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THE EFFECTS OF CONCENTRIC AND ECCENTRIC CONTRACTIONS 
PERFORMED AT EQUAL POWER LEVELS ON SKELETAL 
MUSCLE FIBER HYPERTROPHY 

ABSTRACT 

A d i ssertat ion submitted in part ial ful f i l lment of  the 
requ irements for the degree of Doctor of Phi l osophy in 
Anatomy at Virginia Commonwealth University . 

Thomas P .  Mayhew , Ph . D . 

Medica l  Col lege of  Virginia , Virginia Commonwealth 
Un ivers ity , 1 9 9 1  

There are n o  data ava ilable a s  t o  whether tra ining with 

eccentric contractions are more e ffect ive than concentric 

contractions for producing skeletal muscle f iber 

hypertrophy . To better understand the e f fects of  training 

with d i f ferent contraction types two rel ated studies were 

performed . 

In the first study a dev ice which is frequently used by 

cl inicians for concentric and eccentric exerc ise , the 

Kin-comR , was tested for accuracy and rel iabil ity . The 

measurements obtained from the force , angle , and speed 

transducers of this device were found to be accurate and 

re l iable between days . 

The purpose o f  the second study was to determine if there 

was a d i f ference in the percent change of fiber area in the 

vastus l atera l is muscle as a result of concentric and 

eccentric exerc ise at equal power levels. Twenty normal 

subj ects were randomly ass igned to two groups . Both groups 
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v i i i  

exerc i sed three t imes per week for four weeks o n  the Kin-Com 

dynamometer. One group performed concentric contract ions of 

the ir right quadriceps femoris muscle at an intens ity of 9 0% 

o f  the ir maximal concentric power through a range of  75° of 

knee extension. The other group performed eccentric 

contract ions at the same rel at ive power leve l. Needle muscle 

biopsies were obta ined from the vastus lateral is muscle 

before and a fter the exerc ise program. Muscle fiber type 

d i f ferent iat ion was performed us ing a myosin adenosine 

triphosphatase stain at an al kal ine preincubation. The 

percent change in f iber area was determined for each fiber 

type for each subject and a one-way ANOVA was used to 

analyze the data. Our results showed that the type I I  f ibers 

of the concentric group exhibited a greater percent increase 

in area as compared to the eccentric group. The percent 

change in i sometric torque was determined for each subject 

and a one-way ANOVA was performed on the data. The results 

showed that the concentric group increased max ima l isometric 

torque production more than the eccentric group. Our results 

indicate that when exerc i s i ng at the same relat ive power 

level a subject performing concentric contractions will  

1 )  show greater muscle hypertrophy and, 2 )  improve in 

isometric torque production more than a subject train ing 

with eccentric contract ions. 
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PART 1 

Performance Characteristics of the Kin-Com Dynamometer 

Th i s  chapter i s  to be submitted for publ ication in Physi cal 
Therapy , the professional j ournal of  the American Phys ical 
Therapy Association . 
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ABSTRACT 

The purpose of this study was to assess the performance 

characteristics of the of the Kin-ComR dynamometer under 

contro l l ed condit ions . Measurements obtained from the 

Kin-ComR, and s imultaneous measurements obta ined from an 

externa l record ing system, were compared with known we ights, 

angl es, and speeds . Rel iabil ity within and between days was 

evaluated with an intraclass corre lation coe f f i c ient ( ICC) 

by performing each test protocol twice on the same day and 

on two success ive days . The strength of the l inear 

relat ionsh ips between the variables tested was analyzed 

us ing a coe f f i c ient o f  determinat ion ( r2 ) .  In a l l  condit ions 

the r2 for the force measurements was above . 9 9 .  The 

agreement ( ICC ) between days for a l l  force cond itions was 

a l so above . 9 9 .  In a l l  conditions the r2 for the angle 

measurements was above . 9 9 .  The agreement ( ICC ) between days 

for a l l  conditions was 1 . 0 0 .  The r2 for the speed 

measurements was above . 9 9 for all conditions . When various 

selected aspects of  the speed measurements were cons idered 

the r2 values were somewhat lower but never l ower than . 8 3 .  

I t  was d i scovered, however, that use o f  any accelerat ion and 

decel eration mode other than "high " resulted in a loss o f  

excursion o f  the lever arm .  Our results indicate that the 

stat ic measurements of force and angle that are necessary 

for use in the gravity correct ion procedure are accurate and 

reliable between days . Al so, the Kin-Com ' sR control system 

for l ever arm speed i s  accurate and rel iabl e .  
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INTRODUCTION 

Devices des igned to measure forces generated by muscles 

are commonly used in phys ical therapy cl inics . These devices 

range from s imple hand-held instruments to more complex 

dynamometers which can measure the torque produced during 

l imb movements (Mayhew & Rothste in , 1 9 8 5 ) . In the l ast two 

decades muscle test ing devices have been developed which can 

a l l  be c l a s s i f ied as some form of electromechanical 

dynamometer . These dynamometers can control the speed of  

l imb movement whi l e  measuring muscul arly generated force or 

torque . E lectromechanical dynamometers are currently used by 

cl inic ians and researchers for a variety o f  purposes rel ated 

to muscular testing and exerc i se . 

Litt l e  data , however , are ava i lable concerning the 

accuracy and rel iab i l ity of the measurements obtained with 

these devices . Researchers and cl inic ians who take 

measurements are respons ible for establ ishing the 

rel iabil ity of these measurements . A logical place to beg in 

evaluation of  the measurements obta ined with an 

electromechanical dynamometer is to test the accuracy and 

rel iabi l ity of each of the transducers ( e . g . , stra in gauges, 

tachometer , and potentiometer ) .  A study by Farrell and 

1 
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2 

Richards ( 1 9 8 6 )  described one possible method for performing 

such an evaluation . They examined the re l iabil ity and 

val idity of the force, angle, and speed transducers of the 

Kin-ComR1. Our study represents an example of another method 

for the systemat ic analys is of the accuracy and rel iabil ity 

of the Kin-Com ' sR transducers . 

The Kin-ComR, which i s  currently used for the 

measurement of forces produced by muscular contractions, is 

a computer contro l l ed el ectromechanical dynamometer . The 

device provides res istance during isokinet ic ( constant 

speed ) movement, and isometric and isotonic muscle 

contractions . I nvest igators examining a variety o f  questions 

related to the measurement and improvement of muscle force 

have a l so used the device ( Hageman, G i l laspie, & H i l l, 1 9 8 8; 

Hanten & Ramberg, 1 9 8 8; Hart, M i l l er, & Stauber, 1 9 8 5; 

Jensen & D i  Fabio, 1 9 8 9 ) . 

One of  the most common uses of  the Kin-ComR i s  

i sokinet ic testing and exerc ise ( Farre l l  & Richards, 1 9 8 6 ) . 

Reviewers examining the l iterature related to " isokinetic 

dynamometers " have noted a number of problems assoc iated 

with the performance characteristics of  these devices as 

wel l  as the measurements obtained with them (Mayhew & 

Rothste in, 1 9 8 5; Rothstein, Lamb, & Mayhew, 1 9 8 7 ) . The 

maj or ity of these stud ies have focused on another widely 

, Chattecx Corp . ,  1 0 1  Memorial Drive, PO Box 4 2 8 7 , 
Chattanooga, TN 3 7 4 0 5 
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used el ectromechanical dynamometer, the Cybex I IR2 . Control 

of lever arm speed is an essential characteristic of a 

device that must maintain a constant speed wh ile res ist ing 

the movement o f  a subject ' s  l imb . Eva luat ions of  the 

Cybex I IR dynamometer have demonstrated that this control 

can be a problem ( S apega, Nicholas, Sokolow, & Saraniti, 

1 9 8 2 ;  Thorstensson, Brimby, & Karlsson, 1 9 7 6 ) . 

3 

I n  th i s  study we evaluated the relat ionship between set 

speeds and actua l lever arm speeds of the Kin-ComR without a 

subject apply ing force to the lever arm . We felt that this 

was a necessary fi rst step in eva luating the performance 

characterist ics of this device . Opt ions were ava i l able in 

the so ftware to control acceleration and decelerat ion of the 

lever arm to and from constant speed, as well as the 

direction of lever arm movement . There fore, we felt that 

testing a representat ive number of  lever arm speeds in all  

possible combinat ions of  accel erat ion and decelerat ion in 

both the upward and downward directions was essent ial to 

understanding the performance characteristics of  the device . 

We bel ieve that this in formation is important for both 

researchers and cl inicians who plan to use the device for 

exerc ise and muscle performance measurement with patients . 

The Kin-ComR cons ists of  several components . Subject 

testing and exerc ise is control led by the operator us ing a 

persona l computer and a so ftware program suppl ied with the 

2 Cybex Divi s ion of Lumex, Inc . 2 1 0 0  smithtown Ave . ,  
Ronkonkoma, NY 1 1 7 7 9  
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device. S igna l s  from the Kin-ComR,s force , angle , and speed 

transducers are processed at 1 0 0  Hz3 by the system ' s  

analog-to-digital board and displayed on the computer CRT . 

Subj ects can be placed in a variety pos itions for test ing 

and exercise . The l imb which is to be tested is phys ically 

attached to the dynamometer with a padded cuf f  which is 

attached to a hous ing containing stra in gauges. The hous ing 

can be moved by the operator al ong a meta l lever arm to 

accommodate d i f ferent l imb lengths. In the i sokinetic mode 

4 

the so ftware a l l ows the invest igator to control the speed at 

which the lever arm w i l l  move. I f  the subj ect attempts to 

accelerate a l imb beyond the pre-set speed the machine is 

des igned to res i st with a force equal in magnitude but 

oppos ite in d i rect ion , thereby result ing in a constant 

angul a r  speed of the l imb. Thi s  has been termed 

" accommodating res istance " by Enoka ( 19 8 8 ) .  

The software also a l l ows regulation of  severa l other 

variables by us ing a set-up menu. The Kin-ComR d i f fers from 

some other dynamometers in that the subj ect does not 

actua l l y  move the lever arm. The lever arm is moved by a 

hydraul ic motor which is control led by the computer. The 

so ftware a l l ows the user to set a threshold value of force 

that the subj ect must generate be fore the lever arm w i l l  

move. Th i s  i s  ca l led the initial force. The user is a l so 

a l lowed to regulate the acceleration o f  the lever arm at the 

3 This informat ion was obtained from the Kin-ComR operation 
manual and d iscuss ions with the manu facturer . 
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5 

beg inning of  mot ion and deceleration of  the lever arm at the 

end of motion by sett ing the turn points to high , med ium , or 

low . 

There are several commerc i a l ly ava i l able 

el ectromechanical dynamometers that al low subjects to 

perform concentric contractions . The Kin-ComR , l ike some 

other dynamometers , a l so a l l ows subjects to perform 

eccentric contract ions . In  this case the machine provides a 

force that overcomes the force produced by the subject . As a 

result the l imb segment moves in a direction that lengthens 

the muscle and an eccentric contraction takes place . 

I n  order to perform these funct ions the Kin-ComR 

mon itors the force , angl e ,  and speed s igna l s . Th is i s  done 

through feedback l oops wh ich monitor the s igna l transducers . 

Force measurements are obtained by load cel l s  in the lever 

arm . Angl e  measurements are obta ined by a potent iometer and 

speed measurements by a tachometer . 

