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INTRODUCTION: Lack of muscle strength recovery after Achilles tendon rupture (ATR) includes reduced force transfer function due to tendon scar
healing!"? and reduced muscle tension associated with tendon elongation.” Tensile loading can stimulate and hasten the tendon healing process.** However,
there are few standard benchmarks for when and what type of exercise should be performed for clinical application that have been uncovered. Weight-bearing
and walking, conventionally defined as mechanical stimuli, are combinations of joint movements and muscle contractions that limit our understanding of what
type of exercise actually activates the cellular and molecular mechanisms that contribute to healing. In the present study, we employed a combination of joint
immobilization and muscle paralysis in a mouse model of tendon rupture suture, allowing us to control mechanical stress on tendons and elucidate the roles of
muscle contraction and joint motion in tendon healing. Furthermore, angiogenesis is essential for cell migration to the injured area, oxygen supply, and the
transport of nutritional factors during the early phase of tendon healing. We focused on the fact that blood vessels are susceptible to mechanical stress and
hypothesized that exercise plays a role in angiogenesis and regression in the complex process of restoring tendon mechanical properties. The purpose of this
study was to clarify the effects of passive joint motion and muscle contraction on tendon elongation, strength recovery, collagen fiber alignment, and
angiogenesis and regression in and around tendons after ATR surgical repair.

METHODS: All animal works were approved by IACUC. Eighty-eight male C57BL/6J mice (10 weeks old) were surgically dissected to expose their left
Achilles tendon (AT) and repaired by Kessler’s method. Only males were included because ATR occurs more frequently in males. We used a left ATR model
in mice, which was repaired using the Kessler method. Mice were randomly divided into four groups for evaluation at 2, 3, and 4 weeks post-surgery: the
Immobilization (IM) group, where the ankle joint was fixed with a brace immediately after surgery; the Denervation (DN) group, where the sciatic nerve was
resected to inhibit gastrocnemius muscle contraction; the IM+DN group, which combined both treatments; and the Intact group, using the contralateral limb
as a control. [Evaluation items] Tendon Elongation: Tendon length was measured using a stereomicroscope. Mechanical Strength: Evaluated the maximum
failure force, stiffness, and stress by ex vivo tensile testing. Histological evaluation: Collagen fiber alignment was evaluated with picrosirius red staining (n =
3/ group), and vascular density was assessed with CD31 staining (n = 3/ group). Volume of angiogenesis (n = 2-3/group): The vessel volume was calculated
using micro-CT angiography. Statistical analysis was conducted using the Kruskal-Wallis test (p < 0.05).

RESULTS SECTION: Muscle contraction altered tendon length. At PO2w, tendons were significantly longer in the IM than in the IM + DN. At PO4w, the
results were reversed, with only the IM recovering to the same length as the Intact group, while the IM+DN and DN tendons were longer than the Intact group
(Fig. 1A). Preservation of muscle contraction significantly increased AT cross-sectional area (CSA). Joint motion alone did not contribute to increased CSA
in tendons. Tendon maximum force and stiffness were significantly recovered in the
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