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Abstract: Mountain bikers often report impaired finger sensitivity caused by mechanical vibrations 

and misalignment between the wrist and the forearm when using traditional (cylindrical) handles. 

The aim of this study was to evaluate the acute effects of ergonomic clip-on handles that allowed 

the hand to rest on the medial carpal bone, on muscular activity, vibration transmissibility between 

the cycle ergometer and body segments, and handgrip strength. Sixteen cyclists performed two 

pedalling exercises at ~200 W lasting 20 minutes on a cycle ergometer that delivered vibrations 

under the fork (vertical amplitude: 4-25 mm; frequency: 417 Hz) whilst using cylindrical handles 

and ergonomic clip-on handles with a randomized order. Compared to cylindrical handles, 

ergonomic clip-on handles decreased significantly vibration transmissibility to the extensor 

digitorum, triceps brachii and flexor carpi radialis muscles by 10, 10 and 7%, respectively. The 

surface electromyography activity of the flexor carpi radialis decreased by 45%, while that of the 

triceps brachii increased by 12% (both significantly). Unlike the cylindrical handles, the ergonomic 

clip-on handles did not involve a significant decrease in the maximal handgrip force after the 

pedalling exercise. The ergonomic clip-o handles may prevent symptoms of hand-arm vibration 

syndrome in mountain bikers and could preserve their ability to effectively maneuver and brake 

the bike. 

Keywords: mountain biking, ulnar nerve syndrome, ergonomic handle, vibrations, 

electromyography, handgrip force 

 

 

1. Introduction 

Mountain biking (MTB) is both a 

recreational activity and a competitive sport 

composed of sub-disciplines, including 

notably cross-country (XC) and downhill 

biking. XC biking involves riding on varied 

terrain, including rocky and dirt paths, 

technical single tracks, and open forest roads 

(Lee et al. 2002). Because of the irregularities of 

the ground, mountain bikers are often 

subjected to repetitive and continuous 

mechanical vibrations. These vibrations are 

mainly directed to the vertical axis, are 

characterised by low frequencies (i.e., < 50 Hz) 

(De Lorenzo and Hull 1999; Levy and Smith 

2005), and are transmitted to the body from the 

pedals, saddle and handlebar. Vibrations can 

be partly reduced by the use of suspension 

(Faiss et al. 2007; Levy and Smith 2005), low 

tyre pressure (Tarabini et al. 2015), large tyres 

(Macdermind et al. 2015), padded saddles, 

silicone grips, and bike gloves with foam or gel 

elements (Bertucci and Chiementin 2013). 

Certain body parts, particularly the arms and 

legs (Wang et Hull 1997), and soft tissues at the 

interface between the bike and the body, also 

play a role in the dampening mechanism 
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(Issurin 2005; Mester et al. 1999). Soft tissues 

vibrate in direct response to mechanical 

excitation and thus reduce the vibrational 

energy to a certain extent (Wakeling et al. 

2002). Several studies (Abercromby et al. 2007; 

Hazell et al. 2007; Issurin 2005; Mester et al. 

1999) have reported an increase in muscle 

activity during vibration exercise as a result of 

dampening, which possibly reflects an increase 

in motor unit recruitment for a given force 

produced (Mester et al. 1999).  

Mountain bikers often complain of 

tingling, numbness, impaired sensitivity 

and/or limited dexterity in the fingers and 

hands during and sometimes after riding their 

bicycle (Akuthota et al. 2005; Capitani and 

Beers 2002). They are commonly referred to the 

ulnar tunnel syndrome, which is caused by a 

chronic pressure applied to the area of the 

hand on the handlebar (Steward 1993). This 

phenomenon is more exacerbated in mountain 

bikers than in road cyclists because their 

forearms are more pronated when they grip 

cylindrical handles. Moreover, compared to 

road bikes, mountain bikes are always 

equipped with wider handlebars to improve 

handling, which can induce misalignment of 

the wrists with the forearms. Consequently, 

ulnar nerve medial compression in Guyon’s 

canal could increase, notably during long 

distance MTB rides (Capitani and Beer, 2002). 

In addition, as the distance between the two 

handles exceed shoulder width, the lateral 

muscles of both the hands and forearms can be 

more stretched and activated, which can 

enhance muscular fatigue and mechanical 

strains to tendons and ligaments of the wrist. 

Furthermore, the common use of a standing 

position during MTB downhill sections leads 

to high pressure to the hands because much of 

the body weight is supported by the upper 

limbs (Capitani and Beer, 2002).  

Change in the sensation in the fingers are 

also a characteristics of hand-arm vibration 

syndrome, which occurs in individual who 

suffer constant or repeated shocks to the base 

of the palm, such as workers who use vibrating 

tools (Radwin et al. 1987). Chronic vibration 

exposure combined with the occurrence of 

ulnar tunnel syndrome while mountain biking 

can result in reduced fingers mobility, pain in 

the hands and arms, and impaired grip force 

(Radwin et al. 1987). Hand grip force ability is 

particularly important to the context of MTB 

for braking and maneuvring the bike during 

steep downhills and technical sections of a 

track.    

