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Abstract  
This study aimed to characterise the biomechanics of the widely 
practiced eccentric heel-drop exercises used in the management 
of Achilles tendinosis. Specifically, the aim was to quantify 
changes in lower limb kinematics, muscle lengths and Achilles 
tendon force, when performing the exercise with a flexed knee 
instead of an extended knee. A musculoskeletal modelling ap-
proach was used to quantify any differences between these 
versions of the eccentric heel drop exercises used to treat Achil-
les tendinosis. 19 healthy volunteers provided a group from 
which optical motion, forceplate and plantar pressure data were 
recorded while performing both the extended and flexed knee 
eccentric heel-drop exercises over a wooden step when barefoot 
or wearing running shoes. This data was used as inputs into a 
scaled musculoskeletal model of the lower limb. Range of ankle 
motion was unaffected by knee flexion. However, knee flexion 
was found to significantly affect lower limb kinematics, inter-
segmental loads and triceps muscle lengths. Peak Achilles load 
was not influenced despite significantly reduced peak ankle 
plantarflexion moments (p < 0.001). The combination of re-
duced triceps lengths and greater ankle dorsiflexion, coupled 
with reduced ankle plantarflexion moments were used to pro-
vide a basis for previously unexplained observations regarding 
the effect of knee flexion on the relative loading of the triceps 
muscles during the eccentric heel drop exercises. This finding 
questions the role of the flexed knee heel drop exercise when 
specifically treating Achilles tendinosis. 
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Introduction 
 
Many conservative and surgical options have been devel-
oped and used to treat Achilles tendinopathies 
(Magnussen et al., 2009). Over time, the eccentric heel-
drop exercises proposed by Alfredson et al. (1998) have 
become the treatment of choice for Achilles tendinosis. 
These exercises are widely practised, with studies as-
sessing both short and longer term efficacy of the treat-
ment (Kujala et al., 2005; Kingma et al., 2007; 
Magnussen et al., 2009; van der Plas et al., 2012). Despite 
a lack of evidence to support the biochemical changes 
expected with increased tendon loading (Khan and Scott 
,2009), improvements in the tendon structure have been 
reported following eccentric heel-drop exercises (Ohberg 
et al., 2004). However, while the clinical outcomes are 
promising, the underlying aetiology of the condition is not 
known, with abnormal hindfoot kinematics (Donoghue et 
al., 2008) and altered triceps activation (Wyndow et al., 
2010; Wyndow et al., 2013) during running being linked 
to pathological changes in the Achilles tendon. Further-
more, the biomechanical factors believed to drive the 

