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Background  
While controversy remains as to the relative benefit of operative (OM) versus 
non-operative management (NOM) of Achilles tendon (AT) ruptures (ATR), few studies 
have examined the effect on high impact maneuvers such as jumping and hopping. 

Hypothesis/Purpose  
The purpose of this study was to determine if functional performance including strength, 
jumping, and hopping outcomes differed between OM and NOM of acute ATR. The 
secondary objective was to assess the degree of association between AT morphology and 
performance outcomes. 

Study Design   
Retrospective cohort with a single prospective evaluation. 

Methods  
All patients were treated at an institutional secondary care center. Eligible participants 
(n=12 OM; 12 NOM) who were treated with OM or NOM of ATR within three weeks of 
injury were evaluated a minimum 20 months following ATR. AT length, thickness and 
gastrocnemius muscle thickness were assessed with B-mode ultrasound. Isokinetic 
plantar flexor strength, hop tests and countermovement and drop jumps were completed. 
Two-way ANOVAS were completed on all tests with unilateral values, independent t-tests 
were used for bilateral outcomes, and linear regressions were completed to assess the 
relationship between normalized AT length and performance. 

Results  
Affected limb AT was elongated and thickened (p<0.01), gastrocnemius was atrophied (p< 
0.01) and angle-specific plantar flexor torque was reduced at 120°/s when measured at 
20° plantar flexion (p = 0.028). Single leg drop vertical jump was higher in OM (p = 0.015) 
with no difference for hop and jump tests. AT length was related to plantar flexor torque 
but had no relationship with hopping performance. 

Conclusions  
Hop test performance was maintained despite plantarflexion weakness, gastrocnemius 
atrophy, and AT elongation. This may be the result of compensatory movement patterns. 
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AT length holds limited explanatory power in plantar flexor strength, although this 
relationship should be evaluated further. 

Level of Evidence    
Level III 

INTRODUCTION 

Treatment of acute Achilles tendon (AT) ruptures (ATR) has 
long remained controversial. Historically, operative man-
agement (OM) was thought to provide a reduced risk of re-
rupture albeit with the possibility of postoperative com-
plications.1,2 More recently, studies using non-operative 
management (NOM) with accelerated rehabilitation by 
early mobilization have demonstrated comparable results 
to OM.3‑8 Despite these advancements, strength and func-
tional deficits are common following ATR.9‑17 

AT elongation and calf muscle atrophy have been pro-
posed as causative factors for strength deficits following 
an ATR, yet the literature is ambiguous. AT elongation has 
been associated with calf muscle atrophy,9 decreased plan-
tar flexion strength,9 heel-rise test deficits (height, repe-
titions, work)18 and altered ankle kinetics and kinematics 
during walking, jogging and running.19 This was further 
examined with a randomized trial comparing OM to NOM 
with identical rehabilitation.10 At 18 months, AT length 
was increased in NOM, and OM patients had 10% to 18% 
greater plantar flexor strength. Carmont et al11 concluded 
that tightness of the tendon repair during surgery was the 
most important modifiable risk factor for tendon elonga-
tion and heel-rise deficits. However, others have found that 
AT elongation does not influence plantar flexion strength, 
patient’s subjective interpretation of recovery,12 nor does it 
relate to muscle volume and calf muscle circumference.13 

Methodological variation across studies may partially ex-
plain the varied findings, as strength deficits may be larger 
in greater degrees of plantar flexion relative to analysis of 
peak torque. 
Evaluations of functional performance have focused on 

muscular strength,9‑13 with minimal research investigating 
the relationship between AT length and dynamic perfor-
mance (i.e. jumping and hopping).14,15 Brorsson et al19 

found that individuals with heel rise deficits greater than 
30% had increased AT length and the limb symmetry index 
(LSI) of heel-rise test work correlated with kinetic variables 
during hopping. Nicholson et al14 found that although 
there were no differences in peak isokinetic plantar flexion 
strength between limbs, there was significant reductions in 
single-leg countermovement jump (CMJ) height. They also 
showed longer bilateral drop vertical jump contact time 
for the injured side without differences in landing forces.14 

This suggests that dynamic performance cannot be as-
sumed to be recovered by strength measures alone. 
Further research is required to understand the relation-

ship between tendon morphological changes following 
ATR, isolated muscular strength, and dynamic performance 
measures. The purpose of this study was to determine if 
functional performance including strength, jumping, and 
hopping outcomes differed between OM and NOM of acute 

ATR. The secondary objective was to assess the degree of 
association between AT morphology and performance out-
comes. It was hypothesized that in patients following NOM 
of ATR, AT length would be greater, and performance would 
be reduced (including muscular strength, hopping, and 
jumping) relative to OM. 

