Muscular responses to acute and chronic finger
flexors blood-flow restriction training in experienced
sport climbers.
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Résumé

INTRODUCTION:

In sport climbing, high-load resistance training (HLRT) is traditionally used for performance
enhancement, focusing especially on improving finger specific isometric flexor digitorum (FD)
muscle strength and endurance (Devise et al., 2022). However, specific FD training at high
intensity can be traumatic, often leading to injuries. Low-load blood-flow resistance training
(LLBFRT) has been shown to be a promising substitute to HLRT to promote strength and
endurance while reducing tissue mechanical strain (e.g. lower training loads) (Patterson et
al., 2019). However, the physiological responses associated with LLBFR, to climbing-specific
exercises until exhaustion are poorly understood (Andersen et al., 2023; Javorsky et al.,
2023). Therefore, the aims of the study were to i) examine acute and chronic muscular
responses to LLBFRT during climbing specific FD training, and ii) compare these responses
to HLRT.

METHODS:

An acute and a chronic phase were completed. The acute phase involved 15 advanced
to elite climbers who conducted two bouts of three sets of FD isometric intermittent exer-
cise on a hangboard under two experimental conditions in a randomized order: 1) HLRT
(3 sets of 10-12 repetitions, -~70% maximal voluntary contraction, MVC); 2) LLBFRT (3
sets of 14-20 repetitions, -~40% MVC with cuff pressure set at 60% of the individual limb
occlusion pressure). Exercise intensity was individualized in order to reach exhaustion at
the end of each session. Finger flexors muscle oxygenation was continuously monitored using
near-infrared spectroscopy (NIRS); muscle fatigue was quantified as MVC decrement 1, 5
and 15 min post exercise. Perceived discomfort, effort, and finger pain were assessed at the
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end of each set. The chronic study phase involved 36 advanced to elite climbers randomized
into 3 groups: LLBFRT, HLRT and a control group (CON). Participants of the LLBFRT
and HLRT groups performed the training session presented in the acute study phase twice
a week for 5 consecutive weeks, while the CON group maintained their usual climbing rou-
tine. Before and after the training protocol, participants attended the laboratory twice: i) to
assess FD MVC, endurance and oxygenation (NIRS); ii) to quantify brachial artery blood-
flow by Doppler ultrasound during FD specific isometric contractions between 0 to 60%MVC.

RESULTS:

In the acute phase, higher muscle fatigue was observed in LLBFRT compared to HLRT
only 1 min post exercise (25 + 8% vs 19 + 7% of MVC loss, p=0.016), with no differences
5 and 15 min post exercise. LLBFRT led to greater muscle deoxyhemoglobin values (+20 +
25%, d=0.9), greater upper-limb discomfort during inter-sets recoveries, and less finger pain
during exercise. In the chronic phase, LLBFRT and HLRT induced similar improvements
in FD MVC (49 £+ 8%, d=1.0 and + 13 £ 11%, d=1.2, respectively), and endurance (422
+ 15%, d=1.7 and +24 £+ 21%, d=1.2, respectively). Brachial blood-flow during specific
contractions increased following LLBFRT (419 + 31%, p=0.008) but not after HLRT (412
+ 37%, p=0.516).

DISCUSSION

The increased acute muscle fatigue induced by LLBFRT may be due to the exacerbated
metabolic stress emanating from reduced oxygen supply and limited metabolite clearance,
which may have contributed to increase upper-limb discomfort compared to HLRT. Compa-
rable chronic adaptations on FD MVC and endurance were induced by LLBFRT and HLRT
despite different training stimuli, that is, higher metabolic stress and lower mechanical strain
in LLBFRT.

CONCLUSION

LLBFRT may therefore be used as an efficient substitute to HLRT to enhance specific FD
muscular capacities and promote vascular adaptations, while reducing exercise intensity and
finger pain.
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