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ABSTRACT

The object of this study was to examine changes in muscular
strength, power, and resting hormonal concentrations during
6 weeks of detraining (DTR) in recreationally strength-
trained men. Each subject was randomly assigned to either
a DTR (n 5 9) or resistance training (RT; n 5 7) group after
being matched for strength, body size, and training experi-
ence. Muscular strength and power testing, anthropometry,
and blood sampling were performed before the experimental
period (T1), after 3 weeks (T2), and after the 6-week exper-
imental period (T3). One-repetition maximum (1RM) shoul-
der and bench press increased in RT at T3 (p # 0.05), where-
as no significant changes were observed in DTR. Peak power
output and mean power output significantly decreased (9
and 10%) in DTR at T2. Peak torque of the elbow flexors at
908 did not change in the RT group but did significantly
decrease by 11.9% at T3 compared with T1 in the DTR
group. Vertical jump height increased in RT at T2 but did
not change in DTR. Neither group displayed any changes in
1RM squat, body mass, percent body fat, or resting concen-
trations of growth hormone, follicle-stimulating hormone, lu-
teinizing hormone, sex hormone–binding globulin, testoster-
one, cortisol, or adrenocorticotropin. These data demonstrate
that 6 weeks of resistance DTR in recreationally trained men
affects power more than it does strength without any accom-
panying changes in resting hormonal concentrations. For the
recreational weight trainer, losses in strength over 6 weeks
are less of a concern compared with anaerobic power and
upper arm isometric force production. Anaerobic power ex-
ercise with a high metabolic component coming from gly-
colysis might be of importance for reducing the impact of

DTR on Wingate power performances. A minimal mainte-
nance training program is recommended for the recreational
lifter to offset any reductions in performance.
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Introduction

Cessation of resistance training (RT) or significant
reduction of training volume, intensity, or frequen-

cy results in detraining (DTR) (4). Physiological chang-
es corresponding to decreased performance capacity
have been reported after periods of significantly re-
duced training (13), complete cessation of training (2,
37, 38), and immobilization (26, 27). The magnitude
may be dependent upon the length of the DTR period
(6, 7, 9) and how highly trained the individual is (15,
35). Considering that periods of DTR are common
among athletes but may be more so for individuals
who exercise regularly for fitness purposes, under-
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standing the effects of training cessation or DTR is as
important in training for muscular fitness as well.

It appears that DTR is a complex physiological
state, which may entail several mechanisms contrib-
uting to performance decrements. Previous investiga-
tions have shown significant decreases in muscular
strength (1, 15, 35) after DTR periods of 2–32 weeks
but not to the extent of pretraining values (14, 16),
indicating a slower ‘‘DTR effect’’ than the rate at which
initial improvements occur. In addition, strength re-
tention is greater when eccentric muscle actions are
included (3, 14, 16). The mechanisms of strength loss
appear less clear. Decreases in maximal integrated
electromyography (IEMG) have been reported be-
tween 2 and 12 weeks of DTR (6, 7, 9, 15). It has been
proposed that the mechanisms involved with the DTR-
related strength reductions may involve predominant-
ly neural changes initially with a gradually increasing
role of atrophy during long-term periods of DTR (7).

Decreases in muscle fiber size (9, 15, 21, 36) with
concomitant changes in fiber-type composition (35, 36)
have been reported after periods of DTR. Häkkinen et
al. (9) and Staron et al. (35) reported significant de-
creases in both slow- and fast-twitch muscle fiber area
after DTR in recreationally trained lifters and a highly
trained power lifter. Hortobagyi et al. (15) reported a
significant decrease in fast-twitch muscle fiber size af-
ter only 2 weeks of DTR in highly trained power lifters
and football players. Thus, atrophy is a contributing
factor to DTR-related strength loss and may be more
apparent in individuals who have experienced a sig-
nificant magnitude of hypertrophy.

Few studies have examined changes in hormonal
concentrations after DTR. No significant differences in
testosterone (T), cortisol (C), sex hormone–binding
globulin, luteinizing hormone, growth hormone (GH),
follicle-stimulating hormone, and thyroid hormones
have been reported during 8–12 weeks of DTR (11, 13,
30). In addition, Häkkinen et al. (11) reported a sig-
nificant reduction in the T/C ratio in men, which cor-
related highly with strength decreases. In contrast,
Hortobagyi et al. (15) reported significant increases in
GH, T, and the T/C ratio with a significant decrease
in C after 2 weeks of DTR in highly trained power
lifters and football players. They hypothesized that
this increase in anabolic hormones was related to the
body’s ability to combat the catabolic processes asso-
ciated with DTR. However, it is possible that the in-
crease in circulating hormones may not result in anab-
olism at the tissue level (24). Thus, the hormonal re-
sponse to DTR appears to be varied and may depend
upon how highly the individual is trained and the in-
dividual’s recent training history (4).

