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Low-load blood flow restriction training as a viable alternative to high-load
eccentric training for improving Achilles tendon properties: the superiority of a
calf-specific regimen

FAN Jingyuan', LI Jing', PAN Weimin'~, ZHANG Longguo', FENG Huan', WEI Xiaoyu’, HUANG Yan', JIANG
Yingpeng', LIU Min’ 'College of Sports and Health Sciences, Xi’ an Physical Education University, Xi’ an,
Shaanxi; 2Engineering Research Center of Innovative Technology of Intelligent Sports Equipment, Universities of
Shaanxi Province, Xi’an, Shaanxi; 3Depalrtment of Rehabilitation Medicine, Xi’an Gaoxin Hospital, Xi’an, Shaanxi;
4Department of Rehabilitation Medicine, Shanxi Rongjun Hospital, Taiyuan, Shanxi; 5Department of Orthopedics,
Xijing Hospital, Air Force Medical University, Xi’an, Shaanxi, China

[Abstract] Objective To compare the effects of 2 different blood flow restriction (BFR)
rehabilitation protocols versus classic high-load eccentric resistance training on the morphology and
biomechanical properties of the Achilles tendon in healthy adults, and to provide alternative training strategies
for preventing Achilles tendon injuries in military training. Methods A randomized controlled trial was
conducted. Fifty-five healthy adults from a university in Xi’ an were enrolled between December 20 and 23,
2024, and randomly assigned to one of three groups using a random number table: a high-load eccentric
resistance training group (HL, n=18), a low-load eccentric resistance training with calf-applied BFR group
(C-BFR, n=16), and a low-load eccentric resistance training with thigh-applied BFR group (T-BFR, n=19). All
groups completed an 8-week training program. Achilles tendon cross-sectional area was assessed using color
Doppler ultrasonography at baseline, 6 weeks and 8 weeks. Achilles tendon stiffness and Young’ s modulus
were evaluated using color Doppler ultrasonography and a wireless microFET3 dynamometer. The maximal
voluntary isometric contraction (MVIC) of the medial gastrocnemius was simultaneously measured using the
wireless microFET3 and surface electromyography. Countermovement jump (CMJ) height and drop jump (DJ)
ground contact time were measured using a three-dimensional force platform. Results  After 8 weeks of
intervention, color Doppler ultrasonography assessment revealed that the cross-sectional area of the Achilles
tendon significantly increased in all three groups compared to baseline (P<0. 01, n>=0. 847), with a greater
increase in the C-BFR group than in the T-BFR group. Tendon stiffness significantly increased in all three
groups compared to baseline (P<0. 01, n*=0. 722), and the increase was greater in the C-BFR group than in
the HL and T-BFR groups. For Young’s modulus, no statistically significant change was observed in the
T-BFR group compared to baseline (P>0.05), while both the C-BFR and HL groups showed significant
increases (P<0. 05, 7°=0. 181), with a greater increase in the C-BFR group than in the HL. and T-BFR groups.
The MVIC of the medial gastrocnemius significantly increased in all three groups compared to baseline
(P<0.01, n*=0. 775), with a greater increase in the C-BFR group than in the T-BFR group. CM]J height
significantly increased in all three groups (P<0. 01, 5*=0. 569), with a greater increase in the C-BFR group
than in the T-BFR group. DJ ground contact time significantly shortened in all three groups (P<0. 01, 7°=0. 518),
and the shortening was greater in the C-BFR group than in the T-BFR group. Conclusion Both C-BFR and
T-BFR combined with low-load eccentric resistance training can achieve improvements in Achilles tendon
morphology, biomechanical properties, and kinematic performance similar to those achieved with classic high-
load eccentric resistance training. Furthermore, compared to the T-BFR protocol, the C-BFR protocol
demonstrates superior benefits.