MATERIALS AND METHODS 
PARTICIPANTS 

This was a retrospective cohort study with a single prospec-
tive evaluation. Eligible participants were between 18 - 65 
years old, that had undergone treatment for an acute com-
plete ATR between October 2014 and October 2019 at a 
regional orthopedic clinic, and were treated within three 
weeks of the injury. Informed consent was obtained prior 
to participating in the study. Patients were excluded if they 
had a re-rupture of their AT, ATR on their contralateral 
leg, surgical site infection, or any significant ankle, knee, 
or medical comorbidities that prevented functional testing. 
Ethics approval was obtained by the University of Manitoba 
Research Ethics Board prior to commencing the study. 

SURGICAL TECHNIQUE AND NON-OPERATIVE 
MANAGEMENT 

All surgeries were performed in an open manner during 
which each end of the tendon was debrided of abnormal tis-
sue and repaired in a side to side fashion with No. 2 Fiber-
wire sutures (Arthrex, Naples Fl). A backslab (below knee 
half cast) was placed on the ankle in plantarflexion and 
converted to a boot with elevated heel wedges at the two-
week mark. The management of those who were treated 
non-operatively differed based on clinician. However, these 
patients were all managed by some variation of initial non-
weight bearing in plantar flexion alongside progressively 
reduced heel lifts and gradual restoration of weight-bear-
ing, with referral for physical therapy. 

GASTROCNEMIUS AND ACHILLES TENDON 
MORPHOLOGY 

Calf circumference was recorded with participants in a 
seated position with the knees flexed to 90° over the edge of 
the examination table. Measurements were recorded at 15 
cm distal to the medial knee joint line (identified via palpa-
tion),16 and at the point of maximal circumference. Tendon 
and muscle morphology was determined via B-Mode ultra-
sound (GE Healthcare LOGIQ, Chicago, IL, USA, 12mHz, 
linear transducer). Thickness of the lateral and medial gas-
trocnemius was recorded at 30% of the distance from the 
respective articular cleft to the malleolus.17 Patients were 
positioned prone with knees flexed 10° with the feet resting 
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off the examination table for morphological assessment.20 

Tendon thickness was recorded at the height of the medial 
malleolus.20 Tendon length was determined by identifying 
and marking the proximal (musculotendinous union of the 
medial gastrocnemius) and distal landmarks (calcaneal in-
sertion) with B-mode ultrasound.20 Landmarks were pro-
jected onto the skin by placing a modified (blunted) 
18-gauge needle between the ultrasound probe and the 
skin, which allowed for translation of the anatomical land-
mark on the ultrasound image to a superficial location on 
the skin at the position of the needle. The location of the 
non-inserted needle was then marked on the skin with ink 
to allow for distance measurement. AT length was normal-
ized relative to estimated tibial length (tibial length = AT 
length / 0.6 + 53).21 

RANGE OF MOTION AND ACHILLES TENDON RESTING 
ANGLE 

Ankle range of motion (ROM; active plantar- and dorsiflex-
ion) was recorded via goniometer with participants posi-
tioned supine in 30° of knee flexion. AT resting angle was 
measured in prone with the knee passively flexed to 90° 
with a goniometer.16,22‑25 

PATIENT-REPORTED OUTCOME MEASURES 

Patients completed a demographic form and patient-re-
ported outcome measures (PROMS) including the Achilles 
Tendon Total Rupture Score (ATRS), a Physical Activity 
Scale (PAS) and the Foot and Ankle Outcome Score (FAOS) 
Sports and Recreation subscale. The ATRS had patients 
rank their level of limitation due to symptoms and during 
certain activities, with each question scored ranging from 
0-10 on a Likert scale, with established validity and reliabil-
ity in patients following ATR and an MCID of 8 points.26,27 

The PAS had patients rank their current level of physical ac-
tivity from “0”, representing “hardly any physical activity”, 
to “6”, including hard or very hard exercise regularly several 
times a week (i.e. jogging, skiing). The FAOS assessed pa-
tients’ difficulty doing a series of movements over the past 
week due to their foot or ankle, ranking patients’ difficulty 
on a 5-point scale ranging from “None”, to “Extreme”. 