tendon healing process are unclear, with oscillations of 
Achilles tendon load (Grigg et al., 2013), tendon strength-
ening and stretching programmes (Kader et al., 2002; 
Allison and Purdam, 2009) and intra-tendon shearing 
(Alfredson et al., 1998) all being speculatively linked to 
tendon healing. This last factor could be considered the 
target of the commonly adopted heel drop exercises, as 
the intention of performing the flexed knee exercise is to 
alter the relative loading between the Gastrocnemius and 
Soleus muscles, which can result in changes in intra-
tendon shear (Hebert-Losier et al., 2009a). Critically 
however, while previous observations have focussed on 
the common features of the heel drop exercises, the bio-
mechanical differences between the extended and flexed 
knee versions of the exercise have been minimally charac-
terised, with functional outcomes, such as pain reduction 
and functional improvements serving as primary justifica-
tion of the treatment protocol. Additionally, assessing the 
biomechanical differences of performing the exercise in 
shoes is important, as differences between performing the 
exercise in clinic, generally in shoes, and at home, gener-
ally barefoot, may further characterise the mechanics 
driving the healing process. It is known that differences in 
EMG activity exist across the triceps during walking 
(Farris et al., 2013) and running (Wyndow et al., 2013) 
and as such, it is possible that EMG activation across the 
triceps differs during the different versions of the heel-
drop exercise (Henriksen et al., 2009). Reid et al. (2012) 
is the only study to investigate the effect of knee flexion 
on triceps EMG activity during the eccentric heel drop 
exercise and showed that an extended knee resulted in 
greater Gastrocnemius activation, with Soleus activation 
unaffected by knee flexion angle during the exercise. This 
observation was only partially in line with the mechanical 
changes proposed by Alfredson et al (1998) where flexion 
of the knee is expected to shorten the Gastrocnemius, 
consequently decreasing its activation, necessitating an 
increase in Soleus muscle activation. However, the reli-
ance on EMG data alone to make clinical inferences is 
limiting, as it does not quantify any other biomechanical 
observations which may affect the conclusions drawn 
regarding the efficacy of the treatment as a whole. As 
changes in ankle kinematics during the flexed knee exer-
cise have not been previously quantified and can influ-
ence triceps surae activation during heel raises (Hebert-
Losier et al., 2009b), it is not possible to explain the lack 
of change in Soleus muscle activation through surface 
EMG measures alone. Therefore, it is hypothesised that 
changes in ankle kinematics due to the flexed knee could 
influence the moment arms of the triceps surae, counter-
acting any changes in activation caused by shortening the 
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Gastrocnemius muscle. The primary aim of this study was 
to quantify changes in lower limb kinematics, muscle 
lengths and Achilles tendon force, when performing the 
exercise with a flexed knee instead of an extended knee. 
A secondary aim of this study was to quantify any differ-
ences in lower limb mechanics when performing the exer-
cises barefoot or in running shoes. 

 
Methods 
 
Participants 
Nineteen healthy individuals were recruited (8 male 
[mean (SD); age: 28 (3); height: 1.76m (0.10); mass: 
73.4kg (12)] and 11 females [age: 29 (6); height: 1.63 
(0.05); mass: 58.7kg (10.2)]), with no history of ankle 
injuries and no lower limb injury in the last 12 months 
and no clinical symptoms of Achilles Tendinopathies. 
Individuals were excluded if they had any been diagnosed 
with Achilles Tendinopathy or had any musculoskeletal 
or neuromuscular condition of the lower limb. The cohort 
size was chosen based on previous studies investigating 
differences in flexed and extended knee eccentric heel 
drop exercises with optical motion capture (Hebert-Losier 
et al., 2011b; Grigg et al., 2013), 

 
Description of the exercise and equipment 
To best replicate the setup employed at home and in clin-
ic, a wooden step (400mm x 132mm x 132mm) was con-
structed to replicate a step similar to that that found at 
home. The step was sanded to provide a smooth and flat 
surface and the edges were rounded to provide a comfort-
able radius of curvature to stand on. The step itself was 
secured over the centre of a forceplate with a ratchet strap 
(Figure 1). 
 

 

 
 
 

Figure 1. Sketch of the experimental setup and marker set.  
ASIS/PSIS –anterior/posterior superior iliac spines, FME/FLE – medi-
al/lateral femoral epicondyles, TAM/FAM – medial/lateral malleolus. 
Marker labels in brackets (TAM and FME) have been omitted for clari-
ty. 

Subjects were instructed to perform the eccentric 
heel-drop exercise following the approach detailed by 
Alfredson et al. (1998). Briefly, this requires subjects to 
stand on tip-toe with their ankle in maximal plantarflex-

ion, before lowering themselves in a controlled manner 
through eccentric loading of the calf to achieve maximum 
ankle dorsiflexion. Subjects then transfer their weight 
onto their other leg to concentrically raise their centre of 
mass before performing the exercise again. This exercise 
is performed with the knee extended and flexed. Subjects 
performed a minimum of five cycles using their right leg 
only and the exercise was considered to have been per-
formed correctly if the subject went through their full 
range of ankle motion without excessive knee motion 
during the eccentric portion of the cycle and without the 
left foot touching the forceplate or wooden step. As knee 
flexion during the exercise was assessed by eye, if chang-
es in knee flexion were substantial, subjects were asked to 
perform another cycle of the exercise. This was per-
formed in barefoot and in running shoes (“shod”) and 
with the knee in extension and flexed to a target angle of 
30 degrees (Table 1) (Hebert-Losier et al., 2012). Subjects 
were given verbal instruction to “maintain a moderate 
squat” for the knee flexed exercise with the intention that 
this would provide an achievable position for each subject 
to reliably return to each time. For the extended knee 
version of the exercise, subjects were instructed to “keep 
their knee straight throughout the cycle”. Subjects were 
given sufficient time to practice the exercise and to be 
able to perform the exercise without loss of balance and if 
the knee angle achieved during the knee flexed task was 
considered too great or too little by visual inspection, 
subjects were told to flex their knee accordingly. 

