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ABSTRACT

Gomes ARS, Campos TF, Beckenkamp PR, Diong J, Clarke E,
Clarke JL, Herbert RD. Effects of Isokinetic Eccentric Training on
the Human Achilles Tendon. JEPonline 2016;19(2):46-54. This
study investigated the effects of isokinetic eccentric training on the
cross-sectional area and thickness of the Achilles tendon. Thirty
healthy adults were randomized into an Eccentric Training Group
and a Control Group. Subjects in the Eccentric Training Group
performed an isokinetic eccentric exercise of the gastrocnemius 3
times-wk! for 5 wks. Testing occurred at baseline and after
training. Achilles tendon cross-sectional area and thickness were
determined using ultrasound imaging. After training, there was no
significant difference in the cross-sectional area or the tendon
thickness between groups (mean difference in cross-sectional
area 3.2 mm?, 95% CI -3.3 to 9.7; thickness -0.2 mm, 95% CI -0.5
to 0.2). Thus, the findings indicate that short-term isokinetic
eccentric training in healthy young men does not result in tendon
hypertrophy.
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INTRODUCTION

Eccentric exercise has been used extensively in sports training and injury rehabilitation to
improve skeletal muscle performance and facilitate recovery from musculoskeletal injuries (20).
Mechanical loading induced by eccentric training can alter tendon morphology and increase
tendon cross-sectional area (CSA). However, the mechanisms involved in tendon adaptation
are still poorly understood. There is some evidence that tendon responds differently to long-
term and short-term loading.

In humans, experienced long-distance runners (>5 yrs) were found to have greater Achilles
tendon CSA (22%) than non-runners (19,9). Short-term loading in humans produces relatively
small changes in CSA that appear to occur only in specific regions of the tendon (5). Short-term
resistance training of 3 months produced marked changes in the material properties of human
tendon in the apparent absence of tendon hypertrophy (18).

The effects of resistance training are not clear. Resistance training for 12 wks increased patellar
tendon CSA in healthy young men (10). However, eccentric training performed 2 to 3 times-wk?
for 14 wks did not change the CSA of the Achilles tendon or the collagen synthesis (4,13).
While short-term eccentric training for 7 wks in healthy young men increased tendon stiffness
compared to the control group, the effects of short-term eccentric training on tendon CSA are
not known (3). Currently it is not clear if short-term eccentric training can induce tendon
hypertrophy in humans. This is in contrast to the well-documented effects of training on muscle
morphology (1). Thus, the purpose of this study was to determine the effects of 5 wks isokinetic
eccentric training on tendon structure in healthy adults.

METHODS
Subjects

All subjects provided written consent to participate. Subjects, both genders, were included if
they had no history of significant orthopedic problems in the lower limbs, and if they were not
currently involved in a physical training program. Characteristics of subjects are shown in Table
1. This study was approved by the Human Research Ethics Committee of the University of
Sydney (Protocol 12904) and conforms to the Declaration of Helsinki.

Procedures

Thirty subjects were randomized into 2 experimental groups: (a) an Eccentric Training Group
(n=15); and (b) a Control Group (n=15). Subjects in the Eccentric Training Group performed left
gastrocnemius isokinetic eccentric exercise according to a specified training protocol while the
subjects in the Control Group did not perform the training. More details of the training protocol
are provided below.

Subjects were asked not to perform any strenuous exercise other than the allocated exercise
during the experimental period. The left leg of all subjects was tested before and after 5 wks. Al
subjects were familiarized with the testing and training procedures. During testing, the subjects
were instructed to relax in the prone position on an examination bed with their feet hanging over
the edge of the bed. A portable ultrasound unit (Esaote MyLab 25) was used to obtain
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ultrasound images of the Achilles tendon of the left leg. Ultrasound images were obtained using
a 7.5 to 12 MHz, 46 mm linear-array transducer (Esaote LA522E) positioned transversely over
the Achilles tendon. The transducer was placed over the maximum anteroposterior diameter of
the tendon at the level of the medial malleolus (22) and angled cranially and caudally until the
scan plane produced an optimal image that showed maximal echogenicity of the Achilles
tendon. To maintain optimal images, a marker was placed on the skin to preserve a constant
orientation of the ultrasound head with respect to the tendon area. When the optimal image was
obtained, it was recorded and two measurements of the CSA and thickness were made.