PERFORMANCE ASSESSMENT 

All patients completed a standardized warm up of five min-
utes on a stationary bicycle, at a self-selected pace, fol-
lowed by two sets of 10 bilateral heel raises. 

JUMPING TESTS 

Participants then completed the jumping tests, which were 
recorded using dual force plates (1000 hz; AMTI, Water-
town, MA, USA). Jump heights were estimated from flight 
time (height = ½g(t/2)2; g = 9.81 m*sec−2, t = time in 
air). Participants completed two or three familiarization at-
tempts, before three trials of each jump. For the bilateral 
countermovement jump (CMJ), participants stood upright 
with hands placed on their hips, and on cue bent their 

knees to a depth of their preference and performed a max-
imal effort jump. For the bilateral squat jump, the method 
was the same as the bilateral CMJ, however participants 
would pause for three seconds in the squat position (maxi-
mum 90o knee flexion) before completing a maximal effort 
vertical jump. Unilateral CMJs used the same methodology 
as the bilateral CMJs, except participants would take off 
on a single limb, and land on the same limb. Drop vertical 
jumps (DVJ) were completed with participants starting on a 
30 cm elevated platform with the force plates positioned at 
a distance of half of the participants height from the plat-
form. Participants jumped down from the platform to the 
force plates, followed by a maximal effort jump for height 
in a fluid motion. For the single leg DVJ (SL-DVJ) the force 
plates were positioned at a distance of 25% of the partici-
pant’s height from the 30 cm box. Participants would jump 
down from the box to the plates on a single limb, then com-
plete a maximal single leg jump in one fluid motion, land-
ing on the same single leg to complete the test. 

HOP TESTING 

Four different hop tests were completed on each leg. Each 
test began with a practice attempt followed by two trials 
on each limb, alternating between unaffected and affected 
limbs. The single hop had participants perform a single hop 
forward for maximal distance. The triple hop consisted of 
three consecutive hops to achieve maximal distance. The 
crossover hop had participants complete three consecutive 
hops for distance, crossing over a 15 cm wide longitudinal 
marker with each hop. Distances were recorded from the 
front of patient’s foot on takeoff to the heel on landing. The 
6-meter timed hop test had participants hop on one foot for 
six meters as quickly as possible (Brower Timing Systems 
TCi System, Draper, UT, USA). 

STRENGTH TESTING 

Isokinetic plantar- and dorsiflexion torque were measured 
at 60 o/s and 120 o/s (Biodex System 4, Mirion Technologies, 
Atlanta, GA, USA). Participants were seated with the knee 
flexed to 10°, the waist and knee immobilized via belts, and 
foot strapped to the plate attached to dynamometer. Par-
ticipants were able to practice at each speed before com-
pleting five repetitions of maximal effort plantarflexion and 
dorsiflexion, followed by a 60 second break between trials. 
Peak torque, and angle-specific torque at 20o of plantarflex-
ion were extracted for analysis. 

STATISTICAL ANALYSIS 

Two-way analysis of variance (ANOVA; Group: Operative, 
Non-operative; Side: Affected, Unaffected) were completed 
for all tests with unilateral values. Independent t-tests were 
used for between-group comparisons for bilateral outcomes 
(countermovement jump). Linear regressions were com-
pleted for normalized AT length against performance out-
comes of the affected limb in absolute measures (i.e. dis-
tance, torque) and as a limb symmetry index (LSI) for peak 
and angle-specific torque and the single leg hop test. Sta-
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Figure 1. CONSORT 2010 Flow Diagram     

Table 1. Patient Demographics   

Non-operative Operative P-Value 

Age (yrs) 46.2 ± 14.8 39.0 ± 9.3 P = 0.17 

Height (cm) 174.1 ± 7.8 175.7 ± 8.4 P = 0.64 

Weight (kg) 94.4 ± 22.5 89.7 ± 14.6 P = 0.55 

Follow-up (yrs) 3.3 ± 1.2 4.1 ± 1.4 P = 0.124 

Sex 8M/4F 9M/3F 

ATRS 27.08 ± 27.89 26.83 ± 26.13 P = 0.982 

PAS 5 (2-6) 3.5 (2-5) P = 0.04 

FAOS Subscale 79.17 ± 22.34 85.42 ± 13.22 P = 0.413 

tistical significance was considered at p < 0.05, and all val-
ues are presented as means ± standard deviation unless 
stated otherwise. 

