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Difference in the magnitude of muscle damage between elbow flexors and knee
extensors eccentric exercises

Abstract

The aim of this study was to investigate the difference in the
magmitude of muscle damage between maximal eccentric exer-
cises of the elbow flexors (EF) and knee extensors (KE). Twelve
sedentary male volunteers participated in the study. Range of
motion (ROM), 1sometric peak torque (IPT), delayed onset of
muscle soreness (DOMS), creatine kinase activity (CK), and
myoglobin concentration (Mb) were evaluated before, inmedi-
ately after, and on the 1% | 2°9, 3 and 7% days following exer-
cise. Total work (TW) duning exercises was recorded and cor-
rected by muscle volume {TWc). TWe was greater (p < 0.01) for
EF [24 (2) joule-cmn] than for KE [7 (0.4) joule-cm™]. Increases
in CK on the 2**_ 3™ _and 7* days (p < 0.01) and increases in
Mb on the 1%, 2% 39  and 7 days were significantly
(p=0.01) larger for EF than for KE. The decline in IPT was
greater (p = 0.05- 0.01) for EF at all test occasions compared
with KE. The results of this study demonstrate that the magmi-
tude of muscle damage is greater and the recovery is slower
following maximal eccentric exercise of the EF than of the KE
for sedentary males.

Key words: Maximal eccentric exercise, muscle damage,
creatine kinase. muscle volume.

Osita Hibbert, BSc (Kin), MPT *
Krystie Cheong, BHK, MPT*
Andrew Grant, BSc (Kin), MPT *
Amanda Beers, BHK, MPT*
Trevor Motmumi, BSc (Kin), MPT *

ABSTRACT

Backgrovmd. Hamstring strains are the most com-
maon soft-tissue injury ohserved in recreational and
athletic activities, yet no consensus exists regard-
ing appropriate primary and secondary strategies
to prevent these strains. Eccentric exercise has
been reported to reduce the incidence of ham-
string strains but its role has not been clearly
defined.

Objective. The objective of this systematic review
was to determine the effectiveness of eccentric
exercise in preventing hamstring strains.

Data Sources. Online databases, including MED-
LINE, PubMed, CINAHL, PEDro, SPORTDiscus,
EMBASE, Cochrane Database of Systematic
Reviews, Cochrane Central Register of Controlled
Trials, and Web of Science were searched for rele-
vant articles. Each database was searched from the
earliest date to July 2007.

Study Selection. Selection criteria included diag-
nosis of hamstring strain, otherwise healthy indi-
viduals, and at least one group receiving an eccen-
tric exercise intervention. Seven articles {three
randomized controlled trials (RCTs) and four
cohort studies} met the inclusion criteria.
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Data Extraction. Data were extracted using a cus-
tomized form. Methodological rigor of included
studies was assessed using the PEDro scale and
Oxford Centre for Evidence-based Medicine Levels
of Evidence.

Data Synchesis. Studies were grouped by eccentric
exercise intervention protocol: hamstring lowers,
isokinetic strengthening, and other strengthening.
A bestevidence synthesis of pooled data was qual-
itatively summarized.

Conclusions. Findings suggest that eccentric train-
ing is effective in primary and secondary preven-
tion of hamstring strains. Study heterogeneity and
poor methodological rigor limit the ability to pro-
vide clinical recommendations. Further RCTS are
needed to support the use of eccentric training pro-
tocols in the prevention of hamstring strains.
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Eccentric Work Effects

Flywheel resistance training calls for greater eccentric muscle

activation than weight training

Liena Norrbrand - Marco Pozzo - Per A. Tesch

Accepied: 5 July 2010/ Pablished online: 30 July 2010
& Springer-Verlag 20010

Abstract Changes in muscle activation and performance
were studied in healthy men in response to 5 weeks of
resistance training with or without “eccentric overload”.
Subjects. assigned to either weight stack (grp WE; n =8l or
iso-inertial “eccentric overload” flywheel (grp FW: =9
knee extensor resistance training, completed 12 sessions of
four sets of seven concentric—eccentric actions. Pre- and
post-measurements comprised maximal volunary contrac-
tion (MVC), rate of force development (RFIY) and training
made-specific force. Root mean square electromyographic
{EMGppe) Bctivity of mm. vastus lateralis and medialis
was assessed during MVIC and used to normalize EMG .
fnrl.rnin.ingmcde-spaclﬁ: concentric (EMG ) and eccen-
tric (EMGp) actions at 907, 120° and 150 knee joint
angles. Grp FW showed greater {p < 0.05) overall normal-
ized angle-specific EMG - of vastii muscles compared
with grp W5, Grp FW showed near maximal normalized
EMGpny both pre- and post-training. EMGeqe for Grp WS
was near maximal only post-training. While RFD was
unchanged following training (p > 0L05), MVC and train-
ing-specific strength increased (p =0.05) in both groups.