The purpose of  this study was to assess the performance 

characteristics of the Kin-ComR dynamometer under control led 

cond it ions . Measurements obtained from the Kin-ComR , and 

s imUltaneous measurements obta ined from our externa l 

recording system , were compared with known we ights , angles, 

and speeds . These relationships were examined without 

subject interact ion to furn ish information not provided by 

the manufacturer . We cons ider this form of testing a 

prerequ i s ite to further use of  a dev ice to obtain 

measurements . 



www.manaraa.com

METHODS 

This section is divided into three parts . The first part 

concerns the methods used for testing the Kin-Com ' sR force 

measurements .  The second and third parts describe the 

methods used to assess the Kin-Com ' sR angle and speed 

measurements .  

I n  a l l  three parts of  the study the analog signals from 

the three Kin-ComR transducers were col l ected by an external 

recording system. These data were collected for comparison 

with the known values and the measurements obtained from the 

Kin-Com ' sR anal og-to-digital processor. The external 

recording system consisted of an AMM1 anal og-to-digital 

board in a Keithley DAS Measurement and Control System 

( Series 5 0 0 ) . 4 Data acquisition was contro l l ed by Dadisp I 

software5 using an I BM XT personal computer. 6 Signa l  

analysis w a s  performed using Dadisp Worksheet. 7 The 

4 Keithley I nstruments, I nc . ,  PO Box 3 9 1 2 6 0 , Cleveland, Ohio 
4 4 1 3 9  

5 Dadisp I ,  Version 1 . 0; DS P Development Corporation, 1 
Kendall Square, Cambridge, MA 0 2 1 3 9  

6 I nternational Business Machines Corporation, Boca Raton, 
Florida 3 3 4 2 9  

7 Dadisp Worksheet, Version 1 . 5; DSP Devel opment 
Corporation, 1 Kenda l l  Square, Cambridge, MA 0 2 1 3 9  

6 
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spec i f ic device tested was the Kin-ComR dynamometer (model 

# 5 0 0 - 1 1 ) ;  testing procedures were control l ed with Kin-ComR 

software vers ion 1 . 3 .  

Force Measurements 

7 

The Kin-ComR measures forces appl ied in either of  two 

d i rect ions . Load cel l s  cons i st ing of four stra in gauges are 

mounted in a hous ing on the lever arm .  The hous ing s l ides 

a long the lever arm to accommodate d i f ferent l imb lengths . 

These strain gauges are mounted in pairs on the top and 

bottom of a meta l shaft in the load cel l and can , therefore, 

measure force generated by a l imb in two directions . In this 

study each pa ir of strain gauges was tested separately so 

that force measurements in each di rect ion could be 

evaluated . Th is was done by l abe l l ing one stra in gauge pair 

a s  "1" and the other pa ir as " 2 "  ( Fig . 1)  and apply ing the 

compl ete range of loads to each pair independently . 

All force measurements were obtained by plac ing known 

we ights on a we ight pan which was suspended from the 

Kin-ComR , s  l ever arm .  The testing o f  the Kin-ComR , s  force 

measurement system was conducted on two consecut ive days . 

For th i s  part of  the study the lever arm was mainta ined in a 

pos ition perpend icular to the l ine of  gravity . Thi s  pos it ion 

was determined with a gravity referenced protractor and 

ma intained by placing a hydraul ic j ack under the lever arm .  

static force measurements can be obtained by us ing the 

gravity correct ion menu selection in the Kin-ComR , s  
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software . This mode al lows the tester to obtain force 

measurements by directly apply ing we ights to the lever arm . 

Using this mode the following measurements were obta ined on 

each testing day . Fi rst, a basel ine voltage measurement was 

obta ined . Next , a vol tage cal ibration factor was determined 

for convers ion of voltage to newtons . Last , the nature of  

the relationships between the force measurements obta ined 

with the Kin-ComR measurement system , the external record ing 

system , and the known weights were assessed . 

Determination of Baseline Voltage for the Load Cell 

The purpose o f  this part o f  the study was to assess the 

Kin-Com ' sR force measurement system . In order to accurately 

measure the appl ied loads we f irst needed to measure the 

load contribut ion of the weight pan al one . Th is measurement 

was then subtracted from subsequent load measurements . Th is 

procedure was conducted for both pairs of  strain gauges on 

the two consecut ive test ing days . The hous ing conta ining the 

strain gauges a l so conta ins a removable bar for the subj ect 

attachment pad . Thi s  pad was removed and the bar al one was 

used for attachment of the weight pan . The weight pan was 

p laced on this bar in a standard i zed posit ion and locked 

with a c l amp . The analog force s ignal in this cond ition was 

coll ected for one second at 50 Hz with the external 

recording system . Because of  the static nature of this 

measurement we bel ieved that a sampl ing frequency o f  50 Hz  

was adequate . Th i s  s ignal was considered the basel ine 
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voltage i n  the system due to we ight pan and was subtracted 

from force s igna l s  that were subsequently obta ined with the 

known we ights . 

Determination of the Voltage Calibration Factor 

A voltage cal ibration factor was calcul ated to be used 

to calculate the measured loads from our voltage s ignal s .  

The cal ibrat ion factor converted voltage to newtons and was 

determined for each pa ir of stra in gauges on each day of 

test ing . The cal ibration factor was ca lculated by loading 

the lever arm with the maximum amount o f  we ight our we ight 

pan could accommodate ( 4 8 . 5 1 kg [4 7 5 . 4  N) . The force s ignal 

generated by this load was sampled at 50 Hz for one second . 

The cal ibrat ion factor was determined by use o f  the 

following equation : 

475.4N 
mean � V 475. 4N - mean � V baseline 

(1)  

See Tab l e  1 for the cal ibrat ion factors . 

Relationship Between Known Weights and Measured Loads 

Th i s  part of the study consisted o f  loading the we ight 

pan with known weights ranging from 2 2 . 17 N to 4 5 3 . 2 3 N .  

Twenty d i f ferent loads within thi s  range were appl ied to the 

we ight pan . The loads were increased by approximately 2 2  N 

from the lowest to the highest amount . The presentat ion of 
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10  

the 20  d i f ferent loads was randomized for each test and the 

weight pan was unloaded a fter each l oad was appl ied . Th is 

l oad ing procedure was performed for each pair of  strain 

gauges on both testing days . The force s igna l for each load 

was coll ected by our external recording system at 5 0  Hz for 

one second . In addit ion , the force measured by the 

Kin-ComR , s  measurement system was a l so recorded . 

Angle Measurements 

The Kin-ComR measures the angular pos ition of  the lever 

arm with a potent iometer .  The second part of the study was 

conducted to assess the relationship between angular 

pos it ions o f  the lever arm as set with a grav ity referenced 

protractor and measurements obta ined with the Kin-ComR , s  

measurement system . Measurements were obta ined on two 

consecutive days . A voltage cal ibration factor for 

conversion of voltage to degrees was f irst determined on 

each testing day . Next , the nature of  the relat ionsh ips 

between the angle measurements obta ined with the Kin-ComR 

measurement system , the external recording system and the 

set angles was assessed . 

Determination of the voltage Calibration Factor for the 

Potentiometer 

A cal ibrat ion factor in degrees/volt ( o/V) was 

calcul ated in order to convert voltage s igna l s  to degrees . A 

voltage s ignal was obta ined for one second at 5 0  Hz at the 
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angles o f  1 0 5 · and o ·  relative t o  a vert ical pos ition ( as 

determined with a grav ity referenced protractor ) .  The 

cal ibrat ion factor was determined by use of the fol lowing 

equation : 

mean � V 105' - mean � V o· 
o /�V (2 ) 

See Tabl e  1 for the cal ibrat ion factors . 

Relationship Between set Angles and Measured Angles 

A gravity referenced protractor was used to set the 

l ever arm at the des ired angles . The lever arm was initially 

placed in a hori zonta l posit ion and this pos it ion was 

cons idered 0 · . The voltage generated at this pos it ion by the 

potentiometer , therefore , represented the voltage for the 

potent iometer at 0 · . The protractor was then used to set the 

angular pos ition o f  the lever arm in 5· increments from o ·  

to 1 1 0 · . At each angular pos ition measurements were obta ined 

from both the external recording system and the Kin-comR 

measurement system . The voltage s igna l from the 

potentiometer was col l ected with our externa l recording 

system for one second at 50 Hz at each angular pos it ion . The 

Kin-comR angular measurements were obtained from the test 

program screen . Thi s  is a cal ibrat ion screen that can be 

accessed in the software . Th is screen displays a number 

represent ing the angle of the lever arm a fter process ing the 
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potentiometer s igna l through the Kin-ComR , s  analog-to­

digital board . This procedure was carried out on two 

consecut ive days . 

speed Measurements 

12 

I n  thi s  study we compared actual speeds of the lever arm 

with user-selected ( set)  speeds . We a l so examined severa l 

other aspects of the Kin-ComR , s  performance relat ing to the 

control of lever arm speed . We felt that this was necessary 

because o f  the importance o f  lever arm control in this type 

of dev ice . The actua l speed of the lever arm was determined 

from the angular d i splacement s ignal us ing the data analysis 

software . 

Relationships Between set Speed and Actual speed 

Movement o f  the lever arm i s  contro l l ed with the 

software sel ect ion menus on the Kin-ComR , s  computer . Us ing 

the set-up menu constant speed in the concentri c/concentri c 

mode was sel ected . Ini tial force , the min imum force appl ied 

to the strain gauge necessary before movement is init iated , 

was set at 0 N .  Thi s  sett ing caused the lever arm to move 

during testing without the need for an external l y  app l i ed 

force . The lever arm was set to move through a 1 0 0° arc of 

mot ion from a pos ition of _5° to 9 5° .  When the lever arm was 

in the hori zontal position it was cons idered to be at 9 0° , 

and when the lever arm was in the vert ical down position it 

was cons idered to be at 0° . These positions were ver i f ied by 
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use o f  a gravity referenced protractor . This 1 0 0 · arc was 

re-set prior to each upward and downward movement of the 

lever a rm .  The start and stop angles were measured with the 

protractor and by the Kin-ComR• At each 

speed/ accel eration/decelerat ion comb inat ion the movement in 

the upward d i rect ion was tested f irst fol lowed by the 

downward movement . 

The frequency o f  s igna l acqu i s it ion on our external 

record ing system for this part of the study was 5 0 0  Hz . We 

felt this s ampl ing frequency was necessary because the lever 

a rm would be moving at speeds as h igh as 2 1 0 · / sec . The rate 

of 5 0 0  Hz was the maximum sampl ing frequency our recording 

system would a l low when sampl ing three channel s  ( angl e ,  

speed , and force ) . 

The speed o f  the Kin-ComR lever arm was tested without 

any externa l l y  app l i ed force . The speeds tested were in 

3 0 · / sec increments through a range from 3 0 · / sec to 2 1 0 · / sec. 

Each speed was tested with a l l  pos s ible accel eration and 

decelerat ion comb inat ions ( h igh , medium , and low)  and in 

both d i rections ( upward and downward ) .  The testing order of 

the speed/accel erat ion/decel erat ion comb inat ions was 

random i z ed . Each o f  the comb inat ions was tested on two 

consecutive days and the order of testing of the 1 2 6  

permutat ions was randomized separately for each day . 
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Determination of Actual Speed 

The speed that the lever arm moved was determined by the 

rate of displ acement as calculated by use of the angle 

record ing . The speed and angle recordings were evaluated 

using the data analysis software . The speed recording was 

examined to determ ine the beginning of motion , the beginning 

and end of the constant speed , and the point where the 

voltage returned to basel ine . 