RESULTS 
PARTICIPANTS 

Records (n = 196) were screened against eligibility criteria 
and a resultant 114 patients were contacted by mail to in-
dicate their potential eligibility to participate in the study. 
Thirty-eight patients contacted the research center, with 24 
ultimately eligible to participate in the study and complet-
ing testing, a total of 12 per group (Figure 1). There were no 
significant differences in demographic data between groups 
(Table 1). Amongst PROMs only PAS differed for which the 
NOM group was more active. 

RANGE OF MOTION AND ACHILLES TENDON RESTING 
ANGLE 

Active ROM for dorsiflexion and plantar flexion was not sta-
tistically different between limbs or groups (Table 2). AT 
resting angle was lower on the affected limb (p <0.001) with 
no effect of group or interaction or group and side (Table 
2). 

MUSCLE AND TENDON MORPHOLOGY 

There was no effect of side, group, or interaction of group 
and side on calf girth. Both medial (p = 0.002) and lateral (p 
= 0.008) gastrocnemius thickness were reduced on the af-
fected side regardless of group. AT thickness was greater on 
the affected side (F(1,44) = 176.18, p <0.001), with no effect 
of group or interaction. AT length was greater on the af-
fected limb (p = 0.009) with no effect of group or interaction 
(Table 2). 
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Table 2. Calf and tendon morphology and ankle range of motion          

Non-operative Operative Statistical Comparisons 

Unaffected Affected Unaffected Affected Interaction Group Side 

Calf circumference (cm) 
(at 15cm) 

41.1 ± 5.8 39.5 ± 7.3 40.4 ± 3.4 38.8 ± 3.6 
F = 0.002 
p = 0.993 

F = 0.209 
p = 0.650 

F = 1.075 
p = 0.306 

Calf circumference (cm) 
(at max girth) 

42.4 ± 6.2 41.1 ± 3.3 40.9 ± 7.4 39.8 ± 3.5 
F = 0.001 
p = 0.972 

F = 0.591 
p = 0.446 

F = 0.835 
p = 0.366 

Gastrocnemius Thickness (cm) Lateral 1.61 ± 0.4 1.29 ± 0.5 1.8 ± 0.3 1.5 ± 0.4 
F = 0.01 
p = 0.886 

F = 3.763 
p = 0.059 

F = 7.668 
p = 0.008 

Gastrocnemius Thickness (cm) Medial 2.15 ± 0.5 1.7 ± 0.5 2.2 ± 0.4 1.9 ± 0.3 
F = 0.294 
p = 0.590 

F = 0.695 
p = 0.409 

F = 10.98 
p = 0.002 

AT Thickness (cm) 0.54 ± 0.08 1.13 ± 0.23 0.48 ± 0.16 1.24 ± 0.20 
F = 2.438 
p = 0.126 

F = 0.257 
p = 0.614 

F = 176.18 
p < 0.001 

AT Length (cm) 19.03 ± 3.70 21.38 ± 2.89 19.91 ± 2.16 21.79 ± 1.59 
F = 0.089 
p = 0.766 

F = 0.694 
p = 0.409 

F = 7.360 
p = 0.009 

AT Resting Angle 49 ± 7 42 ± 7 49 ± 6 41 ± 5 
F = 0.005 
p = 0.943 

F = 0.131 
p = 0.720 

F = 16.185 
p < 0.001 

Plantar Flexion Active Range of motion (o) 58 ± 5 58 ± 6 57 ± 9 54 ± 7 
F = 0.519 
P = 0.475 

F = 1.407 
P = 0.242 

F = 0.459 
P = 0.501 

Dorsiflexion Active Range of motion (o) 14 ± 5 14 ± 6 14 ± 3 14 ± 4 
F = 0.045 
P = 0.833 

F = 0.045 
P = 0.833 

F = 0.008 
P = 0.928 
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MUSCULAR STRENGTH 

Isokinetic peak plantar flexor torque at 60o/s and 120o/s 
was similar between groups and sides, with no interaction 
of group and side (Table 3). Torque at 20o plantar flexion 
was reduced on the affected limb when measured at 120o/s 
(F(1,42) = 5.201, p = 0.028), and while reduced at 60o/s this 
was not statistically significant (F(1,40) = 3.732, p = 0.06; 
Table 3). There was no effect of group, or interaction of 
group and side for angle-specific torque at 20o plantar flex-
ion. 