Little is known concerning the effects of DTR on
muscle power determined using the Wingate test.
Considering that force is an integral component of
power and most studies report significant reductions

in force production with DTR (6, 9, 29), it seems rea-
sonable to hypothesize that power may be reduced
with DTR, especially when it is associated with high
lactate concentrations (e.g., Wingate test). Research in-
vestigating changes in vertical jump performance after
DTR have shown no changes after 2 weeks (15) and a
3–5% reduction after 12 weeks of DTR (1). In addition,
Häkkinen et al. (6, 9) reported no or minor changes in
rate of force development after 8 and 12 weeks of DTR,
and Ishida et al. (18) reported an increase in rate of
force development after 8 weeks of DTR. It appears
that fast force–producing capacity may be unaltered
or enhanced with short-term DTR periods, but peak
anaerobic power decrements in the Wingate test are
less clear.

Previous studies have only partially addressed the
effects of DTR in individuals who are primarily train-
ing to enhance recreational muscular fitness and
health. Thus, the object of this investigation was to ex-
amine the impact of 6 weeks of DTR on muscle
strength and power performances in men involved
with recreational RT. A secondary purpose was to ex-
amine resting serum hormonal concentrations to de-
termine if any evidence might implicate an underlying
hormonal basis for DTR effects.

Methods
Experimental Approach to the Problem

In order to address the primary hypothesis presented
in this investigation, we selected men who were in-
volved with RT for improving health and muscular
fitness. Each subject had been training consistently
over the past year and was matched according to train-
ing history (i.e., years of experience), body size, and
muscular strength. Subsequently, each participant was
randomly assigned to either a DTR group (n 5 9) or
a RT group (n 5 7). The DTR group discontinued RT
and did not perform any resistance or sprint exercise
(including manual labor) or formal exercise through-
out the 6-week experimental period. The RT group
continued its regular resistance training workouts dur-
ing the 6-week period. Thus, this study design enabled
us to make comparisons between 2 similar groups of
recreationally resistance-trained men, 1 that continued
training and 1 that completely stopped training for 6
weeks. Resistance training leading up to the detrain-
ing period was performed 2–4 days per week and con-
sisted of exercises stressing all major muscle groups
using multiple sets (i.e., 3–5 per exercise) for 6–10 rep-
etitions with loads corresponding to 70–85% of 1 rep-
etition maximum (1RM). Assessments for anthropom-
etry, muscular strength, power, and resting hormonal
concentrations were performed immediately before the
experimental DTR period, after 3 weeks, and at the
conclusion of the 6-week DTR period.
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Table 1. Subject characteristics.*

RT (n 5 7) DTR (n 5 9)

Age (y)
Height (cm)
Body mass (kg)
Body fat (%)

21.9 6 1.9
178.4 6 2.0
76.3 6 7.9
13.0 6 3.1

21.1 6 0.6
175.6 6 2.2
79.4 6 3.7
17.5 6 1.8

* RT 5 resistance training; DTR 5 detraining.

Subjects

The subjects consisted of healthy men between the
ages of 18 and 35 years. The risks of the study were
explained to the subjects before participation, and each
subject signed an institutionally approved informed
consent document before participation in the investi-
gation. The physical characteristics of the subjects are
presented in Table 1. Two subjects in the RT group
dropped out because of schedule conflicts. Each sub-
ject was involved in recreational (noncompetitive) RT
2–4 days per week for a minimum of 2 years. Fur-
thermore, training was monitored during the preced-
ing 6 weeks to ensure a consistent baseline of training
leading into the DTR period so that no subject initi-
ated the study in a detrained state. Subjects were fa-
miliarized with all testing procedures before the start
of the testing.