Specific handlebars and handles for 

preventing symptoms of ulnar tunnel 

syndrome have been recently developped. For 

example, MTB companies have designed 

handlebars with upsweep and backsweep 

angles to raise the hands and bring them closer 

to the trunk to prevent misalignment of the 

wrist, thus limiting both ulnar nerve 

compression and medial adduction of the 

wrists. Other companies have proposed 

ergonomic handles with a larger support areas 

at the lateral side of the cylindrical handles to 

relieve hand pressure and provide maximum 

control (e.g.., Contour XC grips, Specialized; 

GP MTB Comfort Series, Ergon Bike 

Ergonomics; Grips Ergonomic GR-S22, X-

cellent Bike Components). Ergonomic clip-on 

handles (e.g. SPIRGRIPS®, Geneva, 

Switzerland) have been developed to both 

modify the position of the hands and forearms 

and to reduce the distance between the hands 

and the shoulders. They offer a second support 

area on the handlebar in addition to the 

cylindrical handles (Figure 1). These 

ergonomic clip-on handles have been 

authorised by the Union Cycliste 

Internationale to be used during MTB 

competitions. According to the manufacturer, 

these clip-on handles were designed to correct 

the position of the hands, naturally aligning 

the joints of the forearms by slightly externally 

rotating the wrist. Consequently, the hands 

rest on the medial carpal bone and the 

mechanical constraints between the scaphoid 

and the radius are decreased (Figure 2).   
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Considering the changes in the forearm-

hand configuration and support described 

above, the ergonomic clip-on handles may 

modify the muscular activity of the arms and 

the vibration transmissibility to the upper 

body. Some studies (De Ponte et al. 2015; Di 

Domizio and Keir 2010) have indeed shown 

that forearm extensor muscle activity is higher 

when the forearm is pronated than when it is 

in a neutral or supinated posture during grip 

tasks. In addition, other studies (Aldien et al. 

2005; Xu et al. 2017) have shown that handle 

size, hand-arm posture and hand forces affect 

the magnitude of vibrational energy absorbed 

by the hand-arm system.  

The aim of this study was to evaluate the 

effects of the SPIRGRIPS® handles on 

vibration transmissibility and muscular 

activity during pedalling with vibrations. We 

hypothesized that these ergonomic clip-on 

handles induce lower vibration 

transmissibility and muscle activity in both the 

forearm and arm than do traditional 

(cylindrical) handles due to differences in the 

hand and forearm configuration. We also 

supposed that the handgrip force decreases 

less after a prolonged pedalling 

exercise when SPIRGRIPS® 

handles are used compared to when 

traditional handles are used since 

they theoretically prevent ulnar 

nerve medial compression.  

2. Materials and Methods 

Participants  

Sixteen trained cyclists, 

including fourteen men (age: 26.8 ± 

9.9 years old; height: 1.79 ± 0.05 m; 

mass: 70.0 ± 5.9 kg) and two women 

(age: 27.5 ± 7.5 years old; height: 

1.69 ± 0.02 m; mass: 63.5 ± 6.5 kg), 

volunteered to participate in the 

study. All participants had at least 

three years of cycling experience, 

and they regularly performed MTB 

training and engaged in MTB 

competitions. None of the 

participants had prior experience 

with ergonomic clip-on handles, 

nor had they suffered from hand or 

finger palsy or ulnar neuropathy. 

Before the data collection began, 

they provided written informed consent after 

having been informed of the potential risks 

and benefits of the study. The study was 

approved by the University of Reims 

Champagne-Ardenne’s ethics committee of 

biomedical research and was conducted in 

accordance with the Declaration of Helsinki 

with ethical guidelines (Harris and Atkinson 

2011).  

  

Protocol  

Each cyclist performed a one-day 

laboratory test that included two pedalling 

exercises lasting 20 minutes each with (1) 

traditional handles (TH) and (2) ergonomic 

clip-on handles (EH). According to the 

manufacturer guidelines, all EH were 

positioned between the brake levers and the 

gear triggers (Figure 1). The participants self-

selected the inclination of the EH in the sagittal 

plane on the basis of their comfort. The 

inclination angles of the right and left EH, 

which were measured with respect to the 

horizontal plane with an inclinometer 

(Plurimeter, Rippstein, Switzerland), were 

Figure 1: Illustration of the inclination of the ergonomic handle with respect to 

the horizontal line (a), the hand position on the cylindrical handle (b), and the 

hand position on the ergonomic handle (c) 

Figure 2: X-ray representation of the alignment between the bone forearm and 

the hand with the use of a cylindrical handle (A), an ergonomic handle with an 

external support area (B) and an ergonomic clip-on handle (C). This figure was 

provided by the SPI 
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always positive and 

between 15° and 35° 

(Figure 1). The support 

part of the EH used in 

the current study was 

not covered with a soft 

material (i.e., silicone or 

foam). The TH were 

cylindrical in shape 

(outer diameter = 30 

mm) and covered by 

gum rubber (Ergon 

Technical GE1 EVO 

grip, Ergon Bike 

Ergonomics, Kolenz, 

Germany). The two 

experimental conditions 

were performed in a random order.  

All the cyclists used the same aluminum 

hardtail mountain bike (Big. Seven 40 White 

model, 2015, Merida, Taiwan) equipped with 

aluminum stem and handlebars. The rear 

wheel was fixed to an electromagnetically 

braked ergometer (Super Crono, Elite, 

Fontaniva, Italy) with a quick-release skewer 

(Figure 3). The pressure of the rear tyre was set 

to 2 bars and was checked before each test. In 

addition, the pressure between the ergometer 

roller and the rear tyre was standardized by 

turning the screw by 540 degrees when the 

ergometer roller was in contact with the tyre. 

The aluminum suspension fork (RockShox XC 

30, 100 mm of vertical displacement, Sram 

LLC, Chicago, USA) was attached to a 

mechanical pivot driven by an electrical motor 

(UNEL MEC, MCR components, Milano, Italy) 

coupled to a frequency converter (Rofre 897, 

Helmut Rossmanith GmbH, Uhingen, 

Germany) (Figure 3). This bespoke cycle 

ergometer allowed mechanical vibrations to be 

generated from the pivot and transmitted to 

the front fork during pedalling. As we did not 

use a rigid fork, we decided to inflate the 

suspension fork to 2 bars in order to minimize 

vibration damping between the mechanical 

pivot and the handlebar, and to block the 

suspension by closing the low-speed 

compression damping circuit. In addition, a 

belt between the fork arch and the mechanical 

pivot of the cycle-ergometer was tightened as 

much as possible to avoid small vertical 

movement. The saddle height and the saddle-

to-handlebar distance were adjusted according 

to each participant’s preference. Each cyclist 

used their own clipless pedals and cycling 

shoes.    