HOP AND JUMP PERFORMANCE 

Performance was not statistically significantly different be-
tween limbs for all single leg hop and single leg jump tests 
(Table 4). The only significant difference was greater single 
leg drop vertical jump height in the operative relative to 
non-operative group (F(1,36) = 6.541, p = 0 .015; Table 4), 
with no effect of side or interaction. Bilateral jump tests 
were also not significantly different between groups (Table 
5). 

RELATIONSHIP BETWEEN ACHILLES TENDON LENGTH 
AND PERFORMANCE 

Regression analyses identified minimal to no association 
between AT length and single leg hop distance across both 
the affected and unaffected limbs (Table 6). Only torque 
at 20o plantar flexion when measured at 120o/s was found 
to have a significant association with AT length, with AT 
length explaining 11% of the variance (p = 0.03, Table 6), 
and peak torque at 120o/s approached significance (8.4%, 
p = 0.05, Table 6). No significant associations were identi-
fied between affected limb AT length and LSI values for the 
single leg hop or strength outcomes, while the LSI of Peak 
Torque at 120o/s approached statistical significance (15.6%, 
p = 0.06; Table 6). 

DISCUSSION 

This study found persistent gastrocnemius atrophy along-
side tendon elongation and thickening regardless of oper-
ative or non-operative management of ATR. Impairment in 
plantar flexor strength was found when measured at 20o 

plantar flexion at 120o/s, but not when considering peak 
torque or at slower testing velocities. Despite this reduc-
tion, performance on dynamic jumping and hopping tests 
were comparable between limbs and treatment groups, 
apart from higher SL-DVJ heights in the operatively man-
aged group. AT length had no association with single leg 
hop distance or LSI, whereas a minor association was found 
with overall AT length and plantar flexor torque at 20o 

plantar flexion at 120o/s. 
The relationship between AT length and plantar flexion 

strength is inconsistent in the literature.9,10,12,13 Similar 
to some studies, this study found impaired isokinetic plan-
tar flexor strength when measured at greater degrees (20o) 
of plantar flexion.9,28,29 Both Pajala et al30 and Heikkinen 
et al9 demonstrated positive correlations between work or 

peak torque deficits and tendon elongation following ATR, 
suggesting impaired force production with tendon elon-
gation. Conversely, others have found no relationship be-
tween isokinetic work or peak torque and AT length fol-
lowing ATR.28,29,31 The overall lack of agreement regarding 
strength measurement techniques, including the mode of 
contraction (isokinetic versus isometric), the metric used 
to quantify (peak torque versus work), the angle of deter-
mination (peak torque versus angle-specific torque), may 
partially explain the discrepant findings. The development 
of standardized testing protocols, with test velocities of 
120-180o/s with angle-specific measurement of plantar 
flexor torque at 20-30o plantar flexion, may provide further 
clarification on the relationship of AT length to plantar 
flexor strength. 
Altered movement patterns and kinetics in walking, jog-

ging and CMJs have been observed following ATR12; how-
ever, altered kinematics and kinetics do not necessarily 
translate into reduced performance outcomes. These re-
sults indicate that performance in unilateral hopping and 
bilateral jumping was comparable between both limbs and 
groups, apart from the single-leg DVJ which was greater 
in operative patients, despite significant AT elongation in 
both groups. Deficits in functional tasks are variable in the 
literature, of which the evaluation of differing post-opera-
tive time points and functional tests are confounding fac-
tors. Deficits in SL-DVJ performance have been previously 
described, upwards of six years post-operative,32,33 while 
others have found no difference in SL-CMJ and vertical 
hopping height.15,34 Kinetic compensations during jump-
ing or hopping indicate reduced use on the ankle, with 
reduced concentric and eccentric plantar flexor power,19,
33 and increased eccentric33 or concentric knee power.34 