Testing Procedures

Assessments for body mass and composition, girth
measurements, vertical jump performance, upper and
lower body strength, anaerobic power, and resting
hormonal concentrations were performed in the pre-
sent study. No strenuous exercise was permitted in the
48-hour period before each testing session, and no al-
cohol consumption was allowed during the final 24
hours. All subjects were tested at the identical time of
day for each testing time point in the study. All testing
sessions lasted approximately 2.5 hours and were con-
ducted between 0900 and 1430 hours. The rationale for
the order of testing was based on the level of fatigue
associated with each test, and we started with tests of
lowest fatigue. Test-retest reliability for the order we
used demonstrated high intraclass Rs (R $ 0.93). In
addition, each subject was accustomed to performing
maximal attempts. Therefore, all subjects underwent
the testing protocol in the same order described as
follows: (a) Blood draw (0900–1200 hours), (b) Anthro-
pometry: height, body mass, percent body fat, and
girth measurements, (c) Vertical jump (30 minutes
rest), (d) Isokinetic and isometric force (30 minutes
rest), (e) 1RM bench press (60 minutes rest), (f) 1RM
squat (60 minutes rest), (g) 1RM behind-the-neck
shoulder press (60 minutes rest), (h) Wingate anaerobic
power cycle ergometer.

Anthropometry
Body density was estimated with a Lange skinfold cal-
iper (Country Technology, Gays Mills, WI) using the
7-site method previously described (19). The sites
measured were the pectoral, triceps, midaxillary, sub-
scapular, abdominal, suprailiac, and thigh. Percent
body fat was estimated using the equation of Siri (34).
Girth measurements were obtained for the chest, hip,
proximal thigh, upper arm, and waist using a Gulick
anthropometric tape measure according to methods
previously described (31). The same investigator per-
formed all skinfold and girth measurement assess-
ments.

Vertical Jump Performance
Counter-movement vertical jump and reach height
(CMVJ) was measured using a Vertec (Sports Imports,
Inc., Columbus, OH). Each subject stood flat-footed
and extended his arm as high as possible. This starting
height was recorded, and the distance was calculated.
Each subject then proceeded to perform a maximal
CMVJ, in the process touching the highest marker on
the Vertec as possible. This area was marked, and the
distance was calculated. A 2-ft takeoff was used, and
no approach steps were permitted. Maximal CMVJ
height was determined by subtracting the starting
height from the height attained during the jump. After
3 practice jumps, 3 trials were performed, and the
highest score was recorded.

Muscular Strength
The procedures used for isometric maximal strength
testing have been outlined by Sale (32). Isometric
strength of the elbow and knee extensors and flexors
was assessed using a Cybex II dynamometer (Lumex
Corp., Ronkonkoma, NY). Peak isometric torque was
measured at a knee angle of 458 and at an elbow angle
of 908. Subjects were instructed to exert maximal force
for 5 seconds for 3 trials, with the highest torque re-
corded for further analysis.

Upper and lower body dynamic muscular strength
was measured using the 1RM bench press, behind-the-
neck press, and squat (23). Briefly, each subject per-
formed 2 warm-up sets with 40–60% and 60–80% of
his perceived 1RM for each exercise. Each subsequent
set was performed for 1 repetition as the load was pro-
gressively increased until the subjects reached their re-
spective 1RM. All 1RMs were determined within 5
sets to avoid excessive fatigue. The exercise order was
the bench press, squat, and behind-the-neck press.
Standardized techniques and procedures (i.e., grip-
stance widths, range of motion, body position, and
biomechanics) were used for all 3 exercises. Any lifts
failing to meet standardized criteria were discarded.

Wingate Anaerobic Power Test
The Wingate anaerobic power test was performed on
a cycle ergometer (Monark Ergometer Model 818E;
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Monark AB, Varberg, Sweden) anchored to the floor
and modified to permit the instantaneous application
of an opposing force of 0.736 N·kg21 body mass. Seat
height was adjusted such that the knees were slightly
bent (approximately 108) when the pedal of the same
side was at its lowest position during a revolution.
Subjects performed a 2-minute warm-up using a self-
selected resistance and cadence followed by 1 minute
of rest. Subsequently, subjects were instructed to pedal
as rapidly as possible with maximal effort against the
inertial resistance of the flywheel, with resistance be-
ing applied to initiate the test. Subjects were required
to remain seated throughout the 30-second bout, and
verbal encouragement was provided during the test.
Flywheel revolutions were monitored and recorded for
each of six 5-second segments via an electromagnetic
detection system with printer interface (Miniprinter
Model #MM2481/5S1; Keltron Corporation, Waltham,
MA). Power output was calculated using the number
of flywheel revolutions and the opposing force. Peak
power was determined as the highest 5-second seg-
ment average power output. Mean power was com-
puted using the total number of revolutions for the 30-
second bout. Data for Wingate tests were obtained
only at T1 and T2 because of a technical problem at
T3.

