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Abstract

Objective. To study the Torces applied by cach finger in different joint postures simulating rock climbing gripping postures.
Design. Subjects in sitting posture applied fingertip forces perpendicular to horizontal force sensors in three different finger

postures.

Buackground. Data provided by the literature indicate that middle and ring finger are commonly injured. However, no quanti-
tative assessment of the forces applied by each finger related to the joint postures has been made.

Methods. Six clite rock climbers performed finger flexion in a single-finger task and a four-finger task. The tests were conducted in
an extended posture, a curved posture (the joints belonging to the finger were flexed) and an intermediate posture (the joints were
flexed, except the distal one which was fully extended). Each fingertip force was cxpressed in absolute value and in percentage of the

maximal foree capacity of the linger.

Results. The greater force was applied by the middle finger (20.8 N), whatever the posture. The relative involvement amounted to

105% for the ring finger in the curved posture.

Conclusions. The great force applicd by the middle finger and the great relative involvement of the ring finger in the curved

posture seem to be the main factors of injuries of these fingers.

Relevance

The analysis of force sharing among the fingers during different joint posturcs mimicking rock climbing is essential to a better

understanding of finger injuries.
© 2003 Elsevier Science Ltd. All rights reserved.

Kevwords: Rock ¢imbing: Foree sharing: Fingertip force

1. Introduction

There has been remarkable development in the scope
and quality of rock climbing during the last couple of
years. In this activity, the hands are used us tools for the
ascent and many of the external forces applied upon the
fingers arc distributed through the wrist, elbow and
shoulder (Hass and Meyers, 1995; Quaine et al., 1997).
Three quarters of elite and recreational sport climbers
sulfer from injuries at the upper extremities (Rooks,
1997). Sixty percent of these mjuries involve the hand
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and 40% of elite climbers have signs of failure to the A2
pulley (Bollen and Gunson, 1990). Failure to the A2
pulley arises when the flexor tendon sheaths are over-
loaded. This often occurs when the climber moves either
to or from a small hold. Failure is largely acquired as a
function of the grip techniques, the middle and ring
fingers being most commonly injured (Schweizer, 2001).
The pathomechanics of the rupture of flexor tendon
pulleys is well described on cadaveric fingers (Sharkey
et al.. 1998) but is unknown during climbing, since no
study has analyzed the forces applied by the fingers. We
hypothesized that the middle and ring fingers are com-
monly damaged because they apply greater fingertip
forces. The purpose of this study was to examine the
forces applied by each finger in various simulated pos-
tures used in rock climbing.
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2. Methods

Six elite males rock climbers participated in the study
[age: 22 (SD 1.4)vears; height: 177.4 (SD 4.5)em; body
mass: 63.6 (SD 2) kg; hand length from the middle fin-
gertip to the distal crease of the wrist with the hand
extended: 19 (SD 1.5) ¢m]. All subjects have been
practising for ten years on average (five times per week).
They signed an informed consent in accordance to the
University guidehne.

2.1 Apparatus

Since a previous work (Quaine et al., 1997) shows
that high postural constraints associated to postural
balance in rock climbing induce significant intra and
intersubject supporting lorce variability, the subjects sat
on a chair. In this case, the postural constraints are in-
significant and it was casy to control and modify the grip
posturc for cach subject. A device (Fig. 1) was assem-
bled in the global reference system (O, x, y). A vice was
used to stabilize the upper arm. A clamp was used to
stabilize the palm of the hand. The wrist was positioned
at 40° of extension. The upper arm was at 45° of ab-
duction, the elbow joint being flexed at 90°. A digital
camera (Sony, DSC-S70) located 0.70 m above the de-
vice was used to control the finger posture. It measured
the sagittal Index finger posture. Two markers per seg-
ment were used. The markers were aligned with the
longitudinal axis of the segment. The angle of intersec-
tion of the lines of adjacent segments defined the joint
angles. The angles were assumed to be similar for the
four fingers. An extended finger displayed 180° joint
angles.

Four parallel mono-axial load cells (Schlumberger,
modcl CD-730, Vélizy villacoublay cedex France) were
used for vertical force measurement (see (Valero-Cuevas
et al., 2000) for details). Steel plates (20 mm x 15 mm)
were fastened to the four load cells, providing finger
contact areas. The space between the plates was 4 mm.
The pitch between the fingers was 19 mm. The thumb
did not act against any support as an additional grip-
ping force.