 
Table 1. Summary of the four versions of the heel drop exer-
cise assessed. 

Abbreviation Description of the leg position 
“bare_ext” Barefoot with the knee extended 
“bare_flex” Barefoot with the knee flexed 
“shoe_ext” In shoes with the knee extended 
“shoe_flex” In shoes with the knee flexed 

 
Data collection and pre-processing 
Optical motion (MX-series, Vicon Motion Sys-
tems, Oxford, UK) and forceplate (9628BA, Kistler, Win-
terthur, Switzerland) data were collected for all conditions 
and used as inputs to the musculoskeletal model (de-
scribed below) for barefoot conditions. The vertical coor-
dinate of the centre of pressure (CoP) in this coordinate 
system was set to the height of the wooden step (meas-
ured to be 132mm). For shod conditions, the use of an in-
shoe plantar pressure measurement system (Pedar-X, 
Novel GmbH, Munich, Germany) was used to provide the 
CoP data for the musculoskeletal model for the shod con-
dition. An in-shoe plantar pressure system was used for 
shod conditions, as this was considered to give a more 
accurate CoP value of loading under the foot, as the for-
ceplate CoP in this setup may have resulted in projection 
errors due to the 132mm distance between the measure-
ment and plantar surfaces. However, for completeness, 
the CoP values from the forceplate and plantar pressure 
insoles were compared post-hoc and no differences in 
CoP displacement or mean positions were found during 
the shod exercises (data not presented). 

Optical motion and plantar pressure data were rec-
orded at 100Hz and forceplate data was recorded at 
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1000Hz. Data were recorded continuously while the sub-
jects performed repeated cycles of the exercise and only 
the portion of each cycle corresponding to a lowering of 
the heel was considered for processing. This was defined 
from the onset of a continuous decrease in lateral malleo-
lar marker height until the first subsequent increase in 
malleolar height (Hebert-Losier et al., 2012; Grigg et al., 
2013). The mean of the five trials was used to represent 
the subject’s biomechanics during each version of the 
exercise. A cohort-average across all 19 subjects was then 
used for subsequent statistical analysis. 

 
Lower limb musculoskeletal model 
A unilateral model of the lower limb defined by optical 
markers placed on the pelvis and leg (Figure 1) was 
scaled according to body weight and height and imple-
mented in Matlab (The Mathworks Inc), Additionally, the 
following foot landmarks were digitised relative to the 
clusters on the shoe using a calibration wand with a point-
ed tip and an RMS error of the digitised point less than 
2mm: the Achilles insertion on the calcaneus, the first 
metatarsal head and base, the fifth metatarsal head and 
base and the tip of the second phalanx. This data was used 
to calculate the angles and inter-segmental moments at the 
ankle, knee and hip joints following established inverse 
dynamics utilising Newton-Euler equations of motion and 
segment dynamics (Winter, 2009). Body segment parame-
ters were defined for the leg using truncated cones with 
segment mass and radii of gyration defined by Diaz et al. 
(2006) and using a solid ellipsoid for the feet according to 
Challis et al. (2012). The hip and knee joints were mod-
elled with three rotational degrees of freedom (DoF), the 
ankle  as  a  saddle  joint with two rotational DoF and  the  
MTP as a hinge with one DoF (Weinert-Aplin, 2014). The 
muscle origins, insertions, via points and PCSA data from 
literature (Klein Horsman et al. 2007) were scaled accord-

