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Abstract
This research activity aims to develop new cycling gloves. A first step was focused on the definition of the functional require-
ments through user centred design methods. Since vibrations coming to the hand-arm system of a cyclist have a considerable 
effect a second step was concentrated on the analysis of hand-arm vibrations in road cycling. The paper shows results of 
laboratory tests executed for three different hand sizes, three different frequency ranges, with two different type of gloves and 
without gloves. Load conditions used for the test were determined with a former field test. Results obtained were analysed 
using Analysis of Variance (ANOVA), that showed no significant effect of existing gloves in reducing vibration transmissibil-
ity. This led to the need of new kind of cycling gloves that could reduce those vibrations and increase the cyclist’s comfort.

Keywords Bioengineering · Sport equipment · Road cycling · Vibration transmission · Cycling gloves · User centred 
design · Design of experiments

1 Introduction

Most of recreational road cyclists perform rides that could be 
longer than 100 km and this mean that they cycle for more 
than 4 h, this leads to the need of guarantee the cyclist’s 
comfort. Bicycle’s makers provide different size and shape 
of frames to best fit the customer’s body and necessities; 
moreover, advanced bike-fitting tools have been developed 
to meet the individual biomechanics. All those expedients 
are not enough to give the right comfort to cyclists, protec-
tive devices as gloves play an essential role.

Cycling gloves serve several purposes, such as vibration 
absorption, better grip on the handlebars, protection from 
atmospheric conditions and protection in case of falling.

Vibrations induced from the road profile to the handle-
bar of a road bicycle affect the hand-arm system of cyclist, 
especially in certain condition of magnitude and frequency, 
these can lead to injuries and disorders (vascular disorders, 
neurological disorders, carpal tunnel syndrome and repeti-
tive strain injuries). This is the reason why close attention to 
vibration absorption should be used when designing cycling 
gloves. Just few studies explore the effect of cycling gloves 
on vibrations transmission to the hand-arm system. Drouet 
et al. [1] studied the effect of cycling gloves and bar tape 
on vibrations transmission, this study showed a significant 
effect of bar tape in reducing the transmitted power and 
energy through the handlebar, but no significant effect of 
gloves.

The aim of this paper is to investigate the extent of 
hand-arm vibrations in road cycling, to test road cycling 
gloves and to develop innovative ones that reduce vibration 
transmission.

2  User centred design

Figure 1 shows the steps used in this work, which are all 
user centred [2].
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According to the bases of Kansei engineering [3] a 
first survey, involving recreational cyclists, was carried 
out. It is divided into three main sections, the first aims 
to define the population, the second one is focused on the 
semantic domain exploration, interviewees were asked to 
describe the ideal cycling glove with some words (Kansei 
words) and the last explores the characteristics domain 
using Kano Model [4]. Most of respondents regularly use 
cycling gloves, but all of them found vibrations coming to 
the handlebar considerable and very annoying.

3  Concept generation

Results of the third part of the survey lays the foundation 
to concept generation and gives the Functional Require-
ments (FRs) that the product should have to fulfil users’ 
needs.

Figure 2 shows the features that an optimal cycling glove 
should have, inner seams should be absent or at least hid-
den and visibility inserts for low light conditions should be 
provided. Moreover, it should reduce the vibrations com-
ing to the hand-arm system providing a padding and in the 
same time the glove should guarantee a reduced thickness, 
this leads to a conflict. In fact, padded gloves currently on 
the market use a thick layer of gel or foam and most cyclists 
found that having this thick layer makes them lose the con-
tact with the handlebar. To solve this conflict TRIZ method 
will be used.

4  Materials and methods

Since hand-arm vibrations coming from the road profile 
represent an important issue for all cyclists involved, an 
analysis of those vibrations was necessary. Moreover, 
some tests focused on the effect of cycling gloves on those 
vibrations were made [5].

A first test has been performed on the field to define 
the extent of vibrations coming to the handlebar of a road 
bicycle [6]. The second study was carried out in the labo-
ratory to quantify the transmissibility of different types of 
existing cycling gloves and to understand their effect on 
vibrations transmission.