The CSA of the Achilles tendon was calculated by delineating manually the cross-sectional
region of the Achilles tendon segmenting the ultrasound image. An example of these
measurements is shown in Figure 1.

Figure 1. Measurement of Cross-Sectional Area and Thickness of the Achilles Tendon. A: Dashed
yellow circle represents the CSA manually measured by area-ratio caliper. B: Thickness was manually
measured in the transverse scan by distance between the calipers (white crosses).

Subjects in the Eccentric Training Group were instructed on the isokinetic eccentric calf-muscle
training protocol. All training was supervised while the subjects were seated on the isokinetic
dynamometer (Humac Norm) with the left ankle strapped securely in the footplate. Eccentric
exercise was performed over an ankle range of motion of 15° plantarflexion to 5° dorsiflexion.
Each subject performed 3 sets of 10 submaximal eccentric contractions at 45°-sec? for
familiarization and, then, 3 sets of 10 maximal eccentric contractions at speed of 240°-sec! with
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a 1 min rest between sets (2,11,17). The training sessions were separated by at least 1 day and
performed 3 times-wk! for 5 wks.

Subjects in the Control Group attended the laboratory for the same duration and frequency, but
listened to a tape-recording of the training instructions without performing the training. All
training sessions for both groups were conducted using the following tape-recorded training
instructions: “Get ready to produce a maximal contraction. Move to dorsiflexion and now, push
as hard as you can, keep pushing as hard as you can, keep pushing ... Now stop”) (6).

Subjects were asked to score their muscle soreness from the last 24 hrs at the beginning of
each session using an 11-point visual analog scale on which a score of O indicated “No
soreness” and 10 indicated “Worst soreness ever” (7).

Statistical Analyses

Between-group comparisons of Achilles tendon CSA and thickness were conducted using two-

tailed independent samples t-tests. Statistical significance was set at P<0.05. The sample size
(n=30) is sufficient to detect an effect size of 1 with a power of 78%.

RESULTS

Baseline characteristics of the subjects are presented in Table 1. The two groups appeared
similar at baseline.

Table 1. Subject Characteristics (Means + SD).

Characteristics Control Group Eccentric Training Group
Gender (6 males; 9 females) (8 males; 7 females)
Age (yrs) 30+6 3319

Weight (kg) 63 +13 6812

Height (cm) 170+ 12 16917

The subjects in the Eccentric Training Group attended 90% of the training sessions (2 subjects
attended all training sessions) and subjects in the Control Group attended 100% of the training
sessions. All subjects were followed up and included in the intention to treat analysis.

There were no significant differences between groups in the tendon CSA, thickness, and
muscle soreness score. The magnitudes of the between-group differences, which provide
estimates of the effects of eccentric training, are presented in Figure 2 and Table 2.
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Figure 2: Change in Achilles’s Tendon Cross-Sectional Area and Thickness by Group. Data are
mean = SD.

Table 2: Cross-Sectional Area, Thickness and Soreness Response to Training.

Between-Group
Differences

(mean difference

Week 0 Week 5 Week 5
minus week 0
Control Group Eccentric Control Eccentric Eccentric Training
Training Group Training minus Control
Group Group
CSA 62.3 62.4 58.6 55.6 3.2
(mm?)
(13.5) (12.3) (10.3) (9.7) (-3.3109.7; 0.32)
Thickness 5.8 5.7 515 55 0.2
(mm)
(0.5) (0.6) (0.5) (0.8) (-0.5t0 0.2; 0.34)
Soreness 0.1 0.3 0.0 0.2 -0.3
(0.5) (0.8) (0.3) (0.6) (-0.7 t0 0.2; 0.20)