DATA ANALYSIS 

Data analys i s  was performed separately for each s ignal 

tested . For each of the fol lowing variables the strength of 

the l inear relat ionship was analyzed us ing a coe f f ic ient of 

determinat ion ( r2 ) .  

1. actual we ights vs . external l y  recorded measurements 

2 .  actual we ights vs . measurements obta ined from Kin-ComR 

3 .  actual angles vs . external l y  recorded measurements 

4 .  actual angles vs . measurements obta ined from Kin-ComR 

5. user selected speeds vs . externa lly recorded 

measurements 

The coe f f ic ients of determination were calcul ated with a 

software program ( QuattroPro8 , Ver .  1. 0). I n  addit ion , 

I ntracl ass correlat ion coe f f ic ients ( I CC, [1,1]) ( Shrout & 

Fleiss , 1979) were calcul ated to assess the degree o f  

agreement ( rel iab i l ity) between days for the external ly 

8 Borl and I nternational I nc . , 1800 Green H i l l s  Road , P . O .  
Box 660001, Scotts Val ley , CA 95066-0001 
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recorded measurements and the Kin-ComR measurements . Thi s  

form o f  the I CC was used because individual ratings were 

used to determ ine rel iab i l ity and thi s  form is a 

conservative measure o f  the rel iabi l ity of paired 

observations . 

15  
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RESULTS 

The results from part one o f  the study are summarized in 

Tables 2 and 3 .  In  all condit ions the coe f f icient of 

determinat ion ( r2 ) for the force measurements was above . 9 9 

( Table 2 ) . The agreement ( ICC) between days for a l l  

cond it ions was a l so above . 9 9 ( Table 3 ) . 

The results from part two o f  the study are summarized in 

Tab l e s  4 and 5 .  I n  a l l  condit ions the coef f icient of 

determinat ion ( r2 ) for the angle measurements was above . 9 9 

( Table 4 ) . The agreement ( ICC ) between days for a l l  

cond it ions was 1 . 0 0 ( Table 5 ) . 

The results from part three o f  the study are summari zed 

in Tables 6 and 7 .  In  Table 6 the coef f icient of 

determinat ion ( r2 ) for the speed measurements was above . 9 9 

for a l l  condit ions . When var ious selected aspects of the 

speed measurements were cons idered the r2 values were 

somewhat lower but never lower than . 8 3 ( Table 7 ) . 

During testing we noted that the lever arm did not 

a lways travel through the ful l user-set arc of motion . We 

observed that the greatest excurs ion at constant speed was 

achieved with s low speeds and high accelerat ion and 

decelerat ion sett ings . The loss o f  mot ion never exceeded 

1 6  
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four degrees in either the upward or downward d i rections 

with the largest amount of motion lost when the low 

decel eration sett ing was used . 

17 
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DISCUSSION 

Force Measurements 

There was a nearly perfect l inear relationship between 

known weights loaded on a weight pan suspended from the 

Kin-ComR , s  l ever arm and both the measurements obtained from 

the externa l record ing system and the measurements obta ined 

from the Kin-ComR , s  software ( see Table 2 ) . Also , a h igh 

degree of agreement between days was shown to exist between 

the force measurements obta ined with the externa l recording 

system and the measurements obta ined by use o f  the Kin-comR 

( Table 3 ) . 

These find ings are important for several reasons . We 

were able to sample the analog force s ignal from the strain 

gauges at 5 0 0  Hz  with our external recording system . This 

means that we were able to obtain 4 0 0  more data points per 

second than the Kin-ComR , s  measurement system (which samples 

at 1 0 0  Hz ) . Although our measurements were based on more 

data points and should , there fore , be potent i a l ly more 

accurate the coe f f icients of determination for the 

measurements obta ined with the Kin-ComR were s imi lar . 

There fore , not only does a l inear relat ionsh ip exist between 

the measurements obta ined with our Kin-ComR and known 

18  
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weights , but the strength of associat ion measure ( r2 ) 

indicates that in our study approx imately 9 9% o f  the 

variance in one set of measurements is accounted for by the 

other set of measurements . The lower sampl ing rate of the 

Kin-Com ' sR measurement system appears to be adequate for 

obta ining accurate measurements of appl ied loads under the 

type of condit ions we tested . 

Th i s  finding i s  important because static force 

measurements of the subj ect ' s  l imb are performed during the 

grav ity correct ion procedure . It has been demonstrated that 

there is s igni f icant error associated with i sokinetic torque 

measurements not corrected for the ef fect of grav ity 

( F i l lyaw , Bevins , & Fernandez ,  1 9 8 6; Winte r ,  Wel l ,  & Orr , 

1 9 8 1 ) . Whereas the f indings in this study cannot be directly 

extrapol ated to static force measurements o f  a subj ect ' s  

l imb ( and the assoc iated error due to l imb attachment and 

pos it ioning )  it does provide informat ion as to the 

performance characteristics of the stra in gauges during 

static loading . Also , more recent vers ions of the Kin-ComR 

software ( ve r .  3 . 0 1 )  al low testing of subj ect ' s  isometric 

torque . 

The intercepts of the l ines describing the l inear 

relat ionships between the measurements obtained with the 

Kin-ComR and the known forces are h igher than for the other 

rel at ionship ( see Table 2 ) . Th is di screpancy exi sted because 

we were unable to subtract the initial voltage due to the 

we ight pan from the force values with the Kin-ComR software . 
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Our results were in agreement with those o f  Farrel l  and 

Richards ( 1 9 8 6 ) . These authors did not report the Kin-ComR 

model or the software version used in their study . They 

tested the relationship between actual force measurements 

and measurements reported from the Kin-ComR software by 

loading the lever arm with known weights in 2 2 . 3  N 

increments from 2 2 . 2  N to 3 10 . 8  N .  They reported an ICC 

( RI [ 1 , 5])  of . 9 9 a fter repeatedly loading and unloading the 

Kin-ComR , s  l ever arm .  They do not reference the source o f  

their ICC or why they used that particular form of the 

statistic . 

The methods employed by Farre l l  and Richards ( 19 8 6 )  to 

test this rel ationship were somewhat different than ours . 

The static loading part of their study consisted o f  

positioning t h e  lever arm a t  10 · increments from a 

horizontal (0 · )  to a vertical ( 90 · )  position . They applied 

the ful l range of their known weights to the lever arm at 

each angular position . They reported that they compared the 

measurements of their known weights to the measurements 

obtained from the Kin-ComR only . Because we were unaware of 

the algorithm used by the Kin-ComR software to ana lyze the 

force signals we independently processed the signa l through 

our own analog-to-digital system to check the accuracy of 

the Kin-ComR , s  force measurements . 
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Angle Measurements 

The results presented in Table 4 demonstrate that there 

was a nearly perfect l inear relat ionship between actual 

angular pos i t ions of the lever arm as determined with a 

grav ity referenced protractor and both the measurements 

obtained with the external recording system and the 

measurements obtained from the Kin-ComR , s  software . Al so, a 

high degree o f  agreement was shown to exist between days for 

the ang l e  measurements obta ined with the external record ing 

system and the Kin-ComR ( see Table 5 ) . 

Our f i ndings indicate that when the s ignals generated by 

the Kin-ComR , s  potent iometer are properly re ferenced they 

represent angles determined with a gravity re ferenced 

protractor . The study performed by Farre l l  and Richards 

(1986) a l so examined the relat ionship between angle 

measurements determined with an external recording device 

and angle measurements obtained with the Kin-ComR . They 

compared angle measurements obtained with a spirit level and 

a p rotractor to measurements taken by the Kin-ComR software . 

The authors reported that they pos it ioned the lever arm at 

"var ious" angles and compared the Kin-ComR , s  reported angles 

to the known angles . They did not provide a stat istical 

analysis o f  this relat ionship but stated , "It was not 

pos s ible to determine any d i f ference in lever arm 

measurement made by either the Kin-ComR or the external 

system" . There fore , whi l e  it not possible to prec isely 

compare our results because of d i f ferent methodologies , it 



www.manaraa.com

2 2  

would appear that our results general ly agree with those of  

Farrel l  and Richards (1986). 

speed Measurements 

The results presented in Table 6 demonstrate that 

constant speed measurements obta ined with our external 

recording system have a nearly perfect l inear rel ationship 

with the user-sel ected speeds tested in this study . These 

measurements also show a high degree of agreement when 

compared on two d i f ferent days . When various components of  

the speed s igna l are examined these measures demonstrated a 

strong l inear relationship and high degree of  agreement 

between days ( see Table 7 ) . 

The loss of  lever arm motion was only noted during the 

use of med ium and low acceleration and decelerat ion 

sett ings . We never observed a loss of  mot ion when using the 

high sett ings . Wh i l e  the loss of  mot ion never exceeded four 

degrees , and our study did not determine i f  this ef fect 

would be d i f ferent if a subj ect were applying a force to the 

lever arm , we felt there was su fficient data to warrant the 

use of the high sett ings during further invest igat ions . 

C l i n icians and researchers using the Kin-ComR should be 

aware that the use of  low and medium 

acceleration/decel erat ion sett ings may result in a decreased 

excurs ion of  the lever arm .  Th is e f fect may lead to 

inaccurate measurements and result in unrel iable data . 
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Our study was des igned to assess the accuracy o f  the 

s ignal s  from the Kin-Com ' sR transducers without subj ect 

involvement to provide in format ion not ava i l ab l e  from the 

manufacturer .  The results of this study cannot be extended 

to the use of the dev ice when subj ects are apply ing a force 

on the l ever arm . 
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CONCLUSION 

A strong l inear rel ationship was shown to exist between 

the s igna l s  from the Kin-ComR transducers and known we ights , 

angl es , and user-selected speeds when tested under 

conditions not involv ing subj ect partic ipat ion . There was 

a l s o  a strong l inear relat ionship between values obta ined 

from the Kin-ComR , s  process ing system and known we ights and 

angles . The results of this study show that there may be a 

d i screpancy between the user-sel ected excurs ion and the 

actual excurs ion of the lever arm when other than high 

acceleration and decelerat ion opt ions are used . Our results 

ind icate that the stat ic measurements of  force and angle 

that are necessary for use in the gravity correct ion 

procedure are accurate and rel iable between days . 

2 4  
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Table 1 .  Voltage Cal ibrat ion Factors for stra in Gauges and 

Potent iometer 

stra in Gauges Cal ibration Factor ( N/V) 

Day 1 ( pos ition 1 )  1 9 9 . 1 8 

Day 1 ( posit ion 2 )  1 9 3 . 9 0 

Day 2 ( pos it ion 1 )  1 9 6 . 1 9 

Day 2 ( pos it ion 2 )  1 9 6 . 8 0 

Potent iometer Cal ibrat ion Factor ( 0 IV ) 

Day 1 2 5 . 58 

Day 2 2 5 . 57 

2 5  
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Table 2. Linear Relationships Between Force Measurements 

Actual vs. ExternalS Actual vs. Kin-ComRb 

Day r2 Slope Intercept r2 Slope Intercept 

Measurements obtained .99 0.99 -0.02 .99 1. 02 11.94 
on Day 1 (SG1C) 

Measurements obtained .99 1. 01 -2.32 .99 1. 05 9.11 
on Day 2 (SG1) 

Measurements obtained .99 0.98 0.77 .99 1. 04 6.61 
on Day 1 (SG2d) 

Measurements obtained .99 1. 00 -0.85 .99 1. 04 5.37 
on Day 2 (SG2) 

S Applied force compared to measurements obtained with external recording 
system. 

b Actual force compared to measurements obtained with Kin-ComR software. 

c strain gauge pair 1. 

d strain gauge pair 2. 

