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ABSTRACT

Twenty-two male and female college varsity tennis
mmmem.mmmmm
isokinetic intemal and external shoulder rotation, and
the second group using concentric isokinetic intemnal
and extemal shouider rotation. Subjects pretested and
posttested both concentrically and eccentrically, so that
training overfiow and specificity could be examined.

ematography to obtain ball velocity, served as a func-
tional performance measurement. Statistical analysis of
peak torque (newton meters) and peak torque to body
weight ratio have revealed i concentric
strength gains (P < 0.005) in the concentric as well as
the eccentric training groups. Eccentnc strength gains
were demonstrated by the concentric training group at
Selected speeds (P < 0.05 and P < 0.005) but were
not generated in the eccentric group at the P < 0.05
significance level. Functional test analysis shows an
mhmummovebdwatasignmm
ofP<0.005inmewmntictrahi\gm,wimno
sigrﬁﬁcam(P>0.01)Measesh&nemuicm.

The relatively unique characteristics of eccentric contrac-
tions have been well documented in the literature.™* Ec.

centric contractions show the lowest energy consumption

per unit of tension exerted and the highest maximum muscle
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tension.” Examination of force-velocity relationships shows
that muscle tension at the same velocity is always grester
in eccentric work, and this difference becomes greater as a
ﬁmcﬁonofiwminm&uﬁonn&odty.‘buﬁngu
eccentric contraction, the muscle is lengthening as it coa-
tracts, which stretches the noncontractile tissue.' Therefore,
the increased internal muscle tension and force production

are products of the noncontractile and contractile tissues

working together during eccentric work. The presence of
increased muscle soreness with the eccentric contraction
may be regarded as indirect evidence for the extremely high
connective tissue loading occurring during maximum con-
ditions of eccentric work.®

Eccentric muscular contractions play a role in functional
activities and athletics that is equally significant to concen-
tric muscular contractions. The rotator cuff, specifically the
infraspinatus and teres minor of the shoulder, are prnme
examples. During the follow-through phase of the tennis
serve oz throwing motion, these muscles must undergo high
decelerative eccentric contractions to preserve healthy jount
arthrokinematics.* The role of the rotator cuff is essential
in preventing overhead overuse injuries. The dynamic caudal
glide executed by the infraspinatus and teres minor poste-
riorly and the subscapularis anteriorly prevent the supra-
humeral structures from becoming impinged on the coraco-
scromial arch. .

Most published literature on comparative training and

" analysis betwsen concentric and eccentric muscle contrac.
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. tions has focused on using the isotonic form of exercise.*’

Isotonic exercise is characterized by a variable speed and
fixed weight or resistance, which differs from the fixed speed
and sccomodative resistance characteristic of isokinetic ex-
ercise.? . .

A study conducted by Komi and Buskirk® consisted of =
weeks of either isotonic eccentric or concentric training.
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Pretesting and posttesting performed by both groups in
concentric and eccentric isotonics and isometrics showed
the eccentric group to increase maximal muscle tension in
all three of the measured forces (P < 0.01). The concentric
training group showed gains in tension eccentrically (P <
0.05) and concentrically (P < 0.01). It appears that when
using isotonic training, 8n overflow of training to strength
geins from concentric to eccentric, and vice versa, does exist.
There is little information about the behavior of eccentric
isokinetic overflow with isokinetic Lraining.

The purpose of this study was to determine whether
eccentric or concentric isokinetic training of the rotator cuff
is more efficient in increasing power, as well as determining
which would produce greater improvement in a functional
test. The training overflow from eccentric training to con-
centric strength gains, and vice versa, were also of impor-
tance in this study.

MATERIALS AND METHODS

Twenty-two male and female college varsity tennis players
volunteered for the 6 week training study. Informed consent

Figure 1. All 22 subjects hit 3 maximal speed tennis serves
befcre and atter § weeks of isokinetc training. Data from high
speed timmng was used to geterming funcuonal (est perform-

ance.
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forms were signed by all participants. Participants had no
recent injury to the upper extremity or spine. A functional
pretest was conducted using high speed cinemnatography,
and an indoor lighting set-up- After a standard warmup,
each subject was instructed to hit three serves at his or her
maximum capability, within a specified service box. A film
speed of 100 frames per second. with a filming distance of
40 feet was used (Fig. 1)- The fastest serve landing in the
specified service box was later used for digital analvsis to
obtain ball speed. This served as a functional performance
messurement.

All of the subjects then underwent isokinetic pretesting,
which consisted of concentric internal/external rotation
with the glenohumeral joint abducted to 90° on the Cybex
[1 isokinetic dynamometer (Lumex Corp.. Ronkonkoma,
NY) using the UBXT Cybex upper body testing table 1Fig.
2). After a rest period, eccentric internal/external rotation
with the glenohumeral joint at 90° of abduction was then
tested on the Kin-Com dynamometer (Chattecx Corp.. Chat-

Figure 2. Concentric isokinetic shoulder internal/extemal ro-
tation set-up.

