Acute adaptation to low volume
eccentric exercise

DOUGLAS PADDON-JONES and PETER J. ABERNETHY
School of Human Movement Studies, The University of Queensland, Brisbane, Queensland, 4072, AUSTRALIA

ABSTRACT
PADDON-JONES, D., and P. J. ABERNETHY. Acute adaptation to low volume eccentric exdvigse Sci. Sports Exercvol. 33,
No. 7, 2001, pp. 1213-121Burpose: Many symptoms of eccentric muscle damage can be substantially reduced if a similar eccentric
bout is repeated within several weeks of the initial bout. The purpose of this study was to determine whether a nondamaging, low
repetition, low volume eccentric exercise bout could also provide a protective/adaptive Miétiebds: Subjects were assigned to a
control (CON), eccentric exercise (ECC), or low volume familiarized eccentric exercise groupHCC). Before the study, the
LV +ECC group performed six maximal eccentric contractions during two familiarization sessions. The main eccentric bout targeted
the elbow flexor muscle group and consisted of 36 maximal eccentric contractions. Muscle soreness, upper arm girth, elbow angle,
creatine kinase activity, isometric torque, and concentric and eccentric torque at 0.52 and 3. T4warksassessed 0, 1, 2, 3, 4, 7,
and 10 d postexercisdresults: No evidence of muscle damage was observed as a result of the low volume eccentric bouts.
Nevertheless, with the exception of muscle soreness and concentric torque, all variables recovered more rapidlyHiE @@ gioup
(P < 0.05).Conclusion: Adaptation to eccentric exercise can occur in the absence of significant muscle damage. Exposure to a small
number of nondamaging eccentric contractions can significantly improve recovery after a subsequent damaging eccentric bout.
Furthermore, this adaptation appears to be mode-specific and not applicable to concentric contigetioviords: DOMS,
CREATINE KINASE, ISOKINETIC, STRENGTH, REPEATED-BOUT

espite the often debilitating effects of unaccustomed ble pool of high threshold motor units resulting in a loss of
eccentric exercise, research has consistently showncontractile force, increased muscle protein release, swelling,
that when the same eccentric bout is repeated 1-4and DOMS (9,13,17,20). In a repeated-bout model, if the
wk after the first bout, little or no structural or functional initial eccentric insult does induce a greater stress or strain
impairment occurs (3,18,19). Two studies have reported on a selective group of muscle fibers (e.g., Type Il), motor
similar adaptive effects when a normally damaging eccen- unit activation and recruitment patterns may be subse-
tric exercise bout was preceded by a lower volume eccentricquently altered, thereby resulting in less muscle damage and
bout (2,4). Clarkson et al. (4) demonstrated that an initial functional impairment after a repeated eccentric exercise
bout of 24 maximal eccentric repetitions reduced plasma bout.
creatine kinase (CK) activity, the magnitude of the strength  Although it is clear that previous exposure to eccentric
loss and delayed onset muscle soreness (DOMS) when axercise reduces the severity of many common markers of
70-repetition bout was performed 2 wk later. However, this muscle damage, the initial eccentric bouts in all repeated-
initial 24-repetition eccentric bout was sufficient to cause bout models to date have adversely affected one or more
significant muscle soreness and a 15-20% decrement inmarkers of muscle damage (2,3,4,18,19). Consequently, it is
isometric torque 24 h post exercise. In a similar study, 10 not clear whether initial exposure to eccentric contractions
maximal eccentric repetitions facilitated a reduction in must induce muscle soreness and/or cause a significant
plasma CK activity and reduced the magnitude of isometric reduction in functional capacity (e.gg 15-20% reduction
force loss (48—72 h postexercise) when a 50-repetition ec-in strength parameters) in order to initiate the adaptive
centric bout was performed 3 wk later (2). However, this process. Similarly, despite the wide range of eccentric con-
initial eccentric bout also produced significant muscle sore- traction velocities that can be used to induce muscle damage
ness and a 15-20% reduction in peak isometric force 24—48and measure functional impairment/recovery (e.g., fast:
h post exercise. downhill running, slow: isokinetic dynamometry), it re-
Many of the potential mechanisms responsible for the mains uncertain whether the ability to generate force after an
repeated-bout effect have been reviewed in detail eccentric muscle injury is dependent on the contraction
(1,6,18,19). One early, yet prominent, hypothesis contendsmode and/or velocity of the posttest strength measure (15).
that exposure to eccentric contractions damages a suscepti- The primary purpose of this study was to determine
whether a small number of noninjurious eccentric contrac-

