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Purpose: Myofascial stiffness is the biomechanical property that can be considered as a modifiable risk factor injury of athletes.
Moreover, the level of muscle stiffness can be crucial to assessment muscle adaptation to exercise. However, stiffness of flexor muscles
in rock climbers has never been investigated. The purpose of this study was to evaluate the myofascial stiffness of the flexor digitorum
superficialis (FDS) in the rock climbers. Methods: The group of rock climbers (n = 16) has been compared to the non-climbers group
(n = 16), matched in terms of anthropometric measures and an average level of physical fitness. Moreover, the impact of the one-time
rock climbing training on FDS stiffness was assessed in the rock climbers group. The measurement of myotonometric myofascial stiff-
ness of FDS muscles was performed, when the elbow was flexed and fully extended. In both positions, the measurements were taken
with the hand open and closed. Results: It has been shown that rock climber’s FDS muscle stiffness before training was significantly
higher (from 15 to 20%) compared to non-climbers group. Moreover, after climbing myofascial stiffness of FDS muscles increased
significantly from 25 to 40%. Conclusions: Rock climbers have significantly higher stiffness of FDS muscles after rock climbing training.
Moreover, the increased stiffness in the FDS differentiates rock climbers from the active and healthy control group. Results may indicate
that decrease of muscle stiffness of FDS can be an important factor for the improvement of the climbing effectiveness and prevention of

overload in the forearm flexor muscles and their recovery.
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1. Introduction

Rock climbing is a sport increasingly popular
worldwide as a recreational activity and a competitive
sport. It is also a form of activity that comprehensively
involves the entire muscular system. However, the
sport of rock climbing has a spectrum of injuries asso-
ciated with the various risk. Except for the typical di-
rect injury to climbers from falls and rockfalls [1], most
of all injuries sustained are associated with overloads in
the tendons and muscles. This phenomenon is often
connected with insufficient level of physical abilities
and with frequently repeated motor activities during

rock climbing [21], [25], both among amateurs [46] and
professionals [36]. Many injury risk factors were de-
termined. The most important ones seem to be age [42],
[44], body mass index (BMI) [39], the rock climbing
intensity over a climber’s career and more specific as
the warm-up quality, middle finger strength or eccen-
tric muscle work used during climbing [2], [46]. Inju-
ries occur the most often (21-36%) in the area of mus-
cle-tendon units placed in the hand and fingers [39],
[42]. Most of them are located in the tendon and pulley
tendon. Less often injuries are associated with a dys-
function of muscles and joints. Closed rupture of the
digital flexor tendon pulleys may lead to a significant
reduction in sport specific abilities [2], [23], [39], [42].
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High muscle involvement in the forearm area is
expressed in changes in the structure of muscle mor-
phology. During climbing, the force level is higher
than the theoretical capacities of forearm muscles.
Therefore, to produce such high intensities, rock climb-
ers probably have to increase their muscle capacities
compared to non-climber populations [8], [48]. The
biomechanical studies proved that rock climbing gen-
erates large forces on the tendons of flexor digitorum
superficialis (FDS) and flexor digitorum profundus
(FDP) and the associated interphalangeal joints [41].
Moreover, an electromyographic study indicated FDS
highest activity during speed climbing and highlighted
the main role of both flexors digitorum during climb-
ing [3], [12].

The importance of cooperation and co-activation
of FDS and FDP muscles during the specific grips
used in climbing (i.e., “crimp” or “slope”) were also
emphasized [5], [41], [47]. What is particularly im-
portant, climbing can also lead to muscle balance dis-
orders between flexors and extensors of the forearm
[48]. Thus, the reports of injuries in rock climbers
raise questions regarding the possible prevention of
flexor digitorum disorders [5], [23]. The reason is that
changes located in these muscles, can result in about
5-20% of all injuries resulting from overloads in the
wrist and forearm region [25], [37]. FDS due to its
function and location is one of the most important
muscles of which overloads can directly contribute to
injury finger tendon or such dysfunctions like carpal
tunnel syndrome or golfer’s elbow [33].

