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Comparison of Electrocardiographic Time Intervals, Amplitudes and
Vectors in 7 Different Athletic Groups

Ki Young Kwon, Won Jung Lee, Soo Kwan Hwang and Young Eun Choo

Department of Physiology, School of Medicine, Kyungpook National University

In order to compare the cardiac function of various groups of athletes, the resting electro-
cardiographic time intervals, amplitudes and vectors were analyzed in high school athletes
of throwing(n=7), jumping(n=11), short track(n=8), long track(n=14), boxing(n=7),
volleyball(n=8) and baseball(n=9), and nonathletic control students(n=19).

All athletic groups showed a significantly longer R-R interval(0.96—1.09sec) than the
controls(0. 78 sec). Therefore, the heart rate was significantly slower in atheletes than in
the control, but was not different among the different athletic groups. R-R interval is the
sum of intervals of P-R, Q-T and T-P: P-R and Q-T intervals showed no difference among-
the control and athletic groups, but T-P interval in the jump, short track, long track and
boxing groups was significantly higher than the control. R-R interval showed a significant
correlation with T-P or Q-T intervals but no correlation with P-R or QRS complex.

Comparing the amplitude of electrocardiographic waves, the athletic groups showed a
lower trend in P wave than the controls. T wave in lead V; (Tvs) was similar in the ath-
letic and control groups. The long track group showed a significantly higher waves of Rvs,
Sv,, and the sum of Rv; and Sv; than not only the controls but also the other athletic
groups.

The angles of P, QRS, and T vector in the frontal and horizontal planes were not diffe-
rent among the control and all the athletic groups. Each athletic group showed a lower
trend in amplitude of P vector in the frontal plane, but in horizontal plane, throwing,
jump, short track and baseball groups showed a significantly lower than the controls. The
amplitude of QRS and T vector was similar in the athletic and control groups, but only the
baseball group showed a significantly higher QRS vector in the frontal plane.

In taken together, all the athletic groups showed a slower heart rate than the controls,
mainly because of elongated T-P interval. Comparing the electrocardiographic waves and
vector, the athletic groups showed lower amplitudes of P wave and P vector than the con-
trols. Values of Rvs; and Sv, strongly suggest that only the long distance runners among

the various athletic groups developed a left ventricular hypertrophy.
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Table 1, Physical characteristics of control and athletic groups

Age(yr) Height(cm) BOd(}I( g;eight tGhl;tghggt BOd};rZI;rfaCe E(;iicelse I;Il(;b jg-f
(cm) (m?) (yr) cts
Control 17.940.09 167.3+1.11 59.3+1.80 84.8+1.32 1.67+0.03 — 19
Field
Throwing 16.3+0.25  176.54:3.15%* 75,04, 51%* 97.012.68** 1.88-+0.07** 3.7X11.15 7
. Jumping 16.7+0.33  174,47+3.38* 68.3:53.53* 89.741.33% 1.812-0.04** 3.941.11 11
Track
Short 16.47+0.40 176, 712.16%*% 67.941.42%* 92,.21.80%* 1.80+0.05* 3.8-+1.14 8
Long 16.37+1.14 170.4734.34 55.9%3.73 88.5%1.40 1.65%+0.02 4.1+1.17 14
Boxing 16.9--0.26  170.11+2.10 60.2%2.20 89.644.13 1.6740.03 2.9-0.81
Volleyball 16.8220.39  183.441.35%*% 72.5£1.38%* 91, 97:0.84** 1.94-0.07** 3.8-0.60
Baseball 16.750.67 177,442, 78%*% 74,943, 72%* 98,942, 19%* 1,920, 07** 3.2-£0.80

Values are means-+standard errors.