Laboratory test consist of reproducing part of the 
acquired signal to a vibrating test machine, to submit those 
vibrations to different subjects and in different conditions 
and understand if there is a condition that has an effect 
in reducing vibrations induced to the hand-arm system. 
The test set-up (Fig. 3) comprised of a road handlebar, 
the same used for field trials, mounted to the hydraulic 
cylinder of a universal testing machine (HC 10, Zwick 
GmbH and Co. KG, Ulm, Germany), the same road bicycle 
used for field tests and a bicycle treadmill. To quantify 
the extent of vibrations coming to the handlebar and to 
the wrist, two triaxial  ICP® accelerometers (354A04, PCB 
Piezotronics Europe GmbH, Hückelhoven, Germany), one 
mounted on the subject wrist joint and the other one at the 
end of the handlebar, were used.

Design of Experiments was used, three control factors 
and three level each were defined: Frequency ranges (A: 
15–25 Hz; B: 35–45 Hz; C: 85–95 Hz); Hand circumfer-
ence (S: 18.5–20.3 cm; M: 20.3–22.2 cm L: 22.2–24 cm); 
Hand equipment (NG: no gloves; NPG: non-padded 
gloves; PG: gel-padded gloves). A complete test schedule 
of 27 trials was obtained. Six volunteer subjects (1 female 
and 5 male) joined the test, two for each hand size. Each 
test was replicated 5 times in order to be more significant 
from a statistic point of view (Fig. 4).

Resulting acceleration of the three axes of each accel-
erometer was obtained and then filtered according to ISO 

Fig. 1  User centred design scheme

Fig. 2  Gloves concept generation
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5349-1 to obtain the frequency-weighted accelerations, 
this allows to consider only the frequencies of vibra-
tions that hand-arm system is more sensitive to (from 8 
to 1000 Hz), as a matter of fact it is designed to not affect 
those frequencies and to attenuate at those ones where the 
response of the body is less sensitive.

Once obtained the RMS values for each condition and 
each subject an arithmetic mean of the five replications made 
was calculated. The output RMS value, acquired on the wrist 
joint of the subject, was divided for the input one, recorded 
at the handlebar end, and thus obtained the transmissibility 
value used to analyse the results.

5  Results and discussion

Results in terms of transmissibility are investigated performing 
three separate ANOVA [7], one for each load condition. As it 
is possible to see in Table 1, only load condition A leads to 
a p value that is under the threshold value α = 0.05, showing 
that hand equipment has a significant effect. Since the highest 
transmissibility value has been recorded with padded gloves 
this means that they had a negative effect in reducing vibration.

By analysing the cyclist’s hand in the drops position, it is 
possible to note that the padded zones of the glove do not 
cover the contact area on the handlebar, this is showed in 
Fig. 5, where the contact zone is highlighted in red. This could 
explain why padded gloves have no effect.

6  Concluding remarks and future works

Results show that existing cycling gloves have no significant 
effect in attenuating vibrations coming from the road profile 
to the hand-arm system of a cyclist. The reason could be that 

Fig. 3  Laboratory test set-up

Fig. 4  Laboratory test execution

Table 1  p value for each load condition

Load condition p value (for hand 
size)

p value (for 
hand equip-
ment)

A (d = 0.98 mm; f = 20 Hz) 0.269 0.005
B (d = 0.71 mm; f = 40 Hz) 0.326 0.767
C (d = 0.08 mm; f = 90 Hz) 0.587 0.725
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those cycling gloves are not designed to reduce vibrations 
and that the padding layout is not suitable for the position 
in the drops (Fig. 6) adopted in the test. In any case, surveys 
made show that the considered position is used from almost 
all the respondents while performing descent and vibrations 
could make the cyclist lose the contact with the handlebar 
and the brake levers with dangerous outcomes.

For these reason new cycling gloves should be designed 
paying close attention to hand-arm vibrations and their 
transmission, in order to raise the comfort and the safety of 
road cyclists.

Cyclists will be actively involved in the next design 
and prototyping phase. Design parameters will be adapted 
according to user experience and constantly monitored to 
ensure an interactive approach.
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Fig. 5  Contact zone on the padded glove used for test

Fig. 6  Scheme of positions used on the handlebar
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