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Skeletal muscle size and circulating IGF-1 are increased
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This study investigoted the effecis of twice doily sessions of low-intensity resistance fraining (UT, 20%
of 1-RM} with restriction of muscular venous blood Aow {nomely “LIT-Koatsu” training] for two weeks
on skeletal muscie size and circulating insulin-like growth factor-1 {IGF-1]. Nine young men
perfermed UT-Kastsu and seven men performed LT alone. Training was conducted two times / day,
six days / week for 2 weeks using 3 sets of two dynamic exercises {squat emd leg curl). Muscle cross-
sectional area {C5A) ond volume were mecsured by magnetic resonance imaging ot baseline and 3
doys after the last training session {post-testing). Mid-thigh muscle-bone CSA was caleulated from
thigh girth and adipose fissue thickness, which were measured every morning prior to the training
session. Serum IGF-1 concentration was measured «t baseline, mid-point of the fraining and post-
testing. Increases in squet {17%) and leg cud {23%) one-RM strength in the UT-Keotsu were higher
{p<0.05) thon those of the LT {9% and 2%). There wos o gradual increase in circulating IGF-1 and
muscle-bone C5A thoth p<0.01} in the UT-Kaotsy, but not in the LT, Increases in quadriceps, biceps
fermaris and gluteus maximus muscle volume were, respectively, 7.7%, 10.1% and 9.1% for LUT-Kootsu
{p<0.01) and 1.4%, 1.9% and -0.6% for UT {p=0.05). There was no difference [p=0.05] in relative
strength {1-RM / muscle CSA) between baseline and post-tesfing in both groups. We concluded that
skeletal muscle hypertrophy and strength gain oecurred affer twa weeks of wice daily LIT-Keetsu

Sau end oof arficls for

authers’ clfilictions training.

INTRODUCTION

Human skeletal muscle is responsive to acute and
chromic stimuli associated with resistance training,
The nature of the phenotypic adaptation is dependent
upen how the specific variables of the resistance-
training regime (rraining intensity, volume,
frequency, and recovery, ete.) are combined. Several
societies JACSM, 1998; NSCA, 2003] have published
their guidelines for optimizing muscle hypertrophy
and strength gains, In general, a training intensity of
over 65% ol one repetition maximum {1-RM)j is
required to achieve substantial musde hypertrophy
[Campos et al., 2002; Kraemer ct al.,, 2004;
McDonagh et al., 1984]. Trining below an intensity
of 65% of 1-RM rarely produces increases in muscle
size or strengih [Kraemer et al.,, 2004]. In contrasi,
‘previcus published smdics have reported that low-
Intensity resistance training (LIT, 20-30% of 1-RM)
combined with restriction of muscular venous blood
flow (namely “LIT-Kaalsu” training) can increase
muscle cross-sectional avea (CSA) and strength in
men [Burgomaster et al,, 2003; Shinchara et al.,
1998; Takarada et al., 2002] and yomen [Takarada et
al, 20000h]. The LIT-Kaatsu training produces similar

Key words: musde hypertrophy, training frequency, muscle volume, magnetic resonance imaging

increases in muscle CSA as maditional high-intensity
resistance training (HIT, 80% of 1-RM) and ~3 times
the growih honnone {GH) secretion as HIT [Kraemer
et al,,'199]; Takarada et al., 2000a; Viru <t al., 1998].
Interestingly, LIT-Kaatsu does nol require a long
recovery time between training sessions [Abc, 2004]
due to very low mechanical stress and minimal
muscle damage [Takarada et al,, 2000a) produced
when a load of only 20% of 1-RM is used, Therefore,
high frequency training is possible with LIT-Kaatsu
training. In the previous HIT studies [Abe et al,
2000: Tones and Ratherford, 1987; Staron et al.,
1991], substantial muscle hypertrophy was observed
aftcr approximately 24 sessions of the training {¢.g. 8
weeks and 3 days per week). ‘We hypothesized that
substantial muscle hypertrophy may be achieved
following a short period of high frequency LIT-Kaatsn
iraining. Thus, the purpose of this study was to
investigate the effects of twice daily sessions of LIT-
Kaatsu training for two weeks (6 days / week, total
24 sessions) on skeletal muscle size and circulating
insulin-like growth factor-1 {IGP-1} level,
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METHODS
subjects