Blood Sampling

Venous blood samples were obtained from subjects
kept in a semirecumbent position upon arrival for the
testing session after an overnight fast, at T1, T2, and
T3. Venous blood samples were obtained from a su-
perficial arm vein on the radial aspect of the arm using
a 20-gauge needle and syringe vacutainer setup. Before
obtaining a resting blood sample, a 20-minute equili-
bration period was allowed to lapse. Blood samples
were obtained at the same time of day for each subject
(between 0900 and 1200 hours) to reduce any possible
effects of diurnal variations on hormonal concentra-
tions. All blood samples were centrifuged at 1,500g for
15 minutes, with serum and plasma samples harvest-
ed, and stored at 2808 C until analysis.

Biochemical Analyses

Resting serum concentrations of C, T, and sex hor-
mone–binding globulin (SHBG) were determined via
a single-antibody solid phase 125I radioimmunoassay
(Diagnostic Products Corp., Los Angeles, CA) with de-
tection limits of 5.3, 0.38, and 6.0 nmol·L21, respec-
tively. An LKB Model 1272 Clini gamma counter and
on-line data reduction system (Pharmacia LKB Nucle-
ar, Inc., Gaithersburg, MD) was used to determine im-
munoreactivity values. Resting serum follicle-stimulat-
ing hormone (FSH), leutenizing hormone (LH), and
plasma adrenocorticotrophic hormone (ACTH) con-
centrations were measured using a liquid phase radio-
immunoassay with double-antibody technique (Diag-

nostic). Resting serum human GH concentrations were
determined in duplicate via double-antibody 125I ra-
dioimmunoassay (Diagnostic). All samples were as-
sayed in duplicate and were decoded only after anal-
yses were completed (i.e., blinded analysis procedure).
Intra-assay variance was less than 5% for all these hor-
mones. All samples for any one hormone were ana-
lyzed within the same assay to eliminate the effect of
interassay variance. In addition, samples were only
thawed once before analysis.

Statistical Analyses
A two-way (group 3 time) analysis of variance with
repeated measures was used to analyze changes in all
variables between time points. When appropriate, Tu-
key’s post hoc analyses were used to determine pair-
wise differences between T1, T2, and T3. Using n-
Query Advisort software (Statistical Solutions, Sau-
gus, MA) the statistical power values calculated for
each dependent variable at the n sizes used ranged
from 0.79 to 0.85 at the 0.05 alpha level. Pearson prod-
uct-moment correlational analyses were used to ex-
amine various bivariate relationships. The statistical
significance condition chosen in this study was p #
0.05. Data are reported as the means 6 1SD.

Results
Anthropometry
Body mass did not change significantly in either group
(RT 5 76.3 6 21.0 pre, 76.8 6 20.7 post; DTR 5 79.4
6 11.2 pre, 79.0 6 10.7 post). Percent body fat in-
creased in both groups but none of these increases
were significant (RT 5 13.0 6 8.2% pre, 13.8 6 7.5%
post; DTR 5 17.5 6 5.5% pre, 18.3 6 5.5% post). No
significant differences were observed for hip, waist,
arm, thigh, and chest circumferences in either group.

Dynamic Muscular Strength
The results for changes in dynamic muscular strength
throughout the 6-week experimental period are pre-
sented in Figure 1 (panels A, B, and C). No significant
differences were observed for the bench press and be-
hind-the-neck press 1RM at T2 in either group. How-
ever, significant increases in bench press and behind-
the-neck press 1RMs were observed for the RT group
at T3. The decreases observed for both these exercises
in the DTR group were not significant. No significant
differences in squat 1RM were observed in either
group. When the 1RMs for all 3 exercises were totaled,
the RT group values increased significantly from T1 to
T3 (223.4 6 35.7 to 237.7 6 43.5 kg) whereas the DTR
group values showed an insignificant (p 5 0.14) de-
crease (231.5 6 31.6 to 226.1 6 27.3 kg). When the ratio
of the total load lifted to body mass was calculated, a
trend (p 5 0.06) to increase was observed in the RT
group (3.06 6 0.8 to 3.19 6 0.7), whereas an insignif-
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Figure 1. Changes in 1RM strength during the 6-week
experimental period. Panel A depicts changes in 1RM
bench press. Panel B depicts changes in 1RM behind-the-
neck press. Panel C depicts changes in 1RM squat. *p ,
0.05 from corresponding time point T1 for the training
(RT) group.