Comparable SL-DVJ between operative and non-operative 
management has been found, whereas the present study 
found increased jump height in the operative group, that 
did not extend across other hop or jump tests. Brorsson 
et al35 found impaired single leg hop for distance, in con-
trast to the present results; however, the average LSI values 
approached 95%, indicating minimal difference between 
limbs despite statistically significant differences as well as 
no difference between operative and non-operative groups. 
Unique to the present study is the observation that AT 

length did not have an association with single leg hop per-
formance. Few studies have evaluated the direct relation-
ship between AT length and dynamic performance. Brors-
son et al19 identified that patients with >30% heel-rise 
deficit had reduced ankle concentric and eccentric plantar 
flexor power during drop jumps and vertical hopping, 
alongside reduced peak Achilles tendon force and impulse. 
However, AT length did not correlate with any kinetic dif-
ferences between the groups. It is possible that there is 
a threshold whereby AT length impacts dynamic perfor-
mance, as while others have demonstrated altered walking 
kinematics,12 Kastoft et al36 recently found near symmet-
rical between-limb walking kinematics up to 4.5 years after 
non-operative management, except for a slight delay in 
heel lift-off, despite upwards of 1.7 cm AT elongation. Con-
versely, the previously discussed knee-dominant kinetic 
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Table 3. Ankle Plantar Flexor Strength     

Non-operative Operative Statistical Values 

Unaffected Affected LSI Unaffected Affected LSI Interaction Group Side 

Peak Torque 60o/s 71.00 ± 32.19 64.61 ± 20.54 98.5 ± 27.6% 69.01 ± 24.70 60.75 ± 23.19 92.4 ± 31.8% 
F (1,42) = 0.016 

p = 0.901 
F(1,42) = 0.151 

p = 0.699 
F(1,42) = 0.950 

p = 0.335 

Peak Torque 120o/s 53.4 ± 16.26 45.07 ± 12.20 86.3 ± 20.2 % 48.68 ± 20.09 43.97 ± 19.01 91.5 ± 17.8 % 
F(1,42) = 0.125 

p = 0.0725 
F(1,42) = 0.326 

p = 0.571 
F(1,42) = 1.634 

p = 0.208 

Torque 20o, 60o/s 59.45 ± 27.51 44.67 ± 20.98 83.7 ± 41.8% 59.46 ± 15.86 49.78 ± 17.68 88.7 ± 40.0 % 
F(1,40) = 0.162 

p = 0.689 
F(1,40) = 0.164 

p = 0.688 
F(1,40) = 3.732 

p = 0.06 

Torque 20o, 120o/s 48.60 ± 16.85 35.85 ± 10.74 76.4 ± 20.8% 44.58 ± 17.94 36.56 ± 14.99 84.5 ± 20.2 % 
F(1,42) = 0.269 

p = 0.606 
F(1,42) = 0.131 

p = 0.719 
F(1,42) = 5.201 

p = 0.028 

Table 4. Single Leg Hop and Jump Performance       

Non-operative Operative Statistical Comparisons 

Unaffected Affected LSI Unaffected Affected LSI Interaction Group Side 

Single Leg Hop (cm) 110.3 ± 26.7 105.1 ± 28.6 
94.7 ± 8.0 
(n = 11) 

115.4 ± 47.8 107.6 ± 46.5 
93.2 ± 13.0 
(n = 12) 

F(1,42) = 0.012 
p = 0.912 

F(1,42) = 0.108 
p = 0.744 

F(1,42) = 0.312 
p = 0.580 

Triple Hop (cm) 374.5 ± 73.0 364.4 ± 97.2 
97.2 ± 5.9 
(n = 11) 

385.8 ± 142.7 376.1 ± 133.5 
98.2 ± 6.8 
(n = 12) 

F(1,42) = 0.00 
p = 0.996 

F(1,42) = 0.120 
p = 0.731 

F(1,42) = 0.089 
p = 0.767 

Crossover hop (cm) 326.5 ± 81.2 304.5 ± 86.7 
93.2 ± 10.8 
(n = 11) 

344.1 ± 143.2 340.4 ± 134.2 
100.5 ± 7.7 
(n = 11) 

F(1,42) = 0.071 
p = 0.792 

F(1,42)= 0.600 
p = 0.443 

F(1,42) = 0.138 
p = 0.712 

6M Timed Hop (s) 2.5 ± 0.4 2.7 ± 0.7 
93.3 ± 8.3 
(n = 11) 

2.7 ± 01.0 2.9 ± 1.1 
95.1 ± 6.8 
(n = 12) 