Data are means (£SD) (except where indicated).
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DISCUSSION

Isokinetic eccentric calf-muscle training conducted 3 times-wk™* for 5 wks does not appear to
affect Achilles tendon CSA and thickness in healthy adults. The mean difference between the
Eccentric Training Group and the Control Group in CSA change in the tendon was 3.2 mm?,
suggesting that training slightly increased CSA. However, this effect was not statistically
significant and the 95% confidence interval extended from -3.3 mm? to 9.7 mm?2. The upper
confidence limit of 9.7 mm? is large, about 16% of initial value, which implies that it is not
possible to definitively rule out clinically important effects of eccentric exercise on CSA. Future
studies will need to use larger sample sizes to investigate the clinical effect of eccentric training
on tendon CSA.

It has been proposed that the period of adaptation to chronic loading is longer in tendon tissue
compared with contractile elements of skeletal muscle, and only with very prolonged loading are
significant changes in gross dimensions of the tendon observed (8). This could explain in part
the lack of effect of the short period of eccentric training on tendon CSA in the present study.

Another study investigating the effects of 6 wks of eccentric training performed by recreational
athletes found a decrease in the Achilles tendon stiffness without modification in the jump
height (16). These findings might indicate that the tendon stiffness and performance could
respond differently to the same period and type of training. Urlando and Hawkins (21) reported
no change in the Achilles tendon strain during maximum plantar flexion efforts after 8 wks of
isometric training. Thus, it might be hypothesized that the 1st 8 wks of ankle plantar flexion
strength training in healthy adults is not sufficient to induce modification in the tendon
morphology and performance.

Kubo and colleagues (12) reported that tendon stiffness did not change until after 2 months of
training, but reached 50% tendon stiffness increase after 3 months. The authors suggested that
the collagen synthesis, content, and structure of human tendons change after 2 months of
training period, which could explain the absence of an effect on tendon CSA after 5 wks of
eccentric training in the present study (12).

A morphometric analysis of collagen-fibrils in tendon tissue of treadmill-trained mice
demonstrated that there was a disappearance of collagen fibrils and, then, a reappearance of
thick instead of thin fibrils from the 3rd wk to the 5th wk (14). This finding could be explained by
the instability of collagen fibrils caused by the rapid alteration in response to exercise. The
authors proposed that between the 3rd and 5th wks collagen turnover is enhanced by
mechanical stimuli. This hypothesis could explain apparent lack of the effect of eccentric
training on tendon CSA in the present study.

Kjeer et al. (8) suggested that tendon hypertrophy is more evident in the distal parts of the
tendon than in the middle parts. This might explain why the eccentric training did not modify
tendon CSA in the current study. It is possible that we failed to observe hypertrophy because
the ultrasonography was performed on the middle part of the Achilles tendon, not on the distal
part where there may have been a more pronounced tendon hypertrophy (8).

The mean effect of training on thickness was -0.2 mm (95% CI -0.5 to 0.2), meaning that the
effect of training could have been to reduce thickness by as much as -0.5 mm or increase CSA


http://www.ncbi.nlm.nih.gov/pubmed?term=Urlando%20A%5BAuthor%5D&cauthor=true&cauthor_uid=17596783
http://www.ncbi.nlm.nih.gov/pubmed?term=Hawkins%20D%5BAuthor%5D&cauthor=true&cauthor_uid=17596783
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by as much as 0.2 mm, or anywhere in between. An increase of 0.2 mm is very small, about 3%
of initial value, demonstrating that if 5 wks of eccentric training do not results in an increase
tendon thickness the effect is very small. There could, therefore, be several reasons why we
failed to detect tendon hypertrophy in the present study: (a) the eccentric training was
performed for only a short period of 5 wks; (b) the subjects had healthy tendons without
tendinosis; and (c) measurements were obtained in the middle portion of the tendon that might
be less responsive to an eccentric exercise stimulus than the ends of the tendon.