Sixteen healthy men {mean (SD} age 23.6 (6.5}
years, height 1724 {6.5) cm, body mass 64.3 (9.8}
‘kg] voluntcered to participate in the study, All
subjects led active lives, with 8 of 16 participating in
regular aerchic exercise. However, none of the
subjects had participated in a regular resistance
exercise program for at least 6 months prior o the
start of the study. The subjects were randomly
divided inte two training groups: a low-intensity
resistance training with Kaatsu (restriction of
muscular venous blood flow) group [LIT-Kaaisu,
11=9) and a low-intensity resistance iraining without
Kaatsu group {LIT, n=7]. All subjects were informed
of the procedurcs, risks, and benefits, and signed an
informed consent document belore participation.
The study was approved by the Ethics Conumniitee for
Hurnan Experiments, Tokyo Metropolilan University.

Training protocol
The subjects in both LIT-Kaatsu and LIT groups
pariicipated in two weeks of supervised resistance
training. Training was conducted twice per day
(morning and afterncon sessions, with at least 4
hours between sessions) for 12 consecutive days
{excluding one Sunday). Following a wann up, the
subjects performed 15 repetitions of squat and leg
. curl exercises using an isotonic training machine
(Nippyo). The intensity of excrdise was 20% of 1-RM
for both LIT-Kaatsu and LT groups. The subjects
performed thiee seis of exercise in each exercise
session, with 30 seconds rest beiween sets and
exercises, The exercise intensity was determined
during the initial stage of training and remained
constant for the duration of the iraining period, A
spedally designed elastic belt (Sato Spoits Plaza Ltd,
Tokyo, Japan) was placed around the most proximal
portion of baih Jegs during the exercise session in the
iIT-Kaatsu group {Takarada et al,, 2002]. The belt
copntained a small pnemmatic bag along its inmer
surface that was connected 1o an electronic pressure
gauge that monitored the resiriction pressure (MPS-
700, VINE, Tokyo, Japan). On Day 1, the cufi
pressure was 160 mmHg and the pressure was
increased 10 mmHg each day until a final training
cufl pressnre of 240 mmHg was reached. The cuff
pressure of ~240 mmHg was selected for the
ccclusive stimulus as this pressure has been suggested
to restrict venous blood flow and cause pooling of
blood in capacitance vessels distal to the cuff, and
wtimately restricts arterial blood fiow [Takarada et al.,
2000b; Takarada et al., 2002]. The estimated
coefficient of variation {CV) of this pressure
mecasurement was 2.2%. The restriciion of muscular
blood flow was maintained for the entire exercise
session {including rest periods, about 10 min total

traiping time) and was released immediately upon
completion of the session.  The LIT group performed
the same exercises at the same ntensity but without
the restriction of muscular hiood tlow.

Maximum strength measvrements

Qne weck prior to training, the subjects were
familiarized with testing and training equipment.
Proper lilting technique was demonstrated for each of
the twve exercises (squat and leg curl) and all subjects
performed practice fifts prior to attempting maximal
lifts. Maximum dynanic strength {1-RM) was
assessed prior 1o {bascline) and 3 days after the fnal
training {poest-testing) for each exercise. Afier
warming up, the load was set at 80% of the predicied
1-RM. Following each successful lift the load was
increased by ~5% until the subject failed to lift the
load ihrough the entire range of motion. A test was
considercd valid only when the subject used proper
form and completed the entire lift in a controlied
manner without assistance, On average, five trials
were required to complete a 1-RM test.
Approximately 2-3 min of rest was allotted between
cach allerapt to ensure recovery {Abe et al, 20001,

Muscle-bone cross-sectional area estimation

An anthropometric method {Mid-thigh CSA =
Tl - (Q-AT + H-AT) / 2]%) was used to estimate the
muscle-bone cross-sectional area (CSA) for the mid-
thigh [Gurney and Jelliffe, 1973}, Where r was the
radius of the thigh calcuiated from mid-thigh girth of
the right leg, Q-AT and H-AT were ulirasound-
measured [Abe et al, 1994] anterior and posterior
thigh adipose tissue thickness, respectively. The
estimated CV of this measurement was 1.2 %. This
roeasureinent was carled out cach morning prior to
the training session and prior to the post-testing.

Body composition

Body density was measured by the hydrostatic
weighing technique with simultaneous measurement
of residunal lung volumme by oxygen dilution at
baseline and post-testing [Abe et al., 1994]. Body fat
percentage was calculated from the body density
using the equation of Brozek ct al [1963). Fat-free
mass was estimated as body mass minus fat mass.