N 
0\ 
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Tabl e  3 .  Rel iabi l ity Est imates of Force Measurements Between 

Days 

Type of Measurement Ieea 

Measured ( SG 1  b) . 9 9 

Measured ( SG2C)  . 9 9 

Kin-eomR ( SG 1  d) . 9 9 

Kin-eomR ( SG2e)  . 9 9 

a I ntraclass correlat ion coe f f i c ient [1,1]. 

b Externa l ly recorded force measurements from stra in gauge 
p a i r  1, day 1 vs . day 2 .  

C External ly recorded force measurements from strain gauge 
p a i r  2 ,  day 1 vs . day 2 .  

d Kin-eomR force measurements from strain gauge pa ir 1 ,  
day 1 vs . day 2 .  

e Kin-eomR force measurements from strain gauge pa ir 2 ,  
day 1 vs . day 2 .  
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Table 4. Linear Relationships Between Angle Measurements 

Actual vs. Externa18 Actual vs. Kin-Com� 

Day r2 Slope Intercept r2 Slope Intercept 

Measurements obtained .99 1. 00 0.09 .99 1. 00 -0.05 
on Day 1 

Measurements obtained .99 1. 00 -0.02 .99 0.99 0.04 
on Day 2 

8 Actual angle compared to measurements obtained with the external recording 
system. 

b Actual angle compared to measurements obtained with Kin-ComR software. 

tv 
OJ 
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Tabl e  5. Rel iabi l ity Est imates of Angle Measurements Between 

Days 

Type of Measurement 

Externalb 

Kin-Coml!c 

a Intraclass correlat ion coe f f ic ient [1,1]. 

1 .  0 0  

1 .  0 0  

b External l y  recorded angle measurements ,  day 1 vs . day 2 .  

c Kin-Coml! angle measurements ,  day 1 vs . day 2 .  
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Table 6 .  Linear Re lat ionships and Rel iab i l ity Estimates of 

Speed Measurements 

Condit ions r2 Slope Intercept ICC8 

Set vs . Actua lb 

Day 1 . 9 9 1 .  0 1  -1 . 4 3  . 9 9 

Day 2 . 9 9 1 .  0 1  - 1 .  4 9  . 9 9 

Day 1 ( up )  c . 9 9 1 .  0 1  -1 . 2 3  . 9 9 

Day 2 ( up )  . 9 9 1 .  0 1  -1 . 2 9  . 9 9 

Day 1 ( down ) d . 9 9 1 .  0 1  - 1 .  6 4  . 9 9 

Day 2 ( down ) . 9 9 1 .  0 1  - 1 .  6 1  . 9 9 

Actua l Speede 

Day 1 vs . Day 2 . 9 9 1 .  0 0  - 0 . 0 1 1 .  0 0  

Day 1 vs . Day 2 ( up )  . 9 9 1 .  0 0  - 0 . 0 6 1 .  0 0  

Day 1 vs . Day 2 ( down) . 9 9 0 . 9 9 0 . 0 3 1 .  0 0  

a I ntraclass corre lation coe f f ic ient [1,1] . 

b User-selected speed compared to actua l speed of lever arm 
cal cul ated from rate of displacement of lever arm .  

C Upward movement o f  l ever arm .  

d Downward movement o f  lever arm .  

e Actual constant speed cal cul ated from rate o f  d i spl acement 
of l ever arm .  
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Table 7 .  Linear Rel at ionships and Rel iab i l ity Estimates for 

Spec i f i c  Speed Measurements 

Day 1 vs . Day 2 

Conditions r2 Slope Intercept ICCs 

Excurs ion at constant . 9 6 0 . 9 8 2 . 3 4 . 9 1 
speedb 

Time at constant . 9 9 1 .  0 0  0 . 0 1 . 9 9 
speedc 

Actual Excurs iond . 8 5 0 . 9 4 6 . 37 . 9 9 

Mean Voltagee . 9 9 0 . 9 9 0 . 0 0 . 9 9 

Accelerationf . 9 9 0 . 9 9 0 . 0 0 . 9 9 

Decelerat ion9 . 8 3  0 . 8 2 6 . 9 2 . 8 8 

a Intraclass correlation coefficient [1,1] . 

b Excursion o f  lever arm wh i l e  moving at constant speed . 

C Amount o f  t ime the lever arm i s  moving at constant speed . 

d Actual ful l  excurs ion o f  lever arm .  

e Mean vol tage recorded during constant speed port ion of  
l ever arm movement . 

f Speed from start to constant speed portion of  lever arm 
movement . 

9 Speed from constant speed port ion of  lever arm movement to 
stop . 
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Figure 1. Thi s  f igure shows the locat ion of the strain 
gauges mounted in the hous ing on the l ever arm . 

3 2  
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PART 2 

The Effects of Concentric and Eccentric 

contractions Performed at Equal Power Levels 

on Skeletal Muscle Fiber Hypertrophy 

Th i s  chapter i s  to be submitted for publ icat ion in Muscl e & 
Nerve . 



www.manaraa.com

The Effects of Concentric and Eccentric 

Contractions Performed at Equal Power Levels 

on Skeletal Muscle Fiber Hypertrophy 

By 

Thomas P .  Mayhew 

Jules M .  Rothste in· 

Sheryl D .  Finucane 

Robert L .  Lamb 

Department of Physical Therapy 
Virginia Commonwealth Univers ity 

Box 2 2 4, MCV Stat ion 
Richmond , VA 2 3 2 9 8 - 0 2 2 4  

Address Correspondence to : 
Thomas P .  Mayhew 
Department of Phys ical Therapy 
Med ical Col lege of Virginia 
Box 2 2 4, MCV stat ion 
Richmond , VA 2 3 2 9 8-0 2 2 4  

• Dr . Rothstein i s  currently Professor and Head , Department 
of Phys ical Therapy , Un ivers ity of I l l inois at Chicago . 



www.manaraa.com

ABSTRACT 

The purpose of this study was to invest igate the ef fect 

of training with concentric and eccentric muscle 

contractions on skeletal muscle hypertrophy and isometric 

torque production . Twenty normal subj ects were randomly 

ass igned to two groups . Both groups exerci sed three t imes 

per week for four weeks on the Kin-Com dynamometer . One 

group ( 8  fema les , 2 males , mean age = 2 2 . 9  years , SD = 2 . 9 6) 

performed concentric contractions of the ir right quadriceps 

femoris muscle at an intens ity of 9 0% of their maximal 

concentric power through a range of 7 5° of knee extens ion 

( 1 5° to 9 0° ) . The other group ( 6  females , 4 ma les , 

mean age = 2 4 . 1  years , SD = 4 . 3 8 )  performed eccentric 

contract ions o f  the same muscle at the same re lative power 

level . Both groups exercised at a constant speed of 6 00/ sec . 

Needle muscle biops ies were obta ined from the vastus 

l atera l i s  muscle be fore and a fter the exerc ise program . 

Muscle f iber type d i f ferent iat ion was performed us ing a 

myosin adenos ine triphosphatase (ATPase) sta in at an 

alka l ine preincubat ion. The percent change in fiber area was 

determined for each f iber type in each subj ect and a one-way 

ANOVA ( between groups ) was used to analyze the data. Our 

results showed a s igni f icant d i f ference between the groups . 

The type I I  f ibers of the concentric group exh ibited a 

greater percent increase in area as compared to the 

eccentric group . Max ima l isometric knee extens ion torque was 

determined at 6 0° of knee fl exion for each subj ect be fore 
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and a fter the exerc ise program us ing the Kin-ComR• The 

percent change in i sometric torque was determined for each 

subj ect and a one-way ANOVA (between groups ) was per formed 

on the data . The concentric group increased maximal 

isometric torque production more than the eccentric group. 

Our results indicate that when exerc is ing at the same 

re lative power level a subj ect performing concentric 

contractions w i l l I)  show greater muscle hypertrophy and, 2) 

improve in isometric torque production more than a subj ect 

training with eccentric contract ions . Therefore, the results 

o f  our study suggest that a concentric exerc ise program may 

be preferable to an eccentric program i f  the goal i s  fiber 

hypertrophy and improved force production . 
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INTRODUCTION 

Rehab i l itat ion profess ionals often attempt to al leviate 

skeletal muscle weaknes s  by prescrib ing exercise according 

to the overload princ ipl e .  Thi s  princ iple impl ies that 

exerc ise must exceed a certain threshold of  force in order 

for a muscle to increase in s i z e  or to improve in 

performance ( Enoka, 1 9 8 8 ) . The force level necessary for 

opt ima l muscle hypertrophy is not known (Atha, 198 1) . 

According to Komi and Buskirk ( 1972) , the primary st imUlUS 

for muscle hypertrophy is the product ion o f  tens ion above 

the level s  norma l ly produced by those muscles . Activities of 

daily l iv ing, however, requ i re both concentric and eccentric 

contract ions at varying speeds and magnitudes ( Dean, 1 9 8 8) . 

The adapt ive response of  human skeletal muscle to 

concentric and eccentric exercise has been studied by a 

number o f  invest igators ( Duncan, Chandler, Cavanaugh, 

Johnson & Buehler, 1 9 8 9; E l l enbecker, Davies & Rowinski, 

1 9 8 8; Johnson et al . ,  197 6; Komi & Buskirk, 1972;  

Mannhe imer, 19 6 9; Pavone & Mo ffat, 1 9 8 5; Petersen, 1 9 6 0; 

S ingh & Karpovich, 19 67) . Currently it is not known whether 

exerc is ing with one type of contract ion is more ef fect ive 

than the other for produc ing muscular hypertrophy (Atha, 

38 
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1 9 8 1 ) . I n  recent years there has been cons iderable interest 

in the use of eccentric contractions for improving muscle 

force p roduction .  Skeletal muscle is able to generate 

greater leve l s  of tens ion during eccentric contractions than 

dur ing either concentric or i sometric contractions ( Doss & 

Karpov ich , 1 9 6 5 ; Olson ,  Smidt & Johnston , 197 2 ; S ingh & 

Karpov ich , 1 9 6 6 ) . Some invest igators , therefore , propose 

that eccentric exerc ise programs provide a better st imulus 

for hypertrophy and improved muscle force production than do 

programs including other types of contract ions (Atha , 19 8 1 ;  

Johnson , Adamczyk , & Tennoe , 197 6 ; Walmsl ey , Pearson & 

S tymiest , 19 8 6 ) . 