The two pedalling exercises were 

performed at the same crank power output 

value (200 W for men and 175 W for women), 

and they were separated by 20 minutes of 

passive recovery. The cyclists were free to 

choose their pedalling cadence, but they could 

not vary it between the two exercises. They 

were instructed to maintain the target crank 

power output (± 5 W) and pedalling cadence (± 

2 rpm) continuously throughout the two 

pedalling exercises. This was important 

because any variation in pedalling cadence 

could induce changes in crank power output, 

as the braking resistance of the ergometer was 

always constant. Moreover, they were 

required to maintain the same hand position 

on the handlebar and degree of elbow flexion 

when the vibrations were applied. Each 

pedalling exercise included two 9-minute 

periods of pedalling with fork vibrations (3 × 3 

minutes) interspersed by 2 minutes of 

pedalling without fork vibrations. Six 

vibration frequencies were applied in the same 

order (4, 14, 9, 7, 17, 12 Hz) every 3 minutes. 

Higher vibration frequencies than 20 Hz were 

not used because they were particularly 

unpleasant for the participants to grip the 

handlebar, even for short periods.  

  

 
Figure 3: Bespoke cycle ergometer used during the vibration pedalling test and three-

axis acceleration measurements. 
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Measurements  

Power output (W) and pedalling cadence 

(rpm) were measured every second by a 

wireless power meter (SRM Profesionnal 

model, Schoberer Rad Messtechnik, Fuchsend, 

Germany; crank length: 175 mm; accuracy ± 

2%) and stored by a Garmin watch worn by the 

participant (Forerunner 920 XT, Garmin Inc, 

Olathe, USA). Heart rate was measured every 

second with a cardio transmitter (Garmin 

premium heart rate monitor, Garmin Inc, 

Olathe, USA). The power meter was calibrated 

before each test according to the 

manufacturer’s guidelines.  

At the end of each three-minute pedalling 

bout with fork vibrations, the participants 

were instructed to report both their rating of 

perceived exertion (RPE) on the 6-20 Borg scale 

(Borg 1982) and their rating of perceived 

comfort (RPC) on a subjective scale from 0 

(very high discomfort) to 10 (very high 

comfort) following a methodology similar to 

that reported by Millour et al. (2020). The value 

of ‘five’ on the latter scale corresponded to a 

neutral RPC.  

Surface electromyography (EMG) activity 

of the flexor carpi radialis (FCR), extensor 

digitorum (ED), triceps brachii (TB), superior 

trapezius (ST), medial trapezius (MT) and 

erector spinae (ES) of the right upper limb was 

measured at 1926 Hz by wireless sensors 

(TrignoTM, Delsys Inc, Boston, USA), 

spaced 10 mm apart and three-axis 

accelerometers. According to the SENIAM (i.e., 

Surface Electromyography for the Non-

Invasive Assessment of Muscles project) 

recommendations, the EMG sensors were 

positioned on the middle of the muscle’s belly 

and aligned in the direction of the muscle 

fibers (Hermens et al. 2000). The skin was 

shaved, rubbed with an abrasive paste 

(Nutriprep, AD Instrument, New South Wales, 

Australia), and cleaned with an alcohol swab. 

The EMG sensors were attached to the skin 

with a double-sided adhesive interface that 

matched the contour of the sensor and were 

secured by a medical adhesive (Transpore, 3M, 

Cergy, France). The EMG signals were 

recorded with a 16-bit amplifier system 

(TrignoTM Wireless Lab System, Delsys Inc., 

Boston, USA) with a gain of 1,000 and a 

common mode rejection of 80 dB. All EMG 

signals were filtered with a band-pass filter 

(10–500 Hz) and were stored and analysed by 

a physiological data acquisition and analysis 

software (LabChart v8.1, AD Instruments, 

New South Wales, Australia). Muscular 

activity was quantified by the mean root-

mean-square of the EMG signal computed 

over each 3-minute pedalling bout 

(RMSmean). All RMS values of each muscle 

were expressed in % of the maximum RMS 

value measured during an isometric maximal 

voluntary contraction (MVC).  

Wireless three-axis accelerometers (Hikob 

Fox, Hikob Agile France, Villeurbanne, France) 

with the synchronised data-logging mode 

were used to measure hand-arm transmitted 

vibration in accordance with the EN-ISO 5349-

1 standard. The direction of the x axis was 

parallel to the horizontal plane of the bike, 

while the y axis and the z axis were 

perpendicular to the sagittal and horizontal 

planes of the bike, respectively (Figure 3). The 

accelerometers were placed on the mechanical 

pivot of the ergometer, on the top of the stem 

and on the top of the right wrist. The signals 

were sampled at 1,350 Hz with a full scale of ± 

24 g. All data were logged, later transferred to 

a computer, converted to a hierarchal data 

format file (.h5) and processed using open 

source software for numerical computation 

(Scilab version 6.0, The MathWorks Inc, 

Natick, MA, United States). The EMG sensors 

were also used to measure vibrations on the 

muscles at 150 Hz with a full scale of ± 6 g. One 

additional EMG sensor was placed on the 

ergometer pivot to determine the 

transmissibility of acceleration between the 

ergometer and each muscle. Acceleration 

signals from these sensors were recorded 

simultaneously with EMG signals and 

analysed with the same software. To quantify 

the amount of vibration the participants 

experienced, the effective amplitude of the 

total acceleration (aRMS) was calculated at the 

ergometer, the stem, the wrist and the muscles 

during each 3-minute pedalling bout from the 

square root of the sum of the RMS values 

squared for the acceleration measured along 
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each axis (aRMS,i) in accordance with the EN-