MRI-measured muscle CSA and volume

Magnetic resonance imaging (MRI) images were
prepared using a General Blectric Signa 1.5 Tesla
scanner {Milwaukee, Wisconsin, USA}. A TI
weighted, spin echo, axial plane sequence was
performed with a 1500 millisecond repetition time
and a 17 millisecond echo time. Subjects rested
quietly in the magnet bore in a supine position with
their legs extended. The infervertebral space between
the fourth and fifth lumbar vertebrae was used as the



origin point and contiglious transverse images with
1.0 cm slice thickness {0 cn interslice gap) were
obtained from the fifth lumbar venebrae to the ankle
joints for each subject. All MRI scans were
segmented inte fouy components (skeletal muscle,
subcutaneous adipose tissue, bone, and residual
fissue) by a highly trained analyst, and then traced.
For each slice, the skeletal muscle nssue CSA was
digitized, and the muscle tissue volume (con’) persiice
was calculated by multiplying muscle tissue area
{c1n?} by slice thickness (cm}. BMuoscde volune of the
individnal muscle was defined as the summation of
the slices of muscle. The estimaled CV of this
measurcrnent was 2.1% [Abe et al, 2603]. The
average value of the right and left sides of the body
was used. This measurement was completed ai
baseline and post-lesting.

Bleod sampling and biochemical analyses
Yenous blood was drawn from each subject at three
fime peints: at baseline, at the mid-point of the
training, and at post-testing. All blood samples were
obtained at the samme time of day {ollowing an
overnight fast {12-13 hours), The subjects were
counseled to relrain Irom ingesting alcohol and
caffeine for 24 hours prior 1o blood collection and not
o perform any strenuous excrcise except training
sessions, Serum IGF-1 concenfrations were
determined using a commercially available
radioimmiuncassay (Dalichi Radioisorope Laboratory,
Chiba, Japan). Radicactivity was measurad using an
automated gamia counter (ARC-250, Aloka, Tokyo,
Japan}. Plasma activity of creatine phosphokinase
{CPK) was measured with spectrophotometry for
NADPH formed by a hexokinase and D-glucose-é-
phosphate-dehydrogenase-coupled enzymic system.
Plasma concentrations of lipid peroxide and
myoglobin were measured by spectrofluorametry
using the reaction product of malondialdehyde and
thioharbituric acid [Yagi, 1976] and using a

Table: 1. Bedy composidon and 1-BM sirengrh at baseline for
the low-intensity resistance traiing combined with restriction
of muscular bloed flow (LIT-Kaatsn) and low-intensity
resistance haining alone (LIT}) groups.

LIT-Kaatsn LT

N o 7

Age (y1) 239 (8.4} 231 (3.0}
Standing height (e} 1713 (7.5} 1726 (4.3)
Body mass (kg 654 (10.6) 62,8 (9.1}
Body fat (%) 149 (5.1} 144 (3.3}
Fat-eee mass (kg 557 (7.8) 541 (8.7)
Mid-1high girth {cm} 51.1 {39 50.6 (4.6
Musde-Bone CSA (e 176 (26) 174 (30
Squat k-RM {Kg) 99 (12) 95 (19)
Leg curl 1-RM {lzg} 5t (19 60 {113

Muscle hyperirophy folowing two weshs of Kantsu brofning

comimerciaily available radioimmuncassay (Daiichi
Radioisotope Laboratory, Chiba, Japan).

Stafistical Analyses

Results are expressed as means + standard
deviations (8D} for all variables. A two-way ANOVA
with repeated-measures (group and time| wras
utilized to evaluate the effect of the Kaatsu tratning
independent of the changes in the LIT alone, Posi-
hoc testing was performed by a Fisher's least
significant differences test. Baseline differences
between LIT-Kaatsa and LIT and percentage changes
between baseline and post-tesling were evaluated
with a ane-way analysis of variance (ANOVA},
Statistical significance was set at P < 0.05.