ing to segment length and implemented in the model to 
determine muscle forces for the 12 muscles (represented 
by 39 muscle elements) crossing the ankle joint using 
static optimisation of a summed muscle stress cubed cost 
function with maximum muscle bounds defined by a 
muscle’s physiological cross-sectional area (PCSA) and a 
specific tension of 37.7N/cm (Haxton 1944). Whole mus-
cle lengths were calculated from the scaled musculo-
tendon unit (MTU) geometry data using only the muscle 
portion of the MTU lengths and are presented as muscle 
lengths normalised to the length calculated in a static 
standing position. Muscle activation is presented as a 
fraction of peak instantaneous muscle force to its maxi-
mum permitted force, as defined above (Rasmussen et al. 
2001). For shod trials, external ground reaction force 
(GRF) and centre of pressure (CoP) data were spatially 
aligned with the plantar pressure data according to Fradet 
et al. (2009) and Saraswat et al. (2010). 

 
Statistical analyses 
Statistical analysis of the results was performed in Matlab 
2010b using the Statistical Analysis Toolbox (The Math-
works Inc,). All data was checked for normality using a 
Kolmogorov-Smirnov test and unless otherwise stated, 
statistical comparisons consisted of a 2-way ANOVA 
(flexed knee vs. extended knee and shod vs. barefoot); the 
level of significance set at p < 0.05 for main effects and if 
significant, a Bonferonni correction was applied. 
 
Results 
 
A summary of the changes in lower limb mechanics dur-
ing the eccentric heel-drop exercises due to knee flexion 
when barefoot or in running shoes are quantitatively 
summarized in Table 2. 

 
Table 2. Summary of the biomechanical changes due to knee flexion for barefoot and in-shoe versions of the exercise. 
  Barefoot Shod 
  Extended 

Knee 
Flexed 
Knee 

P -value Extended 
Knee 

Flexed 
Knee 

P-value 

Kinematic 
outputs  
[Degrees] 

Mean hip adduction angle 4.2 (4.0) 5.7 (4.5) - 5.5 (3.2) 6.5 (3.3) - 
Mean hip flexion angle 9.6 (6.7) 28.5 (8.3) NC 8.2 (7.0) 27.3 (7.5) NC 
Mean change in hip flexion angle .5 (3.1) -3.8 (4.9) - 1.3 (3.8) -2.8 (5.3) - 
Mean knee adduction angle 12.1 (3.1) 10.1 (5.1) - 11.4 (2.3) 9.2 (4.6) - 
Mean knee flexion angle -8.7 (7.5) -35.3 (7.7) NC -7.2 (6.5) -33.9 (6.4) NC 
Mean change in knee flexion angle 2.6 (4.5) 9.1 (8.5) <.001 -.2 (5.8) 6.4 (8.3) .004 
Mean ankle inversion ROM 11.2 (4.0) 11.5 (5.9) - 9.9 (3.8) 9.4 (4.4) - 
Mean ankle angle at start -17.7 (4.5) -11.0 (5.9) <.001 17.5 (7.3) -10.4 (7.2) <.001 
Mean ankle angle at end 23.5 (6.3) 27.5 (7.3) .001 25.4 (6.2) 30.5 (4.6) <.001 
Mean ankle flexion ROM 41.2 (7.4) 38.5 (7.6) - 42.8 (7.8) 40.8 (6.7) - 

Inter-
segmental 
moments [Nm/ 
(BW*ht)] 

Peak hip extension moment .28 (.06) .35 (.11) <.001 .25 (.08) .32 (.11) <.001 
Peak hip adduction moment .28 (.06) .35 (.12) .001 .24 (.09) .33 (.12) <.001 
Peak knee extension moment .13 (.05) -.04 (.08) <.001 .10 (.06) -.07 (.07) <.001 
Peak knee adduction moment .13 (.05) -.04 (.08) <.001 .10 (.06) -.07 (.07) <.001 
Peak ankle plantar-flexion moment -.75 (.04) -.72 (.04) <.001 -.76 (.09) -.71 (.08) <.001 
Peak ankle inversion moment .09 (.07) .10 (.07) - .05 (.05) .05 (.04) - 