Mechanisms of Skeletal Muscle Hypertrophy 

The increase in s i z e  of skeletal muscle as a result of 

heavy res i stance tra ining is genera l ly bel ieved to be due to 

enl argement of individual muscle f ibers ( Tesch & Larsson , 

1 9 8 2 ) . The enl argement of the muscle fibers i s  a result of 

enhanced protein synthes i s  and increased s i z e  and number of 

myofibri l s  ( Gol dberg et a l . ,  197 5 ; Goldspink , 1 9 64 ) . The 

mechanisms respons ible for triggering the enhanced protein 

synthes i s  are not known (MacDougal l ,  198 6 ) . One poss ible 

st imulus for the increased uptake of amino acids and 

subsequent protein synthes is is the amount of tens ion that a 

muscle develops wh i le contract ing ( Booth , 198 2 ) . 

An experimental model in which the gastrocnemius muscle 

of rats was tenotomized provided evidence to support this 
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hypothes i s  ( Goldberg , 197 5 ) .  Th is procedure , which led to a 

phenomenon commonly cal l ed "compensatory overload , "  resulted 

in an increased workload on the synerg istic plantaris and 

soleus muscles. Hypophysectomi z ed rats with a tenotomi zed 

gastrocnemius show a fter f ive days of normal activity weight 

increases in the soleus of 3 0% to 5 0% and in the pl antaris 

of 2 0% ( Goldberg , 1 9 67 ) . The we ight of the sol eus and 

p l antaris muscles increased even further i f  the rats were 

forced to exerci se on a treadm i l l. The mean f iber d iameters 

of the muscles of the tenotomi zed l imbs were s igni f icantly 

greater than those of control s. A rel ative increase in 

muscular tens ion appears to be a potent st imulus for muscle 

hypertrophy in animal models. Thi s  ef fect appears to be 

independent o f  hormonal influences ( Goldberg , 197 5 ) . 

Another possible st imulus for muscle f iber hypertrophy 

is termed by MacDouga l l  ( 19 8 6 )  as the " break down and build 

up theory. " He suggests that f iber hypertrophy in response 

to strength training may be the result of a repa ir process. 

He argues that muscular contract ions aga inst heavy loads may 

damage contract i l e  and connect ive tissue components. These 

components are then repa ired during the days between 

exercise sess ions. Fiber hypertrophy may , there fore , be the 

result of an adapt ive increase in protein synthes i s  in 

response to a damaging tens ile demand. Morphological 

evidence for this theory has been provided in humans by 

Friden , S j ostrom , and Ekblom ( 19 8 3 ) . They found d i s rupt ions 

in the Z bands and marked disturbances in myofibri l l ar 
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organiz at ion in type I I  f ibers of subj ects that performed 

intense bouts of eccentric.  exercise . 
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Newham , McPha i l , Mil l s ,  and Edwards ( 19 8 3 ) compared the 

ultrastructural e f fects of concentric and eccentric 

exerc i s e . They found no structural abnormal ities in muscle 

biops ies from subj ects exerci s ing concentrica l l y  or from 

non-exercis ing controls . structural changes in the subj ects 

exerc i s ing eccentrica l ly were cons istent with those of 

Friden et a l . ( 19 8 3 ) . Newham et al . ( 19 8 3 ) concluded that 

the damage found in the subj ects exercis ing eccentrically 

was due to the greater amounts of tens ion generated per 

f iber in that group . 

Muscular Adaptation to Training with Concentric and 

Eccentric Contractions 

Proponents o f  eccentric exercise argue that i f  the 

critical st imUlUS for increased protein synthes i s  is 

tens ion , then tra in ing with eccentric contract ions w i l l  

prov ide a more intense st imUlUS resulting in greater 

strength gains (Atha , 1 9 8 1 ) . Evidence to support this theory 

is provided by two studies in which concentric and eccentric 

exerc ises were compared ( Komi & Buskirk , 197 2 ; Mannhe ime r ,  

1 9 69 ) . I n  both of these studies subj ects exerc i s ing 

eccentrical ly showed greater improvements in force 

product ion than subj ects exerc i s ing concentrica l l y . other 

invest igators have , however ,  found that ne ither contract ion 

type was superior to the other for produc ing improvements in 
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force product ion . ( Johnson , Adamczyk , & Tennoe , 197 6 ; Pavone 

& Mof fat , 1 9 8 5 ) . After reviewing the l iterature , Atha ( 19 8 1 )  

concluded that "eccentric tra ining is ef fective in 

increas ing strength , but is no more e f fect ive than either 

i sometric or concentric training . "  

s tudies comparing concentric and eccentric exercise have 

usua l l y  examined the e f fects of maximal contract ions 

( Duncan , Chandler , Cavanaugh , Johnson & Buehler , 1 9 8 9 ; 

E l l enbecker ,  Davies & Rowinski ,  1 9 8 8 ; Johnson et al. , 197 6 ; 

Komi & Buskirk , 197 2 ; Mannheimer , 1 9 6 9 ; Pavone & Mof fat , 

1 9 8 5 ; Petersen , 1 9 6 0 ; S ingh & Karpovich , 1 9 67 ) . At a g iven 

veloc ity of l imb movement , however , a subj ect can generate 

more torque during a maximal eccentric contract ion than 

during a maximal concentric contract ion ( Komi , 19 8 6 ;  Komi & 

Buskirk , 197 2 ) . The subj ects performing eccentric 

contractions would , there fore , be exerc is ing with a higher 

level of torque than subj ects performing concentric 

contract ions . The results from these experiments would not 

provide clear evidence of adaptat ions as a consequence of 

contraction type alone . Any d i f ferences that were found may 

have been attributable to the non-equ ivalence of the 

exerc ises . 

The dependent measure most commonly used to assess the 

e f f ect ivenes s  of concentric and eccentric exercise i s  

improvement i n  maximal force production ( Johnson et al . ,  

197 6 ;  Komi & Buskirk , 1 97 2 ; Mannheimer , 1 9 6 9 ; Pavone & 

Mof fat , 1 9 8 5 ) . Improvement in maximal force product ion is 
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o ften ca lcul ated from pre and post exerc ise measurements 

us ing the contract ion type in wh ich the subj ect tra ined . 

These measurements may have indicated an improvement in 

the ir subj ect ' s  ab il ity to perform the spec i f ic type of 

contract ion . This may represent a ski l l  enhancement and not 

a biological change ( Sale, 1 9 8 6) . Improvement in the 

performance of this ski l led movement may not be 

general i zable to other funct ional activit ies . Exercise 

programs des igned to improve the force production capabi l ity 

of skeletal muscle usua lly involve heavy res i stance tra ining 

( h igh loads with few repet itions) . Studies have shown that 

thi s  method of tra ining results in an increase in the cross­

sectional area of type I and type I I  f ibers, with a far 

greater amount of hypertrophy in the type I I  f ibers 

( Edgerton, 197 8 ; Thorstensson, 1976) . A more meaningful 

dependent measure o f  biological change, free from the 

inf luences of ski l l  enhancement, therefore, would be 

measurements o f  the change in fiber area . 

S tudies have been conducted which have examined the 

d i f ferences between concentric and eccentric exercise us ing 

comparable workloads . Eccentric contractions have been shown 

to be more e f f i cient than concentric contractions relative 

to oxygen consumption per unit of tens ion (Abbott, Bigl and & 

Ritch ie, 1 9 5 2 ; Asmussen, 1 9 5 2 ; Bigland-Ritchie & Woods, 

197 6) , and the amount of ATP required per unit of tens ion 

( Infante, Kl aup iks & Davies, 1 9 6 4 ; Knuttgen & Klausen, 

197 1) . Eccentric contract ions have a l so been shown to 
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requi re fewer act ive motor units , with a lower frequency of 

act ivat ion , than concentric contractions at the same force 

and speed of contraction (Abbott et a l. , 1 9 5 2 ;  Bigland & 

Lippold ,  1 9 5 4 ;  Bigland-Ritchie & Woods , 1974; Moritani , 

Muramatsu & Muro , 1 9 8 8) . 

No studies were found that compared the e f fect o f  

concentric and eccentric exercise on muscle f iber 

hypertrophy . In order to answer the question o f  which type 

of contract ion is more ef fect ive in producing muscle fiber 

hypertrophy , the subj ects in each exerc ise group would have 

to exercise at equ iva lent loads. The speed of l imb movement 

and the torque produced during the contract ion , there fore , 

must be contro l l ed. Power i s  a measurement that takes both 

of these variables into account. Subj ects exerc is ing at 

equ ival ent power leve l s  may show a sma l l er percentage 

increase in muscle f iber area in eccentrica l ly tra ined 

muscle as compared to concentrically tra ined muscle. The 

reason for thi s  is that eccentric contractions are more 

e f f i c ient and subj ects tra ined eccentrica l ly should be able 

to ma intain a g iven power level with less of a st imulus for 

hypertrophy than the concentrically tra ined group. 

The purpose of this study was to determine i f  there was 

a d i f ference in the percent change of f iber area in the 

vastus l ateral is muscle as a result of concentric and 

eccentric exerc ise at equal power levels. A second purpose 

was to determine if there was a d i f ference in the percent 

change of maximal isometric torque in the quadriceps femoris 
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muscle as result of concentric and eccentric exerc ise at 

equal power leve l s . 
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METHODS 

overview 

Subj ects were randomly ass igned to one of two groups . 

One group of subj ects performed eccentric contract ions and 

the other group concentric contract ions of the ir right 

quadriceps femoris muscles . Al l subj ects exerc ised at the 

same relat ive power level throughout the study ( i . e . , 9 0% of 

the ir pre -exerc ise maximal concentric power) . Needle 

b iops ies o f  the right vastus lateral i s  muscle were performed 

be fore and a fter the exercise program . The exerc i se e f fect 

was evaluated by examining the percentage of change in 

cross - sect iona l area of type I and I I  muscle fibers , and the 

percentage of change in i sometric torque product ion . 

Subj ects 

The subj ects in this study were 14 female and 6 male 

volunteers who : 

1. had no phys ical or painful l imitat ions in act ive or 

passive range of motion in the ir right hip or knee 

j o ints , 

2 .  had no history of medical condit ions that would h inder 

wound heal ing ( e . g . , diabetes) , 

4 6  
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3 .  had no cardiovascular , orthopedic , or neurological 

cond it ions that would contraindicate an exercise program 

cons ist ing of approximately 2 0  minutes of exerc ise three 

t imes per week for four weeks , 

4 .  agreed to continue the ir base leve ls o f  exercise 

throughout the duration of the study ( phys ica l l y  act ive 

subj ects ( e . g . , j oggers , we ight l i fters , cycl i sts ) must 

agree not to increase or decrease their norma l activity 

leve l s ) ,  and 

5. had read and s igned a consent form be fore part ic ipat ing 

in the study . 

The concentric subj ect group cons isted of eight females and 

two ma les with an age range from 2 0  to 3 0  years 

( mean = 2 2. 9 ,  SD  = 2 . 9 6) . The eccentric subj ect group 

included s ix females and four males with an age range from 

2 0  to 3 6  years (mean = 2 4 . 1 , SD = 4 . 3 8 ) . 

Exercise Procedure 

A Kin-ComR1 dynamometer (mode l # 5 0 0 - 1 1 ,  software vers ion 

3 . 0 1 )  was used to measure and control the power produced by 

the subj ects in this study . The Kin-ComR is a computer 

contro l l ed electromechanical dynamometer that can be used to 

provide resi stance to the movement of a subj ect ' s  l imb 

during test ing and exercise . Cal ibration of the strain 

gauges ( force s ignal ) ,  and potent iometer ( angle s igna l )  was 

1 Chattecx Corp . , 1 0 1  Memorial Drive , PO Box 4 2 87 ,  
Chattanooga , TN 3 7 4 0 5  
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evaluated before and a fter the exerc ise portion o f  th is 

study. The stra in gauges and the potentiometer of the 

Kin-ComR did not lose cal ibration. 