]
Figure 3. Set-up used'm eccentne isokinetic 1@sung ang
traimng.
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in, all 22 subjects pretested eccentrically on the Kin-Com,
and concentrically on the Cybex.

Amndudﬁminuammlﬂwedbetmathcm
pmforaﬂmbjecu.Ampofﬂ‘mm'emml,md
0° to 70° internal rotation was targeted on both machines.
The order of isokinetic pretesting was randomiy selected.
Aﬂmbjommmtduﬁmih:ﬁmddaympmnt
the addition of a diurnal variable. Only the dominant shoul-
dtrmmtedandtnimdinthhcxp«imcnt.%tthybex,
subjects tested and trained using concentric internal and
external rotation. On tho. i subjects tested and
trained using eccentric internal and external rotation. The
Cybex I isokinetic dynamometer was calibrated for torque
and range of motion according to the Cybex II calibration
and record card.”® The Cybex Data Reduction computer
(CDRC) was also calibrated according to standard Cybex
protocol. The Kin-Com isokinetic system requires calibra-
tion each time the machine is turned on, and does so
internally; therefore, calibration was completed daily
whether testing or training,

Following isokinetic pretesting, the subjects were divided
inwmmupmAmdonmdﬁedumpungumhodm
used with emphasis on age, sex, number of years of tennis
(high school and college varsity), playing experience, and
previous shoulder or upper extremity injury being determi-
nants of ranking order. The groups were randomly sssigned,
one group to train exclusively eccentrically on the Kin-Com,
and the second group assigned to train exclusively concents-
ically on the Cybex.

The training phase consisted of 6 weeks of isokinetic
exercise workouts, two times per week. Esch individual
workout consisted of six sets of ten repetitions using the
velocity spectrum pyramidal ordering concept (60, 180, 210,
210, 180, and 60 deg/sec). After each training session, an ice
pack was applied for 5 w 10 minutes to prevent any inflam.-
matory reaction caused from the workout. A total of 12
workout sessions were completed by every subject in the
allotted 6 week period.

Following the training phase, each subject participated in
the functional posttest. Filming set-up and protocol for the
posttest was identical to the pretest. The final phase of the
study which each subject then completed was the isokinetic
posttest. Prior to testing, both machines were calibrated in
the same manner used prior to the pretest. Subjects from
both groups posttested on the Cybex (concentric) and Kin-
Com (eccentric), performing six maxima] repetitions at
speeds of 60, 180, and 210 deg/sec. The posttest protocols
were identical to the pretest protocols and the subjects were
randomly assigned to the order of testing..

Data was compiled using the CDRC and the computer
output of the Kin-Com. Data compilation from the high
speed filming was done using a Numonics 1224 digital ana-
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lyzer (Numonics Corp., Lansdale, PA) 1o obtain the baj]
speed (in miles per hour) of the functional tests.

~ RESULTS

Analysis of data with repeated measures (-testing indicated
several significant strength gains using the parameters peak

graph, regardless of what point in the range of motion it
occurs.” Significant concentric strength gains (P < 0.005)
were seen bytheeomtﬁctrﬁaingmupauuthmsm
(Table 1). The eccentric training group also showed signufi-
cant concentric strength gains (P < 0.005) at all three speeds
in both internal and external rotation (Table 1). Eccentnc

ing them by his or her respective concentric value, comply
with the principle that a muscle can produce more torque
while executing an eccentric contraction than while per-
forming a concentric contraction. Results from this study
show eccentric/concentric ratios of external rotation to have

1.35 after. This supports EMG work done by Doss and

tive to eccentric gains,
The eccentric/concentric peak torque ratios from this
study also comply with other peak torque eccentric/concen-

eccentric/concentric ratios of the quadr: muscle at 180
deg/sec were found to have a mean of 1.87. Ratios found by
Komi and Rusko® using the elbow flexors at 40 deg/sec were
found to average 1.46. Similar work by Rodgers and Berger*
using the elbow flexors found eccentric/concentric ratios of
167 at 72 deg/sec. These ratios show that as contractile
velocity increases, eccentric performance is enhanced. A
greater ratio is found in DeNuccio's study at 130 deg/sec.