The studies report that level of muscle stiffness
may be associated with worse muscle condition and
increased muscle stiffness may be directly associated
with exercise-induced muscle damage [15], [22]. It has
been proven that, in assessment risk injuries of muscle,
tendon and fascia or in improving the performance of
athletes, it may be important to make a myotometric
examination of muscle stiffness which is relatively
easy, determinable and characterized by high repeat-
ability and reliability [18], [24]. However, to best of
our knowledge, the assessment of muscle stiffness in
rock climbers has not been performed so far.

Nevertheless, studies of other groups of athletes
reported that changes in stiffness level can be consid-
ered as a modifiable risk factor for injury for track
cyclist and netballers [18], [34]. Another study has
confirmed that muscle stiffness corresponded well to
mediators and markers of the inflammation process in
the muscles which appeared after intense exercises
[13]. Recent studies have confirmed also, that stiff-
ness measurement can be crucial in determining the
recovery and health status of the muscles after running

and jumping [20], [40]. Moreover, it was emphasized
that the level of muscle stiffness can be crucial to as-
sessment muscle adaptation to exercise [18]. Simulta-
neously, the optimization of muscle stiffness asymme-
try can lead to better sports results in reducing the
effect of muscle fatigue in volleyball players [31].

The muscle stiffness research confirms that it could
play also a significant role in the muscles and tendon
injuries in the upper limb area. For example, the stiff-
ness seems to be an important predictor in the future
prevention of overhead-athletes disorders. In the re-
cent study, it has been proven that the stiffness muscle
predictor had an impact on the development of tendon
injuries in the shoulder area and at the same time it
was an important predictive indicator in the preven-
tion of injuries [17].

In accordance with scientific knowledge, rock climb-
ers need significant upper limb capacity in general and
forearm flexors in particular [26]. The stiffness of
muscles showed good correlations with the variation
in grip strength. In their study, Zhou et al. [49] found
that grip strength decreases when the stiffness of the
forearm muscles increased, which may be crucial for
better adaptation for climbing activity. Moreover, it is
likely that higher muscle stiffness may limit the static
flexibility in the flexor and appropriate function of the
forearm extensors [31], [45], [48].

Regular excessive loads of FDS during climbing
can lead to severe and most common overload injuries
in the forearm and hand area. Intense exertions causes
an increase in muscle stiffness which may last from 2
to even 4 days [13], [20]. Therefore, the study of FDS
stiffness may be important for the improvement of the
climbing effectiveness and prevention of frequent
injuries in this form of activity.

The purpose of this pilot study was to evaluate the
stiffness of FDS muscle, which is easily accessible and
strongly involved during rock climbing. As in other
sport disciplines, we had expected that muscle stiffness
would be increased, especially in muscle most in-
volved during climbing. It was assumed that FDS
stiffness increases significantly after a single workout,
irrespective of FDS attachments were close or dis-
tance to each other.

Secondly, muscle stiffness has been shown to in-
crease as a result of eccentric or isometric efforts [13],
[16] which are typical for climbing activity [8], [10].
Thus, we had anticipated that in various position of
FDS at rest, the stiffness may be significantly higher
in comparison with the matched control group in terms
of anthropometric characteristics. We had proven that
even though volunteers from the control group regu-
larly participate in various form of physical activity
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and simultaneously both study groups perform exer-
cises that comprehensively involve the whole muscular
system, climbing activities are particularly demanding
for the forearm muscles. Therefore, we hypothesized
the average values of the stiffness of the FDS muscle
at rest could be higher in the group of climbers in
comparison to an active control group, even before
participation in a typical training for both groups.