0195-9131/01/3307-1213/$3.00/0 tions (i.e., low volume bout) could influence the recovery of
MEDICINE & SCIENCE IN SPORTS & EXERCISE several common markers of eccentric muscle damage after
Copyright © 2001 by the American College of Sports Medicine a higher volume eccentric exercise bout perfadriial later.
Received for publication November 1999. A secondary purpose was to determine whether the result-
Accepted for publication October 2000. ant changes in muscle torque were mode (concentric vs

1213



isometric vs eccentric) and/or velocity (0.52 rad-ss 3.14 cise strength loss (9). These gaps in our knowledge led us to

rad-$ %) specific. select a broader range of dependent variables to examine in
the present study, including novel measures of mode and
METHODS velocity specificity.

The order of dependent variable pre- and post-testing was
Subjects. Twenty-three nonresistance trained mdie (  standardized to avoid potential confounding interactions

= 12) and femaleN = 11) subjects participated in this between the various tests (21,25). Muscle soreness was
study that complied with the requirements of The University measured first, followed by upper arm girth, elbow angle,
of Queensland Medical Research Ethics Committee. Writ- plasma CK activity, and finally strength parameters. Pre-
ten consent was obtained from all participants. Mean ( testing was completed 15-20 min before the main eccentric
SD) age, height, and mass were 23.9 ¥r4.9), 172.6 cm bout. Posttesting of all variables occurred at 15 min (time 0)
(£ 8.2), and 67.4 kg£ 11.6), respectively. Subjects were and at 1, 2, 3, 4, 7, and 10 d with the exception of plasma
counterbalanced on pretest torque values and randomly asCK activity, which was not measured immediately after the
signed to an eccentric (ECQy = 7), low volume plus main eccentric bout. For each individual, all pre- and post-

eccentric (LM+ECC, N = 8), or control (CON,N = 8) testing sessions were performed at the same time of day
group. (range: 0800-1400).
Experimental design. All subjects completed two fa- Muscle soreness was assessed via pressure algometry

miliarization sessions 10 dn7 d before the main eccentric  (8,14). With the subject in a supine position, arm comfort-
bout. During each familiarization session, all subjects per- ably extended and relaxed, the algometer (Pain Diagnostics
formed three maximal isometric contractions of the elbow & Thermography, Inc., Great Neck. NY) was applied ver-
flexors and three maximal concentric contractions at both tically with increasing force to the middle of the biceps
0.52 and 3.14 rad-$. In addition, on each occasion the brachii, 4 cm proximal to the elbow fold. Subjects indicated
LV +ECC group performed three maximal eccentric elbow when the algometer elicited a pain, rather than a pressure
flexor contractions at 0.52 and 3.14 rad-sTo minimize sensation. The corresponding force gauge measurement was
the number of repetitions performed before the main eccen-recorded and averaged over two trials. The reliability and
tric bout, potential changes in muscle torque attributable to reproducibility of pressure algometry has been described as
the low volume bouts were investigated using posttest CON excellent (8).

group data (see below). Upper arm girth was measured mid-way between the

Seven days after the second familiarization session, thelateral aspect of the acromial process and the lateral epicon-
LV +ECC and ECC groups completed the main eccentric dyle of the elbow. Relaxed elbow angle was defined as the
bout. This eccentric bout was preceded (pretest) and fol- acute angle between the capitate depression of the wrist, the
lowed (posttesting) by identical testing sessions that in- lateral epicondyle, and the 2 cm anterior to the lateral
cluded the measurement of plasma CK activity, muscle acromial process of the shoulder. Measurements were ob-
soreness, upper arm girth, relaxed elbow angle, and eccentained using a metal goniometer with the subjects in a
tric, concentric, and isometric torque. relaxed upright stance, palms facing medially.