ISO 2631-1 standard:  

 

(Eq. 1) 

 

𝑎𝑅𝑀𝑆 = √𝑎𝑅𝑀𝑆,𝑋
2 + 𝑎𝑅𝑀𝑆,𝑌

2 + 𝑎𝑅𝑀𝑆,𝑍
2  

 

According to EN-ISO 5349, the RMS 

values of acceleration measured on the wrist 

and the muscles should be frequency-

weighted because the risk of damage is not 

equal for all frequencies. Frequency 

weightings are designed so that they do not 

affect the frequencies at which the body is most 

sensitive and do attenuate the frequencies at 

which the response of the body is less sensitive. 

However, to simplify data processing, 

frequency weighting filter curves of the RMS 

values for the wrist and the muscles were not 

applied because it was assumed that the 

vibratory frequency affected the effective 

value of acceleration in the same manner 

during the two pedalling exercises. In 

addition, according to Mansfield (2005), the 

human responses to vibration are similar 

between 8 and 16 Hz, which is close to the 

range of the frequency used in the current 

study (i.e., 4-17 Hz). Therefore, the idealized 

weighting curve was “flat”, and the weighting 

factor was close to 1.00. The reproducibility of 

vibrations delivered by the ergometer between 

the two experimental conditions was assessed 

by computing the coefficient of variation (CV) 

of aRMS for each vibratory frequency and for 

each participant. The CV values were then 

averaged for all the vibratory frequencies and 

all the participants.   

 While assuming that the vibration 

movement was similar to a sine curve with one 

frequency, the peak-to-peak displacement (D, 

mm) of vibration measured on each axis was 

quantified on the basis of the peak acceleration 

(apeak) and the vibratory frequency: 

 

(Eq. 2) 

 

𝑎𝑝𝑒𝑎𝑘 =
𝑎𝑅𝑀𝑆

√2
 

 

The vibration transmissibility (T, %) between 

the ergometer and the stem (Tstem/ergometer), that 

between the ergometer and the wrist 

(Twrist/ergometer) and that between the stem and 

the wrist (Tstem/wrist) were computed with the 

following equations:  

(Eq.4) 

 

𝑇𝑠𝑡𝑒𝑚/𝑒𝑟𝑔𝑜𝑚𝑒𝑡𝑒𝑟 =
𝑎𝑅𝑀𝑆,𝑠𝑡𝑒𝑚

𝑎𝑅𝑀𝑆,𝑒𝑟𝑔𝑜𝑚𝑒𝑡𝑒𝑟

× 100 

 

(Eq. 5) 

 

𝑇𝑤𝑟𝑖𝑡𝑠/𝑒𝑟𝑔𝑜𝑚𝑒𝑡𝑒𝑟 =
𝑎𝑅𝑀𝑆,𝑤𝑟𝑖𝑠𝑡

𝑎𝑅𝑀𝑆,𝑒𝑟𝑔𝑜𝑚𝑒𝑡𝑒𝑟

× 100 

 

(Eq. 6) 

 

𝑇𝑤𝑟𝑖𝑡𝑠/𝑠𝑡𝑒𝑚 =
𝑎𝑅𝑀𝑆,𝑤𝑟𝑖𝑠𝑡

𝑎𝑅𝑀𝑆,𝑠𝑡𝑒𝑚

× 100 

 

 

The vibration transmissibility between the 

ergometer and each muscle (Tmuscle/ergometer) was 

determined on the basis of the acceleration 

data measured with the EMG sensors and the 

following equation:  

(Eq. 7) 

𝑇𝑚𝑢𝑠𝑐𝑙𝑒/𝑒𝑟𝑔𝑜𝑚𝑒𝑡𝑒𝑟 =
𝑎𝑅𝑀𝑆,𝑚𝑢𝑠𝑐𝑙𝑒

𝑎𝑅𝑀𝑆,𝑒𝑟𝑔𝑜𝑚𝑒𝑡𝑒𝑟

× 100 

 

The effectiveness of the fork suspension 

blocking was checked by computing the 

vibration transmissibility loss between the 

ergometer and the stem (Tstem/ergomer_loss, %) by 

the following equation:  

(Eq. 8) 

𝑇𝑠𝑡𝑒𝑚/𝑒𝑟𝑔𝑜𝑚𝑒𝑡𝑒𝑟_𝑙𝑜𝑠𝑠 = 100% − 𝑇𝑠𝑡𝑒𝑚/𝑒𝑟𝑔𝑜𝑚𝑒𝑡𝑒𝑟 

 

(Eq. 3) 

 

𝐷 =
𝑎𝑝𝑒𝑎𝑘

(2 × 𝜋 × 𝑓)2 × 1000
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The handgrip force on the right side was 

measured with a grip force transducer (MLT 

004/ST, AD Instruments, New South Wales, 

Australia) both one minute before and one 

minute after each pedalling exercise. The force 

signal was recorded with a 24-bit amplifier 

system (PowerLab 26T, AD Instruments, New 

South Wales, Australia) at a sampling 

frequency of 1,000 Hz and was stored by 

physiological data acquisition and analysis 

software (LabChart v7.4, AD Instruments, 

New South Wales, Australia). The participants 

were instructed to grip the force transducer as 

tightly as possible over a three-second period 

in a standing position while keeping their 

upper limb aligned with their trunk. Two 

trials interspersed by a minute of passive 

recovery were performed during each 

measurement period. The maximal grip force 

(MGF) corresponded to the maximum grip 

force value between the two trials. All the 

MGF values were expressed as % of the MGF 

measured one minute before each pedalling 

exercise.  