2. Materials and methods

Participants

The study included 16 volunteers, regularly prac-
ticing climbing (RG — rock climbers group; 11 males
and 5 females) The average self-reported climbing
ability was 11-12, according to IRCRA Reporting
Scale [3]. 16 non-climbers (non-climbers group — NG)
were matched in terms of a gender, age, body weight,
BMI, the time and frequency of physical activity.
Both analyzed groups were limited to the age criteria
(higher than 20 and lower than 35 years old), BMI
(higher than 18 and lower than 28), the sum of time
spent on physical activity >360 min (4 training
units, per 1.5 hours) and <720 min (8 training units,
per 1.5 hours). The training of the NG-group had con-
sisted of various group activities. The training par-
ticularly had focused on aerobic, calisthenic exercises
with the functional pattern of the move for muscles
of the whole body. The target heart rate zone of this
training was, on average, between 60 and 80% of Heart
Rate Reserve. The exclusion criteria was injury and
surgery related to forearm and wrist, pain occurrence
in the forearm and wrist area within 3 months before
the examination. Before data collection, all subjects
were asked to read and sign the informed consent. The
study was approved by the local ethics committee and
conducted in accordance with the Declaration of Hel-
sinki.

Design and procedures

After collecting anthropometric measures, the meas-
urements of myofascial tissue stiffness of FDS mus-
cles were done using the MyotonPro® device (Myoton
AS, Tallinn, Estonia). The tests for both study groups
were conducted with a subject being in a sitting posi-
tion on a chair with adjustable armrests. The subjects
were asked to adopt a comfortable sitting position,
typical for everyday activities, and relax for a 3 min-
utes. The chair height was set towards the entire sole
of the foot can rest on the floor and knees and hips

was flexed up to 90 degrees. The lumbar and thoracic

spine was in neutral and supported on the backrest.

The rock climbers were examined at rest before and

directly after climbing session, whereas participant

form control group were examined once, before their
training.

The participants were informed about the details of
the procedure, which have proceeded according to the
following scheme:

1. The participants were informed that the measure-
ment of myofascial tissue stiffness of FDS muscles
would only be taken during static, with fully re-
laxed muscles, at first while the upper limb was
placed on the armrest with the elbow flexed up to
60 degrees, 10 degree of supination (resting posi-
tion w elbow joint) and 30 degree of the flexion in
the shoulder, what was controlled with manual go-
niometer as in starting position. Individually for
every participant, the properly adjusted level of the
armrests has been chosen, i.e., the both shoulders
were at the same level, in neutral and relaxed po-
sition;

2. The second measurement were made, without
armrests, with the elbow extended to neutral posi-
tion, i.e., without any contraction of elbow exten-
sors muscles;

3. In both positions, the measurements were taken
with the hand open and closed;

In summary, the measurent of FDS stifness had the
followed order:

Elbow in flexion (Ef) — fingers flexed (Ff),

Elbow in flexion (Ef) — fingers extended (Fe),

Elbow in extension (Ee) — fingers flexed(Ff),

Elbow in extension (Ee) — fingers extended (Fe);

The measurements were performed first on the right

forearm, and then on the left forearm.

MyotonPro measurement point on the FDS mus-

cles (Fig. 1): in order to obtain the same test standard

and procedure, as well as the same point of measure,
the FDS muscles were examined in 1/3 distance from
the elbow on the line between the medial epicondyle
of the humerus and the central point marked by the
medical skin marker, on the line connecting the radial
and ulnar styloid processes which corresponds to lo-
cation of trigger point (i.e., hyperirritable spots which
are associated with palpable nodules in taut bands of
muscle fibers) of FDS muscle. Correct placement of
the Myoton in the FDS muscles belly, on every posi-
tion of the forearm, was checked by instructing the
subject to: flex metacarpal joint and the proximal in-
terphalangeal (PIP) joint up to 90 degrees, flex the
wrist up to 10 degrees simultaneously keeping the
distal interphalangeal joint (DIP) extended, and then

.-lk. e o o
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provide muscle tension with by increased pressure of
IIT and IV finger. When this particular position could
not be fixed, the subject had been conducted to at-
tempt movement against the resistance in IV finger. At
the same time the rest of fingers should remain ex-
tended [24], [31]. Measurements of mechanical muscle
parameters were performed once, by the same investi-
gator. The evaluation and measurements took place in
the same sport center for both study group, in a sepa-
rate bright rooms (temp. 18-22 °C), at the beginning
of the week, before the training in both study group,
and after 90 min. climbing training in RG group.