Subjects in the CON group did not perform the initial low Plasma CK activity was measured spectrophotometrically
volume eccentric familiarization sessions or the main ec- (Cobas Mira, Roche Diagnostics, Basel, Switzerland) from
centric bout. However, during the pretest and each posttest-venous blood samples by means of an N-acetylcysteine
ing session the CON group completed the same low volume activated, optimized ultraviolet test kit (Roche Diagnostics,
eccentric protocol initially performed by the LMECC Sydney, Australia).
group. Thus, compared with the initial low volume eccentric  The main eccentric exercise bout and all familiarization,
familiarization sessions (LWVECC group), the CON group  pre- and post-test strength measures targeted the elbow
actually performed a greater total number of the low volume flexors of the nondominant arm and were performed on a
bouts during the posttesting period. Consequently, althoughpreacher curl bench (Force Fitness Systems: 42SBP-U, Bris-
CON group data provide only an indirect indication of the bane, Australia) located along side an isokinetic dynamom-
damaging effects of the two low volume eccentric bouts, it eter (Cybex 6000, Lumex Inc., Ronkonkoma, NY). With the
is also likely that any error in this approach would be subjectin a stable seated position, the nondominant arm was
manifest as an overestimation of the muscle damageplaced on the sloping front incline (0.78 rad) of the preacher
experienced. curl bench with the elbow adjacent to the axis of rotation of

Dependent variable testing. The choice of which the dynamometer. Mechanical stops were engaged to pre-
dependent variables to assess after an eccentric exercisgent excessive flexion or extension and standardize elbow
intervention may influence data interpretation (24). Never- range of motion at 2.27 rad for concentric and eccentric
theless, the majority of previous studies have exclusively contractions. Peak isometric elbow flexor torque was as-
examined postexercise changes in isometric torque, whereasessed at an elbow angle of 1.57 rad. Similarly, angle-
very few have examined changes in muscle torque during specific concentric and eccentric torque values were ob-
concentric and eccentric contraction modes. Furthermore,tained at an elbow angle of 1.57 rad. During each pre- and
there are very few data on the consequences of using dif-post-test session, peak torque values were recorded during
ferent contraction velocities to quantify posteccentric exer- three maximal isometric contractions and three maximal
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concentric and eccentric contractions at 0.52 and 3.14 &

rad-$ . There was a 2-min rest period between contraction
modes and a 2.7-s interval between concentric and eccentric
repetitions while the dynamometer returned to the starting
position.

Eccentric exercise. Fifteen to twenty minutes after the
pretest, subjects in the LWVECC and ECC groups per-
formed the main eccentric bout, which consisted of 36
maximal voluntary eccentric contractions. Repetitions were
performed in sets of six (6 repsg 6 sets) at an angular
velocity of 0.52 rad-s* with a 60-s rest period between sets.
Each repetition was performed using the same criteria em-
ployed during pre- and post-testing. Specifically, subjects
maximally resisted the dynamometer as it forced their arm
from full flexion (0.70 rad) to near full elbow extension
(2.90 rad). On completion of each eccentric repetition, the
dynamometer passively returned the subject’'s arm to full
flexion at 0.26 rad-s' for the start of the next repetition.

Statistical analysis. Data were assessed for normality
using a D’Agostino-Pearson omnibus test. A logarithmic
transformation (Log,) was applied to nonnormally distrib
uted data (girth, CK, strength parameters) before analysis.
t-tests were used to identify potential differences between
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FIGURE 1—Force required to produce muscle soreness in the elbow

flexor muscle group; # denotes a significant difference between ECC

and CON; 1 denotes a significant difference between L#ECC and
CON (P < 0.05).

eccentric torque were observed over the six sets, with values

in the LV+ECC group decreasing from 60:69.3 Nm (set

1) to 43.6* 7.7 Nm (set 6) and ECC group values decreas-

ing from 60.8+ 10.8 Nm (set 1) to 41.@- 6.6 Nm (set 6).
Muscle soreness. Muscle soreness values peaked

male and female subjects. Planned comparisons of group24—48 h postexercise in both IMECC and ECC groupsX(
means were performed to investigate differences between< 0.05) but were not significantly different from the CON

concentric and eccentric contraction velocities and
LV +ECC, ECC, and CON groups at each testing session
(16). Significance was accepted at an alpha&of 0.05.
CON group data were assessed using a one-way ANOVA
with repeated measures. To reduce the likelihood of a type
Il error in CON group analysis, significance was accepted at
an alpha ofP < 0.1 (23). For consistency of units and

group by 72 h postexercise. There were no differences
between LM-ECC and ECC groups at any time during the
study @ > 0.05) (Fig. 1).