Moreover, we did not evaluate cellular or molecular changes in the tendon to correlate the
morphometric findings with possible changes in tendon biochemistry, nor did we investigate
mechanotransduction processes (i.e., converting mechanical signals into electrical or chemical
signals) thought to contribute to enhance muscle-tendon performance. Finally, we did not
examine the mechanical properties of the human gastrocnemius tendon, which could be related
to adaptations of tendon morphology. Future studies could monitor biochemical and functional
outcomes to investigate the effect of eccentric training in healthy and pathological Achilles
tendons.

CONCLUSIONS

This study found no evidence that short-term isokinetic eccentric training for 5 wks in healthy
adults results in tendon hypertrophy.

ACKNOWLEDGMENTS

We acknowledge Conselho Nacional de Desenvolvimento Cientifico e Tecnologico (CNPq) for
financial support.

Address for correspondence: Anna Raquel Silveira Gomes, PhD, Setor de Ciéncias
Biologicas da UFPR, Av. Cel Heraclito dos Santos, s/n, Jardim das Américas Caixa Postal
19031, Curitiba-PR Brazil. Zip Code: 81531-900. Email: annaraquelsg@gmail.com

REFERENCES

1. Benjamin M, Kaiser E, Milz S. Structure-function relationships in tendons: A review. J
Anat. 2008;212:211-228.

2. Blazevich AJ, Cannavan D, Coleman DR, Horne S. Influence of concentric and eccentric
resistance training on architectural adaptation in human quadriceps muscles. J Appl
Physiol. 2007;103:1565-1575.

3. Duclay J, Martin A, Duclay A., Cometti G, Pousson M. Behavior of fascicles and the
myotendinous junction of human medial gastrocnemius following eccentric strength
training. Muscle Nerve. 2009;39:819-827.


mailto:annaraquelsg@gmail.com
http://www.ncbi.nlm.nih.gov/pubmed?term=Benjamin%20M%5BAuthor%5D&cauthor=true&cauthor_uid=18304204
http://www.ncbi.nlm.nih.gov/pubmed?term=Kaiser%20E%5BAuthor%5D&cauthor=true&cauthor_uid=18304204
http://www.ncbi.nlm.nih.gov/pubmed?term=Milz%20S%5BAuthor%5D&cauthor=true&cauthor_uid=18304204
http://www.ncbi.nlm.nih.gov/pubmed?term=Blazevich%20AJ%5BAuthor%5D&cauthor=true&cauthor_uid=17717119
http://www.ncbi.nlm.nih.gov/pubmed?term=Cannavan%20D%5BAuthor%5D&cauthor=true&cauthor_uid=17717119
http://www.ncbi.nlm.nih.gov/pubmed?term=Coleman%20DR%5BAuthor%5D&cauthor=true&cauthor_uid=17717119
http://www.ncbi.nlm.nih.gov/pubmed?term=Horne%20S%5BAuthor%5D&cauthor=true&cauthor_uid=17717119
http://www.ncbi.nlm.nih.gov/pubmed?term=Duclay%20J%5BAuthor%5D&cauthor=true&cauthor_uid=19301364
http://www.ncbi.nlm.nih.gov/pubmed?term=Martin%20A%5BAuthor%5D&cauthor=true&cauthor_uid=19301364
http://www.ncbi.nlm.nih.gov/pubmed?term=Duclay%20A%5BAuthor%5D&cauthor=true&cauthor_uid=19301364
http://www.ncbi.nlm.nih.gov/pubmed?term=Cometti%20G%5BAuthor%5D&cauthor=true&cauthor_uid=19301364
http://www.ncbi.nlm.nih.gov/pubmed?term=Pousson%20M%5BAuthor%5D&cauthor=true&cauthor_uid=19301364

53

4. Fouré A, Nordez A, Cornu C. Effects of eccentric training on mechanical properties of the
plantar flexor muscle-tendon complex. J Appl Physiol. 2013;114:523-537.