Force [BW] Peak Achilles tendon force  3.02 (.50) 2.86 (.48) - 2.76 (.50) 2.51 (.43) - 
Muscle activa-
tion [% Fmax] 

Soleus  .20 (.06) .19 (.06) - .18 (.05) .16 (.04) - 
Gastrocnemius .21 (.07) .17 (.07) - .19 (.06) .17 (.05) - 

Note: “start” and “end” refer to the start and end of the exercise, which is determined by peak ankle plantar-flexion and dorsi-flexion respectively and 
P-values correspond to differences due to knee flexion. NC – Not Compared. 
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Figure 3. Comparison of mean hip and knee flexion angles for each heel-drop exercise.  “Plantar” and “Dorsi” refer 
to when the ankle was at peak plantarflexion (start of the cycle) and peak dorsiflexion (end of the cycle) respectively. Positive val-
ues correspond to adduction and hip flexion and knee extension. * denotes statistically significant differences. For definitions of 
each exercise, the reader is directed to Table 1. 

 
Kinematic changes 
The ankle started in significantly greater plantarflexion 
during the extended knee exercise compared to the flexed 
knee exercise (Figure 2, left). At maximum dorsiflexion, 
the ankle remained more plantarflexed during the flexed 
knee exercise regardless of shoe condition (Figure 2, 
right). 
 

 

 
 
 

Figure 2. Illustration of the changes in ankle kinematics 
during the straight knee (solid line) and flexed knee (dashed 
line) heel drop exercise.  * denotes a significant change in joint 
angle. 
 

For the extended knee exercise, hip and knee flex-
ion angles were maintained regardless of shoe condition 
(Figure 3). For the flexed knee exercise, hip angle was 
maintained, but knee flexion was significantly different 
between the start and end of the exercise (Figure 3, p < 
0.001 and p = 0.004 when barefoot and shod respective-
ly). 

 
Inter-segmental moment changes 
No differences in ankle inversion moment were observed 
due to knee flexion (Table 2). However, peak ankle flex-
ion moment was significantly reduced with knee flexion. 
Changes in the relative moments between the hip and 
knee were observed, with greater hip extension and ad-
duction moments and reduced knee extension and adduc-
tion moments when performing the flexed knee exercise. 

No changes in peak Achilles tendon force were ob-
served due to knee flexion (Table 2). 

 

 
 
 

Figure 4. A) Relative triceps muscle lengths at peak Achilles 
tendon force for each exercise; B) Change in triceps length 
during each exercise; C) Maximum and minimum triceps 
lengths for each exercise. * denotes a statistically significant diffe-
rence. GastMed/GastLat – Medial/Lateral heads of Gastrocnemius, 
SolMed/SolLat – Medial/Lateral portions of Soleus, Plant – Plantaris 

 
Triceps muscle lengths 
At peak Achilles force, whole muscle length of the medial 
and lateral heads of Gastrocnemius and Plantaris were 
found to be significantly reduced during the flexed knee 
exercise (Figure 4A). Interestingly, a decrease in biarticu-
lar muscle length change was observed during the flexed 
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knee exercise only when barefoot, with no differences in 
mono-articular muscle length change (Figure 4B). The 
minimum relative length of each biarticular muscle was 
significantly shorter during the flexed exercise only when 
barefoot (Figure 4C). However, the minimum relative 
muscle length of Soleus was found to be larger during the 
flexed knee exercise. 

 
Triceps surae activation 
At peak Achilles tendon force, the relative activations of 
Soleus and Gastrocnemius were not different between 
knee flexion conditions when barefoot or in running shoes 
(Table 2).  