Girth. Immediately after the eccentric exercise bout, up-
per arm girth in the ECC and LYECC groups had in-
creased by 3.2% and 2.6%, respectivéty<t 0.05). ECC
group girth values remained significantly greater than CON

comparison, strength, girth, and elbow angle graphical dataand LV+ECC through days 1-10. LYECC group values

were expressed as mean-§EM) percentage values,
whereas absolute values were reported in the text.

RESULTS

Low volume eccentric exercise. During the low vol-
ume familiarization sessions, LWECC peak = SEM)
eccentric torque values at 0.52 and 3.14 rativeere 57.1+
10.6 Nm and 54.1*+ 9.7 Nm, respectively. These values
were not significantly different from pretest valueB &
0.05). During each posttesting session, the CON group
completed the same low volume eccentric protocol per-
formed by LV+ECC during the initial familiarization ses-
sions. Despite performing a total of six low volume bouts of
eccentric exercise during the posttesting period, CON group
data (0—10 d) did not differ significantly from initial pretest
values for any dependent variable & 0.1).

Acute eccentric exercise bout. During the 36 repe-
tition eccentric protocol, LMECC and ECC groups per-
formed a similar amount of eccentric work, with mean (
SEM) values of 2532+ 560 J and 2524+ 404 J, respec-
tively (P > 0.05). Total work per set in the LYECC group
decreased from 544 % 111.3 J to 340.6= 78.0 J, whereas
the ECC group decreased from 501 %5.5 J in the first set
to 376.5+ 70.2 J in the final set. Similar reductions in peak

LOW VOLUME ADAPTATION

were not significantly different from CON group values
from 72 h postexercise (Fig. 2).

Elbow angle. No significant differences in pretest rest-
ing elbow angle were observed between groups. Throughout
posttesting, the ECC group experienced significant reduc-
tion in resting elbow angle. Elbow angle values in the
LV +ECC group ranged from 2.72 0.02 rad (pretest) to
2.60 = 0.05 rad (post 48 h) but were not significantly
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FIGURE 2—Relative change in upper arm girth (%); * denotes a

significant difference between LV+-ECC and ECC; # denotes a signif-
icant difference between ECC and CON; 1 denotes a significant dif-
ference between LM-ECC and CON (P < 0.05).
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FIGURE 3—Relative change in resting elbow angle (%); * denotes a
_signific_antdifference between LV+ECC and ECC; # denotes a signif- FIGURE 5—Relative change in isometric torque (%);* denotes a
icant difference between ECC and CON R < 0.05). significant difference between LV+ECC and ECC; # denotes a signif-

icant difference between ECC and CON; T denotes a significant dif-
ference between LW-ECC and CON (P < 0.05).

different from CON group values. In comparison, signifi-

cant reductions in elbow angle were observed in the ECC

group with values ranging from 2.65 0.04 rad (pretest) to Concentric torque. Throughout the posttesting period,
2.35* 0.08 (post 72 h) (Fig. 3). the LV+ECC and ECC groups produced significantly lower

Plasma CK activity. Plasma CK activity in the CON  concentric torque values than the CON group at both con-
group did not change significantly during the study (CON traction velocities (Fig. 6, a and b). Pretest concentric torque
peak: 114.7+ 21.1 U-L'Y). Similarly, despite the large values at 0.52 rad-$ were 46.8+ 8.1 Nm (LV+ECC),
functional impairment caused by the major eccentric bout, 44 4+ 6.1 Nm (ECC), and 39.9- 6.6 Nm (CON), respec-
no significant increases in plasma CK in the +#CC tively (P > 0.05). By 24 h postexercise, torque had de-
group were observed (LYECC peak: 182.1* 64.1  (reased to 30.5 4.8 Nm (LV+ECC) and 24.5- 5.3 Nm
U-L™). In contrast, plasma CK values in the ECC group (ECC). Concentric torque values at 0.52 rads the ECC
increased dramatically after the eccentric exercise bout,group were significantly lower than the LMECC group
reaching peak concentrations of 403@:41029 U-L *on between 48 and 96 h postexercise but were not significantly
day 4 (Fig. 4). _ _ different at any other time.