Data analysis

The measuring process of the FDS stiffness con-
sists of the following parts:

1. Each time, the probe (3 mm diameter) of the de-
vice was placed perpendicular to the surface of the
skin with constant preload (0.18 N). Constant pre-
pressure was applied to the skin surface above the
FDS muscle belly, thereby slightly compressing
the subcutaneous superficial tissues;

2. A light, the quick-released mechanical impulse
was exerted by the Myoton at the constant me-
chanical force on the FDS muscle belly located
under the subcutaneous compressed tissues;

3. FDS was responded to the exterior mechanical
impulse by a damped natural oscillation. The coos-
cillation of the FDS, as well as compressed sub-
cutaneous superficial tissues above it and probe,
were recorded by an accelerometer in the form of
an acceleration graph;

4. Numerical values showing the stiffness of the FDS
were then calculated on the basis of the processed
oscillation signal.

Dependent variables

Muscle stiffness [N/m], therefore, was expressed
as resistance of tissue to an external mechanical im-
pulse. According to recommendation, the myofascial
tissue oscillations were evoked with 10 brief (15 ms)
mechanical impulses at a 0.4 N force and frequency of
1 Hz [28]. The dynamic myofascial stiffness [N/m]
has been calculated according to the following manu-
facturer’s formula [17]:

S = almax

where: S — the dynamic stiffness; @jm.x — the maxi-
mum acceleration where the equilibrium between the
impulse force and tissue resistance is achieved (the
point in time where the maximum tissue displacement,

Myope — mass of the probe (preload 0.018 kg),
Al — the maximum tissue displacement amplitude
(calculated automatically based on the mathematical
algorithms created by the manufacturer of the appa-
ratus) [19], [32].

Statistical analyses

To assess distribution of the data, the Shapiro—
Wilk test was performed. Values of the analyzed pa-
rameters obtained in successive measurements were
averaged for each side of the body and then averaged
for the both sides. Student’s z-test for normal data
distribution or nonparametric Mann—Whitney U-test
was used for statistical comparison of the calculated
parameters between the groups. Effect size (Cohen’s d)
was used to indicate the standardized difference be-
tween the means of the compared parameters. Student’s
t-test for normal data distribution or nonparametric
Wilcoxon test was used for statistical comparison of
the means of two sets of scores between terms. The
critical level of significance was set at a p-value equal
to 0.05.

3. Results

Subjects in both groups did not differ in their basic
anthropometric features weekly time spend on physi-
cal activity (Table 1).

Table 1. Basic characteristic of studied subjects (Mean + SD)

Parameters NG (#m=16) | RG(n=16) p-value
Age [years] 26.9 £ 6.1 28.3+4.6 NS
Height [em] 169.0£10.5 | 176.6£6.8 NS
Weight [kg] 66.7+13.2 | 71.3+£11.4 NS
BMI [kg/m’] 23.6+3.4 22.8+2.8 NS
Exercise time 56420 | 61+17 NS
per week [hours]

NG - non rock climbers group, RG — rock climbers group,
BMI - body mass index, NS — not significant for p <0.05.

Compared to the CON group, the RG group had
a significantly greater stiffness of FDS muscles while
the elbow was in extension (Ee), when the fingers
were in flexion (Ff) by 20.9%; [325.1 £ 63.9 in NG
and 393.2 + 72.8 in RG; (t) 30 = 2.1, p < 0.05;
Cohen’s d = 0.86) and while fingers were extended
(Fe) by 15.2%; [328.9 = 56.7 in NG and 378.8 = 59.5
in RG; (t) 30 =2.2 p <0.05; Cohen’s d = 0.99). There
was no significant difference in the stiffness of the
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FDS myofascial tissue while elbow was flexed (Ef)
and finger was in flexion (Ff) [314.8 = 60.2 in NG and
328.7 £ 71.4 in RG; (U) 31 = 117.5 p = 0.76 (Cohen’
d = 0.19)] or in extension (Fe) [(323.6 = 65.8 in NG
and 3399 + 62.8 in RG (U) 31 = 108 p = 047
(Cohen’ d =0.26)] (Fig. 1).