[Key words| Achilles tendon; blood flow restriction training; resistance training; biomechanics;

athletic injuries
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Table 1 General information of the 3 groups of participants (¥+s)

Group n Gender(M/F) Agelyears Height/m Weight/kg
C-BFR 16 12/4 20. 75+2. 82 1. 7120. 10 65. 56x11. 06
HL 18 15/3 22.50%3. 90 1. 7320. 05 66. 91%8. 06
T-BFR 19 15/4 21.26+2. 66 1. 74+0. 09 69. 69+11. 10
X/F 0.264 0. 359 1.387 0. 508 0. 760
P 0.876 0. 836 0. 259 0. 605 0.473
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Table 2 Comparison of changes in Achilles tendon cross-sectional area among 3 groups pre- and post-intervention (x+s)

Outcomes Time point HL(n=18) C-BFR(n=16) T-BFR(n=19) . v
w G B w G
Achilles tendon Baseline 0. 465+0. 070 0. 448=0. 076 0. 483=0. 061
cross-sectional 6 week 0.558+0. 054" 0.522+0.068"  0.573+0.078" 0.140 <0.001 0.331 0.076 0.847 0.045
area fem’ 8 week 0.611+0. 046" 0.5700.072" 0. 603+0. 068"

a: P<0. 01, compared with baseline; B: between-group main effect; W: within-group main effect; G: groupXtime interaction effect

®3 IHETHAERENE GRESTLHELE (vxs)

Table 3 Comparison of changes in Achilles tendon stiffness and Young’ s modulus among 3 groups pre- and post-

intervention (v+s)

P n
Outcomes Time point HL(n=18) C-BFR(n=16) T-BFR(n=19)
B W G B \¢ G

Baseline 239. 768+54. 624 253.220+58. 930 262.254+73. 768
Achilles tendon 6 week 287. 926+60. 098" 317.556+63. 409" 320.536+87.769"  0.399 <0.001 0.672 0.036  0.722  0.023
stiffness/( N/mm)

8 week 328.671+51. 407" 359.995+71. 920" 352. 852+88. 030"

Baseline 1 092. 956+316. 477 1 209. 336+336. 405 1 192. 356+463. 433
Young's 6 week 1 148. 639338. 739 1279. 908+286. 680 1 245.759+501. 742 0.582 <0.001 0.860 0.021 0.181  0.013
modulus/MPa

8 week 1224.938+250. 212" 1367. 143+350. 625" 1 280. 631+495. 341

a: P<0.05, b: P<0.01, compared with baseline; B: between-group main effect; W: within-group main effect; G: groupx

time interaction effect
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Table 4 Comparison of changes in MVIC of medial gastrocnemius among 3 groups pre- and post-intervention (x+s)

p 2
Outcomes Time point HL(n=18) C-BFR(n=16) T-BFR(n=19) 1
W G B W G
baseline 233.243+32. 531 229.419+32. 832 237.563+35.219
MVIC of medial )
6 week 284. 083+25. 963" 287.500+25. 157° 290. 763+44. 404"  0.917 <0.001 0.814 0.003 0.775 0.015
gastrocnemius /N
8 week 321. 353+30. 822° 325.494+17. 607" 320. 111£27. 236"

a: P<0. 01, compared with baseline; B: between-group main effect;

W : within-group main effect; G:groupXtime interaction effect

RS 3EFHHEIGECMI B S E .DJ it B 18 L B EL 3 (7+5)

Table 5 Comparison of changes in CMJ height and DJ ground contact time among 3 groups pre- and post-intervention (i+s)

Outcomes Time point HL(n=18) C-BFR(n=16) T-BFR(n=19) r n
B 4 G B W G

baseline 0. 270+0. 083 0.295+0. 117 0.303=0. 113

CM]J height /m 6 week 0.314£0.079"  0.333+0. 118" 0.325+0. 122°  0.815 <0.001 0.343 0.008 0.569 0.044
8 week 0.344x0.080"  0.364+0. 131" 0.3530. 116"
baseline 0. 480+0. 056 0. 475£0. 089 0. 442+0. 091

DJ ground contact time/s 6 week 0.442+0.064°  0.392+0. 068" 0.415£0.078  0.319 <0.001 0.089 0.045 0.518 0.077
8 week 0.393+0.063"  0.380+0. 072" 0. 360+0. 091"

a: P<0.05, b: P<0.01, compared with baseline; B: between-group main effect; W: within-group main effect; G: groupXtime

interaction effect
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