  
Discussion 
 
The main aim of this study was to quantify any differ-
ences between the extended and flexed knee versions of 
the recommended eccentric heel-drop exercise, to investi-
gate the mechanics which drive the tendon healing pro-
cess. Macroscopic outputs such as ankle range of motion, 
frontal plane kinematics and peak Achilles tendon force 
suggest little differences exist between the extended and 
flexed knee versions of the exercise. However, the obser-
vation that the ankle is essentially working in a more 
dorsiflexed position and the significant increases in knee 
flexion during the flexed knee exercises should be noted. 
This latter point in particular highlights a possible over-
sight by previous studies where only mean values of knee 
angles are reported during the flexed knee exercise. While 
not a directly comparable measure, increased variability 
in mean knee flexion angle during the flexed knee exer-
cise has been previously reported (Hebert-Losier et al., 
2011b) and as such, an increase in knee flexion angle 
during the flexed knee exercise should not invalidate the 
data, but could in fact be considered an unavoidable char-
acteristic of the exercise. While it could be argued that 
significant changes in Soleus activation can only be 
achieved with substantial knee flexion during this exer-
cise, a compromise between stability of the exercise and 
isolating the effects of knee flexion to the triceps surae 
has seen a seated squat position similar to that adopted 
here gain acceptance in practice (Hebert-Losier et al., 
2009b). 

Several observations from this study have implica-
tions for the clinical basis of treatment of this pathology. 
Achilles tendon load is a key output of this study, and the 
observed reductions in peak ankle plantarflexion moment 
without a corresponding reduction in peak Achilles ten-
don force when going from an extended to flexed knee 
warrant further discussion, particularly as the link be-
tween knee angle and Achilles tendon force is one of the 
reasons for incorporating a flexed knee version of the 
exercise.  

Several factors will affect the Achilles tendon 
forces estimated here, including changes in ankle mo-
ments, ankle angle (affecting the mono-articular muscle 
moment arms) and knee angle (affecting the bi-articular 
muscle moment arms), and as such, a reduction in peak 
ankle plantarflexion moment alone should not be assumed 
to lead to a reduction in peak Achilles tendon load. In-

deed, despite the statistical reductions in ankle plantar-
flexion moments, this was not reflected in peak Achilles 
tendon force, highlighting the importance of knee and 
ankle kinematics during this exercise. As knee flexion 
angle increased during the flexed knee exercise, this 
would have helped maintain the moment arm of Gas-
trocnemius. However, the increase in ankle dorsiflexion 
during the flexed knee exercise would have reduced the 
moment arm of Soleus, requiring a greater muscle force, 
resulting in the observed small, but statistically insignifi-
cant change in overall Achilles tendon force.  

Aside from magnitudes of load, relative loading of 
the Gastrocnemius and Soleus muscles are known to be 
influenced by the amount of knee flexion (Hebert-Losier 
et al., 2011b; Reid et al., 2012). As was stated earlier, 
performing the knee flexed exercise shortens the Gastroc-
nemius, making it mechanically less efficient, due to the 
force-length relationship of muscle, in theory increasing 
the demands on the Soleus muscle. However, whether the 
effect of muscle shortening was offset by the increase in 
Gastrocnemius moment arm is unclear. 

An unexpected observation was the decrease in 
biarticular muscle length changes with the knee flexed. 
Not only were the Gastrocnemius muscles operating at a 
shorter absolute length (expected with knee flexion) (Fig-
ure 4A), but changes in Gastrocnemius muscle lengths 
were also smaller (Figure 4B) despite the unchanged 
range of ankle motion. This decrease in Gastrocnemius 
muscle length change can be attributed to the increase in 
knee flexion during the flexed knee exercise, as a dorsi-
flexing ankle coupled with a flexing knee will result in a 
smaller change in muscle length than with a fixed knee 
angle, as was the case in the extended knee exercise. This 
is clinically relevant as the aim of this exercise is to 
strengthen the Achilles through loading while stretching 
the tendon at the same time (Allison and Purdam, 2009). 
A reduction in the change of muscle length and peak 
Achilles force could be seen as a reduction in the work 
load of the tendon, which is not the intention of the exer-
cise. In the context of a treatment protocol, the reductions 
in peak Achilles force and triceps muscle length change 
could be considered less demanding on the Achilles ten-
don, possibly reducing the amount of pain experience 
during the initial acute phase of treatment. 