Table 2. Changes in isometric peak torque during train-
ing and detraining.†

RT (mean 6 SD) DTR (mean 6 SD)

Elbow extension peak torque (N·m)
T1
T2
T3

76.7 6 38.1
68.9 6 15.7
71.6 6 22.0

62.8 6 9.5
56.3 6 15.7
51.8 6 13.9

Elbow flexion peak torque (N·m)
T1
T2
T3

84.8 6 17.6
82.7 6 14.1
84.2 6 12.5

75.5 6 13.1
70.0 6 12.6
66.5 6 14.8*

Knee extension peak torque (N·m)
T1
T2
T3

221.0 6 23.2
204.2 6 47.9
194.6 6 20.1

190.6 6 51.8
196.7 6 39.6
183.8 6 41.5

Knee flexion peak torque (N·m)
T1
T2
T3

158.4 6 24.1
162.2 6 20.6
157.7 6 26.8

133.3 6 38.6
127.9 6 40.0
121.1 6 31.2

† RT 5 resistance training; DTR 5 detraining.
* p , 0.05 from corresponding time point T1.

Table 3. Changes in anaerobic power and vertical jump
during training and detraining.†

RT (mean 6 SD) DTR (mean 6 SD)

Peak power (W)
T1
T2

802.4 6 128.8
802.7 6 186.2

859.0 6 111.2
784.3 6 143.2*

Mean power (W)
T1
T2

468.3 6 67.4
468.3 6 54.6

503.9 6 79.9
452.4 6 99.8*

Vertical jump height (cm)
T1
T2
T3

46.6 6 9.7
50.4 6 8.2*
49.7 6 10.3

44.6 6 5.8
46.8 6 7.0
46.7 6 8.5

† RT 5 resistance training; DTR 5 detraining.
* p , 0.05 from corresponding time point T1.

icant decrease was observed for the DTR group (2.98
6 0.4 to 2.94 6 0.4).

Isometric Peak Torque
Data for isometric peak torque of the elbow and knee
extensors and flexors are presented in Table 2. Peak
torque of the elbow extensors at 908 did not change in
the RT group but decreased by 17.5% in the DTR
group. However, only a trend was observed for this

decrease (p 5 0.10) between T3 and T1. Peak torque
of the elbow flexors at 908 did not change in the RT
group but did significantly decrease by 11.9% at T3
compared with T1 in the DTR group. Peak torque of
the knee extensors at 458 decreased insignificantly in
both groups between T3 and T1. Peak torque of the
knee flexors did not change in the RT group but
showed a 9.2% decrease in the DTR group between T1
and T3. This decrease was not statistically significant.

Anaerobic Power and Vertical Jump Performance
Changes in anaerobic power and vertical jump perfor-
mance are presented in Table 3. Both peak power and
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Figure 2. Changes in resting serum hormonal
concentrations during the experimental period. Panel A
depicts the response of T. Panel B depicts the response of
C. Panel C depicts the T/C ratio. No differences were
observed for any of these hormones throughout the
experimental period.

Table 4. Resting hormone concentrations over the exper-
imental period (mean 6 SD).*

Group T1 T2 T3

ACTH (pmol·L21)
CRT
DTR

4.2 6 5.0
4.9 6 3.0

2.4 6 3.1
3.8 6 4.0

4.3 6 5.0
2.7 6 3.0

GH (mg·L21)
CRT
DTR

1.4 6 2.4
2.0 6 2.0

1.0 6 1.7
1.35 6 1.0

0.8 6 0.9
0.6 6 1.1

FSH (IU·L21)
CRT
DTR

6.2 6 4.0
6.2 6 3.3

5.8 6 3.6
6.5 6 4.1

6.4 6 4.5
6.1 6 4.5

LH (IU·L21)
CRT
DTR

3.2 6 1.5
3.9 6 1.9

5.0 6 2.7
4.3 6 1.9

5.2 6 2.2
3.7 6 2.1

SHBG (nmol·L21)
CRT
DTR

21.2 6 17.0
15.5 6 12

15.1 6 11.7
17.2 6 12.0

21.5 6 17.8
15.1 6 11.4

* ACTH 5 adrenocorticotropin; CRT 5 Continued Resis-
tance Training group; DTR 5 Detraining group; GH 5
growth hormone; FSH 5 follicle-stimulating hormone; LH 5
luteinizing hormone; SHBG 5 sex hormone binding globu-
lin.

mean power obtained via the Wingate test did not
change in the RT group between T1 and T2. However,
significant decreases were observed in the DTR group
between T1 and T2 for both peak power and mean
power (8.7 and 10.2% respectively). It is important to
note that the Wingate test was not performed at T3.
Vertical jump height significantly increased in the RT
group at T2 but did not show any further change at

T3. No significant difference was observed in the DTR
group.

