia) placed in the center of the 
forehead with a band. Subjects performed a left (L) and 
right (R) rotation; inclination (L and R) and a flexion and 
an extension of the cervical segment. Each movement 
was performed starting from an upright position with the 
head in line with the body. Handgrip test (KERN MAP 
Version 1.2 08/2012, Hand Grip Dynamometer) was 
performed three time each side and the best result of L 
and R hand was considered to data analysis. 

Training Program 
The TP was composed of 20 sessions of 1 hour carried 
out twice a week, it included proprioceptive and joint 
mobility exercises and a self-myofascial release 
treatment, in particular they performed: 
• About 5 minutes of circuit gait training on the 

platform (forward, backward, sideways, on toes with 
eyes open and eyes closed) and go up and down three 
steps. 

• 3 exercises (2 minutes each exercise) of pelvic 
mobilization and breathing sitting on the fit ball: hip 
bone anteversion; hip bone retroversion; hip bone 
rotation and lateralization.  

• 20 minutes of stationary bicycle Fitness minibike 
(Roten bi-bike), an automatic system for leg, miming 
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a bicycle, which allows passive, active or assisted 
mobilization for patients with MS. 

• As concerns proprioceptive handgrip exercise, the 
patients performed about 15 minutes of the protocol 
described in Liu et al., 2018.17 In summary the 
subjects performed 25 repetitions of the grip exercise 
with both hands (alternating the side) using an elastic 
ball; each repetition consisted in squeezing the elastic 
ball for 10 seconds, then relax for 10 seconds. 

• 15 minutes of SMFR treatment following the protocol 
described from Amato et al.18 

During each training session, a nanotechnological device 
(Taopatch®; Tao Technologies srl) was applied only to 
EG, as showed in Figure 1, positioned in two different 
points: below C7 posteriorly and on the xiphoid process 
anteriorly. The devices were applied before starting the 
training period (ten weeks, 24 hours a day). 

Statistical analysis 
The Kolgomorov–Smirnov test was used to check for 
normal distribution. Student t-tests were used to compare 
the baseline characteristics of the two groups. Changes 
between baseline and T1 within the groups were analyzed 
by paired t-test. Within‐group changes were calculated as 
percentage changes. Unpaired t-test were used to 
compare these differences in the two groups. The 
correlations between handgrip test and lactate level were 
statistically evaluated using Pearson correlation (PC) 
tests. All tests were two‐tailed, and a 5% probability level 
was considered significant. We used SPSS (IBM SPSS 
Statistics 23) for statistical analysis.  

Results 
The Kolgomorov–Smirnov test shows that all data are 
normally distributed. Table 1 describes the values of the 
variables assessed at T0 for CG and EG. The unpaired T-
Test highlighted that only for handgrip test there were 

significant differences between groups at baseline. R 
hand (Kg): 19.10 ± 8,53 (EG); 29.51 ±7.21 (CG), p<0.05; 
L hand (Kg): 18.91± 9.20 (EG); 29.17 ± 6.62 (CG), 
p<0.05. No significant differences between groups were 
detected at T0 for all the other parameters investigated 
(p>0,05). After training program intervention there were 
no significant differences between T0 and T1 in both 
groups in cervical ROM evaluations. Regarding strength 
assessment, hand grip test showed a change between T0 

 
Fig 1. Taopatch® device applied on C7 and on 

xiphoid process. The devices were applied 
before to start the training period, for ten 
weeks 24 hours a day. 

Table 1. Anthropometric, cervical ROM and 
strength variables at baseline for 
control and experimental group. 

Variables Control Group 

(n=8) 

Experimental Group (n=9) 

 Mean ± SD Mean ± SD 

Age  44,75± 7,91 50,89±12,04 

Height 166,22±11,63 175,63±6,32 

Weight 74±12,23 79,25±12,59 

ROT L (°) 69,66±5,87 66,16±13,31 

ROT R (°) 67,12±9,34 59,86±16,28 

ROTtot (°) 136,80±12,89 126±28,92 

INC L (°) 41,38±12,80 35,08±9,52 

INC R (°) 36,90±6,98 33,33±13,21 

INCtot (°) 78,30±17,83 68,42±20,85 

Flex (°) 54,40±11,58 49,31±14,06 

Extn (°) 57,70±15,23 54,30±16,66 

Flex-extn (°)  112,09±20,90 103,61±28,56 

Handgrip R (kg) 29,51±7,21 19,10#±8,53 

Handgrip L (kg) 29,17±6,62 18,91#±9,20 

Flex: flexion; Extn: extension; R: right; L: left; ROT: 
rotation; INC: inclination. # Significance between-group 
(p<0.05). SD Standard Deviation 

 
Fig 2. Baseline (T0) and post exercise program 

period (T1) values of strength variables of 
control (CG) and experimental (EG). R: 
right; L: left; *Significant within‐group 
difference between T0 and T1 (p<0.05). 
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and T1 in both groups; in detail as regard the experimental 
group there were an increase of 10.70% in left hand (T0 
18.91 ± 9.20 vs T1 20.93± 8.80; p< 0,05) and of 14.08% 
in right hand (T0 19.10 ± 8.53 vs T1 21.79 ± 8.80; p< 
0.05). Figure 2 shows that in control group instead there 
was an increase of 18 % only in left hand (T0 29.18 ± 6,62 
vs T1 34.51 ± 6.68; p <0.05). Starting from the lactate 
level baseline (CG 1.36 ± 0.37 vs EG 1.44 ± 0.53), no 
correlation was found between handgrip evaluations and 
lactate level. Table 2 shows the Pearson’s correlation 
coefficients for each variable. 