Statistical analysis  

Statistical analysis was carried out using 

Past software (version 3.18, Øyvind Hammer, 

276 Natural History Museum, University of 

Oslo, Norway). All data presented in the text, 

tables and figures correspond to the mean 

values ± standard deviations (SDs) and 95% 

confidence intervals (95% CI) of the mean 

differences. The mean values of EMG activity, 

vibration transmissibility, RPC and RPE were 

also computed for all vibratory frequencies for 

each experimental condition. The normality of 

the data distribution and homogeneity of the 

variances were assessed using the Shapiro-

Wilk and Levene’s tests, respectively. As some 

data did not met the normality and 

homogeneity criteria, non-parametric 

Wilcoxon signed rank tests were used to assess 

the differences in power output, pedalling 

cadence, heart rate, RPE, RPC, ergometer 

vibration (RMS acceleration and D values), 

vibration transmissibility and muscular 

activity between the two handle conditions 

and the differences in MGF between before 

and after each pedalling exercise. The level of 

significance was set to be p < 0.05 for all tests. 

When significant differences were found, the 

effect size (ES) between two paired samples 

(Cohen, 1988) was calculated as the ratio of the 

mean to the SD in the differences of scores 

between EH and TH. As suggested by Cohen 

(1988), we defined effects as small (ES < 0.2), 

medium (0.2 < ES < 0.8) and large (ES > 0.8). We 

considered that a large effect corresponded to 

substantial changes (Cohen, 1988). 

 

3. Results 

Characteristics of ergometer vibration  

The average RMS value of the total 

acceleration measured at the pivot ergometer 

for all the vibratory frequencies was 22.8 ± 12.5 

m/s² [range: 10.3-55.2 m/s²] for TH and 24.2 ± 

14.5 m/s² [range: 10.3-55.8 m/s²] for EH. 

Independent of the handle condition, the RMS 

value of the total acceleration increased with 

the vibratory frequency. The reproducibility of 

the RMS value between the two pedalling 

exercises was higher for the Z axis (CV = 0.2%) 

than for the X axis (CV = 10.5%) and the Y axis 

(CV = 5.9%). The CV of the RMS value of the 

total acceleration was 5.6%. The average of the 

vibration peak-to-peak displacement (D) 

measured at the pivot ergometer for all the 

vibratory frequencies was 2.3 ± 1.0 mm [range 

1.7-4.2 mm] for TH and 2.6 ± 1.0 mm [range: 

1.8-4.3 mm] for EH on the X axis, 1.6 ± 1.0 mm 

[range: 0.5-2.7 mm] for TH and 1.8 ± 1.1 mm 

[range: 0.9-3.4 mm] for EH on the Y axis, and 

8.6 ± 6.4 mm [range: 4.324.6 mm] for TH and 

8.8 ± 6.5 mm [range: 4.1-24.4 mm] for EH on the 

Z axis. The peak-to-peak displacement 

measured on the Z axis decreased as the 

vibratory frequency increased, while the D 

values measured on the X and Y axes varied 

around their mean values with no clear trend.  

 Cycling, physiological and subjective 

responses  

No significant differences in power 

output (195 ± 15 W vs. 195 ± 16 W), pedalling 

cadence (80 ± 7 rpm vs. 80 ± 8 rpm), heart rate 

(111 ± 12 bpm vs. 112 ± 10 bpm), RPE (11.1 ± 1.0 

vs. 11.3 ± 1.1) and RPC (4.4 ± 1.6 vs. 4.0 ± 1.5) 
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were found between the two pedalling 

exercises performed with the TH and EH, 

respectively.  

 Handgrip force  

Figure 4 shows the MGF values measured 

before and after each pedalling exercise. 

Compared to the pre-exercise value, the post-

exercise MGF value significantly decreased 

with the TH by 7.2 ± 7.2% (p = 0.007; ES = 1.01; 

95% CI: 4.0, 11.3%) but not with the EH.  

Vibration transmissibility  

Figure 5 shows the vibration 

transmissibility of the total acceleration 

computed for all vibratory frequencies 

between the ergometer and the stem, between 

the stem and the wrist, and between the 

ergometer and the wrist, computed for all the 

vibratory frequencies and for each handle 

type. No significant differences in vibration 

transmissibility between the ergometer and the 

stem were found between the two handles, 

regardless of the vibratory frequency. 

Vibration loss between the ergometer and the 

stem was 3.0 ± 4.7% for the two handles and for 

all participants and vibratory frequencies. 

Compared to the TH, the EH involved for all 

vibratory frequencies a small increase in 

vibration transmissibility by 7.5 ± 17.3% 

between the stem and the wrist and by 6.5 ± 

14.2% between the ergometer and the wrist, 

but these differences were not significant. 

However, the statistical analysis performed for 

each vibratory frequency showed that the EH 

induced a significant increase in vibration 

transmissibility between the stem and the 

wrist by 28.8 ± 42.0% (p = 0.046; ES = 0.69; 95% 

CI: 6.0, 51.6%) and between the ergometer and 

the wrist by 25.6 ± 32.3% (p = 0.025; ES = 0.79; 

95% CI: 8.1, 43.2%) at 17 Hz. No significant 

difference between the two handles were 

found in the vibration transmissibility between 

the stem and the wrist and between the 

ergometer and the wrist for the 5 others 

vibration frequencies.  