Isometric torque. Pretest isometric torque values were No significant differences between ECC and £ECC
62.1= 10.2 Nm (LV+ECC), 60.9= 8.9 Nm (ECC), and  \yere ohserved when concentric torque was assessed at 3.14
57.9 = 9.8 Nm (CON) P > 0.05). Both the ECC and .61 pretest values were 388 6.8 Nm (LV+ECC),
!.V+E(?C groups experllenced a 45% reduction in torque 39.9+ 5.8 Nm (ECC), and 34.3 7.3 Nm (CON), respec-
immediately postexerciseP( < 0.05). However, the e (p = 0.05), with values decreasing to 20:92.7 Nm
LV +ECC group demonstrated a greater rate of recovery, (LV +ECC) and 28.1+ 4.7 Nm (ECC) 24 h postexercise. At
producing significantly higher isometric torque values than 15 min and 24 h postexercise, BMECC concentric torque
the ECC group from 48 h postexercise. ISometric 1orque | a5 at 3.14 rad-4 were lower than values obtained at
values in both groups remained significantly lower than 0.52 rad-5* (P < 0.05).

CON on da_y 10 (LW-ECC: 55.5+ 8.2 Nm, ECC: 48.0* Eccentric torque. Pretest eccentric torque values mea-
9.8 Nm) (Fig. 5). sured at 0.52 rad-3 were 58.8+ 9.8 Nm (LV+ECC), 57.3

+ 9.3 Nm (ECC), and 57.4 9.4 Nm (CON), respectively
(P > 0.05). The lowest torque values for the KNECC

—o0— CON —&—ECC ——LV+ECC
< 5000- 4 g+ (37.4 = 5.8Nm) and ECC groups (31.& 6.2 Nm) were
é 2500+ . recorded 24-48 h postexercise. Torque values at 0.52
= rad-s* in the ECC group were significantly lower than
E 1000 1 #* CON throughout posttesting and were also significantly
& 500 # lower than LV-ECC on days 7 and 10 (Fig. 7a).
% 250 - Pretest eccentric torque values measured at 3.14 rad-s
o0 were 54.8+ 8.7 Nm, 53.6+ 9.0 Nm, and 54.1+ 8.4 Nm
S 1007 = for LV +ECC, ECC, and CON groups respectiveR &
s e S S T Y 0.05). ECC group torque values were significantly lower
Pre 1 2 3 4 7 10 than the CON group throughout posttesting and were lower
Time (days) than LV+ECC values from 48 h to day 10. In comparison,

, o o LV +ECC group eccentric torque values (3.14 rad) svere
FIGURE 4—Change in plasma creatine kinase activity; * denotes a ianifi v diff f he CON f 72 h
significant difference between LV+ECC and ECC; # denotes a signif- not signi '9ant y_ ifferent from the grOl_Jp rom
icant difference between ECC and CON P < 0.05). postexercise (Fig. 7b). At 72 h postexercise, +t&CC
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and (b) 3.14 rad-s*; * denotes a significant difference between
LV +ECC and ECC; # denotes a significant difference between ECC
and CON; t denotes a significant difference between LWECC and
CON; § denotes significant difference between LM-ECC at 0.52 and
3.14 rad-s* (P < 0.05).

eccentric torque at 3.14 rad’swas greater than eccentric
torque at 0.52 rad-3 (P < 0.05).

DISCUSSION

The results of this study suggest that a small number of
eccentric contractions can facilitate an adaptive process,
which improves the rate of recovery of upper arm girth,
elbow angle, CK activity, isometric torque, and eccentric

torque after a second larger eccentric exercise bout. Fur- «

thermore, unlike previous research (2,4), this adaptive re-
sponse occurred despite the fact that repeated daily bouts o
low volume eccentric contractions (i.e., CON group) did not
provoke significant changes in several common markers of
muscle damage, including muscle soreness, upper arm girth
elbow angle, CK activity, isometric torque, and concentric

and eccentric torque. These data appear to refute an earlier

hypothesis (9,13,17,20) and suggest that initial symptomatic
muscle fiber damage and/or destruction of a susceptible
muscle fiber pool may not be a necessary prerequisite or
stimulus for the eccentric adaptation process.