Sl

Fig. 1. MyotonPro measurement point on the FDS muscle

27

It can be observed that there were no significant
differences between the study groups while elbow was
in flexion and thus the muscle was passively short-
ened. A phenomenon that differentiated the values of
muscle stiffness between the study groups was an
increased distance between the muscle attachments,
while the elbow was extended.

Irrespectively of position of FDS attachments, af-
ter climbing, myofascial stiffness increased signifi-
cantly when elbow was in flexion (Ef) and finger was
in flexion (Ff — from 328.7 £ 71.4 to 441.1 + 110.1;
(W) 31 =-3.51; p <0.0001%*) or in extension (Fe — from
339.9 + 62.8 to 481.2 + 163.4; (W) 31 = -3.51; p <
0.0001). Simultaneously, after climbing, training stiff-
ness in FDS muscle bely increased significantly when
elbow was in extension (Ee) and finger was in flexion
(Ff — from 393.2 + 72.8 to 492.7 + 72.8; (t) 31 = 5.1;
p <0.0001) and in extension (Fe 378.8 + 59.5 to 502.5
+ 131.7, (¥) 31 = 5.3; p < 0.0001) (Table 2). Similar
percentages of changes in muscle stiffness (by 34%

Table 2. Changes in stiffness of FDS after climbing training (Mean + SD)

Stiffness FDS [N/m]
Chl.nt.)mg Elbow flexed (Ef) Elbow extended (Ee)
training
Ff Fe Ff Fe
Before 328.7+71.4 339.9+62.8 393.2+72.8 378.8+59.5
After 441.1 £ 110.1** 481.2 + 163.4** 492.7 £ 72.8%* 502.5 + 131.7%*
Delta 112.4 +58.8 1412+ 115.1 99.5+60.4 123.8+90.4

** — results is significant for p < 0.01; Ff — finger flexed, Fe — finger extended.

400,0

300,0

N/m

200,0

100,0

0,0

|

E 314,8

Ef/Ff

RG - rock climbers group

L |

22570 323,0

EF/Fe

NG - non-climbers group

p<.05

b T
| |

380,5 396,1

328,9 32571

Ee/Ff Ee/Fe

Fig. 2. Comparison of stiffness of FDS muscles between the rock-climbers group and non- climbers group before training;
* results is significant for p < 0.05; abbreviations: Ff— fingers flexed, Fe — fingers in extension, Ef — elbow flexed, Ee — elbow extended
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and 41%) were observed when the elbow was in flex-
ion when fingers were in flexion (Ef/Ff), and an exten-
sion (Ef/Fe), respectively. When the elbow was in ex-
tension, the percentage of changes was 25% when
fingers were in flexion (Ee/Ff) and 32% when fingers
were in extension (Ee/Fe). No significant differences
in various positions of the elbow and fingers, in the
average change of stiffness value before and after
training (delta value) were noticed.

4. Discussion

The presented cross-sectional pilot study was car-
ried out on a group of rock climbers with a matched
control group. The specific group of FDS muscles was
analyzed from the point of view of their function
during rock climbing and of the injuries possibility
due to increased muscle stiffness. The impact of the
one-time rock climbing training was presented in this
study. The results have shown a significant influence
on the muscle stiffness after training, regardless of the
muscle position. The analyze has been performed from
a position when muscle attachments were significant
close to each other (elbow and fingers flexed) to a po-
sition where the muscles attachments were maximally
distant from each other (without the muscle stretch-
ing). At the same time, it has been shown that rock
climber’s FDS muscle stiffness before training in the
position where the muscles attachments were distant
from each other is significantly higher compared to
subjects who had similar antrhopomotor characteris-
tics and presented a similar level of physical activity.
Based on these results, we suppose that higher flexor
stiffness may have an impact on the ability to continue
climbing, a quickly increased fatigue of the forearm’s
key muscles, and progressively decreasing in forearm
extensor function. Moreover, significantly higher stiff-
ness when attachments FDS are distant from each other
in climbers may indicate on reduced flexibility of FDS,
and a lower stretch tolerance, what can be connected
with a higher risk of a hand injury.