-
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TABLE 1 -
Concentric parameters—pre/post differences peak torque (in newtsn meters)
External rotation internal rocstion
{deg/sec) i=5D Significance $xSD
(difference) Py (difTerence! {Pcy
Concentric trained group
60 88247 0.005 80786 0.005
180 86240 0.005 104286 0.008
210 75248 0.005 82264 0.008
Eccentric trained group
60 89+36 0.005 58268 0.008
180 73230 0.005 47247 0.008
210 73246 0.005 2241 0.008
TABLE 2
Eccentric parsmeters—pre/post differences peak torque (in newton meters)
External - i : -
(deg/sec) t28D Significance t25D i
{differences Py tdifference) Py
Concentric trained group
60 32269 0.10 47217 0.05
180 47284 0.10 83+ 177 0.005
210 8.0%54 0.008 53=94 0.10
Eccentric trained group
60 35%95 NS ~36=2128 NS
180 , 18241 NS -i8215.1 NS
210 42272 0.05 -23 % 120 NS

an with that of Rodgers and Berger, and Komi and Rusko,
72 and 40 deg/sec, respectively.
Thisrewkisﬁmhcrilhnmadinthismdybyeumi-
tion of average eccentric/concentric ratios at the three
ntractile velocities. In pretesting external shoulder rota-
m, the average eccentric/concentric ratios were 1.58 at 60
g/sec, 1.75 at 180 deg/sec, and 1.71 at 210 deg/sec. Post-
sting external rotation values show similar relationships,
do eccentric/concentric peak torque to body weight ratios
t external rotation (Table 3). Table 3 also illustrates the
ternal shoulder rotation pretest and posttest sccentric/
ncentric ratios. As the velocity increases, the eccentric/
acentric ratio becomes larger both in peak torque and
sk torque to body weight ratio. This is consistent with the
os-velocity relationships mentioned earlier.
Concentric torque acceleration energy was determined
ng the Cybex II Data Reduction computer. Torque accel-
mtwkmwrkmurﬁngduﬁa;m first 18 ofa
ond under the torque curve. This measurement attempts
capture the explosiveness of the muscle being tested.
ired difference ¢-testing was again used, showing signifi-
it gains in both the concentric and eccentric training

TABLE 3
Pretem Posttant
60 - 180 210 e 180 7210
ixternal rotation
Mean 158 195 L7l 125 142 158
ntarnal rotstion
Mean 148 169 180 122 141 143

\HMmdtmpetmad

groups, in both internal and external rotation (P < 0.005)
(Table 4). Functional speeds of performance for upper ex-
tremity activities are shown in Table 5.

Statistical analysis of the functional tests show insignifi-
cant speed increases in the eccentric training-group (Table
6). Half of the subjects who trained eccentrically actually
&mmmtcdldecnmonmmdofmnmAﬁnﬁL
icantianminbtﬂlpeedmfomdinthocomnuic
training group (P < 0.005) (Tables 7 and 8). All of the
:ubjecuinzhacommrictniningmdidshovuin-
crease in serving speed. Further analysis must be done before
& positive correlation can be assumed between increases in
muscle strength and faster serving speed. Several factors
such as form, technique, and height are also important, and
mwobjeeﬁveiymﬂyudin:hhmﬁy.

DISCUSSION

Eccentric isokinetic training produced the greatest increases
in concentric strength. A hypothesis that attempts to explain

‘thianaﬁtitbtudont&amkofbobmdxmh‘

mentioned earlier. In eccentric training, the involved mus-
culature is usually contracting at & mean tension spproxi-
mately 36% grester than that which could be schieved
concentrically. As noted by Komi and Buskirk,” the “rate of
strength development as messured by muscle tension is
reportedly directly related to the tension produced in con-
ditioning.” By training for 6 weeks at a higher muscular
tension, a greater training overflow is expected to exist
between eccentric training and concentric strength gains.
This finding is consistent with the isotonic training study
of Komi and Buskirk , which also found eccentric training

-
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TABLE «
Torque accelerstion energy (TAE)—pre/post differences peak TAE (in newton meters)
{(dag/nac) 428D Significance ixSD Signuficance
- {differemce) Py (differemcn) P«
Concentric trained group
* 80 0622058 0.005 0.3 £ 060 0.008
180 2152098 0.005 2682223 0.008
210 2918 0.008 24722 0.00%
. - 0682029 0.008 032025 0.008
180 1.40 £ 0.77 0.005 1311 0.00%
210 163222 0.028 2102 21 0.08
TABLE 3 TABLE 8
Performance spesds Functional pre/post test values (miles per hour)
Yelocitiss £z 8D
Jeim y (dog/vec) Reforence ifference) [T v I3

5730 Gainor BJ et al.’
%6180 Pappas AM et al®

peak 9198
Swimming 250-300 Bartels Retal!