Fore arm viee

Fig. 1. Experimental setup, The posture corresponds to the ‘erimp’
posture in the text.

2.2, Data processing

Subjeets warmed up on the deviee by carrying out a
serics of one hundred contractions for 5 s at 10 N
(Schweizer, 2001). They were then asked to press the
force sensors at maximal intensity with the index (J).
middle (M), ring (R) and little (L) finger separately and
then the combination IMRL. Subjects were asked to
perform fingertip forces in the vertical direction as re-
quested by previous authors (Zatsiorsky ct al., 1998).

Three tnals for 8 s were required for cach task. A 2
min resting period was allowed after each trial in order
to avoid fatigue. The highest peak force generated
during each trial was adopted as maximal voluntary
contraction force (MVC).

The tests were conducted in three different finger
postures (Fig. 2): The first posture was labeled REF in
the text. Tt consisted in maintaining both distal and
proximal interphalangeal joints (DIP and PIP) straight,
and metacarpophalangeal joint (MCP) with 140° of
flexion (Zatsiorsky et al., 1998; Li et al., 1998; Danion
et al., 2000). The second posture corresponded to the
climber’s “crimp” posture (labeled CRI) and was char-
acterized by the hyperextension at DIP (2107), and 100°
and 1607 of flexion at PIP and MCP. The third posture
was the chmber’s “slope™ posture (labeled SLO), where
DIP. PIP and MCP were flexed at 130°, 160° and 150°
respectively. These postures have been described previ-
ously and the angles are frequently used during climbing
(Schweizer, 2001).

2.3 Caleulared parameters

Single-fingertip force. Tt 1s the maximal loree gener-
ated by a finger in the single-finger task: F; withi — /. M,
R and L.

Four-fingertip force. It is the maximal force produced
by an individual finger in the four- finger task: £'™M*-
withi=17, M, Rand L.

The resultant four-fingertip lorce was caleulated as:
pIMRL N pIMRL with 7 4, M, R and L.

Relative involvement of each finger. 1t was defined as
the percentage of maximal force produced by an indi-

Finger posture Joint angles
Dip Pip Mep
Reference TH 150 1400
Slope o 1607 e
- o0°
Crimp { 160°

Bl

IFig. 2. Simulated finger postures. Dip and Pip correspond to the distal
and proximal interphalangeal joints, Mep corresponds o the mela-
carpophaleangeal joint.
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vidual finger in the four-finger task compared with the
maximal force generated by the sume finger in the single-
finger task as: C, = (F'™MRL/F) » 100% where / repre-
sents the involved finger in the task.

2.4 Sratistical analysis

Descriptive statistics are means and standard devia-
tions. A one-factor aNova (Posture) with repeated
mcasures was used to analyze the differences in resultant
external force. Two-factor Anovas with repeated mea-
sures (3 x 4, Posture x Finger) were used to analyze the
force applied by each finger during the single and four-
fingertip tasks in the different postures. A level of
P < 0.05 was considered to be statistically significant.

3. Results

Single-fingertip force F: Maximal forces for individ-
ual fingers in single-finger task are shown in Table 1.
The anova indicales a significant clfect of Finger
(F(3,15) = 14.6, P < 0.00004). The maximal forces of
the index and the middle finger were not statistically
different and were greater than those of the ring and
little finger. The force of the ring finger was not statis-
tically different from the force of the little finger. No
significant effect was observed for Posture, nor for the
interaction Posture x Finger.

Resultant four-fingertip force FEMRT: The magnitude
of the force is represented in Fig. 3. No significant dif-
ference was observed between the external force mag-
nitudes performed in cach posture. In REF, the mean
force amounted to 38.6 (SD 21) N. In CRI and SLO. it
amounted to 61.4 (SD 25) N and 65.9 (SD 14) N re-
spectively.

Four-fingertip force F™R'Y: The contribution of each
finger to the resultant force is presented on Fig. 4. The
ANOVA results show no significant effect of Posture. The
mean cxternal force magnitude was the same [or cach
climber’s grip, whatever the finger. A significant effect
of Finger was observed (/(3,15) = 22.64, P < 0.00008).
The mean external lorce magnitude was different for
cach finger, whatcver the posture. Newman-Keuls post-
hoc analysis among all the possible pairs of the four
fingers shows that the force applicd by the index was not
statistically dillerent from the onc applied by the middle

Table 1

Mean (SD) single-lingertip force (N) atl the index (/), middle (M), ring
(R) and Litle (F) finger in the climber’s “reference”™ (REF). “erimp™
(CRI) and “slope™ (SLO) postures (n = 0)

Postures T M R L

RLIY 34.7 (%.6) 33.2(9.5) 18 (6.7) 11 (3.9)
CRI 21.5(7.3) 20,7 (6.3) 15.1 (6.3) 152 (28)
SLO 228 (8.5) 23.5(8.4) 11.9(5.7) 16.7 (3.7)

100

Resuluant

REF CRI SLO

Fig. 3. Resultant four-lingertip force (#2F) m the climber's “refer-
ence” (REF), “crimp™ (CR1) and “slope™ (SLO) postures. Error bars
indicate standard deviation.