Significantly different from the control: *p<0.05, **p<0.01.
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Fig. 1. Electrocardiographic time intervals and heart rate(HR) in control(C) and athletic(T: throwing,

J:

jumping, S: short track, L: long track, B: boxing V: volleyball Ba: baseball) groups. Sign-

ificantly different from the Control: *p<0.05, **p<0.01.
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sk ¢ vt



—o e 5 A

$A199 Al 15 1985—

Table 2. Electrocardiographic time intervals in control and athletic groups

83C
No. of
R-R (heart rate) P-R QRS Q-T T-P subje-
cts
Control 0.78110.038 (79.8+3.47) 0.155+0.005 0.08140.003 0.37140.008 0.254=+0.036 19
Field
Throwing 0.96910.030 (62.3+1.98)* 0.173+0.007 0.08530.005 0.41340.012  0.3844-0.031 7
Jumping 0.97510.054* (64.014.64)** 0.152+0.008 0.078+0.005 0.4031+0.020 0.42040.039* 11
Track
Short 1.0050.029% (60.1-41.89)%* 0.1753-0.014 0.08210.002 0.400+0.011  0.4307-0.040* 8
Long 1. 066 0. 053** (57, 942, 55) ** 0.159-0.005 0.08340.007 0.418-0.013* 0.48971-0,043** 14
Boxing 1. 08940, 067**(56. 213, 14)** 0,15471:0. 007 0.0703-0.005 0.472+0.024** 0.46310.078*
Volleyball 0.98140.061* (62.543.24)** 0. 17040.008 0.088+0.005 0.42540.018  0.386-+0.049
Baseball 0.962-£0.058 (64.6144.89)* 0.170-£0.007 0.097+0.003 0.402+0.012 0.390+0.049
Values are means-t-standard errors.
Values in parentheses indicate the heart rate (min—!),
Significantly different from the control: *p<{0.05, **p<0.01.
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Fig. 2. Correlation of R-R with T-P intervals in control(filled circle) and athletic(open circle) groups.
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Table 3. Electrocardiographic time intervals correctedt for heart rate in control and athletic groups

sec
PRe QTc TPc R
Control 0.1782-0. 008 0. 424-0. 009 0.2884-0.032 19
Field
Throwing 0.176-0. 008 0.420+0.012 0.3890. 027 7
Jumping 0.1550. 007 0.407+40.013 0.420-0. 028* 11
Track
Short 0.175-+0.015 0.400+0. 013 0.426:-0. 035* 8
Long 0.1557-0. 005 0. 4064-0.007 0.4670. 028** 14
Boxing 0. 149-+0. 009 0.45740. 029 0.4350. 061*
Volleyball 0.1747-0.112 0. 430+0. 009 0. 384--0. 035
Baseball 0.176-0.010 0.4130. 009 0.389-+0. 043
Values are means—+standard errors.
Significantly different from the control: *p<0.05, **p<0.0l.
+ Time interval/RR interval. mm (’:g)
Fo BT 2R/ A3, TPe: HiE, @ 0 3%\ (35)
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Svi)E % EERHN FEEFEHA Lol ERA gl R 5t
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Al ebgkeh, ok TT
Table 6 R Fig. 4= lead Vel A8 Pt THES LT
5018 24 E% Pred Bolt FMFREc WEH | L T
o ZAoE Fe (ARl slom e B D P T
BEEL FESA dateh. Tves #RF EEFER 2oL o
DS

Aol ZES flgd o RBEFE ofE Fud A8
A wgket.

DEE vector ] fFAEEL Table 7414 E upelzd
o] P, QRS & Tihe) AEE frontal @ horizontal
plane ol 4] & EFHS FEEFH Aol FIERST
Aqet.

Fig. 3.

65—

Electrocardiographic amplitudes of Rv,
and Sv; in control (C) and athletic (T:
throwing, J: jumping, S: short track, L:
long track, B: boxing, V: volleyball, Ba:
baseball) groups. Significantly different
from the control: *¥p<0,01.

Significantly different from the other ath-
letic groups: *#p<0.01.
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Table 4, Correlation of R-R interval with other intervals in controls(CNT) and athletes(ATHL)

QRS
CNT ATHL CNT ATHL CNT ATHL CNT ATHL
0.97#% 0. 94** 0.76% 0.61** —0.27 —0.11 0.52 0.01
a —0.50 —0.40 0.28 0.22 0.22 9.18 0.04 0.08
0.96 0.82 0.09 0.19 —0.05 —0.16 0.04 1.17

r: Correlation coefficient, a: intercept, b: slope
Control n=10, athletes n=64

Significant correlation: *p<{0.05, **p<0.01.