RESULTS
Baseline measuremenis

There were no statistically significam differcinces i
body composition, muscle-bone CSA, 1-RM strength
(Table 13, mid thigh musde CSA, or musde wvolume
{Table 2) between LIT-Kaatso and LIT at baseline,

Relative change in estimated muscle-bone CSA

Musde-bone CSA gradually increased p<00.01) in
the LIT-Kagaistt but not in the LIT. The muscle-bone
CSA increased 7% at the end of the first week in the
LIT-Kaatsn. By pasi-testing, the muscie-bone €S54
had increased 9% in the LIT-Kaatsu, In LT, muscle-
bone CSA increased 3% [(p=.05) at the end of the
Tirst week, and was similar {~2%) 1o bascline at post-
testing (Figure 1).

riT-Koatsn

Suneiuy

% Changes m Muscle-Bone C5A

— ———

.
F Pl 23 4 56 7 8 9 101111 13 Fosx

(lay)

Figure 1. Percent change im cstimated muscle-bone oross-
sectional area {CSA) for the low-tnlensity resistance maming
combined with restiiction of musenlar Mood Rosw {1IT-
Kaatsu, filled symbols) and Jow-Intensity resistance haining
zlone {LIT, unfilled syrnbols) groups measured befors, ding
fevery moming prior o the Taining sessiom), and afier the
training period. Values are mean + SD. *T < (.05 ad #P «
(.01 between LIT-Kaatsu 4nd LT,
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thanges in MRI-measured muscle CSA and volume

Mid-thigh musde CSA increased (p<0.01) by 8.5%
in the TIT-Kaatsu but not (1.8%, p>(0.05} in the LIT.
Quadriceps and biceps femoris muscle volumes
increased (both p<«<0.01} 7.7% and 10.1%,
respectively in the LIT-Kaatsu but only 1.4% and
1.9% {p=0.05}, respectively in the LIT. Gluteus
maximus muscle volume increased {p<0.01) 9.1% in
the [IT-Kaatsu, but did not change in the LIT {-0.6%}
{Figure 2 and Table 2},

Baseline

Post-testing

Figure 2. Typical magnetic resonance images showing
tansverse sections of the mid-thigh taken before (baseline)
and alter (post-testing) the two weeks of low-intensity
resfslance iraining combined with restriction of muscular
blood fluw, The images show identical sections, mid-way
along the ey in the same subject.

Changes in cbsolute and relative strength

Squat strength increased in both LIT-Kaatsu
(16.8%, p<0.01) and LIT (8.9%, p<0.05). However,
Jeg curl strength increased {22.6%, p<0.01} in the
LIT-Kaatsu but not {1.3%, p>0.05} in the LIT. The
relative percentage changes in squat and ieg curl
strength were larger (p<0.05) in the LIT-Kaaisu
compared to the LIT {Figure 3}. The 1-RM squat
strength per unit quadriceps muscle CSA was similar
(Pp=0.05) at baseline and at post-testing in both
groups. The 1-RM leg cuil strength per unit
hamstrings muscle CSA was also similar (p>0.0%) at
baseline and post-training in both groups (Figure 4},

Change in serum IGF-1

In the LIT-Kaatsu group, serum IGF-1 increased
progressively and reached significance {p<0.05) after
2 weeks of trainiug. There was no change {p>0.05)
in serwmn IGF-1 inn LIT {Table 3}.

Biochemical parameters

At baseline, all subjects had a normal CPK, lipid
peroxide and myogiobin concentrations. During and
after the training, those values were unchanged
{p=0.05) in hoth groups {Table 3).

DISCUSSION

The major finding of the present stiudy was that
two weeks of twice daily LIT-Kaatsu produced
increases in skeletal muscle size {7-8%) that were
similar in nagnitude fo 1liose reporled in traditional
HIT of 3-4 months [Abe et al.,, 2000; Jones and
Ratherford, 1987]. Previous published studies [Jones
and Ratherford, 1987; Staron et al, 1991; Staron et
al., 1994] have reported that a substantial Incresse in
skeletal muscle and fiber CSA in the thigh is not
observed earlier than six weeks of HIT. To the best of

Toble 2. Changes in musde aoss-sectional atea {CSA) and muscle volumme for the low-intensity resistance
lraining combined with restriction of muscular blood flow (LIT-Kaatsu) and low-intensity resistance
training alone {LIT) groups measured before {baseline} and alter (post- wsung) the u“climng perm-d

LIT-Kaatsu {(N=9}

Bascline Post-lcsting
Mid-thigh nmsde CSA (em?)
Or 719 £99 76 +£9.27
ITAM 208 =4.1 23.0+497
ADD 40.1 +4.6 432 =437
Total t41.3 +£17.8 1529 +17.1%