4 8  

Each subj ect exerc ised throughout the study a t  the same 

relative power level. The power level used was 9 0% of each 

subj ect ' s  pre-exerc ise maximal concentric power level. 

Because control of power was a critical part o f  our 

methodology , the power generated during each muscle 

contract ion was calcul ated. Power level s  were control led 

throughout the exerci se port ion o f  our study with target 

"markers" determined by use of the fol lowing procedure. 

Each subj ect partic ipated in a pre-exerc ise sess ion. The 

purpose of the pre-exercise sess ion was to determine each 

subj ect ' s  maximal concentric quadriceps femoris muscle power 

during an i sokinet ic movement at 6 0 · j sec. During this 

sess ion the subj ect sat on the Kin-ComR bench with his back 

supported by the backrest and his right knee next to the 

lever arm. Thi s  pos i tion resulted in approximately 9 0 · of 

hip flexion as determined by visual inspect ion. The locat ion 

of the backrest was recorded for use in subsequent exercise 

sess ions. The subj ect ' s  shoe was removed and his right 

femoral epicondyle ( indicative of the anatomical axis of 

rotat ion) was a l igned with the axis of rotat ion of the lever 

arm. The pad of the Kin-ComR , s  lever arm was attached to the 

subj ect ' s  right leg one centimeter prox imal to the med ial 

ma l l eolus. The d i stance from the lever arm ' s  axis of 

rotation to the center of the pad was recorded and entered 
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into the Kin-ComR , s  computer as the l imb length . This 

measurement was subsequently used to determine torque 

values . 
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The backrest was then removed and the subj ect was placed 

in a supine posit ion on the bench for determinat ion of the 

grav ity correction value . Th is pos ition was used because 

prel iminary test ing ind icated that when subj ects were 

s itt ing the measurement of leg we ight was art i ficially high 

due to hamstring tightness . These stud ies a l so showed that 

l eg we ight measurements were more accurate when obta ined 

with the lever arm in a hori zontal pos it ion . The " gravity 

correcti on " routine in the Kin-ComR , s  software was used to 

measure the we ight of the leg in the horizontal posit ion . 

The subj ect was then reposit ioned in s itt ing and straps 

were pl aced across h i s  pelvis and distal thigh . A goniometer 

was used to place the subj ect ' s  knee in 9 0° of flexion . Th is 

value was entered into the Kin-ComR , s  computer under the 

" anatomi cal j oint referen ce " option . Th is procedure was 

conducted so that the angle of the lever arm corresponded 

with the angle of the subj ect ' s  knee . 

The subj ect was a l lowed to become accustomed to moving 

h i s  l imb wh i l e  strapped to the Kin-ComR before power 

measurements were obtained . Subj ects per formed ten practice 

concentric quadriceps femoris muscle contractions through an 

arc o f  7 5° ( start ing at 9 0° of knee flexion and ending at 

15° of knee fl exion) . All pract ice contract ions were 

per formed at a speed of 6 00/sec . After a ten minute rest the 
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subj ect was instructed t o  perform ten maxima l concentric 

quadriceps femori s  muscle contractions. There was a 4 5  

second rest between each contraction and force, angle, and 

speed measurements were recorded. Pre l iminary stud ies in our 

l aboratory demonstrated that subj ects would produce the ir 

maximal concentric contract ion within the f irst ten 

contractions. 

The Kin-ComR , s  eva luat ion program was used obta in these 

measurements and to control the power leve l s  during the 

exercise port ion of the study. The set-up menu in the 

Kin-ComR evaluat ion mode al lows the user to sel ect control 

parameters for exerc ise and test ing. The type of movement 

( " control constant" ) was set for speed. Th is al lowed us to 

obtain the torque measurements during constant speed l imb 

movements ( except for short periods o f  accelerat ion and 

deceleration ) . The type of contraction ( "motion " )  was set to 

concentric/eccentric. The acce lerat ion ( " turn point, acc. " )  

and decelerat ion ( "turn point, dec. " )  of the Kin-ComR , s  

l ever a rm were set on high for two reasons. We wanted to 

maximi z e  the amount of time the subj ect ' s  l imb moved at a 

constant speed, and, a pilot study ind icated that use of the 

med ium and low sett ings could result in the loss of lever 

arm mot ion2• 

The initial force sett ing ( " init.  force ll ) al lows the 

user to set a force requ ired before the lever arm wil l move. 

We determined through prel iminary test ing that sett ing this 

2 See Part 1 o f  this dissertat ion. 
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opt ion to 1 5 0% of the subj ect ' s  leg weight al lowed for an 

ini t i a l  bui ldup of muscular tens ion and a smoother 

trans it ion into movement . There fore , the lever arm initial 

force " forth " was set to 1 5 0% o f  the subj ect ' s  leg we ight . 

The initial force "back "  was set to z ero wh ich resulted in 

pass ive return of the lever arm to the start posit ion . The 
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l ever arm was set t o  move i n  a n  arc from 9 0° t o  1 5° of knee 

flexion . The speed of lever arm motion was set at 6 00/sec . 

Dur ing the pre-exercise sess ion the ana log s ignal from 

the Kin-ComR , s  force , angle , and speed transducers was 

col l ected with an external recording system . Thi s  system 

cons isted of an AMM1 analog-to-d igital board in a Keithley 

DAS Measurement and Control System ( Series 5 0 0) 3 . Data 

acqu i s i t ion was control led by Dadisp I software4 us ing an 

I BM XT personal computers . The measurements of peak torque , 

average torque , and average speed from the ten max imal 

concentric quadriceps femoris contract ions were cal culated 

us ing Dadi sp Worksheet6 • The power produced during each 

contract ion was calcul ated by mul t iplying the average torque 

by the average speed for each contract ion . The contraction 

produc ing the greatest amount of power was then ident i fied . 

3 Keithley Instruments , Inc . , PO Box 3 9 1 2 6 0 , Cleveland , Ohio 
4 4 1 3 9  

4 Dadi sp I ,  Vers ion 1 . 0 ;  DSP Development Corporat ion , 1 
Kenda l l  Square , Cambridge , MA 0 2 1 3 9  

S Internat ional Business Machines Corporation , Boca Raton , 
Florida 3 3 4 2 9  

6 Dadi sp Worksheet , Vers ion 1 . 5 ;  DSP Deve lopment 
Corporat ion , 1 Kendal l  Square , Camb ridge , MA 0 2 1 3 9  
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The training target power level for the exerci se portion of 

the study was 9 0% o f  the power produced during this 

contraction . 

Measurements o f  each subj ect ' s  maximal isometric right 

quadriceps femoris torque was a l so obta ined during the pre­

exerc ise sess ion . Th is measurement was repeated at the end 

of the exercise port ion of the study and the percent change 

in each subj ect ' s  maxima l i sometric torque was calcul ated . 

I sometric torque measurements were obta ined us ing the 

Kin-ComR , s  training program . Th is program al lows the user to 

set " stop angles" at wh ich the lever a rm wi l l  pause for a 

spec i f ied amount o f  time . During this pause the subj ect can 

perform an isometric contract ion against the immob i l i z ed 

l ever arm .  

I n  th i s  study the lever arm was set to stop at 6 0 ·  of 

knee flexion for three seconds . Each subj ect was instructed 

to contract their quadriceps femoris muscle max ima l ly 

aga inst the immobi l e  lever arm .  Two i sometric torque 

measurements were obta ined . Th is procedure was repeated 

during a sess ion 2 4  hours a fter the end of the exercise 

portion o f  the study . The average isometric torque produced 

during the middle one second of the contraction with the 

h ighest torque production ( for both the pre and post 

exercise sess ions ) was determined . These va lues were used to 

determine the percent change in max imal isometric torque . 

The 2 0  subj ects were randomly ass igned to two groups 

consist ing of ten subj ects . One group performed concentric 
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contractions , the other group performed eccentric 

contractions . The subj ects were set up on the Kin-ComR as 

described for the pre-exercise sess ion . The software 

sett ings for the concentric group were identical to those 

used in the i r  pre-exerc ise session . The settings for the 

eccentric group d i f fered only in that the initial force 

" forth " setting was z ero , and the "back "  sett ing was 1 5 0 %  of 

the ir leg weight . The exercise port ion of the study 

con s isted of three sess ions per week for four weeks . During 

each exerc i se sess ion the subj ects per formed f ive sets of 

ten quadriceps femoris muscle contractions . There was a two 

minute rest period between sets of muscle contractions . The 

ten contract ions within a set were performed at whatever 

rate the subj ect felt comfortabl e ,  but with not more than 3 0  

seconds between contract ions . 

Subj ects in both groups attempted to match the power 

produced during each contraction with the target power level 

determ ined in the pre-exerc ise sess ion . Th is was done by 

sett ing target "markers" on the Kin-ComR computer ' s  CRT 

screen which represented 8 5 %  and 9 5 %  of the peak torque 

produced during the subj ect ' s  concentric contract ion 

produc ing the greatest power during sess ion one . The 

subj ects were instructed to watch the Kin-ComR , s  CRT screen 

and push against the lever arm in such a way that they 

mainta ined their force trac ing for as long as possible 

within the marker boundaries . 
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Prel iminary studies performed in our l aboratory 

demonstrated that subj ects attempting to ma inta in the ir 

torque output within these tra ining markers were able to 

produce power l eve l s  within ± 1 0 t  �f the target power. The 

power produced during each contraction was calculated for 

each subj ect for a l l  twelve exercise sess ions . An average 
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percent target power was calculated for a l l  the contractions 

performed in the exerc ise port ion of the study. I f  the mean 

percentage of the target power was not within ± 1 0 t  of the 

target power the subj ect was el iminated from the study and 

another subj ect was recruited . 

Biopsy Prooedure 

Pre-exerc i se needle b iops ies of the right vastus 

l atera l i s  muscle were obtained during a period approx imately 

24 hours a fter the pre-exerci se sess ion and 48 hours before 

the start of the exercise program . Post-exercise biops ies 

were obta ined within 72 hours a fter cessat ion o f  the 

exerci s e  program . The biops ies were performed using the 

technique as described by Bergstrom ( 19 62 )  with the suction 

mod i f icat ion of Evans ( 19 8 2 ) .  The biopsy s ite was located 

approximately at the midpoint of the l atera l aspect of the 

right thigh . A UCH Biopsy needle7 with suct ion provided by 

a 5 0  cc . syringe was used to remove the muscle sample . 

7 UCH Biopsy Needles , Surgical Divis ion o f  Needles 
Industries , Ltd . , PO Box 3,  Redditch , Worcestershire , 
Engl and. 
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The muscle sample was immediately oriented with a 

d i ssect ing microscope so that cross-sect ions of the sample 

represented cross-sect ions of the muscle f ibers . The samples 

were then mounted on cork with OCT embedding compound8 and 

frozen in isopentane chi l l ed in a l iquid nitrogen bath . The 

frozen samples were pl aced in cryotubes and stored at -2 3°C 

for l ater ana lys is . Post-exerc ise biops ies were performed in 

an ident ical manner ; however , the sample was obta ined from a 

site approximately two cent imeters distal to the previous 

s ite to avoid any scarring in the muscle t i s sue . 

