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The Effect of the Silicone Ring Tourniquet and Standard 
Pneumatic Tourniquet on the Motor Nerve Conduction, 

Pain and Grip Strength in Healthy Volunteers

Abstract

Background: The pneumatic tourniquet (PT) is routinely used in upper and lower limb operations by most orthopaedic 
surgeons. The silicone ring tourniquet (SRT) was introduced in clinical practice over the last decade.  Clinical as well 
as comparative studies have been published in volunteers concerning its safety and efficacy. The aim of this study was 
to investigate the postoperative effect of the silicone ring tourniquet (SRT), primarily on the motor nerve conduction, 
and secondarily on the pain and grip strength, in comparison to the effect of the pneumatic tourniquet (PT) in healthy 
volunteers. 

Methods: Both tourniquets were applied in the forearm of the dominant arm in 20 healthy volunteers and were kept 
on for 10 minutes. Pain was measured using the visual analogue scale and grip strength was measured with a hand 
dynamometer. We evaluated the following parameters of median nerve conduction: motor conduction velocity (MCV), 
latency (LAT) and amplitude (AMP).
 
Results: Pain score at the time of tourniquet application was higher in SRT group but the alteration in pain scores in 
PT group was higher, with statistical significance (P<0.05). The grip strength was reduced by the application of both 
tourniquets; however there was a significantly higher reduction in the SRT group (P<0.05). The conduction impairment 
of the median nerve was worse in the PT group than in the SRT one, according to the changes in MCV (P<0.05).  

Conclusion:  Median nerve conduction was affected more after PT application as compared to the SRT. Nevertheless, 
the reduction of grip strength was higher after the SRT application.  
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Introduction

The tourniquet is routinely used in upper and lower limb 
operations by most orthopaedic surgeons in order to 
achieve bloodless surgery, improve the identification 

of vital structures and expedite surgical procedures (1). 
Pneumatic tourniquet (PT) is the most commonly used 
device since its introduction by Harvey Cushing in 1904 and 
its use has become almost routine (1). 

The mechanical pressure as well as ischemia-reperfusion 
injury are related to structural and functional changes 

to muscles and nerves as well as to skin and vessels. 
Apart from the amount of the applied pressure and the 
duration of  application, the characteristics of the cuff 
(width and shape) are also important elements. Although 
lower arterial occlusion pressure is required using wider 
cuffs, human volunteer studies have shown that the 
wider cuffs resulted in more pain and were tolerated less 
than narrow cuffs (2-4). A more recent study found this 
to be true with higher pressures; however with lower 
pressures a wide tourniquet cuff is less painful than a 
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narrow one (5). Nerve conduction studies in volunteers 
have recently shown that wider cuffs resulted in more 
severe changes of the nerve function than narrow cuffs, 
provided that they were inflated at the same pressure 
and for the same time (6).

The silicone ring tourniquet (SRT) was has been 
introduced in clinical practice during the last decade 
and both clinical and comparative studies in volunteers 
concerning its safety and efficacy have been published 
(7-15).  The SRT is a narrow silicone ring applied at 
a predetermined pressure. This is determined by the 
selected tourniquet model, according to the patient’s 
arterial blood pressure.     

Pain intensity and tolerance time after SRT application 
in comparison to PT have been studied in healthy 
volunteers (11-13). However, the effect of this tourniquet 
on muscle strength and nerve function has not been 
studied yet, according to our knowledge.

The aim of this study was to investigate the effect of the 
SRT on the motor nerve conduction in comparison to 
that of a standard PT, in healthy volunteers. Secondarily, 
we assessed tourniquet pain and the effect of both 
tourniquets on the grip strength. 

Material and Methods
Volunteers

Twenty healthy volunteers, on no medication and 
without previous operations or fractures in the limbs, 
participated in this study [Table 1]. The study was 
approved by the Ethics Committee (UGHE 50/3-7-2013), 
the procedure was explained to each volunteer and a 
written consent was obtained from all volunteers. 

 
Tourniquets

Both tourniquets were applied on the dominant forearm, 
one after the other, with an at least 2-day interval.  The 
SRT was studied firs in half of the volunteers and the PT 
on the other half (one alternating with the other). The 
volunteers were placed in a supine, comfortable position.  
The systolic blood pressure was measured in each one 
and was used as standard. 