5. Heinemeier KM, Kjaer M. In vivo investigation of tendon responses to mechanical
loading. J Musculoskelet Neuronal Interact. 2011;11:115-123.

6. Herbert R D, Dean C, Gandevia SC. Effect of real and imagined training on voluntary
muscle activation during maximal isometric contraction. Acta Physiol Scand. 1998;163:
361-368.

7. Impellizzeri FM, Maffiuletti NA. Convergent evidence for construct validity of a 7-point
likert scale of lower limb muscle soreness. Clin J Sport Med. 2007;17:494-496.

8. Kjeer M L H, Heinemeier K, Bayer ML, Hansen M, Holm L, Doessing S, Kongsgaard M,
Krogsgaard MR, Magnusson SP. From mechanical loading to collagen synthesis,
structural changes and function in human tendon. Scand J Med Sci Sports. 2009;19:
500-510.

9. Kongsgaard M-, Aagaard P, Kjaer M, Magnusson SP. Structural Achilles tendon
properties in athletes subjected to different exercise modes and in Achilles tendon
rupture patients. J Appl Physiol. 2005;99:1965-1971.

10.Kongsgaard M, Reitelseder S, Pedersen TG, Holm L, Aagaard P, Kjaer M, Magnusson
SP. Region specific patellar tendon hypertrophy in humans following resistance training.
Acta Physiol. 2007;191:111-121.

11.Kraemer WJ, Adams K, Cafarelli E, Dudley GA, Dooly C, Feigenbaum MS, Fleck SJ,
Franklin B, Fry AC, Hoffman JR, Newton RU, Potteiger J, Stone MH, Ratamess NA,
Triplett-McBride T. American College of Sports Medicine. American College of Sports
Medicine position stand. Progression models in resistance training for healthy adults.
Med Sci Sports Exerc. 2002;34:364-380.

12.Kubo K, Ikebukuro T, Maki A, Yata H, Tsunoda N. Time course of changes in the human
Achilles tendon properties and metabolism during training and detraining in vivo. Eur J
Appl Physiol. 2012;112:2679-2691.

13.Langberg H, Ellingsgaard H, Madsen T, Jansson J, Magnusson SP, Aagaard P, Kjaer M.
Eccentric rehabilitation exercise increases peritendinous type | collagen synthesis in
humans with Achilles tendinosis. Scand J Med Sci Sports. 2007;17:61-66.

14.Michna H. Morphometric analysis of loading-induced changes in collagen-fibril
populations in young tendons. Cell Tissue Res. 1984;236:465-470.

15.Magnusson SP, Kjaer M. Region-specific differences in Achilles tendon cross-sectional
area in runners and non-runners. Eur J Appl Physiol. 2003;90:549-553.

16.Morrissey D, Roskilly A, Twycross-Lewis, R, Isinkaye T, Screen H, Woledge R, Bader D.
The effect of eccentric and concentric calf muscle training on Achilles tendon stiffness.
Clin Rehabil. 2011;25:238-247.