F(1,42) = 0.013 
p = 0.910 

F(1,42) = 0.470 
p = 0.497 

F(1,42) = 0.629 
p = 0.432 

SL-CMJ (cm) 7.9 ± 3.4 6.1 ± 3.5 
85.1 ± 15.3 
(n = 11) 

9.8 ± 4.84 8.6 ± 4.3 
88.0 ± 25.9 
(n = 10) 

F(1,42) = 0.002 
p = 0.140 

F(1,42) = 2.265 
p = 0.140 

F(1,42) = 0.923 
p = 0.342 

SL-DVJ (cm) 
9.7 ± 
2.9 

8.6 ± 2.7 
91.8 ± 21.2 
(n = 10) 

12.5 ± 5.2 12.0 ± 4.2 
100.1 ± 18.2 
(n = 11) 

F(1,36) = 0.063 
p = 0.803 

F(1,36) = 6.541 
p = 0.015 

F(1,36) = 0.422 
p = 0.520 
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Table 5. Bilateral Jump Tests    

Non-operative Operative 
Test Statistic 

P-Value 

Counter Movement Jump (cm) 
19.1 ± 7.7 

(n = 12) 
22.1 ± 8.6 

(n = 12) 
t(22) = -0.904 

p = 0.376 

Squat Jump (cm) 
19.1 ± 7.3 

(n = 12) 
21.7 ± 8.3 

(n = 12) 
t(22) = -0.819 

p = 0.421 

Drop Counter Movement Jump (cm) 
24.9 ± 6.4 

(n = 11) 
25.9 ± 10.6 

(n = 12) 
t(21) = -0.398 

p = 0.695 

Table 6. Regression analyses between normalized AT length and performance outcomes considering both the             
affected and unaffected limbs or limb symmetry index (LSI).          

Achilles Tendon Length 

R2 B (95%CI) P Value 

Single Leg Hop (/height) 0.008 -0.47 (-2.00 – 1.06) 0.54 

Peak Torque (60o/s) 0.052 -1.36 (-3.13 – 0.40) 0.13 

Peak Torque (120o/s) 0.084 -1.18 (-2.38 – 0.01) 0.05 

Torque 20o (60o/s) 0.072 -1.41 (-2.95 – 0.13) 0.07 

Torque 20o (120o/s) 0.109 -1.25 (-2.34 – 0.16) 0.03 

Single Leg Hop LSI 0.002 -0.11 (-1.34 – 1.13) 0.86 

Peak Torque 60o/s LSI 0.003 -0.37 (-3.68 – 2.94) 0.82 

Peak Torque 120o/s LSI 0.156 -1.83 (-3.77 – 0.10) 0.06 

Torque 20o (60o/s) LSI 0.005 0.25 ( -4.89 – 5.38) 0.92 

Torque 20o (120o/s) LSI 0.035 -0.96 (-3.23 – 1.32) 0.39 

strategies may be sufficient to maintain hopping and jump-
ing performance, such that no relationship with AT length 
would be expected on performance outcomes alone. Func-
tional task selection may be important when considering 
altered kinetic strategies, as ankle, hip and knee contribu-
tions vary between vertical or horizontal hops.37 In this 
case, contribution of the ankle is greatest in the concentric 
(take-off) phase of horizontal hopping, which suggests fu-
ture kinetic and kinematic investigations should focus on 
horizontal hopping, whereas current studies have evaluated 
primarily vertical hopping and jumping.19,33,34 

There were some limitations within this study that 
should be considered when examining these results. One 
limitation was the small sample size amongst the poten-
tially eligible screened population. Secondly, due to recruit-
ment being voluntary, bias may exist as the individuals who 
responded and underwent an assessment may not be en-
tirely representative of the population of individuals with 
ATRs. Achilles rehabilitation is not standardized across sur-
geons and sports medicine physicians at this center which 
introduces variability in participants’ recovery processes 
and limits the ability to isolate differences between man-
agement groups. 

CONCLUSION 

Participants’ musculotendinous morphology, strength, and 
functional performance did not differ between operative 
and non-operative management of acute ATR. Despite per-
sistent gastrocnemius atrophy, plantarflexion weakness 
and tendon elongation, lower extremity dynamic perfor-
mance measures were maintained. While no relationship 
was found between AT length and single leg hop perfor-
mance, AT length did partially explain isokinetic plantar 
flexor strength when measured at 20o plantar flexion at 
higher speeds (120o/s). 
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