Figure 6 shows the vibration 

transmissibility of total acceleration between 

the ergometer and each upper body muscle, 

computed for all the vibratory frequencies and 

for each handle type. The transmissibility of 

total acceleration was always less than 70%, 

regardless of the muscle and handle type. 

Compared to the TH, the EH enhanced a lower 

vibration transmissibility in the ED (-10.4 ± 

9.1%; p = 0.002; ES = -1.14, 95% CI: -14.8, -5.9%), 

FCR (10.0 ± 10.9%; p = 0.003; ES = -0.93, 95% CI: 

-15.7, -4.7%) and TB (-7.2 ± 10.4%; p = 0.02; ES = 

-0.69; 95% CI: -12.3, -2.1%). The difference 

between the two handles was significant for 

the ED at 7, 9, 12 and 14 Hz, with moderate to 

large effect sizes; for FCR at all frequencies 

except at 17 Hz, with moderate to large effect 

sizes; and for TB at 7, 9 and 12 Hz, with 

moderate to large effect sizes (Table 1). No 

significant differences between the two 

handles were found in the vibration 

transmissibility between the ergometer and the 

MT, ST or ES muscles (Figure 6).  

 

 
Figure 4. Maximal handgrip force (MGF) measured 1 minute 

after the pedalling exercise performed with the traditional 

handles (TH) and the ergonomic handles (EH) expressed as % 

of MGF value measured 1 minute before the pedalling exercise. 

The star symbol indicates a significant difference between the 

two handle types: *: p < 0.05 

 

 
Figure 5. Mean values of vibration transmissibility between 

the ergometer and the stem, between the stem and the wrist, 

and between the ergometer and the wrist, measured with the 

traditional handles (TH) and ergonomic handles (EH) for all 

vibratory frequencies 
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 Muscular activity  

Figure 7 shows the average RMS value for 

all the vibratory frequencies for each upper 

body muscle and for each handle type. FCR 

activity decreased with the EH (-45.0 ± 22.8%; 

p = 0.008; ES = 1.97; 95% CI: -59.2, -30.9%), 

while TB activity increased with the EH (+11.5 

± 22.4%, p = 0.033; ES = 0.51; 95% CI: -1.7, 

24.7%). The difference between the two handle 

types was significant at each vibratory 

frequency for FCR, with moderate to large 

effect sizes, but was significant for TB only at 9 

and 17 Hz, with moderate to large effect sizes 

(Table 2). No significant differences in ED, MT, 

ST or ES muscle activity were found between 

the two handles.   

 

 

 

 

 
Figure 6: Mean values of vibration transmissibility between the 

ergometer and each upper body muscle measured with the traditional 

handles (TH) and ergonomic handles (EH) for all vibratory 

frequencies. ED: extensor digitorum; FCR: flexor carpi radialis; TB: 

triceps brachial; MT: median trapezius, ST: superior trapezius; ES: 

erector spinae. The star symbol indicates a significant difference 

between the two handle types: *: p < 0.05; **: p < 0.01; ***: p < 0.001. 

 

 
Figure 7. Muscular activity of each upper body muscle measured 

with the traditional handles (TH) and ergonomic handles (EH) for all 

vibratory frequencies. ED: extensor digitorum; FCR: flexor carpi 

radialis; TB: triceps brachii; MT: median trapezius, ST: superior 

trapezius; ES: erector spinae. All RMS mean values are normalized 

to the MVC values. The star symbol indicates a significant difference 

between the two handle types: *: p < 0.05; ***: p < 0.001.  
 

 

Table 1. Transmissibility of total acceleration (expressed in %) 

between the ergometer and the extensor digitorum, flexor carpi 

radialis, triceps brachii and median trapezius muscles measured 

with the traditional handles (TH) and ergonomic handles (EH) and 

ergonomic handles (EH) for each vibratory frequency. ES: effect 

size 

Vibratory 

frequenc

y (Hz) 

 TH  EH  p value  ES  

Extensor Digitorum  

4  40.2 ± 3.6 40.0± 3.6 0.350 0.33 

7  56.8± 6.9 54.3± 7.1 0.006 0.76 

9 
 

63.3 ± 7.6  57.1 ± 6.5 < 0.001 1.40 

12 
 

77.1 ± 17.9  62.4 ± 10.9 0.002 1.20 

14 
 

73.6 ± 12.4  62.6 ± 11.9 0.006 0.84 

17   58.3 ± 11.6 52.4 ± 13.0 0.097 0.31 

Flexor Carpi Radialis  

4 
 

43.5 ± 4.0 41.4 ± 3.6  < 0.001 1.62 

7 
 

62.5 ± 8.2 58.4 ± 5.7 0.004 0.94 

9 
 

73.1 ± 10.5 63.6 ± 7.0 0.002 1.32 

12 
 

85.6 ± 13.2 67.9 ± 8.6 0.002 1.21 

14 
 

79.8 ± 11.4 71.6 ± 11.2 0.055 0.54 

17 
 

68.6 ± 13.9 64.9 ± 13.5 0.530 0.06 

Triceps Brachii  

4 
 

39.0 ± 4.3 39.2 ± 3.5 0.400 0.23 

7 
 

60.9 ± 12.1 54.3 ± 8.2 0.004 0.96 

9 
 

75.3 ± 12.7 62.6 ± 12.8  < 0.001 1.66 

12 
 

71.4 ± 15.9 63.1 ± 15.0 0.009 0.77 

14 
 

48.8 ± 11.4 49.0 ± 12.5 0.910 0.06 

17   31.8 ± 6.4 34.8 ± 7.4 0.087 0.45 
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4. Discussion 

Compared to TH, (a) EH induced lower 

levels of vibration transmissibility in the 

forearm extensors and flexors and in the elbow 

extensor muscles for all the vibratory 

frequencies but increased vibration 

transmissibility to the wrist (only at 17 Hz); (b) 

the muscular activity in the forearm flexors 

significantly decreased while the elbow 

extensor activity slightly increased; and (c) the 

EH did not involve a significant reduction in 

the maximal handgrip force after the pedalling 

exercise.  