To our knowledge, the relative rock climber’s FDS
muscle stiffness has not been investigated before this
study regarding myotonometry. However, the results
of the study are similar to recent reports in which other
diagnostic methods have been used or other groups of
athletes have been tested. EMG studies indicate the
importance of endurance level of flexor digitorum mus-
cles in rock climbers [3], [48]. Vigouroux et al. [48]
have investigated relative tendon tensions of FDS and
FDP musculotendinous unit during a crimp grip and

a slope grip. The authors were focused on particularly
high, selective involvement of flexor digitorum mus-
cles which provides flexors and extensors muscle
imbalance. Moreover, it has been confirmed that rock
climbers had a relatively weaker wrist extensor mus-
cles than the control group. The authors considered
that imbalance of muscle tone were one of the risk
factors led to a high rate of overuse injuries, with the
most common site of injury being in the fingers re-
gion. In presented study the stiffness in the extensors
have not been assessed but it has been noticed a 15-20
per cent higher stiffness of flexors in rock climbers
group, which indicates a permanent changes in the
biomechanical properties of the muscles of this origin.
As proven in the literature, stiffness reflects the resis-
tance of the tissue to the force that changes its initial
shape [9]. A significant disproportion of stiffness
between agonists and antagonists was recognized as
a risk factor that may affect injuries by reducing joint
stability [11]. High muscle stiffness is considered one
of the key factors limiting the proper function of ago-
nists and antagonists function. Thus, it may be the
biomechanical reason of increasing the muscle imbal-
ance.

Results of this study showed a significant increase
from 25 to 41% (depending on length of the muscle
and joint position) of muscle stiffness in the FDS im-
mediately after rock climber’s training. Similar results
were obtained in previous study showing an increase
in Achilles tendon stiffness as an immediate effect after
a l6—minute cycle of fights [35]. Also, the maximum
effort in the shoulder joint region in various groups
of overhead athletes showed a significant increase in
stiffness corresponding to changes in muscle structure
in ultrasound image [17]. This probably corresponds
to a higher risk of impingement syndrome in analyzed
area. It was pointed out that in sports characterized by
high intensity, a greater component of strength, with
appearing of increased muscle stiffness, probably also
increases the risk of an overload injury [18]. There-
fore, we suppose that significantly increasing of FDS
stiffness can be perceived as the risk factor of the over-
use forearm injuries in climbers. Moreover, a signifi-
cant difference in muscle stiffness between RG and
CG group was noticed only in the position, when the
origin and insertion of the FDS muscle were distant
from each other. It may point out to reduction in flexi-
bility of FDS muscles. Studies prove that muscle
stiffness and its clinical correlate static flexibility, are
the risk factor of more severe muscle damage during
and after exercise [29], [43].

Higher forearms muscle stiffness may also be a fac-
tor that reduces the effectiveness of climbing. Climb-
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ing is an effort that requires specific muscle strength
and endurance, which is based on repetitive movements
with isometric tension. The climbing efficiency depends,
among others, on the strength and endurance of the mus-
cles of the forearm muscles and fingers [7], [10]. These
parts of physical fitness can be strictly connected with
muscle stiffness. It was confirmed that with increased
muscle stiffness, the muscle strength of forearm mus-
cles was reduced [49]. Thus, earlier reports indicated
that aerobic training for forearm muscles may prove
a beneficial effect on the efficiency of climbing [7].
Moreover, the ability to climb and its continuation
depends on many physiological parameters, such as
toleration and removal of lactic acid during climbing
and on the oxygenation index of the forearm muscles
[10], [26]. Worse microcirculation, which decreases
blood flow in stiffer muscles of the forearms, is the
performance limiting factor of climbing. It seems that
interventions aimed at reducing the stiffness of flexors
muscles, both during active breaks during climbing and
during recovery, are crucial to increase the efficiency of
climbing and reduce muscle fatigue. Although it is
impossible to mitonometrically assess the deep-lying
belly of FDP. Likely, the observed variations in FDS
stiffness will also be noticeable in FDP. The fascicles
of fingers dependency and similar function of both
muscles mean that they are worked almost simultane-
ously [5], [14]. Therefore, decreasing muscle stiffness
with using, e.g., compression on trigger points or deep
massage during rest phases, and stretching of fingers
flexors during recovery, can have a noticeable impact
on better re-oxygenation of both fingers flexors and
simultaneously could be beneficial for better climbing
performance.