http://www.ncbi.nlm.nih.gov/pubmed?term=Heinemeier%20KM%5BAuthor%5D&cauthor=true&cauthor_uid=21625048
http://www.ncbi.nlm.nih.gov/pubmed?term=Kjaer%20M%5BAuthor%5D&cauthor=true&cauthor_uid=21625048
http://www.ncbi.nlm.nih.gov/pubmed?term=Impellizzeri%20FM%5BAuthor%5D&cauthor=true&cauthor_uid=17993794
http://www.ncbi.nlm.nih.gov/pubmed?term=Maffiuletti%20NA%5BAuthor%5D&cauthor=true&cauthor_uid=17993794
http://www.ncbi.nlm.nih.gov/pubmed?term=Kongsgaard%20M%5BAuthor%5D&cauthor=true&cauthor_uid=16081623
http://www.ncbi.nlm.nih.gov/pubmed?term=Aagaard%20P%5BAuthor%5D&cauthor=true&cauthor_uid=16081623
http://www.ncbi.nlm.nih.gov/pubmed?term=Kjaer%20M%5BAuthor%5D&cauthor=true&cauthor_uid=16081623
http://www.ncbi.nlm.nih.gov/pubmed?term=Magnusson%20SP%5BAuthor%5D&cauthor=true&cauthor_uid=16081623
http://www.ncbi.nlm.nih.gov/pubmed?term=Kongsgaard%20M%5BAuthor%5D&cauthor=true&cauthor_uid=17524067
http://www.ncbi.nlm.nih.gov/pubmed?term=Reitelseder%20S%5BAuthor%5D&cauthor=true&cauthor_uid=17524067
http://www.ncbi.nlm.nih.gov/pubmed?term=Pedersen%20TG%5BAuthor%5D&cauthor=true&cauthor_uid=17524067
http://www.ncbi.nlm.nih.gov/pubmed?term=Holm%20L%5BAuthor%5D&cauthor=true&cauthor_uid=17524067
http://www.ncbi.nlm.nih.gov/pubmed?term=Aagaard%20P%5BAuthor%5D&cauthor=true&cauthor_uid=17524067
http://www.ncbi.nlm.nih.gov/pubmed?term=Kjaer%20M%5BAuthor%5D&cauthor=true&cauthor_uid=17524067
http://www.ncbi.nlm.nih.gov/pubmed?term=Magnusson%20SP%5BAuthor%5D&cauthor=true&cauthor_uid=17524067
http://www.ncbi.nlm.nih.gov/pubmed?term=Magnusson%20SP%5BAuthor%5D&cauthor=true&cauthor_uid=17524067
http://www.ncbi.nlm.nih.gov/pubmed?term=Kraemer%20WJ%5BAuthor%5D&cauthor=true&cauthor_uid=11828249
http://www.ncbi.nlm.nih.gov/pubmed?term=Adams%20K%5BAuthor%5D&cauthor=true&cauthor_uid=11828249
http://www.ncbi.nlm.nih.gov/pubmed?term=Cafarelli%20E%5BAuthor%5D&cauthor=true&cauthor_uid=11828249
http://www.ncbi.nlm.nih.gov/pubmed?term=Dudley%20GA%5BAuthor%5D&cauthor=true&cauthor_uid=11828249
http://www.ncbi.nlm.nih.gov/pubmed?term=Dooly%20C%5BAuthor%5D&cauthor=true&cauthor_uid=11828249
http://www.ncbi.nlm.nih.gov/pubmed?term=Feigenbaum%20MS%5BAuthor%5D&cauthor=true&cauthor_uid=11828249
http://www.ncbi.nlm.nih.gov/pubmed?term=Fleck%20SJ%5BAuthor%5D&cauthor=true&cauthor_uid=11828249
http://www.ncbi.nlm.nih.gov/pubmed?term=Franklin%20B%5BAuthor%5D&cauthor=true&cauthor_uid=11828249
http://www.ncbi.nlm.nih.gov/pubmed?term=Fry%20AC%5BAuthor%5D&cauthor=true&cauthor_uid=11828249
http://www.ncbi.nlm.nih.gov/pubmed?term=Hoffman%20JR%5BAuthor%5D&cauthor=true&cauthor_uid=11828249