Communicated by Amneld de Haan.

.. Newrbrand - P. A. Tesch
Deparimont of Health Sciences,
Mid Sweden University, 831 25 Ostersund, Sweden

L. Norbrand - M. Pazna - P. A Tesch
Depantment of Physiology and Pharmacolagy,
Karolinska Instituter, 171 77 Stockholm, Sweden

L. Nowrbrand (61

Clinical Physiology (°1:82), Depariment of Laboratory Maedicine,
Karolinska Univorsity Hospilal, Huddinge,

141 86 Stockhalm, Sweden

e-mail: bonanoerbrand @ kiisc

We believe the higher EMG g activity noted with FW
exercise compared to standard weight lifting could be
attributed to its unigue iso-inertial loading features. Hence,
the resulting greater mechanical stress may explain the
robust muscle hypertrophy reported earlier in response to
flywheel resistance training.

Keywords Concentric and eccentric actions -
Electromyography - [so-inertia - Resistance exercise

Introduction

Skeletal muoscle inherently possesses greater mechanical
efficiency and ability to generate force in lengthening [eccen-
tric (ECC)] than shorening [concentric (CON)] actions
(Katr 193%; Komi and Buskirk 1972). Thus, the electromyo-
graphic (EMG) amplitude is less while lowering (ECC) than
lifting {COMN) a given weight {Moritani et al. 1987). In fact,
the COM EMG amplitude may be more than twofold higher,
inferring markedly less motor unit involvement in ECC than
CON actions (Nardone et al. 1989). Such a response is paral-
leled by much less exercise-induced contrast shift of mag-
netic resonance images of moscle, following ECC actions
(Adams etal. 1992). Thus, the metabolic demand is less
when lowering (ECC) than lifting (COMN) a given weight
(Asmussen 1953; Dudley et al. 1991). EMG amplitode may
also be lower in ECC than CON actions executed with maxi-
mal effort (Aagaard et al. 2000). Collectively, it appears that
more load is placed upon each active muscle fiber in the
ECC action. This may at least in part explain the greater
hypertrophy reported following chronic resistance training
comprising coupled ECC and COMN actions or ECC actions
compared with CON actions only (Hather et al. 1991; Highie
et al. 1996; Hortobagyi et al. 1996},
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Resistance training using eccentric overload induces early
adaptations in skeletal muscle size
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Abstract Fifteen healthy men performed o S-week
truining program comprising four sets of seven unilateral,
coupled concentric—eccentric knee extensions 2-3 times
weekly, While eight men were assigned 1o training using a
weight stack (W5) machine, seven men truined using a
flywheel (FW) device, which mherently provides variable
resistunce and allows for eccentric overdoad. The design of
these apparatuses ensured similar knee extensor muscle use
and range of motion. Before and afler tmining, maximal
isometnc force (MVC) was measured in tasks non-specific
o the training modes. Volume of all individual quadri ceps
muscles was determined by magnetic resonunce imaging.
Perdformance across the 12 exercise sessions was measured
using the inherent features of the devices. Whereas MVC
increased (P < 0.06) at all angles measured in FW, such a
change was less comsistent in W3, There was o marked
increase (P < 0.05) in sk-specific performance (i.e., load
lifted) in WS. Average wiork showed a non-significant
8.7% increase in FW. Quadriceps muscle volume increased
(P < 0.025) in both groups after training. Although the
more than twofold greater hypertmophy evident in FW
(6.2%) was nol statisticully greater than that shown in WS
(30%), all four individual quadriceps muscles of FW
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The evolution of eccentric training as treatment for patellar
tendinopathy (jumper’s knee): a critical review of exercise

programmes
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Background and aim: Eccenfric training has become a popular treatment for patellar tendinopathy. Our
purpose was fo review the evolution of eccentric strength training programmes for patellar tendinopathy with
a focus on the exercise prescriptions used, to help clinicians make appropriate choices and identify areas
needing further research.