TABLE ¢ -
Ecncutﬁctnimdmﬁmiondwvdmfcrmhpmkimt

Pretat Posttent

Difference
spoed apoed
(mph) (smph} (pre/post)
1225 1220 -0.5
852 0 -10.2
106.4 1105 4.1
1032 1166 134
5.0 748 98
2.7 818 -52
. <33 89.3 58
839 933 9.4
| § ) 80.8 -8.2
70 24 -0.8
816 7 ~8.9
619 71 : 52
Mean 0.9 82 1.2
SD 19 20 72
Variance ™. 8389 51.6
TABLE 7

Concentric trained group functional test valuss for each
participant

Protase  Posstem

Differsnce
wpwed pend
(mph) (mph) (pre/post)
».7 100.9 1.2
585 03 108
61.6 668 52
782 9.7 s
759 889 11.0
7 M2 1ns
90.2 100.6 104
ns 107.0 134
703 7658 66
1042 104.9 06
Mean 722 9.8 17
- 8D 263 285 45
Variance 6938 8139 202

Eccentric training group 1M = 7.7 0.5944 610
Concentric training group 8422 4.2 637 PRV Y]

with concentric strength overflow to be grester than concen-
tric training with eccentric strength overflow.

Although greater tension can be genersted with eccentric
contractions as compared with concentric contracuons, it is
important to realize that the increased tension-generating
capacity is not solely due to the contractile elementa. One
of the ressons the eccentric contraction generatss more
tension is the existence of the noncontractile ussues 1n the
muscle. The series elastic components and sarcolemma pro-
vide mechanical kinetic energy creating much of the wension-
generating capacity of the eccentric contrsction: it 1s not
necessarily from the actual contractile muscle fibers. Con-
versely, the concentric contraction tension is exclusively
produced by the contractile unit. Therefore, if the specific
training goal is to enhance (strengthen) the muscie fibers to
provide rapid contractions (torque acceleration energy) or
facilitate power generation, then the training mode o isolate
the sctual contractile muscle fibers is & concentne contrac-
tion.

A second finding of this study is the insignificant eccentric
pretest/posttest results of the eccentric training group. Komi
and Buskirk” found a latent strengthening phenomenon,
especially in the first few weeks of eccentric trmining, which
was due to an induced soreness that prolubited mazimal
tension gain. This latency may be a factor in the insignifi-
cant eccentric strength gains found in the eccentne truming
group. Increased muscle soreness from perods of eccentne
training or work has been well documented in the Literature
in both isotonic and isokinetic forms.''*’

Both eccentric and concentric training groups >howed
significant increases in torque accelerstion srerzy at ail
three testing/training speeds in the 6 week period At this
time torque accelerstion energy is only available as & con-
centric parameter on the Cybex. This 1s of key importance
in end-stage rehabilitation of an impaired joint for an sctiv-
ity of fast twitch nature, such as tennis. in ¢ asexs of
training there was a significant increase in the amount of
concentric work during the first 18 of a second. Not oaly

Mo .
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did the subjects in both training groups increase in internal/
external rotation strength, but that strength was developing
more rapidly following initial muscle contraction.

Although both experimental groups increased rotator cuff
torque acceleration energy work, the transfer to functional
skill improvement occurred only in the concentrically
trained group.

The analysis of pretest and posttest serving speed shows
s major difference between the two training groups in func-
tional impact of training. Further statistical analysis must
be done to correlate the increasing speed of serves to a
specific increase in muscle strength. Regarding serve per-
formance, training specificity could explain significant in-
creases occurring only in the concentric training group. The
speed of the serve or throwing motion depends partly on a
rapid and forceful concentric internal rotation in the accel-
eration phase.® The concentric training group specifically
performed this concentric motion for 6§ weeks, while the
eccentric training group was performing an opposite type of
muscular contraction. The eccentric phase of training may
specifically affect only the decelerative phase of the motion,
while the concentric accelerative phase may be determining
the trajectory and velocity components of the performance.
This further reinforces the concept for specificity of training
in sport-specific functional activities. Again, further analysis
must be done to completely understand this result, but the
significant increases in performance do suggest that strength
fuins documented with concentric isokinetic training do
produce improvements in functional performance.

SUMMARY

Six weeks of isokinetic training of the rotator cuff have
shown significant strength guins, using the parameters of
peak torque, peak torque to body weight ratio, and torque
acceleration energy. Comparative analysis between concen-
tric and eccentric training groups has demonstrated signifi-
cant overflow and specificity of training of power gains
which comply with earlier isotonic studies. This study bas
elinically demonstrated that significant power gains, partic-
ularly st fast functional velocities, and incresses in muscle
explosiveness (torque scceleration energy) of the rotator cuff
occur through concentric and ecrentric isokinetic training.
This muscle group is of key importance in preventive con-
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ditioning and rehabilitation of the patient with an overuse
injury to the shoulder. Lastly, documented isokinetic
strength gains by the concentric training group demon-
streted significant increases in a functional sport activity
(tennis serving speed), but there were no statistically signif-
icant improvements in the eccentric isokinetically trained
group.

Consequently, when designing a preventive conditioning

or rebabilitstion program, the concept of specificity of mus- -

cular contraction appears to be important.
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