The magnitude of the immediate (0—24 h) posteccentric
exercise torque loss during different contraction modes and
velocities ranged from 35 to 50% and was consistent with
previous research using both lower (10) and upper limb
models (20). Functional impairment and strength loss after
eccentric contractions has been strongly linked to structural
damage to the contractile apparatus with concomitant mor-
phological changes including Z-band disruption, myofibril-

LOW VOLUME ADAPTATION

lar damage, and disruption of sarcolemmal integrity
(5,6,9,18). However, it appears that after repeated eccentric
bouts, substantial ultrastructural damage may occur without
a corresponding reduction in force producing capacity. In a
recent study (11), subjects repeated a bout of 100 eccentric
quadriceps contractions 2 wk after an initial bout. Forty-
eight hours after the repeated bout there was no increase in
plasma CK concentration or strength impairment despite
visual evidence of morphological damage to 234% of
regions (cf. 65+ 12% in bout 1) examined in micrographed
biopsy samples.

In the present study, the prolonged strength decrement
and grossly elevated plasma CK concentrations observed in
the ECC group suggest that substantial ultrastructural mus-
cle fiber damage occurred after the main eccentric bout.
Similarly, previous research supports our contention that the
LV +ECC group also experienced muscle fiber damage
despite the improved rate of recovery of several variables
(11). The failure of the eccentric bout to increase plasma CK
activity in the LV+ECC group was consistent with a num-
ber of previous studies employing a repeated-bout design
(3,4,5,6). However, a novel finding of this study was that the
CK response after a damaging bout of intense eccentric
exercise can be abolished by previous exposure to a small
number of eccentric contractions that, when performed in
the absence of a subsequent larger eccentric bout, do not
adversely effect any of the markers of muscle damage used
in this study design. The mechanism/s responsible for the
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FIGURE 7—Relative change in eccentric torque at (a) 0.52 rad-s' and
(b) 3.14 rad-s’*; * denotes a significant difference between LWECC
and ECC; # denotes a significant difference between ECC and CON,;
t denotes a significant difference between L¥ECC and CON; §
denotes significant difference between LM-ECC at 0.52 and 3.14
rad-s~* (P < 0.05).
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muted CK response in the LWECC group are unclear. Itis  adaptation to eccentric exercise has been clearly demon-
possible that strengthening of the sarcolemmal membranestrated in a study reporting substantial centrally mediated
occurred after the low volume eccentric bouts (2,5,6). How- strength gains in an untrained contralateral limb after ipsi-
ever, if the LV+ECC group experienced sufficient sar- lateral eccentric training (12). Furthermore, these neural
colemmal and myofibrillar disruption to provide the poten- strength gains appear to be mode specific, producing sig-
tial for muscle protein release after the main eccentric bout nificant ipsilateral increases in eccentric and isometric
(11), then the failure to elicit an increase in plasma CK torque but not concentric torque.
activity may have simply been a consequence of a down- In the present study, the initial reduction in the ability to
regulation of CK production and/or an increased plasma CK generate muscle torque after the eccentric bout (0—48 h
clearance (6). Clearly, further research is necessary. postexercise) was similar in both the NECC and ECC
Although the initial postexercise increase in girth and groups. However, during later posttesting sessions, it be-
reduction in elbow angle were most likely related to a came apparent that not only did the KN\ECC group recover
transient increase in peripheral blood flow, the changes faster than the ECC group but the improved recovery rate
observed from 24 h postexercise were most likely due to was largely mode-specific, improving the recovery of ec-
edema formation and swelling (13,24). The greater subse-centric and isometric but not concentric torque. This result
quent recovery of these variables in the t#2CC group is was consistent with an earlier study which found that con-
also suggestive of a peripheral adaptation facilitated by the centric but not eccentric or isometric strength was impaired
initial low volume eccentric bouts. As previously described, when a bout of 100 eccentric leg extensions was repeated 3
a recent study demonstrated a 40% reduction in visual wk after bout 1 (10). As a possible explanation for this
evidence of morphological damage after repeated bouts ofphenomenon, we suggest that although the magnitude of
eccentric exercise (11). This raises the possibility that one or muscle damage and functional impairment immediately af-
more peripheral structures (e.g., myofibrils, sarcolemma, ter the major eccentric bout were similar in both experimen-
extracellular matrix) may become more resistant to eccen-tal groups, low volume eccentric familiarization provided a
tric injury as a result of an initial low volume eccentric bout sufficient central stimulus to partially offset the neural in-