Methods: A computerised search of the entire MEDLINE database was performed on 1 September 2006 to
identify prospective and randomised clinical trials with a focus on clinical outcome of eccentric training for
patellar tendinopathy.

Results: 7 artickes with a total of 162 patients and in which eccentric training was one of the interventions, all
published after 2000, were included. The results were positive, but study quality was variable, with small numbers
or short follow-up periods. The content of the different training programmes varied, but most were home-based
programmes with twice daily training for 12 weeks. A number of potentially significant differences were identified
in the eccentric programmes used: drop squats or slow eccentric movement, squatting on a decline board or level
ground, exercising info tendon pain or short of pain, loading the eccentric phase only or both phases, and
progressing with speed then loading or simply loading.

Conclusion: Most studies suggest that eccentric training may have a positive effect, but our ability to
recommend a specific protocol is limited. The studies available indicate that the treatment pro-
gramme should include a decline board and should be performed with some level of discomfort, and that
athletes should be removed from sports activity. However, these aspects need further study.
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Eccentric treatment for patellar tendinopathy: a
randomised short-term pilot study of two rehabi

protocols

Frospecﬁve
tation

Anna Frohm, Ténu Saartok, Kjartan Halvorsen, Per Renstrém

See end of arficle for
authors” affiliations

Correspondence to:

Dr A Frohm, Department of

gﬁnbmhrshﬂedlclne and
urgery, secion of
rrl:ﬁ |r_'s and s

Medicine, Karolinska

I nstitutet Mﬂ, SE-1 ?] 76

Stockholm, Sweden; anna.

frohm@telio.com

Accepted 15 Janvary 2007
Published Online First
9 February 2007

BrJ Sports Med 2007;41:e7 (htip:/ /www.bjsportmed .com/cgi/ content/full/ 41 /7 /e7). doi: 10.1136/bjsm.2004.032599

Objective: To compare the efficacy and safety of two eccentric rehabilitation protocels for patients with
symptomatic patellar tendinopathy. A new eccentric overload training device was compared with the present
standard eccentric rehabilitation programme on a decline board.

Design: Prospective, randomised clinical trial.

Sefting: Sports rehabilitation clinic, university sports laboratory, supplemented with home exercises.
Patients: 20 competitive and recreational athletes, all with clinical diagnosis of patellar tendinopathy, verified
by MRl or ultrasound imaging.

Interventions: A 12-week rehabilitation period, either with bilateral eccentric overload strength training using
the Bromsmoan device twice a week or with unilateral eccentric body load training using a decline board twice
a week, supplemented with daily home exercises.

Outcome measures: The primary outcome was pain and function, assessed by the Swedish Victorian Institute
of Sport Assessment for Patella (VISA-P) score. Secondary outcome measures were isokinetic muscle torque,
dynamic function and muscle flexibility, as well as pain level estimations using visual analogue scale (VAS).
Side effects were registered.

Results: Both treatment groups improved in the short ferm according to the VISA-P scores during the 12-week
rehabilitation period. However, there were no significant differences between the groups in terms of pain and
function. After a 3-month rehabilitation period, most patients could be regarded as improved enough to be
able fo refurn to training and sports. No serious side effects were defected in either group.

Condusion: In patients with patellar tendinopathy pain, two-legged eccentric overload fraining twice per
week, using the new device (Bromsman), was as efficient and sofe as the present standard daily eccentric one-
legged rehabilitation-training regimen using a decline board.
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Introduction :
This study tried to assess the eccentric strenght deficit during the last rehabilitation phase after ACL reconstruction and the recovery of such delicit after resuming
agonistic sport activity. As a matter of fact, many studies have lately focused their attention on the recovery of the eccentric strength by means of rehabilitation
protocols with early high intensity resistance exercises stimulating the eccentric phase(1] (3).