http://www.ncbi.nlm.nih.gov/pubmed?term=Newton%20RU%5BAuthor%5D&cauthor=true&cauthor_uid=11828249
http://www.ncbi.nlm.nih.gov/pubmed?term=Potteiger%20J%5BAuthor%5D&cauthor=true&cauthor_uid=11828249
http://www.ncbi.nlm.nih.gov/pubmed?term=Stone%20MH%5BAuthor%5D&cauthor=true&cauthor_uid=11828249
http://www.ncbi.nlm.nih.gov/pubmed?term=Ratamess%20NA%5BAuthor%5D&cauthor=true&cauthor_uid=11828249
http://www.ncbi.nlm.nih.gov/pubmed?term=Triplett-McBride%20T%5BAuthor%5D&cauthor=true&cauthor_uid=11828249
http://www.ncbi.nlm.nih.gov/pubmed?term=American%20College%20of%20Sports%20Medicine%5BCorporate%20Author%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=Kubo%20K%5BAuthor%5D&cauthor=true&cauthor_uid=22105708
http://www.ncbi.nlm.nih.gov/pubmed?term=Ikebukuro%20T%5BAuthor%5D&cauthor=true&cauthor_uid=22105708
http://www.ncbi.nlm.nih.gov/pubmed?term=Maki%20A%5BAuthor%5D&cauthor=true&cauthor_uid=22105708
http://www.ncbi.nlm.nih.gov/pubmed?term=Yata%20H%5BAuthor%5D&cauthor=true&cauthor_uid=22105708
http://www.ncbi.nlm.nih.gov/pubmed?term=Tsunoda%20N%5BAuthor%5D&cauthor=true&cauthor_uid=22105708
http://www.ncbi.nlm.nih.gov/pubmed/22105708
http://www.ncbi.nlm.nih.gov/pubmed/22105708
http://www.ncbi.nlm.nih.gov/pubmed?term=Langberg%20H%5BAuthor%5D&cauthor=true&cauthor_uid=16787448
http://www.ncbi.nlm.nih.gov/pubmed?term=Ellingsgaard%20H%5BAuthor%5D&cauthor=true&cauthor_uid=16787448
http://www.ncbi.nlm.nih.gov/pubmed?term=Madsen%20T%5BAuthor%5D&cauthor=true&cauthor_uid=16787448
http://www.ncbi.nlm.nih.gov/pubmed?term=Jansson%20J%5BAuthor%5D&cauthor=true&cauthor_uid=16787448
http://www.ncbi.nlm.nih.gov/pubmed?term=Magnusson%20SP%5BAuthor%5D&cauthor=true&cauthor_uid=16787448
http://www.ncbi.nlm.nih.gov/pubmed?term=Aagaard%20P%5BAuthor%5D&cauthor=true&cauthor_uid=16787448
http://www.ncbi.nlm.nih.gov/pubmed?term=Kjaer%20M%5BAuthor%5D&cauthor=true&cauthor_uid=16787448
http://www.ncbi.nlm.nih.gov/pubmed?term=Morrissey%20D%5BAuthor%5D&cauthor=true&cauthor_uid=20980351
http://www.ncbi.nlm.nih.gov/pubmed?term=Roskilly%20A%5BAuthor%5D&cauthor=true&cauthor_uid=20980351
http://www.ncbi.nlm.nih.gov/pubmed?term=Twycross-Lewis%20R%5BAuthor%5D&cauthor=true&cauthor_uid=20980351
http://www.ncbi.nlm.nih.gov/pubmed?term=Isinkaye%20T%5BAuthor%5D&cauthor=true&cauthor_uid=20980351
http://www.ncbi.nlm.nih.gov/pubmed?term=Screen%20H%5BAuthor%5D&cauthor=true&cauthor_uid=20980351
http://www.ncbi.nlm.nih.gov/pubmed?term=Woledge%20R%5BAuthor%5D&cauthor=true&cauthor_uid=20980351
http://www.ncbi.nlm.nih.gov/pubmed?term=Bader%20D%5BAuthor%5D&cauthor=true&cauthor_uid=20980351
http://www.ncbi.nlm.nih.gov/pubmed/20980351