and that this adaptation may contribute to the faster rate of hibitory mechanism, thereby improving eccentric and iso-
recovery observed after a subsequent damaging eccentrienetric torque production during later posttest sessions.
bout (7). Alternatively, although the initial low volume In terms of velocity specificity, data from the present
eccentric bouts may not result in observable symptoms of study indicate that at 0 and 24 h postexercise, the-ECC
muscle damage, they may prime the body’s injury repair group experienced a greater concentric torque impairment at
mechanisms, resulting in an earlier, more efficient mobili- 3.14 rad-s* than 0.52 rad-s". Given that the damaging
zation of inflammatory mediators, such as neutrophils, mac- eccentric bout was performed at 0.52 rad;sthis result
rophages, and associated cytokines; and interleukin-1, in-suggests that in a repeated-bout design, the initial relative
terleukin-6, and tumor necrosis factor (TNF) (1,6). impairment in concentric torque may be greater when ex-
Nevertheless, the existence or extent of peripheral muscularamined using a concentric contraction velocity (i.e., 3.14
adaptation after only a small number of eccentric contrac- rad-s %) that is greater than (or perhaps just different from)
tions has yet to be directly examined. Further, the determi- the velocity of the damaging eccentric bout (i.e., 0.52
nation that DOMS was not influenced by the low volume rad-s?). This result was consistent with an early study
eccentric bouts provides further evidence of the tenuouswhich reported that concentric knee extensor torque recov-
relationship between markers of DOMS, inflammation, ered more slowly at higher contraction velocities after and
muscle fiber damage, and swelling (1,6,13). eccentric cycling task (9). An experimental design that ex-
The influence of neural factors on functional parameters amines the recovery of torque at contraction velocities both
after eccentric exercise has attracted recent attention. Refaster and slower than the velocity of the damaging bout
searchers have suggested that the development of maximalould be useful to further explore this topic.
voluntary eccentric torque in novice subjects is incomplete  Posttest eccentric torque values in the +tECC group
and may be limited by an inhibitory or tension limiting showed some indication of a more direct relationship with
neural mechanism (12,22,25). This submaximal muscle ac-the velocity of the damaging eccentric bout. Specifically, a
tivation could represent a greater reserve for improvementsgreater relative impairment in eccentric torque was observed
in eccentric strength and may contribute to enhanced neuralon day 3 P < 0.05) when eccentric torque was posttested
strength gains following initial exposure and adaptation to at 0.52 rad-s', the same velocity as the damaging eccentric
eccentric exercise (12). Although it may be argued that, in bout. The reason for this apparent discrepancy between
the absence of any peripheral musculotendinous adaptationconcentric and eccentric contraction modes is unclear but
a neurally mediated increase in eccentric force production may be related to preferential or selective Type Il muscle
may place more stress on the contractile apparatus therebyiber recruitment and/or damage after eccentric exercise
increasing the severity of muscle damage, previous research9,17). Again, further research is needed to clarify the rela-
has suggested that the opportunity to learn a more efficienttionship between muscle damage, contraction mode, and
motor unit recruitment pattern may favorably alter motor contraction velocity.
unit recruitment and reduce the stress placed on individual In conclusion, this study demonstrates that initial exposure
myofibrils during a repeated eccentric bout (10,11). Neural to a small number of eccentric contractions can facilitate faster
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recovery of some but not all strength and anthropometric increased number of sessions of eccentric familiarization may
variables after a larger subsequent eccentric exercise boutbe required to initiate an adaptive effect that improves subject

Improved recovery of eccentric and isometric torque, elbow comfort as well as functional ability.

range of motion, limb girth, and plasma CK concentration

occurred despite the fact that the low volume eccentric exercise Our sincere thanks are extended to Margaret Barber, Alf Howard,
; i nifi ; Andrew Keech, Andrew Lonergan, Robert Michaels, and all our

bouts (CON group) did not Slgmﬂcantly Im.cluence any marker subjects for their valuable contributions to this project. This study

of muscle damage. We suggest that the inducement of Symp+yas supported by funding from The Gatorade Sports Science

tomatic muscle fiber damage may not be necessary to initiateinstitute.

the eccentric adaptation process. However, given the fact thay Aadress for comespondence: Douglas Paddon-Jones, D,

muscle soreness was not influenced by the low volume eccen-

etabolism Unit, Department of Surgery, University of Texas Med-
cal Branch, 815 Market Street, Galveston, TX 77550; E-mail:

tric familiarization, we suggest that a greater volume and/or an djpaddon@utmb.edu.

10.

11.

12.

13.
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