Discussion 
The aetiology of Multiple Sclerosis is still unknown. 
Many factors play a role in the onset of the pathology, 
that also change gait and balance abilities.19 Certainly, 
exercise can help to manage MS symptoms, to prevent 
some complications, to increase strength, mobility, static 
and dynamic balance and consequently improving 
quality of life.5 However, to date, all medical, surgical 
and physical rehabilitation therapies have not shown 
lasting benefits over time. Taopatch® abilities to improve 
movement, posture and balance have been 
demonstrated,13,20 the ultra-low-level electromagnetic 
field generated by the nanotechnology-based devices 
may provide an improvement to the input system or 
central modulation resulting in an improved muscle tone 
and, thus, an enhanced posture control.21 It has recently 
been shown that also in subjects with MS, these devices 
can induce improvement on proprioception, ROM and 
balance.9 For these reasons we hypothesized that the use 
of this device combined with physical activity performed 
at home could have effects on functional impairments in 
MS patients. We enrolled in our study 17 MS patients 
split in 2 groups that both performed PA but just one, the 
experimental group, wore the Taopatch® devices. The 
results obtained didn’t highlighted any statistically 
significant changes in all cervical ROM variables 
analyzed (p > 0.05)  

Considering that other symptoms like muscle weakness 
can occur especially in asymmetrically way in persons 
with MS, hence a difference between both hands can be 
expected.  It has been assumed that non-dominant arm is 
likely to be more impaired than the dominant arm, 
because of reduced use in daily life, given decreased 
functionality,22 and not for the features of the disease 
(because the fatigue in MS patients have a central 
origin).23 In fact, Severijns et al in their study showed that 
hand grip strength in people with multiple sclerosis is not 
influenced by hand dominance.24 Therefore, the aim of 
our study was to understand if the association between 
TP and Taopatch® can reduce the progression of muscle 
weakness through the improvement of the upper limb 
strength. In this way this should contribute to improve the 
quality of life of the patients by maintaining autonomy 
and facilitating some of the daily actions. Our results 
showed in the handgrip test a statistically significant 
increase in the experimental group, in both hands: for 
right hand 14.08% of increase (p=0.01) with a gain of 
2.69 Kg and for left hand 10,70% of increase (p=0.04) 
with a gain of 2.02 Kg. It’s already published a change of 
5.5 kg in handgrip score reliably indicate a true change in 
functional abilities that are the actual or potential 
capacities of an individual to perform the activities and 
tasks that can be normally expected.25 Indeed, this 
provides hints for future investigations and since hand 
strength is frequently impaired in individuals with MS, 
further studies are warranted to establish using the hand 
grip as a clinical test and to monitor important change in 
disease.22,24,26-28 In the future it will be interesting to 
associate the result of handgrip test with a questionnaire 
measuring patient-perceived difficulties in performing 
manual activities of daily living such as the ABILHAND 
questionnaire, validated in patients with MS.29 In this 
way, we could investigate the impact of hand function on 
home and work life and their perception of change in 
function over time. 
In conclusion, association between proprioceptive, joint 
mobility exercise and SMFR with Taopatch® device can 
help to improve and to maintain hand strength in MS 
subjects by delaying the onset of hand dysfunctions and 
by facilitating manual activities of daily living. It also 
works to prevent sedentary lifestyle due to COVID-19 
pandemic. 

List of acronyms 
CG - Control Group  
CNS - Central Nervous System 
EG - Experimental Group  
Extn - Extension 
Flex - Flexion  
INC - Inclination 
L - Left 
MS - Multiple sclerosis  
PC - Pearson Correlation coefficients  
R - Right 
ROM - Range of Motion 

Table 2. Pearson correlation coefficients (PC) 
and significances (S) are shown in the 
table between handgrip test and basal 
lactate levels. 

 
Lactate Baseline 

 
Handgrip test T0 Handgrip test T1 

 
PC S PC S 

Control Group 

Handgrip R -0,59 0,12 -0,47 0,24 

Handgrip L -0,033 0,94 -0,02 0,97 

Experimental Group 

Handgrip R -0,13 0,75 -0,16 0,69 

Handgrip L -0,46 0,21 -0,43 0,25 
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ROT - Rotation  
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T1 - After Training period 
TP - Training Program  
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