Resting Hormone Concentrations
Changes in T, C, and the T/C ratio are presented in
Figure 2 (panels A, B, and C). No significant differ-
ences in resting serum T concentrations were observed
for either group. Resting serum C concentrations did
not significantly change in the DTR group but did de-
crease by 20.8% in the RT group, whereas the DTR
group showed no significant decrease. Likewise, there
was an insignificant increase in the T/C ratio for the
RT group, and no changes were observed in the DTR
group. In addition, there were no significant differenc-
es observed in resting serum concentrations of SHBG,
LH, FSH, and GH, and no changes were observed in
resting plasma concentrations of ACTH at any time
point (see Table 4).

DISCUSSION
To our knowledge, this investigation is the first to
show that 6 weeks of detraining can decrease anaer-
obic power (determined by the Wingate test) and peak
isometric torque production of the elbow extensor and
flexor muscles, although causing minimal declines in
dynamic muscular strength in recreationally trained
men. All of these changes occurred in the absence of
any significant changes in resting serum hormone con-
centrations. These data show the rapidity of the loss
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of isometric force and dynamic power with detraining
and demonstrate the need for a maintenance program
of RT to reduce the impact on power and isometric
force production levels in recreational lifters.

Previously, Häkkinen and Komi (7) and Häkkinen
et al. (6, 9) reported no or only minor changes in iso-
metric fast force production during DTR periods of 8–
12 weeks. In addition, Ishida et al. (18) reported a
greater isometric rate of force development after 8
weeks of DTR. Considering that only minor decreases
were observed for lower body force production during
the first 3 weeks of DTR in the present study, it does
appear that the rate of force application was reduced.
Several studies have reported decreased IEMG during
short-term DTR periods (6, 9). Häkkinen and Komi (7)
also hypothesized that reductions in neural activity
were most responsible for performance decrements
early in DTR. Decreased motor unit activity may have
contributed to the significant reductions observed in
both peak power and mean anaerobic power in this
study. In addition, MacDougall et al. (27) and Green
et al. (5) reported increased resting concentrations of
muscle creatine, creatine phosphate, and adenosine tri-
phosphate (ATP) after training that were significantly
reduced during subsequent 5- and 6-week periods of
immobilization and DTR, respectively. It has been sug-
gested that changes in phosphate content and splitting
mechanisms may be significant for sustaining the en-
ergy turnover needed during high short-term power
output activities (5). Physiologically, high-energy phos-
phates might also be theorized as a contributing factor
to the observed decrease in anaerobic power output.

In agreement with some previous studies, recrea-
tionally trained athletes can maintain or suffer a slight
decay in their neuromuscular performance during
short periods of training cessation (7, 8, 15), but the
training level may have influenced this lack of dra-
matically significant declines. In the present study, dy-
namic muscular strength and vertical jump perfor-
mance were retained after 6 weeks of resistance DTR.
Consistent with the data from the current study,
Housh et al. (16) reported that strength was main-
tained during an 8-week DTR period in previously un-
trained men. Hortobagyi et al. (15) reported no sig-
nificant changes in dynamic strength, isometric and
isokinetic concentric knee extension force, and vertical
jump in 12 power-trained athletes after only 2 weeks
of training cessation. Häkkinen and Komi (8) reported
a 10% decrease in 1RM squat in Olympic-style weight-
lifters after 4 weeks of DTR. Results from the same
research group have also shown that strength athletes
decreased maximal force production after 2.5 weeks of
training cessation but reported minor increase in force
production for normal, physically active men during
the same experimental period. It has been demonstrat-
ed that previously untrained men maintained their
strength performance during an 8-week detrained pe-

riod (7, 8). On the basis of these data, it does appear
that advanced lifters (i.e., with higher levels of training
and absolute strength levels) show a greater magni-
tude of strength loss with detraining compared with
untrained or moderately trained individuals. Without
any DTR from prior plyometrics or explosive training
(i.e., subjects performed no power training), our data
indicate that vertical jump performance can be main-
tained over 6 weeks of training cessation. It is also
likely that DTR effects on explosive jumping perfor-
mance may occur more rapidly after explosive-type
resistance or plyometric training programs (e.g., for
basketball or volleyball), where vertical jump may be
a more highly trained variable and therefore more sus-
ceptible to effects of training cessation.