The appropriate model-size of the silicone ring tourniquet 
(HemaClear, OHK Medical Devices, Haifa, Israel) was 
used according to the standard systolic blood pressure. 
A standard PT with a 14-cm-wide cuff was also used and 
the cuff was applied over two layers of smoothly applied 
cast padding. The limb was elevated for 3 min before the 
tourniquet inflation, with the inflation pressure being 100 
mmHg above the standard systolic blood pressure.

Grip strength and pain measurement
Grip strength was evaluated with the Jamar 

dynamometer (FEI, Irvington, NY, USA) according to the 
protocol of the American Society of Hand Therapists 
(16). Volunteers performed three maximum attempts for 
each measurement, each arm alternatively. The results 
of these trials were recorded and the average value was 
used for analysis. 

The volunteers were instructed how to use the Visual 
Analogue Scale (VAS) for pain measurement (0 = no 
pain to 10 = the worst pain) and how to use the hand 
dynamometer (17).

Median nerve conduction studies
Volunteers were resting in a supine, comfortable 

position. Motor nerve conduction velocity (MCV) (in m/
sec), amplitude (AMP) (in mVolt) and latency (LAT) (in 
msec) measurements of the median nerve for each subject 
were carried out prior to the application of tourniquet to 
the forearm and the results were recorded. 

Stimulating and recording electrodes were placed on 
the forearm of the dominant upper extremity for each 
subject to stimulate the median nerve. The skin below 
the electrodes was slightly abraded before placement to 
reduce impedance. A ground electrode was fastened to the 
non-dominant arm’s forearm. The recording site was at the 
abductor policis brevis muscle. R1 and R2 electrodes were 
placed in such a way that R1 was placed over the muscle 
belly of the abductor brevis muscle and R2 over the first 
metacarpophalangeal joint. Stimulation sites were ante-
cubital fossa  proximally, and the wrist crease between the 
flexor carpi radialis and palmaris longus tendons distally. 

The motor nerve conduction velocity before and following 
the application of the two cuffs was calculated by dividing the 
distance between the two stimulation sites by the difference 
in the onset latency proximal and distal to the cuff, i.e. CV 
(m/s) = distance (mm)/LATproxtocuff - LATdistaltocuff.

Procedure
Both tourniquets were applied in the forearm of the 

dominant arm and were kept on for 10 minutes. 
The VAS score for pain was recorded (a) immediately 

Table 1. Volunteers’ characteristics

Number 20

Age (mean ± std) 35.45 ± 10.308

Gender (male) 14 (70%)

Height (mean±std) 1.735 ± 0.087

Weight (mean±std) 80.32 ± 15.576

BMI (mean±std) 26.612 ± 4.564

R-L (Right arm) 18 (90%)

Table 2. Pain scores of both tourniquets

PT
[mean (sd)]

SRT
[mean (sd)]

P-
Value

T1 1.3 (1.2) 4.1±2.1 <0.001*

T5 3.0 (2.2) 3.8±2.4 0.135

T10 3.6 (2.7) 4.5±2.5 0.138

T1-T5 1.7 (1)
^P <0.001, COT: 130%

-0.3 (0.3)
^P =0.433, COT; (-7.3%) 0.187

T5-T10 0.6 (0.5)
^P =0.008, COT: 20%

0.7 (0.1)
^P =0.024, COT: 18.4% 0.258

T1-T10 2.3 (1.5)
^P <0.001, COT: 176%

0.4 (0.4)
^P =0.631, COT: 9.7% 0.237

^ Significance over time. COT: Change over time. * P <0.05. Statistically 
significant difference. T: Time points described in the «procedure» 
section. PT: pneumatic tourniquet. SRT: Silicone ring tourniquet
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after tourniquet application (initial pain score, T1), (b) 
5 minutes after the tourniquet application (T5), and 
(c) just before the tourniquet removal (final pain score, 
T10). Grip strength was measured prior to tourniquet 
application (T0) and 5 minutes after the removal of the 
tourniquet (T+5). 

Nerve conduction measurements were done just before the 
tourniquet application (T0), after 5 and 10 minutes (T5 and 
T10) of tourniquet application, and following the tourniquet 
removal at 5,10 and 15 minutes (T+5, T+10 and T+15). 

Statistics
Statistical Package for Social Sciences (SPSS), version 

20 was used for the analysis of data. The quantitative 
parameters were expressed as mean ± std and the 
qualitative as frequencies and percentages. At the beginning 
of our statistical analysis, we used the Kolmogorov-Smirnov 
test to evaluate the normality of each parameter. The results 
showed that all parameters followed the normal distribution. 
As a consequence, we utilized the parametric one way 
repeated measures ANOVA tests, with the assistance of post 
hoc analysis (Bonferroni correction) as well as the paired 
T-test. All tests were two-tailed and statistical significance 
was considered for values less than 0.05. 