Analysis of Muscle Samples 

A cryostat9 was used to sect ion the b iopsy spec imen 

( 1 0 - 1 4  �m in thickness ) in the transverse pl ane . The unfixed 

frozen cryostat sections were thaw-mounted on glass s l ides 

for h istochemical analys is . Muscle f iber type 

d i fferent iat ion was performed us ing a myosin adenos ine 

triphosphatase (ATPase ) stain at an alkal ine pre incubat ion 

( Dubowitz , 198 5 ) . Al l sect ions were pre- incubated in 

staining d i shes at a pH of 1 0 . 5 .  The pre and post-exerci se 

muscle sect ions from each subj ect were sta ined in the same 

sta ining dish as a control for d i f ferences in sta ining 

intens ity . 

8 Miles Laboratories Inc . , Ames Div . , Elkart , IN 4 6 5 1 5 . 

9 IEC Minot Microtome , Internat ional Equ ipment Co , 3 0 0 
Second Ave , Needham Heights , MA 0 2 1 9 4 . 
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Light micrographs of  each sta ined sect ion were obta ined 

with a Nikon Labophot automatic exposure photomicrograph ic 

system . 10 Each print was enlarged to 8 inches by 10  inches 

and covered with a clear plastic overlay . The muscle f ibers 

in each micrograph were class i f ied as type I or type I I  by 

examining the intensity of  sta ining of  each f iber . At the 

a lkal ine pre incubation used in this study the type I I  fibers 

sta ined darkly and the type I f ibers sta ined l ightly 

( F ig . 1 )  ( Brooke & Ka iser , 197 0 ) . Each f iber of  a g iven type 

was consecut ively numbered on the plastic overlay of each 

micrograph . A computer program1 1  was used to generate a 

series o f  5 0  random numbers for each fiber type . The lower 

bound of these numbers was one and the upper bound was the 

number of each type of f iber that was ident i f ied on the 

micrograph . Only those f ibers spec i f ied in the random 

sampl ing procedure were measured . 

F iber areas were measured us ing a Bioquant micrograph 

d i g i t i z ing system . 12 Th is system uses a l ight microscope 

and v ideo camera to proj ect the image of the micrograph on a 

video monitor . A graph ics plate and mouse were then used to 

trace the perimeter of  the muscle f iber . A personal computer 

and a software program were used to calculate areas in the 

10 Nippon Kugaku K . K . , Fuj i Bldg . 2 - 3 , 3  chome , Marunouchi , 
Ch iyoda-Ku , Tokyo 1 0 0, Japan 

1 1  Quattro , Borl and International , 4 5 8 5  Scotts Val l ey Dr . ,  
Scotts Va l ley , CA 9 5 0 6 6  

1 2  Bioquant system IV , R & M Biometrics , Inc . , 5 6 1 1  Oh io 
Ave . , Nashv i l l e , TN 3 7 2 0 9  
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des ired units . A l O x  obj ect ive was used to proj ect the image 

on the v ideo screen . 

The rel iabi l ity of these measurements were tested on a 

randomly chosen pa ir of micrographs from one subj ect be fore 

us ing the system with the rema inder of the sUbj ects . The 

same invest igator that performed the measurements of fiber 

areas for the ent ire study partic ipated in the rel iab i l ity 

study . Fi fty randomly selected fibers of each type were 

measured from one subj ect ' s  pre and post exerc ise biopsy 

samp les ( 2 0 0  measurement s ) . Area measures of the same fibers 

were repeated on the fol lowing day . An intraclass 

corre l at ion coe f f i c ient ( ICC) [1,1] was performed to assess 

the agreement between the measurements between days ( Shrout 

& Fleiss, 1979 ) .  The ICC for this comparison was . 9 9 .  Th is 

ind i cated a high degree of intra-rater rel iab i l ity for these 

measurements when obtained on two consecutive days . 

Data Analysis 

The mean f iber area for each f iber type was calcul ated 

for pre and post-exerc ise biops ies for each subj ect . The 

percent change in fiber area between pre and post-exerc ise 

b iopsies was then determined separately for each subj ect ' s  

type I f ibers, type I I  fibers and for the type I and I I  

f ibers comb ined . A One-Way Between Subj ects Ana lysis of 

Variance ( ANOVA ) was used to ana lyze the percent change in 

mean muscle f iber area between the concentric and eccentric 

exerc i se groups ( Linton & Gal lo, 197 5 ) . Three separate 
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comparisons were made between the groups rel ative to percent 

change in f iber area . The f irst comparison was made to 

determine i f  there was a d i fference between the two exerc ise 

groups in percent change of mean type I muscle f iber area . 

The second comparison was performed to determine i f  there 

was a d i f ference between the groups in percent change of 

mean type I I  f iber area . A third comparison was made to 

determine i f  there was a d i f ference between the two exerc ise 

groups in the percent change of the comb ined type I and I I  

mean f iber areas . 

A One-Way Between Subj ects ANOVA was a l so used to 

analyze changes in the subj ects ' i sometric torque 

product ion . A comparison was made to determine i f  there was 

a d i f ference between the two exerci se groups in percent 

change of maximal i sometric torque between pre and post 

exercise measurements . 
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RESULTS 

Table 1 summar i z es the percent changes in mean muscle 

f iber area between the exerc i se groups . Table 2 summarizes 

the percent changes in mean isometric torque between the 

exerc ise groups . A One-Way Between Subj ects ANOVA for 

percent change of the comb ined type I and II mean f iber 

areas is summari zed in Table 3 .  A d i f ference was found 

between the groups with the concentric exerc ise group 

demonstrat ing a greater percent change in f iber area than 

the eccentric exerc ise group . 

Table 4 is a summary of A One-Way Between Subj ects ANOVA 

for percent change of type I mean fiber area . There was no 

d i f ference between the groups . 

A One-Way Between Subj ects ANOVA for percent change of 

the type I I  mean fiber area i s  summarized in Table 5 .  A 

d i f ference was found between the two exercise groups . The 

concentric exerc ise group showed a s igni ficant ly greater 

percent change in fiber area compared to the eccentric 

exerc i s e  group . 

A One-Way Between Subj ects ANOVA for average percent 

change of maximal isometric torque is summar i z ed in Table 6 .  

A s i gni ficant d i f ference was found between the groups with 

59 
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the concentric exerc ise group exh ibit ing a greater percent 

change in maximal isometric torque than the eccentric group . 
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DISCUSSION 

The results of  our study indicate that there is a 

contract ion type dependent d i f ference in the change in 

muscle f iber area in norma l subj ects fol l owing an exercise 

program at the same re lative power level . Our results also 

demonstrate that this d i f ference i s  f iber type speci fic . The 

change in area of the type I I  f ibers of the group that 

tra ined concentrically was s igni f icantly greater than the 

group that tra ined eccentrica l l y. Thi s  was accompanied by a 

s igni f icantly greater increase in isometric torque 

production . The change in area of the type I f ibers was not 

s igni f icantly d i f ferent between the two groups . 

Our f ind ing that the type I I  f ibers show a s igni ficantly 

greater amount of hypertrophy in the concentrically tra ined 

subj ects agrees with studies that have described the 

physiological di f ferences between contraction types . Abbott 

et al.  ( 19 5 2 , 1 9 5 3 )  demonstrated that a subj ect that was 

performing concentric contractions consumed more oxygen than 

a subj ect performing an equal amount of work with eccentric 

contractions . He hypothesi zed that fewer f ibers were act ive 

per unit o f  force during eccentric contract ions . Bigland­

Ritch ie and Woods ( 1974)  confirmed this f inding as wel l  as 

6 1  
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provided electromyographic evidence that fewer muscle fibers 

were necessary to provide a given amount of force during 

eccentric contract ions . Infante et al . ( 19 6 4) showed that in 

the frog sartorius muscle eccentric contract ions required 

1/ 1 3 th of the amount of ATP required during concentric 

contractions . 

These f ind ings indicate that eccentric contract ions are 

more e f fic ient than concentric contractions . It would fol low 

that an exerc ise program cons isting of eccentric 

contractions at a g iven power level would require less 

e f fort for subj ects to perform than a s imilar concentric 

program . These subj ects would not show as much f iber 

hypertrophy because the rel at ive st imulus for hypertrophy 

would be less . Our f ind ings support this hypothesis . At a 

g iven power level our concentric group showed a 

s igni f icantly greater amount of hypertrophy in the ir type I I  

f ibers . Th i s  evidence o f  cellular change was supported by a 

s igni f i cantly greater improvement in i sometric torque 

product ion by the concentric group . 

The power level s  in our exercise protocol were carefully 

monitored . The relative amount o f  total tens ion produced by 

each subj ect ' s  quadriceps femoris muscle should have been 

the same in both exerc ise groups . According to Bigl and and 

Lippold ( 19 5 4) the number of motor units and the frequency 

of act ivat ion of those motor units is less for eccentric 

contract ions than for concentric contract ions at equ ivalent 

power level s. I t  is poss ible , there fore , that fewer motor 
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units were recruited i n  the quadr iceps femoris muscles in 

our eccentric exerci se group . This may have resulted in a 

greater amount of tens ion per muscle unit in those recru ited 

motor units . It has been suggested that the crit ical 

st imulus for muscle f iber hypertrophy may be an increase in 

the amount of tens ion produced by a contracting muscle fiber 

( Booth , 1 9 8 2 ) , or an increased relative use of a muscle 

( Goldberg et a l . ,  197 5 ) . There fore , a rel at ively greater 

amount of hypertrophy in the muscles tra ined eccentrica l l y  

might have been expected. W e  found , however , a greater 

amount o f  hypertrophy in the muscles of the concentric 

group . Our results indicate that there was a greater change 

in the relat ive use of the muscles in the concentric group 

compared to the eccentric group . Th is may have been due to 

the greater e f f iciency of eccentric contractions at a given 

power l evel . 

Comparing the results of our study to other stud ies that 

have invest igated the d i f ference between concentric and 

eccentric tra ining regimens is d i f f icult for several 

reasons . First , our pr imary dependent measure in this study 

was the change in f iber area assoc iated with d i f ferent types 

of training . We were unable to f ind any other similar 

studies in which this dependent measure was used . Second , we 

were interested in eva luat ing the d i f ference between the two 

training programs ( concentric and eccentric)  us ing 

equ ival ent power leve l s . No other studies control led the ir 

variables in this way . Most investigators have stud ied the 
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d i f ference between concentric and eccentric exercise 

programs us ing maximal contractions of each type. Because 

they were us ing maxima l contract ions their subj ect groups 

were exerc is ing at d i f ferent power levels. Al so, we were 

interested in examining contraction type dependent 

d i f ferences in the quadriceps femoris muscle. Most other 

s imilar stud ies have studied contractions of muscles in the 

upper extremity . 

Komi and Buskirk ( 1972)  used a specially constructed 

dynamometer to investigate the improvement in right forearm 

f lexor muscle performance as a result of i sokinet ic 

concentric and eccentric tra ining . They had three groups of 

sUbj ects : one group that performed maximal eccentric 

contract ions ; a second group that performed concentric 

contract ions ; and a third group that served as control s  ( no 

exerc i se ) . Thei r  subj ects participated in an exerc ise 

program consisting of s ix maximal concentric or eccentric 

contractions per day, four times per week, for seven weeks . 