The participants were asked to perform 

the two pedalling exercises at the same 

absolute power output (175 W for women and 

200 W for men) and at the same self-selected 

pedalling cadence. The participants were able 

to exert similar levels of effort, as evidenced by 

the nonsignificant differences between the two 

pedalling exercises in terms of power output, 

pedalling cadence, heart rate, and RPE. In view 

of these results and the same vibration stimuli 

between the two pedalling exercises (i.e., the 

RMS value of total acceleration reported above 

are very similar), differences in maximal grip 

force, vibration transmissibility and muscular 

activity were likely to be the result of the 

changes in the handle shape and in the hand-

forearm position. Moreover, as we found no 

significant difference in vibration loss from the 

ergometer to the stem between the two 

experimental conditions, we cannot attribute 

the aforementioned differences to changes in 

damping at the front fork.  

The first hypothesis of the current study 

was that EH induced both smaller vibrations 

and lower levels of muscle activity in the 

forearm and arm than did TH, due to changes 

in the cyclists’ hand position and forearm-arm 

configuration. It seems to be supported 

because muscle vibration dampening is higher 

with EH than with TH. There were significant 

reductions in the vibration transmissibility of 

the total vibration to the wrist extensor (ED), 

wrist flexor (FCR), and elbow extensor (TB) 

muscles. The magnitude of decrease in 

vibration transmissibility was two to three 

times higher in the TB (-21%) and in the FCR (-

30%) than in the ED (-9%). The lack of 

significant changes in the other muscles (i.e., 

medial trapezius, superior trapezius and 

erector spinae) may be because the orientation 

of the trunk did not change when the EH were 

used instead of the TH. However, the first 

hypothesis is partly supported because we did 

not find any change in vibration 

transmissibility to the wrist. Moreover, as 

shown in Figure 7, the transmissibility of the 

total vibration between the ergometer and the 

wrist and between the stem and the wrist were 

slightly higher in the EH than in the TH at 17 

Hz. This effect could to be due to the change in 

the hand position on the handlebar with the 

EH because they are closer to the vertical axis 

of the fork than are the TH. The increase in 

vibration transmissibility to the wrist with the 

EH might lead to an increased risk of damage 

on joint and ligaments. Consequently, future 

studies should evaluate the long-term effects 

of the use of EH on the health of cyclists. 

Concerning muscular activity, compared 

to the TH, the EH led to a larger reduction 

(45%) in the EMG activity of the wrist flexor 

Table 2. Table 2. Muscular activity of flexor carpi radialis 

and triceps brachii (RMS value expressed in % MVC) 

measured with the traditional handles (TH) and ergonomic 

handles (EH) for each vibratory frequency. ES: effect size 

Vibratory 

frequency (Hz) 
 TH  EH  p value  ES  

Flexor Carpi Radialis  

4  2.3 ± 2.1 1.2 ± 1.0 0.047 0.94 

7  2.1 ± 1.0 1.0 ± 0.5 0.005 2.03 

9  2.6 ± 1.2 1.1 ± 0.6 0.007 2.28 

12  4.8 ± 1.6 2.9 ± 1.3 0.015 0.98 

14  3.9 ± 1.5 1.9 ± 1.0 0.017 0.95 

17  3.6 ± 1.9 2.1 ± 0.9 0.028 0.50 

Triceps Brachii  

4  3.4 ± 1.6 3.2 ± 1.6 0.476 0.28 

7  3.9 ± 1.8 4.1 ± 1.8 0.185 0.22 

9  4.2 ± 1.8 6.5 ± 3.1 0.007 1.05 

12  4.6 ± 2.2 4.5 ± 2.0 0.721 0.07 

14  5.3 ± 2.2 6.1 ± 2.7 0.062 0.061 

17   5.0 ± 2.2 5.6 ± 2.6 0.018 0.55 
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muscles (FCR) (Figure 9). This change was 

observed for all the vibratory frequencies, with 

substantial effect sizes. With the EH, the hands 

were simply resting on the medial carpus 

bone, and a large grip force was not required 

when the cyclists were pedalling with 

vibrations. Thus, the wrist flexor muscles were 

less active with the EH than with the TH. 

However, our first hypothesis was again partly 

confirmed, as the ergonomic handles slightly 

increased the EMG activity of TB (+12%) for all 

vibratory frequencies, notably at 9 and 17 Hz. 

The increase in elbow extensor activity may 

have been caused by the cyclists’ arms being 

more outstretched with the EH than with the 

TH. Even though it was not measured, elbow 

extension could have slightly increased 

because of the changes in the hand position. 

The EMG activity of the other muscles (i.e., ED, 

MT, ST and ES) did not significantly change 

with the EH compared with the TH. To our 

knowledge, only two studies (Arpinar-Asvar 

et al. 2013; Hurst et al. 2012) have reported the 

EMG activity of upper body muscles while 

participants pedalled with vibrations. Arpinar-

Asvar et al. (2013)  measured the EMG activity 

of the FCR and ED muscles while participants 

cycled on different road surfaces (i.e., smooth 

road, concrete stone pavement and rough 

road) using road and mountain bikes. The 

authors found larger EMG values for the FCR 

(12.5-27.1% of MVC) and ED (14.7-49.1% of 

MVC) muscles during the MTB experimental 

conditions than we did in the current study (< 

5% of MVC). These differences may have been 

due to differences in (i) the method used for 

obtaining the reference value for the EMG 

normalization (i.e., MVC gripping tasks vs. 

classical MVC), (ii) the effort required for the 

task by the participants (i.e., cycling outdoors 

without pedalling but controlling the 

handlebars vs pedalling indoors without bike 

handling), and (iii) the range of the effective 

value of the vibrations (i.e., 1.5-9.7 m/s2 vs. 

