
Investigation into Musculotendinous Function Following Repair of Achilles Tendon Rupture –Trends in Gait, Strength, and 

Range of Motion 
 

Thomas M. Geissler1, Alex J. Reiter2, Rachel L. Lenhart1
, Karl Canseco1, Cody Dziuk1, Janelle A. Cross1, Darryl G. Thelen2, Jonathan C. Kraus1,  

Jessica M. Fritz1 
1Medical College of Wisconsin, Milwaukee, WI, 2University of Wisconsin – Madison, Madison, WI 

tgeissler@mcw.edu 

Disclosures: Thomas Geissler (N), Alex Reiter (N), Rachel Lenhart (N), Karl Canseco (N), Cody Dziuk (N), Janelle Cross (N), Darryl Thelen (Device 

patent), Jonathan Kraus (N), Jessica Fritz (N) 
 

INTRODUCTION: Achilles tendon ruptures are common in the middle aged. Little is known about how the mechanical properties of the Achilles tendon 

change after healing, but structural changes are thought to contribute to re-rupture rates and functional deficits. Several attempts have been made to quantify 

musculotendinous changes in soft tissues following injury. However, many of these methods are not suitable for in-vivo measurements during functional 

tasks. In this study, we used a novel technique known as shear wave tensiometry. This technique involves eliciting a vibrational wave through the tendon and 
measuring how fast that wave propagates through the tendon. The wave speed depends directly on tendon loading, thereby providing an assessment of 

functional muscle-tendon behavior during movement.1 A study by Reiter et al. used tensiometry to assess functional deficits after Achilles rupture and repair 

in comparison with typical clinical metrics.2 Over half of the patients in the study showed tissue level changes that sometimes, but not always, corresponded 

with gait abnormalities indicated by changes in ankle kinematics and kinetics. The objective of this study was to further explore, in a subject specific 

manner, the relationship between musculotendinous property changes and functional clinical metrics such as strength, range of motion (ROM), and gait 
dynamics following Achilles rupture and surgical repair. This was done using shear wave tensiometry profiles, strength, and ROM testing, as well as motion 

capture gait analysis. We hypothesized that participants who exhibited functional asymmetries, indicated by diminished wave speed in the repaired tendon in 

the mid-stance phase of gait, would also have decreased sagittal plane ROM and increased plantarflexion to dorsiflexion strength ratios at higher isokinetic 

speeds in the affected ankle.  

 
METHODS: Screening selected patients who underwent surgical repair for a ruptured Achilles tendon between July 1, 2019, and August 1, 2022, by an 

orthopaedic surgeon from the Medical College of Wisconsin (MCW). Inclusion criteria included: aged 18-60 years at time of surgery, unilateral Achilles 

tendon rupture at least 6 months prior, no history of neuromuscular disease, no prior history of Achilles rupture before the currently repaired tendon, no 

lower extremity injuries in the past 3 months, cleared by their physician for full weightbearing, and able to walk without a boot or assistive device. Seven 

people (3 males, 4 females; 45.71 ± 7.65 years old) met inclusion criteria and provided written informed consent to participate in the protocol approved by 
our Institutional Review Board. Participants were an average of 24 ± 9 months post-surgery (range: 11-37 months). Testing was conducted at the MCW 

Center for Motion Analysis. Shear wave tensiometers from the University of Wisconsin Neuromuscular Biomechanics Lab (UW-NMBL) were secured 

bilaterally to each Achilles tendon along with reflective markers for the Vicon Plug-in Gait model. Following calibration, the patient was instructed to walk 

across the room. Participants then performed bilateral isokinetic, ankle plantar/dorsiflexion strength testing using a Biodex System 3 dynamometer. 
Plantarflexion to dorsiflexion ratios and active ROM during testing were compared between the affected and contralateral leg at isokinetic speeds of 60, 90, 

and 120 deg/sec. Two-tailed paired t-tests were used for the analysis. Significance level was set at .05.  

 

RESULTS: Functional strength testing showed no significant differences in either plantarflexion to dorsiflexion strength ratios or ROM between the 

involved and contralateral legs (Table 1). Interestingly, there was a trend towards increasing differences in isokinetic strength deficits at higher speeds that 
appeared to coincide with gait irregularities. Five of the seven participants showed a clinically significant difference, defined as any difference greater than 

20%, in plantarflexion to dorsiflexion strength ratios at high-speed testing (120 deg/sec), vs. only one at low speed (60 deg/sec) and three at medium speed 

(90 deg/sec). Of the five participants who displayed such a pattern at high speeds, four of them had a greater than 50% decrease in peak dorsiflexion strength 

compared with low-speed testing.   

 
DISCUSSION: This study shows that long-term functional asymmetries are present in some individuals following Achilles tendon repair, and that these may 

relate to high-speed strength patterns. Prior analysis by tensiometry revealed that these same four participants exhibited gait abnormalities and significantly 

decreased wave speeds through mid-stance. Decreased wave speeds are indicative of diminished loading of the triceps surae muscle-tendon units, possibly 

due to an elongated tendon. At high speeds, rapid tendon lengthening is needed to adequately allow for proper dorsiflexion. As isokinetic speeds start to 

approximate typical gait ankle angle velocity at 120 deg/sec, we see the effects of an elongated triceps surae reducing push-off propulsion from the muscle 
not undergoing normal loading through midstance. This is reflected by the larger plantar flexion angle of the involved leg during the landing, or eccentric, 

phase of Achilles loading. Further testing with faster ambulation or running with a heel strike pattern might show increased deficits that are statistically 

significant. Additionally, imaging studies could give us further insight into tissue morphology changes occurring in these individuals.  

 

SIGNIFICANCE/CLINICAL RELEVANCE: The trends discussed in this study, although insignificant, indicate that there might be a relationship between 
isokinetic strength deficits at high speeds and functional asymmetries in Achilles tendon function following rupture and repair.  
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Table 1: Ankle plantarflexion/dorsiflexion strength and ROM data from isokinetic testing. Data is shown as a ratio between the involved and contralateral 
leg, with negative values representing a strength or range of motion deficit in the contralateral leg.  
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