Muwscle valume (onr}

JF 1790 1 294 1924 + 288 t
GF 235 £ 47 257 £ 45+
GM 1602 + 353 1737 + 334

LIT (N=7)
Yol Baseline Post-lesiing oS
80 TG 207 736 +30 1.2
10.7 216 £43 2144 1.5
a0 BT 378 £7.6 0.2
&5 1420 £22.9 1443 + 20.8 1.8
77 1787 £ 266 1809 + 257 1.4
181 239 2 52 244 + 58 1.9
G.1 1604 + 303 1594 + 393 -6

QF quadniceps femonis; HAM, hamstrings; ADD, :ndduuors BF blceps femoris;

G, glutens maximus
T p<.01 Baseline vs. Post-testing



a1 Leg curf

38 7

20

10

% Changes in 1-BE3] Strenath

LT Kesteu  LIT

LIT-Kagtsy  LIT

Figure 3. Percent change in 1-RM strengrh for the law-
intensity resistance training combined with restriction of
muscular binod flow (LIT-Kaatsu, filled bars} and low-
intensily resistance maining (LIT, unfiljed bars}) groups
measured before and alter the taining period. *P < 0.05 LIT-
Kaatsi vs. LIT.

Musdle hypenirophy Following hwo weeks of Kaatsy lrdiring

Leg curf
Bpasdine &

Dbt tegring

1-BM Streagth per C3A (kglem®)

LIT-Kualsi LT

LIT-Kaatsu LT

Figure 4. Relative 1-BEM strength fsquat / quadriceps CSA
and leg curl / hanstiings C8A) of the low-intensity resisiance
training combined with restriction of muscalar blood flow
{LIT-Kaatsu) and low-intensity resistance training (LIT)
aroups measured hefore (baseline} and after (post-testing) the
ralning period.

Table 3. Chonges in serum 1GF-1 ond blood mokers for musde damege and oxidalive siress in the low-intensity resistance raining combined with
restiction of muscular blood flaw ILIT-Kaatsuh and low-intensity resistance iraining (T} groups,

LIT-Kaatsua LT

Baseline Mid-point Tost-testing Bascline Mid-point Post-testing
IGE-1 {ngfm) 323+ 38 33z 98 400+ 75 § 27674 256t 61 281 £ 85
CPK {1041} 2124173 384 + 240 223+ 134 283 + 236 342 + 147 163 £ 78
MYO (ng/od) 594 22 74+ 28 B4+ 20 63+5 65+ 16 62+ 4
1P {nmolfmi) 0.8+ 0.2 0.7+ 0.2 0.6+ 0.2 0.9+ 01 0803 0.8x0.2

MYQ, myoglohin:riP_,Tipid peroaide
F p<<.033; Baseline vs. Post-testing

our knowledge, there are no published dara that have
reported a significant increase in thigh muscle size
following only two weeks of HIT [Akima et al., 1999].
In most of the previous studies, subjects exercised 2-3
times per week during the study, thus only 4-6
sessions are completed during the first 2 weeks of the
training. Ouyr subjects, however, performed 24
sessions of resistive exercises during the 2 weeks of
training, Optimal training frequency is based on the
thearies of “supercompensation” and “over-training”
which attempi to generate the greatest growth
sitmulus while still allowing for sufficient rest
between exercise sessions [Kraemer, 2000}, Since a
training intensily of 20% of 1-RM produces mininal
muscle damage {Takarada et al., 2000a], less recovery
thne is necessary [Abe, 2004), and therefore training
frequency may be increased, The data from the
present study demonsirated that substantial skeletal
muscle hypertrophy can occur more rapidly than
previously reported. This rapid time-course in
hypertrophy may be associated with the higher

training frequency and smaller recovery period that is
possible with LIT-Kaatsut.

The present study showed that plasia markers for
musde damage {CPK activity and myoglobin) and
oxidative stress (lipid peroxide) were not clevated
during or alter the traiping in both LIT-Kaatsu and
LIT. These results are consistent wih data reported
by Takarada and colleagues [Takarada et al, 2000a],
whio showed that plasma markers for musde damage
and oxidative stress did not increase considerably
following acute LIT-Kaatsu cxervise. Taken together
the results of the present study along with the
previons acute study suggest that the rapid response
to skeletal muscle hypertrophy following LIT-Kaatsu
is not assoctaied with muscle damage and/or
inflammation of the muscle as measured by the
plasima markets.