Results
Twenty volunteers with a mean age of 35.5 years 

(range 25 to 45 years) participated in this study; their 
demographics are shown in Table 1.

Pain
Pain scores and changes over time are shown it Table 

2 and Figure 1.  In this study, the pain at the time of 
tourniquet application (T1) was higher in the SRT group 
than in PT one. One way repeated measures ANOVA 
showed significantly different pain scores between the 
two different tourniquets only at T1 (P<0.001).

The initial pain intensity during the SRT testing gradually 
subsided and increased again later, with a  statistically 
significant difference identified only between T5 and 
T10 (F=4.142, P=0.024). On the contrary, the pain score 
changes during PT testing were significantly higher at all-
time intervals, as it was shown by parametric statistics 
(from T1-T5, F=19.000, P<0.001, from T5 to T10, F=8.876, 
P=0.008, and from T1 to T10, F=21.891, P=<0.001). Two 
way mixed ANOVA have shown a statistically significant 
correlation between the type of the tourniquet and the 
change in pain scores over time (F=4.478, P=0.005), 
meaning that the changes in pain scores with PT were 
more pronounced.

Grip strength in Dominant and Non-Dominant Arm
A reduction of grip strength was observed after the 

application of both tourniquets for 10 minutes [Table 3]. 
Paired T-test showed that the difference in average values 
before tourniquet application (T0) and after tourniquet 
removal (T+5) was marginally significant for the SRT test 
(P=0.049).  As far as the values for the non-dominant arm 
is concerned, a statistically significant difference was 

Table 3. Grip strength values

T0 T+5 Change P-value

Dominant PT [mean (std)] 37.8 (9.6) 36.7 (10.1) -1.1 (0.5) [-2.96%] P =0.183

SRT [mean (std)] 39.3 (10.3) 37.0 (10.6) -2.3 (0.3) [-5.7%] P =0.049*

Non-Dominant PT [mean (std)] 35.3 (8.3) 36.0 (9.0) 0.7 (0.7) [+0.83%] P =0.405

SRT [mean (std)] 38.7 (10.2) 36.3 (9.0) -2.4 (1.2) [-3.88%] P =0.002*
T0: Time 0. Grip strength measurement before the tourniquet application.
T5: Time 5. Grip strength measurement five (5) minutes after the tourniquet removal.
* P<0.05. Statistically significant difference

Figure 1. Pain scores. Figure 2. Changes in values of latency.
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also found during the SRT test (P=0.002).
Nerve conduction studies

The application of both tourniquets resulted in an 
increase of the latency up to T10, while the removal of 
the tourniquets was followed by a decrease of the latency 
[Table 4; Figure 2]. On the other hand, the amplitude and 

MCV values decreased after the tourniquet application 
and subsequently gradually increased following its the 
removal [Table 4; Figure 3; 4].

Overall, the changes of the values for the nerve 
conduction studies were more pronounced in the PT 
test, as compared with the SRT test, particularly in MCV, 

Figure 3. Changes in values of amplitude. Figure 4. Changes in values of motor nerve conduction velocity.

Table 4. Nerve conduction studies

PT
Mean (sd)

SRT
Mean (sd)

RT versus SRT
P-value

Latency
Τ0 3.2 (0.5) 3.2 (0.5) 1.000
T5 3.3 (0.4) 3.3 (0.5) 0.670
T10 3.3 (0.4) 3.4 (0.6) 0.215
T(+5) 3.1 (0.5) 3.2 (0.5) 0.662
T(+10) 3.1 (0.5) 3.2 (0.4) 0.547

T(+15) 3.1 (0.4) 3.1 (0.5) 0.611

Amplitude
Τ0 10.2 (3.6) 10 (3.7) 0.163
T5 8.9 (2.8) 9.1 (3.6) 0.776

T10 8.3 (2.8) 8.3 (4.3) 0.816

T(+5) 9.2 (2.6) 9.9 (3) 0.347
T(+10) 9.7 (2.6) 10 (2.9) 0.829
T(+15) 9.9 (2.4) 10.5 (1.9) 0.372
Motor Nerve Conduction Velocity
Τ0 61.2 (5.4) 61.2 (5.4) 1.000
T5 54.7 (4.8) 56.7 (4.5) 0.003*
T10 49.3 (4.7) 52.6 (4) 0.000*
T(+5) 54 (4.7) 56 (4.2) 0.043*
T(+10) 56.2 (4.5) 58.1 (4.3) 0.014*
T(+15) 58.6 (4.7) 60.6 (4.7) 0.075

* <0.05. Statistically significant difference. T: Time points described in the “procedure” section. PT: pneumatic tourniquet. SRT: Silicone ring tourniquet
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where the differences were found to be statistically 
significant. Furthermore, a return to the T0 values 
(before the tourniquet application) was noticed during 
the SRT test in 4 volunteers at T+10, while in PT test only 
in 1 volunteer at T+10 and another at T+15.