54

17.Poletto PR, Santos HH, Salvini TF, Coury HIJCG, Hansson GA. Peak torque and knee
kinematics during gait after eccentric isokinetic training of quadriceps in healthy subjects.
Braz J Phys Ther. 2008;12:331-337.

18.Reeves ND, Maganaris CN, Narici MV. Effect of strength training on human patella
tendon mechanical properties of older individuals. J Physiol. 2003;548:971-981.

19.Rosager S, Aagaard, P, Dyhre-Poulsen P, Neergaard K, Kjaer M, Magnusson SP. Load
displacement properties of the human triceps surae aponeurosis and tendon in runners
and non-runners. Scand J Med Sci Sports. 2002;12:90-98.

20.Skjong CC, Meininger AK, HO SS. Tendinopathy treatment: Where is the evidence?
Clin Sports Med. 2012;31:329-350.

21.Urlando A, Hawkins D. Achilles tendon adaptation during strength training in young
adults. Med Sci Sports Exerc. 2007;39:1147-1152.

22.Ying M, Yeung E, Li B, Li W, Lui M, Tsoi CW. Sonographic evaluation of the size of
achilles tendon: The effect of exercise and dominance of the ankle. Ultrasound Med
Biol. 2003;29:637-642.

Disclaimer
The opinions expressed in JEPonline are those of the authors and are not attributable to
JEPonline, the editorial staff or the ASEP organization.


http://www.ncbi.nlm.nih.gov/pubmed?term=Rosager%20S%5BAuthor%5D&cauthor=true&cauthor_uid=12121426
http://www.ncbi.nlm.nih.gov/pubmed?term=Aagaard%20P%5BAuthor%5D&cauthor=true&cauthor_uid=12121426
http://www.ncbi.nlm.nih.gov/pubmed?term=Dyhre-Poulsen%20P%5BAuthor%5D&cauthor=true&cauthor_uid=12121426
http://www.ncbi.nlm.nih.gov/pubmed?term=Neergaard%20K%5BAuthor%5D&cauthor=true&cauthor_uid=12121426
http://www.ncbi.nlm.nih.gov/pubmed?term=Kjaer%20M%5BAuthor%5D&cauthor=true&cauthor_uid=12121426
http://www.ncbi.nlm.nih.gov/pubmed?term=Magnusson%20SP%5BAuthor%5D&cauthor=true&cauthor_uid=12121426
http://www.ncbi.nlm.nih.gov/pubmed?term=Urlando%20A%5BAuthor%5D&cauthor=true&cauthor_uid=17596783
http://www.ncbi.nlm.nih.gov/pubmed?term=Hawkins%20D%5BAuthor%5D&cauthor=true&cauthor_uid=17596783
http://www.ncbi.nlm.nih.gov/pubmed/17596783
http://www.ncbi.nlm.nih.gov/pubmed?term=Ying%20M%5BAuthor%5D&cauthor=true&cauthor_uid=12754062
http://www.ncbi.nlm.nih.gov/pubmed?term=Yeung%20E%5BAuthor%5D&cauthor=true&cauthor_uid=12754062
http://www.ncbi.nlm.nih.gov/pubmed?term=Li%20B%5BAuthor%5D&cauthor=true&cauthor_uid=12754062
http://www.ncbi.nlm.nih.gov/pubmed?term=Li%20W%5BAuthor%5D&cauthor=true&cauthor_uid=12754062
http://www.ncbi.nlm.nih.gov/pubmed?term=Lui%20M%5BAuthor%5D&cauthor=true&cauthor_uid=12754062
http://www.ncbi.nlm.nih.gov/pubmed?term=Tsoi%20CW%5BAuthor%5D&cauthor=true&cauthor_uid=12754062

	ABSTRACT
	Gomes ARS, Campos TF, Beckenkamp PR, Diong J, Clarke E, Clarke JL, Herbert RD. Effects of Isokinetic Eccentric Training on the Human Achilles Tendon. JEPonline 2016;19(2):46-54. This study investigated the effects of isokinetic eccentric training on t...
	RESULTS
	DISCUSSION
	ACKNOWLEDGMENTS


	16. Morrissey D, Roskilly A, Twycross-Lewis, R, Isinkaye T, Screen H, Woledge R, Bader D. The effect of eccentric and concentric calf muscle training on Achilles tendon stiffness. Clin Rehabil.  2011;25:238-247.
	Disclaimer