Conclusions : On the basis of such data, although the number of individuals examined was relatively small, we can infer that a high percentage of amateurish
athletes probably resume their agonistic sport activity with a significant eccentric strength deficit which will be recovered gradually during [and by means) of the

agonistic activity.
During such phase, the risk of getting injured again is obviously higher. Rehabilitation protocols should include eccentric training (also using a flywheel isoinertial
device) even during the first post surgical phase as many studies have shown that such training is safe (2). We suppose that the eccentric training may hely the

recovery of the ecoentric/Concentric mtio before restarting a full agonistic activity.

Uninvolved limb Involved limb

4-8 months after ACLR 3434285 1.08£0.18 286252 3194294 0.92£0.11

12-24 months after ACLR 435£203 | 4124246 1.13 £0.23

References:
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ISOINERTIALEXFERCISE DOES NOT CAUSE CLINICALLY SIGNIFICANT MUSCLE

DAMAGE: A PILOT STUDY
Kellett, M., Halstead, 5.1, Susta, Dx
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INTRODUCTION

Ecceninie exercise has offen been associated with skel-
etal museles shuchral damzage and athletes may expen-
ence signs and symptoms such as himited range of motion
and rmuscle soreness of the mmseles across the joint. The
1somertial modality provides additional eccentric load (1)
To our knowledge, po previous study has investipgated the
effect of isomertial exercize, which consists of both con-
centrnic and eccentric muscular actions, on exercise-induced
muscle damagze. Amm of the present study 15 to measure
chanpes m exercise-induced mmscle damape and soreness
as result of one 1soinertial concentrnic-sccentric maximal

EXEICISE 5855100

METHODS

Sx healthy amateur football and gaelic football play-
ers (3 males, 3 females, age 21.7=0.7 years, mean=5I};
height 173 6=8.6 con;werght 70,3211 2 kg traiming volume
3.521.7 sessions’week) volinteered in thas stady. DOMS
was assessed usmng a Graphic Pam Rating Seale, GEPS, (2).
Serum Creatine Einase (CK) was measured from blood
samples using kits for Randox Daytona Analyzer (Randox
Laboratones Ltd | Co. Antim UK). CK and Delayed Un-
set Muscle Soreness, (DOMS) were assessed at baseline,
24 hours, 48 howrs and 72 howrs after a fraimng session
consisting of 4 sets of 7 maximal repetihons of a standing-
semmsquat exercise using a flywheel equment (Desmotec,
Ttaly), starting with the knees flexed The inerhal mass of
the flywheel was 1.8 kg and 1fs radms 0.143 m A smwlar
traimmng session performed 23 tmes a week for 5 weeks
has improved strength and mereased muscles’s size (3).

EESULTS

Baselme CK levels ranged from 71 to 303 I (u=6,
1362956 TUT). Peak CK, 1. the highest values measured
m samples collected 24, 48 and Thours after the traimng
session, was 204 088 0 IUN, sigmificantly higher than
baseline CK (p=0.029). Values as Mean + Standard Devia-
tion. All the participants did not expenience DIOMS (“no
pam” o the GPRS scale) after the traimng session.

DISCUSSION

Lomerhzl traming does not canse a chimeally sizmficant
mmscle damage and athletes undersomng such 3 rainng do
not expenence DOMS. In conclusion, 15oinertial frainmg
using a flywheel device 15 safe and 1t shomlates muscles n
a way simmlar to other formes of traming
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CARDIOPULMONARY RESPONSE DURING ONE SESSION OF MAXTMAL
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INTRODUCTION

The use of the flywheel resistance traimng has been
shown to provide an increased eccentric mmsele loading (1)
and improve strength (7). Little rezearch has been camied
out on the effects the flvwhee] strength traiming session
has on the cardiopulmonary system (3. The amm is to assess
cardiopulmonary responses in amateur footballers under-
METHODS

8 healthy male amatewr footballers (age 19.522.3 vears,
weight 73.6=52 ke, height 180.4=5.2 cm) participated in
this study. The inertial mass of the flywheel was 1. 8 kg
and 1ts radius 0143 m (Desmotec, Italy). The subjects per-
formed 4 sets of 7 maximal repefihions, as per protocols
showm to be effective to 1mproving strength (). After a
farmbhansaton session, they were told to bend their knees
down to 90 degrees flexion, stop the flywheel and extend
at maanmm speed, starhing from a semi squat posthon.
They were allowed to rest for 30 seconds between sets.
Cardiopulmonary parameters were measured continuously
throughout the test, cxcygen uptake (VIO:) and carbon di-
orade (CO:) measured breath by breath by a portable gas
analyser (Cosmed E4, Italy). The HE was measured by a
beart rate momtor (Polar, Finland) throughout the test
and blood lactate samples was taken from the earlobe at
the end of the session and 3 and 5 minutes post comple-

tion of the four sets of exercise (LT-1710, Avkray, Japan).
The highest value of lactate concentrafion was mmcluded n
the present report.