 
Limitations 
A limitation of the study is the assumption that in-shoe 
kinematic data represents the motion of the foot in the 
shoe. Practically, this manifests itself as the necessity to 
digitise points over bony landmarks, rather than the phys-
ical locations themselves. However, absolute ankle 
plantarflexion angles were found to be very similar be-
tween barefoot and shod exercises, suggesting any under-
estimates in ankle kinematics due to the presence of shoes 
were minimal. Additionally, by maintaining shoe condi-
tions in the comparisons made here, differences associat-
ed with in-shoe kinematics would be consistent for the 
knee conditions being compared. 

The observation of a lack of difference in relative 
activation of Soleus and Gastrocnemius at peak Achilles 
tendon force questioned whether knee flexion would 



Biomechanics of eccentric heel-drops 
 

 

 

464 

indeed be able to elicit a physiological response in indi-
viduals. However, this may require further investigation, 
as the modelling approach used to estimate muscle force 
did not incorporate force-length relationships and as such, 
including such a muscle model may affect the estimated 
activations. However, while a limitation, the intention of 
using a musculoskeletal model here was to investigate the 
changes in kinematics, triceps muscle length and Achilles 
tendon loading in order to assess the impact of altered 
ankle kinematics on triceps surae mechanics during the 
flexed and extended knee of the exercise. Speculatively, 
the reductions in muscle length observed here would 
necessitate an increase in Gastrocnemius activation to 
provide the same force calculated here due to the force-
length relationship of muscles. 

Related to the calculation of muscle lengths, direct 
measurement of muscle behaviour such as through ultra-
sound would help validate the measures derived here and 
it would be valuable for future studies to include. 

The lack of EMG data to complement the model 
outputs regarding the influence of knee angle on Soleus 
and Gastrocnemius activity is a limitation. Furthermore, 
the use of EMG data would have allowed for a form of 
validation of the model predictions regarding changes in 
triceps muscle forces, particularly as use of a musculo-
skeletal model to assess eccentric heel-drop exercises has 
not previously been done. However, given the increasing 
use of such models in assessing muscle function in a 
variety of lower limb activities, their relevance to this 
exercise is clear. Despite the limitations regarding knee 
flexion to elicit maximal triceps EMG signals (Hebert-
Losier et al., 2011a), addition of such data may have pro-
vided a useful supplementary measure of muscle activity 
during these exercises. 

Finally, the lack of a patient cohort in this study is 
a limitation, particularly as differences in lower limb 
mechanics may exist between healthy individuals and 
those with Achilles tendonitis or tendinosis, when under-
taking their respective treatments.  

 
Conclusion 
 
This study aimed to characterise the biomechanics of the 
extended and flexed knee versions of the eccentric heel-
drop exercise when performed barefoot and in running 
shoes. While ankle ranges of motion were unaffected 
between the extended and flexed knee versions of the 
exercise, the combination of a more dorsiflexed ankle, 
reduced triceps muscle-tendon length changes and re-
duced ankle plantarflexion moments during the flexed 
knee exercise provided a biomechanical basis for previ-
ously unexplained observations regarding the role of the 
flexed knee exercise to elicit the intended changes within 
the triceps, specifically the Soleus muscle. 
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Key points 
 
• A more dorsiflexed ankle and a flexing knee are 

characteristics of performing the flexed knee heel-
drop eccentric exercise.  

• Peak ankle plantarflexion moments were reduced 
with knee flexion, but did not reduce peak Achilles 
tendon force. 

• Kinematic changes at the knee and ankle affected 
the triceps muscle length and resulted in a reduc-
tion in the amount of Achilles tendon work per-
formed. 

• A version of the heel-drop exercise which reduces 
the muscle length change will also reduce the 
amount of tendon stretch, reducing the clinical effi-
cacy of the exercise. 
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