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INTRODUCTION: Achilles tendinopathy (AT) is a common ailment resulting in pain, reduced mobility, and reduced quality of life [1]. Physical therapy 

(eccentric loading) for the treatment of AT improves tendon biomechanical properties and clinical symptoms [2]. However, a gap in knowledge remains 
regarding a detailed understanding of loading protocols (e.g., load magnitude, number of repetitions, duration) required for tissue healing. Therefore, the 

objective of this study was to utilize an established pre-clinical model to compare the effects of rehabilitative load magnitude and treatment duration on the 

biomechanical properties of injured tendon. 

METHODS: Under IACUC approval, 12-week old, male C57Bl/6J mice underwent Achilles tendinopathy induction using intratendinous injections of 

rHuTGFβ-1 [3, 4]. A total of 120 mice were randomly assigned to one of three muscle loading groups (50%, 75% or 100% body weight (BW)), an age-

matched injured/untreated (IU) group, or a naïve (uninjured) group. Age-matched IU and naïve groups accompanied each loading magnitude and duration 
period. Within each load magnitude group, mice were treated twice weekly (i.e., two sessions/week) for 1, 2, or 4 weeks with 3 sets of muscle loading 

repetitions per session. Two days (48 hours) following the tendinopathy induction, each mouse assigned a loading therapy was anesthetized and the right 

hind limb was secured to the pedal of a dual-mode servo motor transducer. Electrodes were inserted into the plantar flexor muscles to electrically stimulate 
the tibial nerve, inducing plantar flexion, as previously described [4]. Under computer control, the foot was rotated through the entire ankle joint range of 

motion (±18°) while the plantar flexors simultaneously contracted (mimicking the human “heel drop” exercise) to achieve the desired BW loading. For age-

matched injured/untreated groups the mice were anesthetized, loaded into the footplate and the stimulating electrodes were placed identically to the testing 
group, but received no stimulation. One day (24 hours) following the final muscle loading treatment, mice were euthanized, and Achilles tendons were 

harvested for biomechanical evaluation (preconditioning and a load to failure test at 0.05mm/sec [3,4]). Biomechanical outcomes were compared using a 1-

way ANOVA and Tukey’s multiple comparison tests with significance set at p<0.05. 

RESULTS: For each of the three treatment durations, statistically significant differences in cross sectional area (CSA) and biomechanical properties were 

observed across the load magnitudes.  While no differences in CSA were detected, tendons receiving 1 week of 100% BW loading exhibited a higher 
(p<0.0106) maximum stress relative to IU tendons.  CSA of 2-week treated tendons (all loading groups) were significantly lower than that of the IU group. 

However, no significant differences in maximum stress were observed. Similar to the 2-week group, following 4 weeks of loading all BW groups showed 

significantly lower CSA than the IU group (p<0.0001). Furthermore, maximum stress for all loading groups (and naïve tendon) were significantly higher 

(p<0.016) than those of the IU group (Fig. 1).                                                            

For load magnitude comparisons, significant differences among treatment durations were only observed for the 50% and 75% BW groups.  Under 50% 

loading, 2- and 4-week duration groups showed a significantly decreased CSA compared to the 1-week duration (p=0.007). For the 75% loading group, CSA 
was significantly greater for the 1-week than the 2-week (p<0.003) and 4-week (p<0.04) (Fig. 2), while maximum stress was significantly increased at 4-

weeks compared to 1-week (p<0.012) (Fig. 2).  

DISCUSSION: Due to the considerable heterogeneity of study populations, protocols (e.g., load and number of repetitions) and reported outcome measures 
in the clinical literature, the ideal “dose” of eccentric loading needed to achieve tissue-level repair and improved mechanical functionality is unknown. Our 

results indicate that the CSA and biomechanical properties are influenced more by treatment duration than by the loading magnitude. Four weeks of 

treatment (irrespective of load magnitude) resulted in superior biomechanical properties and decreased tendon CSA compared to the IU group. This result is 
consistent with recent studies investigating high vs. low intensity exercises on AT healing, which demonstrated no differences between high and low 

intensity levels on biomechanical properties [5]. Our ongoing histologic, transcriptomic, and musculotendinous adaptation evaluations will facilitate a more 

complete understanding of the healing mechanisms accompanying different load magnitudes and treatment durations. 

SIGNIFICANCE/CLINICAL RELEVANCE: The long-term goal of this work is to provide an evidence-based foundation for translational implementation 

into human muscle loading therapies that result in improved tendon healing and better functional outcomes. Our in vivo model will help inform loading 

protocols that result in robust tendon healing and improve the muscle-tendon architecture post-injury. Furthermore, our data present an opportunity to clarify 

the healing mechanisms underlying effective rehabilitative muscle loading protocols.  
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