RESULTS

The average (£ standard deviation) values recorded in
our athletes during an 15oinertial taining session were a5
follows: Heart rate was 126.5 £ 18 4 beats per numate, VO
(ol Ox'min'ks) was 22.65 = 2,60, respiratory quotient was
0.92 = 0.08, blood lactate concentration was 2.33 = 1.36

DISCUSSION

According to our prelimimary data an 1scinertial inter-
muttent traiming session ebicits cardiopulmonary responses
withm the aercbic range of metzbolic infensihes. Further
research will focus on cardiopulmonary responses to duffer-
ent 1soinertial masses and protocols.
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ENHANCED POWER AFTER A 4-WEEK SUBMAXIMAL ISOINERTIAL TRAINING:
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INTEODUCTION

The use of infermmttent 1somertal maximal trainmg has
been shown to provide a form of eccentric overload exer-
cise (1} and to mprove strength (2) with oummal volome
(4 sets of 7 maxamal reps, 2-3 times a2 week for 5 weeks).
Little research has been camed cut on the effects of 150in-
METHODS

Mine healthy male (n="8) and female {n=1} parficipants
{age 35 4=8.4 vears, waight 71.9=7 9 kg, height 173564
em, BMI 23.7+1.7 kg'me) volunteered and signed an m-
formed consent to take part to the study, which was camed
out according to the Declaration of Helsmba, The mertial

mass of the fhywheal was 1.8 ke and its radius 0.143 m (D11,

Desmotec, Italv). The exercise was a semsquat movement
performed so that concentnie and sccentrie phases were
coupled 1n a closed kmetic exercize. As participants were
“hamessed” just above the lip jeint, the muscles moving
the ankle, knee and hip jomts were loaded concentrically
and eccenmeally at each wepetiion. After testing at base-
line (pezk power, Wpeak, and average power, Wmax) m or-
der to set raiming infensities, subjects were asked to train
twnce a week for 4 weeks. Each session consisted of 8 to 14
sets of 5 repetifions at progressively mereasing fractions

of the mamxmum power output: inweek 1 0% of Wmax,
20% of Wmax in week 4. Participants were providad a vi-
sual feedback using I¥ Soft, the D11 dedicated soffware, so
that they were allowed to see and adjust in real-tume their

power gutput during the traming sessions. Participants
were allowed to rest for 30 seconds between sets. Analysis
was camed out using Pnism 6 Statistical Software (pamwed
T-test), siznificance was set at 0.05.

ERESTULTS

At baseline Wpeak was 737.1=423.9 W (mean + stan-
dard deviation). After 8 sessions over 4 weeks of lugh
infensity miermuftent isomernzl frainmz Wpeak siz-
mificantly (p=0.0003) increased from 737.1:423.9 W to
1063.7=459.8 W, mean of differences 4869 W, 95%: CT
289 4 1o 674.4 W) and Wimax sigmificantly (p=0.0010) -
creased from 521242973 Wto 861.32383.3 W, mean of
differences 448 W, 95% CT 2443 o 8317,

DISCUSSION

Chur results show that a 4-week low-vohome (fatce a
weak) 1soinertial traiming progranume performed at sub-
mzamal mtensites (30% Wmax) 15 useful to enhance
power output. Purther research 1= needed to clanfy the
mechamsms of adaptation.
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Conclusion

The flywheel front squat showed an increased muscu-
lar activity, mainly in eccentric phase of the exercise,
in agreement with previous results,

The muscle activation pattern analysis did not show
an increase in spine muscles activity, suggesting the
absence of increased risk for spine overload; it could
confirm the potential utility of flywheel resistance in
resistance training even in rehabilitation settings
and/or in early phases of training,

Further studies are required to evaluate the role of
Hywheel exercise in a rehabilitation program.
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