The subj ects were tested to determine thei r  maximal 

i sometric, concentric, and eccentric tens ion be fore, during, 

and a fter the seven week condit ioning program . 

The results of the ir study showed that the eccentric 

group improved s igni f icant ly over the control group in 

i sometric, concentric and eccentric maximal force. The 

concentric group improved s ignificantly over the control 

group in concentric and eccentric maximal force, but not in 

i sometric maximal force. They a l so state that on a 
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percentage bas i s , the eccentric group increased maximal 

force more than the concentric group in a l l  three measured 

forces , but this was only statistically s igni ficant for 

eccentric maxima l force . The authors reported that soreness 

was felt by a l l  the subj ects in the eccentric group during 

the early phase of cond it ioning . They also stated that this 

group showed a sharp drop in force production during the 

f irst week of cond it ioning that corresponded to this period 

of soreness . 

Komi and Buskirk ( 1972)  conclude that al though the 

eccentric exerc ise program increased muscle force , on the 

average , more than the concentric program , this type of 

exerc i s e  may not prov ide optimal muscle condit ioning in the 

shortest period of t ime . They concluded this because their 

subj ects experienced severe muscle soreness with an 

accompanying decl ine in force production in the early phase 

of cond it ioning . Thi s  conclus ion provides support for the 

need for studies invest igat ing the e f fects of exercise at 

equ ival ent power levels . 

The results of our study cannot be directly rel ated to 

Komi ' s  study . S ince Komi and Buskirk ' s  subj ects were 

performing maximal contractions they were not only assessing 

d i f ferences in contract ion type but a l so d i f ferences in 

power level s .  According to the force-velocity curve 

( E l l enbecker et al . ,  1 9 8 8) , the subj ects performing maximal 

contractions in the ir eccentric condit ioning group were 

probably producing more torque , and there fore more power ,  
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than the i r  concentric group . Consequentl y ,  Komi and Buskirk 

were assess ing the e f fect of a greater power level as we l l  

as contract ion type i n  the ir study . In our study w e  were 

able to develop a protocol that al lowed both of our subj ect 

groups to maintain a given level of power . There fore , our 

results appear to re fl ect a d i fference based on contract ion 

type a lone . Interestingly , none of the subj ects in our 

eccentric training group compla ined of soreness and none of 

these subj ects had any d i f f iculty in mainta ining the 

requi red power levels . 

Johnson et al . ( 197 6) used a variat ion of the DeLorme 

technique to invest igate the d i f ferences between concentric 

and eccentric exerc ise programs . One group exerc ised their 

elbow and knee fl exors and extensors concentrically three 

t imes per week for six weeks at a load of 8 0% of a one 

repetit ion maximal concentric contract ion ( RM) . Another 

group exerci sed the same muscle groups eccentrica l ly for the 

same t ime period at 1 2 0% of a one RM .  The authors measured 

force before and a fter the exerc i se program stat ically 

( us ing a cable tens iometer) and dynamically (us ing dumb­

bel l s  and a spr ing-loaded exerc iser) . Both exerc ise regimens 

resulted in s igni f icant gains in force production , however , 

these ga ins were not s igni ficantly d i f ferent between groups . 

The subj ects in Johnson et al . ' s  study did not exercise 

at equ iva lent loads , did not perform the same number of 

repetit ions per contract ion type ( the concentric group 

performed two sets of ten contractions and eccentric group 
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two sets of six contractions ) ,  and did not exercise at 

cons i stent speeds of l imb movement . Th is l ack of control of 

the i r  exerc ise variables makes it d i f f icult to attribute 

contract ion type dependent changes .  We found a s igni ficant 

d i f ference between our exerc i se groups with the concentric 

group improving s igni ficantly more than the eccentric group . 

A pos s ib l e  reason for the d i screpancy between our study and 

Johnson et a l . i s  that they attempted to prov ide the ir 

eccentric group with a near maximal load by us ing 1 2 0% of a 

one RM ,  whereas we controlled the power leve l s  of each group 

so that they would be exerc is ing at equ ivalent intens ities . 

Another pos s ible reason for the d i f ference between our 

results and those of Johnson et a l . may be that they 

measured the ir subj ect ' s  improvement in muscle performance 

us ing the same method in wh ich they tra ined . According to 

S a l e  ( 1 9 8 6 )  short periods of training may improve the 

sub j ect ' s  ski l l  at performing the spec i f ic type of exercise . 

Johnson et a l . ' s  subj ects may have shown improvement due to 

a learning e ffect rather than a biological change . We 

attempted to el iminate the e f fects of learning in two ways . 

First , we obta ined biopsy samples so that we could directly 

examine the ef fects of the exercise programs on f iber 

hypertrophy . Second , we examined the improvement in force 

product ion us ing isometric contract ions which the subj ects 

did not practice during the exerc ise period . 

Stud ies conducted by Mannhe imer ( 19 6 9 )  and E l l enbecker 

( 19 8 8 )  both examined contract ion type dependent exercise 
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e f fects on muscle performance . In both o f  these studies the 

invest igators compared subj ect groups performing max imal 

concentric or eccentric contractions . The number of 

repet it ions and weeks of exercise was d i fferent for each 

study . Mannheimer reported that each group improved 

s igni f icantly in the abil ity to produce force but that these 

improvements were not d i f ferent between groups . E l l enbecker 

reported s igni f icant ga ins in concentric and eccentric peak 

torque as a result of concentric tra ining . He a l so found 

s igni f i cant ga ins in concentric but not eccentric peak 

torque with eccentric training . E l l enbecker did not assess 

the d i f ference in improvement between groups . Aga in the 

factors of learning and unequal exercise intens it ies are 

present in these two studies . 

I t  seems clear that subj ects participat ing in exercise 

programs consisting o f  maximal concentric or eccentric 

contractions can improve their ab i l ity to produce muscular 

force . Whether a program cons isting of one type of maximal 

contract ion is superior to another type is unclear . The 

ev idence from these studies appears to show either a smal l  

o r  non-existent d i f ference in improvement between exerc i se 

programs cons isting of d i f ferent contract ion types . Many 

invest igators assessed muscular improvement by us ing the 

same type of contract ion that the subj ects used during the 

training program . Thi s  may have clouded the issue of actual 

cellular changes with what might have been a learned ski l l  

enhancement . A further compl icat ion i n  these studies i n  the 
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occurrence o f  exerc ise-induced DOMS ( delayed-onset muscle 

soreness ) in the eccentric training groups . I t  has been 

shown that this phenomenon is usua l ly accompanied by a sharp 

decrease in the ab il ity of subj ects to produce muscular 

force. Therefore, subj ects that were a l ready exerci s ing at 

d i f f erent power level s  may not have been tra ining at 

con s istent leve l s  throughout the study . 

We have attempted to provide a clear picture of 

contract ion type dependent exerc i se e f fects by us ing a 

protocol that ma intained a subj ect ' s  power level at a 

constant level throughout the training program. 
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CONCLUSION 

Thi s  report provides evidence that exerc ise programs 

consisting of eccentric contract ions may result in less type 

I I  f iber hypertrophy than programs consist ing of concentric 

contract ions when subj ects are exerc i s ing in an equival ent 

manner . Cl inicians us ing these types of exerc ise programs 

should be aware that concentric contract ions may be more 

e f fect ive not only in producing fiber hypertrophy but in the 

improvement of i sometric torque by the ir pat ients . As with 

the maj ority of the l iterature examining contraction type 

dependent changes in skeletal muscle, this study used normal 

sUbj ects . Future studies should invest igate these 

relat ionships in rel evant pat ient populat ions . 

7 0  
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Tabl e  1 .  Compari son o f  Percent Increase in Mean Fiber Area 

Between Exercise Groups 

Group 

Concentric 

Eccentric 

Type 18 

14 . 67 ± 4 . 1 3 

12 . 2 3 ± 4 . 4 5 

Type 1 18 

2 5 . 7 4  ± 6 . 37 

17 . 8 0 ± 4 . 9 3 

Comb inedb 

2 0 . 2 0 ± 3 . 4 5 

15 . 0 2 ± 4 . 1 4 

8 Percent increase in mean muscle f iber area between pre and 
post-exerc ise sess ions with S D .  

b Percent increase i n  combined type I and I I  mean muscle 
f iber area between pre and post-exerc ise sess ions with SD. 
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Table 2 .  Comparison of  Percent Increase in Mean Isometric 

Torque Between Exerc ise Groups 

Group 

Concentric 

Eccentric 

Percent 
Increase8 

1 6 . 09 

8 . 27 

SD 

8 . 2  

5 . 1  

7 2  

8 Percent increase in mean isometric torque between pre and 
post-exerc ise sessions . 
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Table 3. Summary Table : One-Way Between Subj ects ANOVA , 

Percent Change in Comb ined Mean Fiber Areas Between 

Exerc ise Groups 

S ource df SS MS Fa 

Exerc ise Group 1 1 3 4 . 67 1 3 4 . 67 9 . 8 0b 

Error 19 2 6 1 . 2 2 1 3 . 7 5  

Total 2 0  3 9 5 . 8 9 

a For p < . 0 1 ,  F = 8 . 18 for 1 , 19 d f .  
b S igni f icant for p < . 0 1 .  
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Tab le 4 .  Summary Table : One-Way Between Subj ects ANOVA , 

Percent Change in Mean Type I Fiber Area Between Exerc ise 

Groups 

Source df SS MS Fa 

Exerc i s e  Group 1 2 9 . 7 8 2 9 . 7 8 1 .  7 1b 

Error 19 3 3 1 . 3 5 17 . 4 4 

Tota l  2 0  3 6 1 . 1 3 

a For p < . 0 5 ,  F = 4 . 3 8 for 1 , 1 9 df . 
b Not S igni f icant for p < . 0 5 .  
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Table 5 .  Summary Table : One-Way Between Subj ects ANOVA , 

Percent Change in Mean Type I I  Fiber Area Between Exercise 

Groups 

Source df SS MS Fa 

Exerc ise Group 1 3 1 5 . 14  3 1 5 . 1 4 10 . 2 5b 

Error 19 5 8 4 . 0 1 3 0 . 7 4 

Total 2 0  8 9 9 . 1 5 

a For p < . 0 1, F = 8 . 1 8 for 1,19 d f .  
b S igni f icant for p < . 0 1 .  
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Tabl e  6 .  Summary Table : One-Way Between Subj ects ANOVA , 

Percent Change in Maximal Isometric Torque Between Exerc ise 

Groups 

Source df SS MS Fa 

Exerc ise Group 1 3 0 5 . 6 1 3 0 5 . 6 1 6 . 8 7b 

Error 19 8 4 5 . 3 1 4 4 . 4 9 

Total 2 0  1 1 5 0 . 9 2 

a For p < . 0 5, F = 4 . 3 8 for 1,19 df . 
b s ign i f icant for p < . 0 5 .  
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Figure 1 .  Micrograph of muscle biopsy sample sta ined with 
myosin adenos ine triphosphatase ( ATPase ) at a pH 
of 1 0 . 5 .  F ibers staining darkly were identi f ied as 
type I I ,  and f ibers staining l ightly were 
ident i fied as type I .  (x 4 0 )  
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