It has been shown that reductions in neural activity
(i.e., IEMG activity) were most responsible for perfor-
mance decrements during the early phase of DTR (i.e.,
2–3 weeks) (6–8, 15), followed by a progressive dimi-
nution of Type I and Type II muscle fiber areas and
muscle mass (6, 9) during the later phases of training
cessation. This may be explained in part by the greater
specific tension exhibited by the well-trained weight
lifters and the significant declines observed during the
early phases of training cessation in comparison with
recreationally trained men. Although the subjects in
the present study had RT experience, they were not as
strong as the subjects involved in the studies of Hor-
tobagyi et al. (15), Häkkinen et al. (12), and Häkkinen
and Komi (8). The relatively low level of 1RM strength
possessed by the recreationally trained subjects in the
present study may have blunted the larger theoreti-
cally expected losses observed in more advanced lift-
ers.

Recently acquired strength gains appear to be lost
at different rates depending on the type of strength
performance measured. Indeed Weir et al. (38) report-
ed more pronounced decrements in isometric strength
compared to dynamic strength (1RM) following 8
weeks of DTR. Dudley et al. (3) reported a significant
decrease in functional strength (i.e., 3RM leg press and
leg extension) in previously untrained subjects after 4
weeks of detraining. Similar data were also reported
by Houston et al. (17) in a 10-week 1-leg dynamic
strength training and 12-week DTR study, showing
that no significant amounts of newly acquired peak
torque gains of the trained (39–60%) and untrained
(12–37%) legs were lost 4 weeks after training cessa-
tion. It was also interesting to observe that peak torque
output remained above pretraining levels 12 weeks af-
ter training stoppage, despite a progressive decrease
in the trained (16–21%) and untrained (10–15%) leg
torques. Häkkinen and Komi (7) and Häkkinen et al.
(6, 9) reported that athletes could maintain or suffer
only minor changes in rapid isometric force produc-
tion during DTR periods of 8–12 weeks. Finally, it is
worth noting that in subjects accustomed to weight
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training without competitive purpose, Ishida and co-
workers (18) demonstrated a slight decrease in maxi-
mal voluntary isometric contraction force and a large
(22%) increase in the maximal rate of torque devel-
opment 8 weeks after training cessation after 8 weeks
of dynamic strength training of the calf muscle. The
results of the present study support these data because
isometric peak torque of the elbow extensors and flex-
ors decreased to a greater extent (12 and 18%, respec-
tively) than did dynamic 1RM leg strength. It could
be also hypothesized that the differences in the effects
of training cessation on neuromuscular performance of
the upper and lower extremity muscles might be ex-
plained by the differences in the pattern or intensity
of daily physical use in normal life. Thus, it is possible
that the lower extremity muscles, owing to their
weight-bearing role during some daily activities (i.e.,
walking, standing position), would be more likely ex-
ercised and therefore contributed to the strength re-
tained than did the upper body muscles, which are
used less frequently.

No differences were observed in body mass, per-
cent body fat, or circumference measurements
throughout the experiment period in either group.
Hortobagyi et al. (15) reported no changes in body
mass and percent fat after 2 weeks of DTR. Häkkinen
and Komi (8) and Häkkinen et al. (10) reported no
change in percent body fat and body mass after 8 and
12 weeks of DTR in recreational lifters. However, Col-
liander and Tesch (1) reported a significant increase in
body fat, with no change in girth measurements, and
Häkkinen et al. (6) reported minor decreases in lean
body mass and thigh girth, with a slight, insignificant
increase in percent body fat after 12 weeks of DTR.
Thus, it appears that the initial training level of the
subjects and the length of the DTR period, as well as
diet, significantly affect the magnitude of change in
anthropometry.

Both anabolic and catabolic hormones play impor-
tant regulatory roles in skeletal muscle growth and tis-
sue remodeling (22). Resistance training has been
shown to exert potent effects on T, C, the T/C ratio,
and GH conducive to increasing muscular hypertro-
phy (11, 24). In addition, Häkkinen et al. (11) reported
a high correlation between changes in the T/C ratio
and changes in muscular strength. However, the time
course of hormonal alterations in DTR is less clear.