Myogenic regulatory factors and GH / IGF-1
patkway have been indicated to play imporiant roles
in resistance training-induced skeletal muscle
hyperirophy [Florini et al., 1996; McPherron et al,
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1997]. In line with these observations, two weeks of
LIT-Kaatsu iraining produced a 24% increase in
circulating IGPF-1 and this change was similar in
magnitude to the clevation in circulating IGF-1
following HIT [Borst et al, 2001; Marx et al, 2001].
aMoreover, the elevation in croulating GH 15-min
following LIT-Kaatsu cxercise is elevated ~3-fold
larger than the increase in GH following HIT
[Kraemer ¢t ab, 1991; Takarada et al, 20004 Vira ct
al., 1998). The resistance training-induced increase in
GH has been reported (o increase hepatic production
of IGF-1 and results in elevated circulating 1GF-1,
Circulating IGF-1 stimulates muscle protein synthesis
[Borst el al,, 2001; Marx el al., 2001], In addition,
cirenlating GH direcly stimulates endogenous muscle
production of IGF-1 [Florini et al,, 1996]. Therelore,
the increase in circulating 1GP-1 may have
contributed to muscle hypertrophy and strength gains
during the two weeks of twice daily LIT-Kaatsu
training.

An interesting and surprising linding of the presemt
study was that LIT-Kaatsu training-induced muscle
hypertrophy occurred not only in the thigh muscle
but also in the gluteus maximus muscle. During the
squat exercise, mainly the knee and hip extensor
muscles are activated. Since a training intensity ol
20% of 1-RM was used in the present siudy, it would
seem reasonable that the load on the gluteus
maximus muscle during the squai would be
insufficient to produce the muscle hypertrophy.
However, this was not the case as significant
hypertrophy was observed in the gluteus maxirnus.
The reasons for the muscle hypertrophy of the
gluteus maximus muscle afier the LIT-Kaatsu are
- unclear, bur several possibilities exist, During LIT-
Kaatsu exercise, high lactate accumulation in the
muscie fibers [Takarada et al., 2000b} of exerciscd
thigh muscles may inhibit muscular contraction.
Consequently, additional inctor nait recroiiment may
be required in order to maintain sufficient force
generation. Previously published studies have
reported  that the mean  integrated
electromyographical muscle activity during LIT-
Kaaisu is almosl equal to that of HIT (80% of 1-RM)
exercise [Takarada et al., 2000b]. Under these
conditions, synergistic action of the thigh and hip
musdes may oceur during the squat and this would
imcrease the training intensity of the hip muscles.
Subsequently, additional motor units would be
recruited by the hip muscles and this could explain
the musde hypertrophy seen in the gluieus maxhnus
muscle, U so, this would suggest that the fast-twitch
fibers and their higher threshold motor units are
recruited for a sustained period of time during LIT-
Kaatsu, In support of this hypothesis, [asi-twitch
fibers demonstrated a larger degrec of hypertrophy
than the slow-twitch fibers Tollowing LIT-Kaatsu

training [Yasuda et al,, 2004).

There were no statistical changes in relative
strength and the magnitude of the changes were
relatively small compared to previcus strength
lrainitg studies [Naxid et al., 1996]. However, this
was consistent with previous LIT-Kaatsu studies
{Takarada cr al., 2000, Takarada et al., 2002].
Increases in relative strength during resistance
training, particularly the early phase of the training is
highly vardable and subject to much debate. For the
most part, neural activation incrcases with training
[Moritani and dec Vries, 1979, however, this is not
always true and extremely well motivated subjects
often display [ull motor ugit activation, even belore
training [Narici et al., 1996]. Additional factors may
contribute 1o the increase in relative strength, such as
changes in the co-contraction of the antagonist
muscles, density of contractile elements, the muscle
architecture and/or increases in motor unit
synchronization of the trained musdles [Naric et al,
1996]. Subjects in the present study appeared well
motivated, but it s undlear whether antagonist co-
activation and/or metor unit synchronization are
altered in response 10 low intensity {20% of 1-EM)
resistance training with blood flow restriction.

In conclusion, two weeks of tvwice-daily LIT-Kaatsh
prodoced increases in skeletal musce size that were
similar in magnitnde to those reported i iraditional
HIT of 3-4 meonths., Increases in circalating IGF-1
may have contribuled (o the skelctal muscle
hypertrophy and strength gain. Therelore we
concluded thar skeletal muscle hypertrophy and
strength gain occusred after two weeks of twice daily
LIT-Kaalsu training.
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