10.4-50.0 m/s2). Hurst et al. (2012) compared 

the muscle activity of the upper body in elite 

cross-country and downhill mountain bikers 

during off-road downhill cycling. As did 

Arpinar-Avsar et al. (2013), the authors 

reported higher normalized EMG activity in 

the TB, which always exceeded 20% of CMV, 

than we did in the current study (~5%). More 

work was done by the upper body muscles in 

their study than in the current study with 

regard to piloting the bike, supporting the 

body weight, and absorbing large vibrations 

and shocks in the field.  

Our second hypothesis is supported since 

the handgrip force measured immediately 

after the pedalling exercise with the EH was 

significantly unchanged while it was 

decreased approximately by 5 % after the 

pedalling exercise with the EH. Although the 

underlying physiological mechanisms remain 

unclear, the decrease in handgrip force may be 

related to ulnar tunnel syndrome (Akuthota et 

al. 2005), which is caused by misalignment of 

the hand and forearm while using cylindrical 

handles. Unlike the TH, the EH allowed the 

maximal handgrip force values to be 

maintained after the pedalling exercise. This 

result could indicate that EH compress nerves 

less than TH do. It is likely that this positive 

and beneficial effect is related to the decrease 

in EMG activity in the FCR muscle. The motor 

units of the wrist flexor muscles were probably 

less active at the end of the pedalling exercise 

performed with the EH than at the end of the 

exercise performed with the TH. Therefore, the 

central nervous system could increase the 

firing rate and recruit additional motor units to 

produce a similar maximal handgrip force 

after the pedalling exercise compared with 

before the exercise.  

The present study has four limits that 

must to be considered. Firstly, the nature of the 

vibrations produced by the ergometer (i.e., 

sine curves with one vibratory frequency) did 

not exactly mimic the actual vibrations 

incurred during mountain biking because both 

the amplitude and the frequency vary 

continuously in the field and depend on the 

roughness of the terrain and the obstacles 

(Hurst et al. 2012; Macdermid et al. 2014). 

Therefore, the results may have differed if this 

study was conducted under field conditions. 

However, the vibration characteristics during 

the current study were controlled, which could 

not have been possible if the study was 

conducted under field conditions. In addition, 

the range of vibratory frequencies studied (4-
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17 Hz) is very close to the range of maximum 

vibratory frequency (7-12 Hz) measured at the 

handlebar during uphill and downhill sections 

of an XC track performed at race pace-level 

effort (Macdermid et al. 2014). The second limit 

is that the human response to vibration with 

the EH may have been different if the 

measurements were performed with a 

suspension fork inflated with opening of low-

speed compression damping circuit (as 

recommended by the fork manufacturer 

guidelines). In this case, vibration damping 

would be much more important, and thus, the 

effect of EH could perhaps be reduced. The 

third limit is that vibration transmissibility 

between the ergometer and muscles could be 

underestimated because the accelerometers 

were placed on soft tissue which could damp 

vibrations, instead of hard tissue (i.e. bones) as 

it is generally preconised (EN-ISO 5349-1 

standard). However, since the sensor locations 

were not changed between the two handles 

condition, we can suppose that this factor had 

same influence on the accelerometry data 

while the two pedalling exercises. The four 

limitation is that we assessed only the acute 

effect of EH on the human response to 

vibrations, and we compared it only to that of 

TH. Thus, it might be possible that changes in 

some variables would be different if the 

participants use the EH for several weeks or 

months. It would be also interesting to 

compare the effect of EH to the ergonomic 

cylindrical handles that offer a large support 

on the lateral side.  

5. Practical Applications.  

The present findings showed that 

SPIRGRIPS® handles decreased both the 

vibration transmissibility and the muscular 

activity in the forearm muscles during a 

pedalling exercise with vibrations when 

compared to traditional cylindrical handles. 

Moreover, unlike the traditional cylindrical 

handles, the ergonomic clip on handles did not 

lead to a significant reduction in the maximal 

handgrip force after the pedalling exercise. 

Considering these results, the use of 

SPIRGRIPS@ could potentially reduce the 

symptoms of ulnar tunnel syndrome and 

hand-arm vibration syndrome in mountain 

bikers, but this hypothesis should be tested by 

future clinical studies. In addition, it would be 

also interesting to study in the future the 

influence of other ergonomic clip on handles 

(e.g. SQlab Innerbarends®) or shock absorber 

handlebars (e.g. BARAMIND ® MTB 

handlebar) on the vibration transmissibility 

and muscular activity in order, on the one 

hand, to corroborate the results found in this 

present study and, on the other hand, to 

compare their effectiveness on damping 

vibrations to that of SPIRGRIPS®.   

Even though we did not investigate the 

potential influence of the ergonomic clip-on 

handles on MTB performance, using them 

instead of the TH during the easier sections of 

a track (nontechnical trails) could enable 

mountain bikers to reduce the fatigue of 

forearm muscle, and thus, preserve their 

handgrip strength for effective braking during 

steep downhill trails. While it is possible for 

cyclists to brake when their hands are on the 

EH, their braking ability could be influenced 

by the EH because the fingers operate on the 

brake levers in a different way. Future studies 

should evaluate the effect of EH on MTB 

performance and their influence on braking 

ability. 
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