No significant differences were observed in resting
serum hormones in the DTR group in the present
study. These results support the findings of Häkkinen
et al. (11), who reported no significant changes in T,
C, SHBG, LH, FSH, or GH but did report a significant
decrease in the T/C ratio after 12 weeks of DTR. In
contrast, Hortobagyi et al. (15) reported significant el-
evations in GH, T, and the T/C ratio with a significant
concomitant decrease in C after 2 weeks of DTR. These
authors hypothesized that this initial increase in ana-

bolic hormone concentrations was initiated to combat
the catabolic processes of detraining. In addition, they
suggested that short-term detraining might also rep-
resent an augmented stimulus for tissue remodeling
and repair. Häkkinen et al. (10) reported that reduced
training volume (over a 2-week period) after stressful
preparatory training slightly increased the T/C ratio
in elite weight lifters. We observed an insignificant in-
crease in the T/C ratio after 3 weeks of DTR and an
insignificant decrease between weeks 3 and 6. It is
possible that DTR periods greater than 2–3 weeks may
decrease the anabolic hormonal response. This de-
crease may coincide with the muscular atrophy ob-
served during DTR periods of at least 2 weeks (9, 15,
29). However, more research on hormonal mechanisms
during DTR is warranted. Considering the loss of
muscle size associated with DTR, it appears plausible
that the magnitude of atrophy may be partially de-
pendent upon hormonal changes, yet these changes
may not be reflected at the level of the resting circu-
lating hormonal concentrations but rather at the level
of the affected tissues (e.g., muscle) on the receptor
level where cellular interactions with circulating hor-
mones occur.

It is almost paradoxical to note that vertical jump
performance and maximal 1RM squat did not change
despite significant decreases in the Wingate peak pow-
er output. A plausible explanation for the phenomenon
could be that other factors are related to cycling per-
formance. Jaric et al. (20) also reported that maximal
isometric force and rate of force development of the
hip and knee extensors and plantar flexors only ac-
counted for 38% of the kinematic variance observed
during the vertical jump. Thus, other factors (i.e.,
jumping technique) may be critical for vertical jump
performance and may have contributed to the lack of
change despite the reduced Wingate peak power out-
put observed in the present study. Conversely, the de-
creases in Wingate mean power may be due to a con-
comitant DTR of the acid-base buffering system,
whereby power output is reduced within the context
of an acidic environment. This finding has significant
relevance to athletes involved in anaerobic sports, spe-
cifically during recovery from a sport-specific injury
and during periods between 2 training seasons. To our
knowledge, this is the first investigation to show sig-
nificant reductions in anaerobic power (determined by
the Wingate test) during short-term strength training
cessation.

Training cessation has also been reported to induce
small nonsystematic changes in the maximal anaerobic
power in highly trained and recently trained (recrea-
tionally) and sedentary individuals. Simoneau et al.
(33) observed that 7 weeks of DTR provoked signifi-
cant decreases in maximal 90-second ergocycle perfor-
mance, whereas the interruption of training had no
effect on glycolytic enzyme markers (PFK and LDH)
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after a 15-week training program. In contrast, Linos-
sier et al. (25) reported no significant DTR-induced de-
creases of newly acquired maximal short-term power
output and glycolytic potential (i.e., phosphorylase,
phosphofructokinase, and lactate dehydrogenase ac-
tivities) within 7 weeks of training cessation after 9
weeks of cycle short-sprint training. Houston et al. (17)
did not observe any significant changes in the activi-
ties of enzymes representative of phosphagen (creatine
kinase) and glycolytic (hexokinase, phosphofructoki-
nase, and lactate dehydrogenase) metabolism, neither
after 10 weeks of dynamic strength training nor after
12 consecutive weeks of training cessation. It has been
reported that mitochondrial enzyme and glycogen
synthase activities decline to pretraining levels after
short-term training-DTR protocols (21, 28). In addi-
tion, MacDougall et al. (26) and Green et al. (5) have
reported increased resting concentrations of muscle
creatine, creatine phosphate, and ATP after training,
which were significantly reduced during subsequent
5- and 6-week periods of immobilization and training
stoppage, respectively. It has also been suggested that
changes in phosphate content and splitting mecha-
nisms may be significant for sustaining the energy
turnover need during high short-term power output
activities (5). It is also likely that the decreases in max-
imal anaerobic power may be because of concomitant
DTR of the acid-base buffering system, which may
contribute to some extent to reduction in power output
as the muscle becomes more acidotic.

Practical Applications

Six weeks of detraining in recreationally trained men
showed significant reductions in peak isometric torque
production of the elbow extensor and flexor muscles,
whereas maximal isometric and 1RM strength and
vertical jump performance can be maintained during
shorts periods of training stoppage. However, short-
term (3 weeks) training cessation appears to signifi-
cantly reduce the anaerobic power performance as
measured by the Wingate test. All of these occurred
in the absence of changes in resting serum hormonal
concentrations. These data advocate the use of mini-
mal RT maintenance programs over 6 weeks, which
may well offset any detrimental changes in the recre-
ational lifter.
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