Discussion
This study showed that nerve conduction was impaired 

more severely in the PT group than in the SRT group, 
according to the changes in nerve amplitude; nevertheless, 
pain scores and reduction of grip strength were higher 
in the SRT testing. To our knowledge, this is the first 
study that investigated the effect of the Silicone Ring 
Tourniquet on motor nerve conduction in comparison to 
standard Pneumatic Tourniquet in healthy volunteers. 

Pain
Tourniquet pain is related to local phenomena –

compression and ischaemia- and there is evidence that 
more central mechanisms may also be involved (18, 19).

It is not clear whether compression of the skin, muscles 
and nerves, or ischaemia play the most important role in 
the etiology of tourniquet pain (20-23).

In our study, the pain score at the time of tourniquet 
application was higher in SRT group than in PT group. 
This high initial pain level during the SRT testing 
gradually subsided and later increased slowly, while 
the change in pain scores in PT testing was higher and 
statistically significant. These findings are in accordance 
to the findings of previous studies (11).

It is likely that the initial high level of pain with the SRT 
originates locally in skin and muscle, as the narrow size of the 
silicone ring exerts pressure over a small surface area (13).

Grip strength 
The reduction of grip strength may be related to muscle 

functional changes and is due to muscle injury as well as 
to nerve conduction impairment (24, 25).

For the SRT test, the reduction of the grip strength was 
higher (marginally significant; P=0.049). It is possible 
that the initial changes caused by muscle compression 
and therefore the functional strength impairment, are 
more pronounced using the SRT, because the narrow 
silicone ring exerts the given pressure over a small area of 
the muscle. In the case of PT test these changes may take 
more time to be apparent because the given pressure is 
applied in a wider area.

The reduction of the grip strength in the contralateral 
upper limb, as was found in the previous study, has been 
attributed to changes of the sensitivity of neurons, or to very 
rapid cortical synaptic remodeling, or fast re-organisation 
of the synaptic system  due to short-term deprivation of 
sensory input by ischaemic nerve block (24, 26-28).

In our study, there was no reduction of the grip strength 
of the contralateral (non-dominant) hand in the PT test, 
while in the SRT test this reduction was significant, 
although nerve conduction was more severely impaired 
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in the PT group than in SRT one. 
It is possible that the structural and functional changes 

of the nerve may be different –at least initially- following 
the application of these two different tourniquets. If this 
is the case, the application of the SRT may result in a 
more rapid deprivation of sensory input. This hypothesis 
needs to be supported by future studies. 

Nerve conduction studies
The findings of this study suggest that the SRT 

application caused less impairment of the nerve function 
as compared with the PT. A complete recovery within 15 
minutes after the tourniquet removal was found more 
frequently in volunteers than in the PT group.

In a previously reported study, nerve conduction studies 
were performed in 20 healthy volunteers after the 
application of two different pneumatic cuffs – a narrow 
of 7 cm length and a wide one of 14 cm (6). It was found that 
the impairment of the motor nerve conduction was greater 
with the wider cuff as compared with that of the narrow 
one, despite the fact that the amount of pressure required 
for occluding the blood supply for the wider cuff was lower. 
The authors hypothesized that anoxia of the larger area of 
the nerve could be a possible causal factor for the greater 
impairment of nerve conduction with the wider 14 cm 
cuff. This hypothesis is based on the findings of previous 
studies suggesting that nerve anoxia is more important than 
mechanical deformation from compression (29, 30). 

Furthermore, according to these experimental findings it 
is not clear whether the damage occurs only to the section 
of nerve directly under and near the edges of the cuff or it 
extents more distal to it, with stretching of the paranodal 
myelin on one side of the node and invagination of the 
paranodal myelin on the other (22, 23).

According to the results of this study, the reduction of grip 
strength was higher after the SRT application; nevertheless, 
nerve conduction was impaired more severely in the PT 
group than in the SRT group, as this was shown by the 
changes in nerve conduction studies.
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