Fingertip Force

REF CRI SLO

Fig. 4. Four-flingertip force (#™®) applicd beneath each finger ((71)
index: (M) middle: ([J) ring; (E) little). Error bars mdicate standard
deviation. REF is the climber's “reference” posture, CRI the “crimp™
posture and SLO the “slope”™ posture.

finger. They amounted to 20.5 (SD 7.33) N and 20.8 (SD
7.6) N respectively. They were statistically greater
(P < 0.05) than the forces applied by the ring finger
[13.1 (SD 3.4) N] and by the little finger [7.14 (SD 3.6)
N)].The interaction Posture x Finger showed no signifi-
cant effect. This means that the external force magnitude
increases similarly for each finger in the climber’s “ref-
crence”’, “'slope” and “erimp’ postures.

Relative finger involvement C;: In the IMRL task, a
significant Finger cffect was observed (F(3,15) = 15.87;
P < 0.0001). while no effect was observed for Posrure.
The interaction Posture x Finger (Fig. 5) was significant
(F(6,30) = 2.6; P < 0.03). Post-hoc analysis indicates
that the climber’s posture led to a drop in the relative
finger involvement only for the middle [93 (SD 21) %]
and the ring [105 (SD 28) %] fingers in the “slope”
posture (P < 0.05). There was no significant change

140
120
100

80

each finger (%)

40

Relative involvement of

I M R L

Fig. 3. Relative involvement of cach finger (C)) for the index, middle,
ring and little fingers (7, M, R and L) during the “slopc™ (#); “crimp”
(O) and “reference” (£) postures, Error bars indicate standard devi-
ation.  indicares a significant dillerence between the relative mvolve-
ment values for the middle and ring fingers and all others values
(P < 0.05).
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concerning all the other values. They fluctuated between
38 (SD 28) % and 75 (SD 20) Y.

4. Discussion

Our results show that the “crimp’ and the “slope”
posture do not affect the resultant force magnitude. This
is conflicting with a previous report (Cutts and Bollen,
1993) which showed that the external force was greater
during the climber's “crimp” posture than during the
“slope™ posture. However. the handgrip dynamometry
presented in this study (Cutts and Bollen, 1993) involves
an isometric contraction of the fingers in opposition to
the thumb and the base of the hand. whereas the present
study requires a different involvement of the fingers. The
extended finger posture allows direct comparison with
data in the literature (Li et al.. 1998; Danion et al.. 2000)
and shows that the relative force distribution among
the fingers is replicated in the present experiment. This
means that rock climbers behave similarly to non-clim-
ber subjects (previously tested) when the external force is
produced by all the fingers in an extended posture.

Moreover, the present results confirm that the fingers
are not equally involved in the resultant force produc-
tion. The greater involvement concerns the middle fin-
ger, followed by the index, the ring and then the little
finger in each posture. This result validates a part only
of our hypothesis: the most frequent middle finger in-
juries may oceur because this finger applies the greater
forces. Nevertheless, the explanation concerning the ring
finger is less explicit. As previously mentioned (Li et al.,
1998), this finger applies reduced force in single-finger
task, but the necessity to minimize unnecessary rota-
tional moment with respect to the functional longitudi-
nal axis of the hand (Li et al., 1998) induces a great
appeal on force production for this finger. This explains
the high percentage of relative force in four-fingertip
task and may explain the ring finger injuries in rock
climbing.

5. Conclusions

The results show that the simulated climber’s finger
postures induce different force distributions among the
four fingers when they act simultaneously. The most
significant forces are always applied by the middle and
index finger. followed by forces applied by the ring then
by the little finger. which may explain the middle finger
injuries. Furthermore. the relevant lactor of injury for
the ring finger in rock climbing seems to be the most
significant relative force applied by this finger, particu-
larly in the slope posture.
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