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[Abstract] Objective To determine the acute effects of blood flow restriction (BFR) running warm-
up on Achilles tendon morphology and function in basketball players in order to provide a theoretical basis for
optimizing warm-up protocols for military personnel and athletes susceptible to Achilles tendon injuries.
Methods Twenty-seven male basketball players were subjected and asked to participate in 3 different
running warm-up protocols: low-speed running (LSR), high-speed running (HSR), and BFR combined with
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LSR (BFR-LSR). The acute changes in Achilles tendon morphology, mechanical properties, and functional
performance across the 3 testing sessions were analyzed and compared. Results Immediately after training,
both HSR warm-up and BFR-LSR warm-up significantly improved Achilles tendon thickness, blood flow,
stiffness, and gastrocnemius maximal voluntary isometric contraction (MVIC) when compared with LSR warm-
up (P<0. 05). No statistical differences were observed in above indicators between the BFR-LSR and HSR
warm-ups (P>0.05). 24 hours after training, compared with LSR warm-up, HSR warm-up still significantly
improved Achilles tendon thickness, blood flow, stiffness, and gastrocnemius MVIC (P<0. 05). Although
BFR-LSR warm-up did not show statistically significant differences in these parameters compared to LSR
warm-up, it still demonstrated positive trends. Immediately and 24 h after training, no obvious difference were
found in jump performance among the 3 warm-up protocols (P>0. 05), but, both BFR-LSR and HSR warm-ups
exhibited superior performance than LSR warm-up. Conclusion Immediately after training, BFR-LSR
warm-up demonstrates comparable effects to the HSR warm-up on improving Achilles tendon morphology and
performance, as well as enhancing jump performance. However, its sustained and long-term effects require
further investigation.
[ Key words |

blood flow restriction training; warm-up running; Achilles tendon morphology and

function; surface electromyography
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Figure 1 Flowchart of experimental procedure
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Table 1 Comparison of CR-10 score in the athletes after
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P
Warm-up
CR-10 Score BFR-LSR BFR-LSR

Protocols HSR »s LSR

vs LSR vs HSR
LSR 3.0(3.0,3.0)
BFR-LSR  3.0(3.0, 4.0) 0.014 <0. 001 0. 455
HSR 4.0(3.0,4.0)

CR-10: Borg category-ratio-10 scale; LSR: Low-speed running;
BFR: Blood flow restriction; HSR: High-speed running
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Table 2 Comparison of Achilles tendon thickness, blood flow, stiffness, and medial gastrocnemius MVIC across different

warm-up protocols (n=27, x+s)

P
Outcomes Time Point LSR BFR-LSR HSR BFR-LSR HSR BFR-LSR
vs LSR vs LSR vs HSR
AT thickness/mm Baseline 0. 416+0. 025 0. 416+0. 025 0. 416+0. 025 - - -
Immediately post-exercise 0. 408+0. 031 0.393+0. 023 0. 385+0. 023 0.017 0. 004 0. 147
24 h post-exercise 0. 412+0. 023 0. 402+0. 026 0. 397+0. 027 0. 089 0.029 0.521
Baseline 34.87+8.01 34.87+8.01 34.87+8.01 - - -
AT blood flow/(mIL/min)
Immediately post-exercise 40. 24+8.73 51.76+16.55 57.39+18.78 0. 001 <0. 001 0.077
24 h post-exercise 34.89+7. 48 39.85+13. 46 42.12+10. 56 0.125 0. 004 1. 000
AT stiffness/(N/mm) Baseline 239.33+63. 16 239.33+63. 16 239.33+63. 16 - - -
Immediately post-exercise  240. 24+56. 76 267.56+32. 20 273.97+41. 04 0.028 0.024 1. 000
24 h post-exercise 239. 66+64. 31 255.26+36.72 270. 07+59. 81 0. 536 0.032 0. 630
Baseline 400. 56+120. 04  400. 56+120. 04  400. 56+120. 04 - - -
Medial gastrocnemius /
Immediately post-exercise ~ 414. 68+97. 68 471.07+98. 34 483.72+104. 16 0.012 0. 001 1. 000
(MVIC/pV)
24 h post-exercise 399.60£124.03  427.35+105.98  453.28+91.29 0.433 0.018 0.573

LSR: low-speed running; BFR: blood flow restriction; HSR: high-speed running; AT: Achilles tendon; MVIC:

isometric contraction

maximal voluntary

®3 FARAABFSHFXERRRAI AT (n=27, x2s)

Table 3 Comparison of jump performance across different warm-up protocols (n=27, x+s)

Outcomes Time Point LSR BFR-LSR HSR P n’

GCT/s Baseline 0.243+0. 026 0.243=+0. 026 0.243+0. 026
Immediately post-exercise 0. 242+0. 028 0.236+0. 024 0.234+0. 024 >0. 05 0.016
24h post-exercise 0.250+0. 019 0.245+0. 024 0.243+0. 023
Baseline 34. 48+6. 44 34.48+6. 44 34. 48+6. 44

CM]J height /ecm
Immediately post-exercise 35.42+6. 55 36. 13+7. 06 37.00+6. 96 >0. 05 0. 088
24h post-exercise 33.24+6.72 34.36+7.07 35.76+6. 30

LSR: Low-speed running; BFR: Blood flow restriction; HSR

: High-speed running; GCT: Ground contact time; CMJ: Counter

movement jump. P: Warm-up protocols*time point; 1°: Warm-up protocols*time point
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