Regarding the most common flexor tendons injury
in rock-climbers, it can be assumed that changes in
FDS muscle stiffness probably affect both parts of the
muscle, muscle belly and muscle tendons. However,
the muscle stiffness probably does not change evenly in
the whole muscle region and its tendons. Kawczynski
et al. [16] confirmed in their research that the changes
in stiffness after exercise were not evenly distributed
and the increase of muscle stiffness was probably
maintained longer in the tendon than in the muscle
belly. Recent reports confirm that muscle stiffness
tends to increase significantly as an immediate effect
of gastrocnemius loading. These tend were also more
noticeable in Achilles tendon than in muscle belly [6]
In turn, the results of other studies showed that the
effects of increased stiffness in muscle belly can per-
sist after training from 2 to even 4 days [13], [21]. It
can be supposed that changes in stiffness appear more
quickly in the FDS muscle belly, while in the tendons

they are initially less significant, but persist longer,
but it required future confirmation.

In summary, many factors may have an influence
on the higher FDS muscle stiffness in rock climbers.
For example, substantial changes may be observed in
ultrasonographic image analysis. A significant change
in the thickness of the flexor tendons has been defined
in comparison with control group, which indicates the
probable specific adaptation of connective tissue in
rock climbers [8]. It can be assumed, that probably
changes in the structure of the surrounding connective
tissue in response to specific repeated motor activity
are the cause of increased FDS stiffness as a results of
change in structure and morphology of extracellular
fascia and collagen cross linking [29], [38]. These
changes probably occurred because climbing training
requires continuous maneuvering and working with
the weight bearing of climber’s own body, uses iso-
metric and eccentric muscle work, especially while
maintaining own body weight. The high amount of
load on the fingers while using the crimp and slope
grip is unique in rock climbers and does not occur in
any other sport. Therefore, individual grips can lead
to increased stiffness in the area of flexors muscles
[2], [41]. Nevertheless, according to the current state
of knowledge, these hypotheses have not been con-
firmed, therefore, future research is needed to explain
the morphological and structural changes which influ-
enced the higher stiffness of FDS.

Study limitation

Although presented research might be an impor-
tant point in the discussion of injury prevention and
climbing performance of rock climbers , it should be
taken into account that, especially as a pilot study, it
had some limitations that should have been considered
in the future studies. First, only one of the entire flexor
muscle involved during the specific rock climbing has
been tested. Despite this fact, FDP were considered as
the muscle which is particularly involved to the most
popular grip in rock climbing — crimp grip [47].
Dykes et al. [5] in their research confirmed that the
FDS and FDP involvement was comparable. Never-
theless, due to the difficult access to small cross-
section of FDP tendon the myotonometric testing is
not easy to perform. A special method should be de-
veloped to perform comprehensive examination of the
muscle belly stiffness and muscle tendons stiffness in
both flexors and extensors group of muscles in the
forearm area for the prevention of injury in climbers.
To draw clear conclusions about structural changes
in investigated muscle, it would also be necessary to
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combine mytonometric with imaging examination,
assessing the structure of muscles and surrounding
tissues in the wrist and forearm region of climbers,
which was not performed in presented study.

5. Conclusions

Rock climbers have significantly higher stiffness
of FDS myofascial tissue after rock climbing training.
Moreover, the increased stiffness in the FDS muscles
differentiates rock climbers from active and healthy
control group. Results may indicate muscle stiffness
as an important risk factor of overuse injury in the
wrist and forearm muscles and tendons in climbers. In
addition, a decrease of FDS stiffness can improve the
climbing effectiveness and optimize the recovery status
of the most involved muscles during climbing. How-
ever, to draw clear conclusions future studies should
include assessment stiffness of other forearm muscle
and its asymmetry.
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