Table 5. Electrocardiographic amplitudes of RV;, SV; and (RV;+SV,) in control and athletic groups

mm
RV, SV, (RV,+SV)) o

Control 19.76+1.16 13.21%+1.26 32.9741.80 19
Field

Throwing 15.21%1.70 5.70+1.23 20.91+2.35 7

Jumping 18.44+1.00 12.63+1.94 31.0642.25 11
Track

Short 19.28+2.23 6.61:£0.79 25.892.19 8

Long 28,9622, 35%+77 16,3142, 197 45.2743.16%54 14
Boxing 18. 362,30 14.4972.89 32.84+3.57
Volleyball 21.702.42 9.401.43 31.10+2. 98
Baseball 25.42:+1.70 9.901.98 36.31£3.16

Values are means-—tstandard errors.
Significantly different from the control: **p<(0,01.

Significantly different from the other athletic groups: ¥#p<0.01.

mm
10f

9,

8r

Pys

T J S L B V Bo

Groups

mm

T% Jﬁ

c T

B V Ba

Fig. 4. Electrocardiographic amplitudes of Pv; and Tv; in control (C) and athletic (T: throwing, J:
jumping, S: short track, L: long track, B: boxing, V: volleyball, .Ba: baseball) groups. Sign-
ificantly different from the control: *p<(0.05, **p<0.01l.
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Fig. 5. Amplitude of electrocardiographic vector of frontal and horizontal planes in control (C) and

athletic (T: throwing, J: jumping, S:

short track, L: long track, B: boxing, V: volleyball Ba:

baseball) groups. Significantly different from the control: *p<0.05, **p<0.01.

Table 83 Fig. 5= O &M vector 8 Aol & by % BEHo] ERFHAG L EHHE RPeH, FI
Ao 24 Pvector$ 7ol horizontal plane o A=} 80, MR, Gl Y BEREFE £4% 0.66, 0.72,
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Table 6. Electrocardiographic amplitudes of Pvs; and Tv; in control and athletic groups

mm
Pvs Tvs sﬁll?jegfs
Control 0.83%0.13 6.14+0.59 19
Field
Throwing 0.3140.07%* 2.61*+1.07* 7
Jumping 0.4540.06* 6.1740.79 11
Track
Short 0.494-0.07 7.55:+0.86 8
Long 0.61+0.07 8.44--0.82 14
Boxing 0.47-0.06 8.23-0.64 7
Volleyball 0.497-0.08 6.91+0.37
Baseball 0.48+0.04 8.22+1.04 9
Values are means+standard errors.
Significantly different from the control: *p<0.05, **p<0.01.
Table 7. Axis of electrocardiographic vector in control and athletic groups
degree
Frontal plane Horizontal -plane No. of
subje-
P QRS P QRS T cts
Control 59.6+ 4.4 71.0+14.4 40.17 4.6 43.74-5.2 —40.714.8 55.542.9 19
Field
Throwing 56.1410.5 77.4+ 6.5 29.0% 9.0 53.1+9.1 —44.01+5.4 68.314.6 7
Jumping 58.9x 7.4 72.0% 3.4 55.2+12.2 50.7+5.9 —42.614.10 58.0+2.7 11
Track
Short 39.714- 8.2 77.6+ 8.2 35.84 4.0 60.9+3.7 —31.8%7.4 55.7+4.8 8
Long 61.9+ 8.7 70.3+16.0 35.71 4.7 36.9%+7.9 —38.0+6.6 43.444.5 14
Boxing 31.1%+ 6.9 50.2-14.9 42.67= 7.9 54.3+4.5 —33.7%5.4 36.8+3.2* 7
Volleyball 51.1+10.0 63.8+10.6 46.47 7.7 48.0%£8.1 —39.3+8.4 52.61+4.9 8
Baseball 43.1+12.3 85.2+ 3.5 43,54+ 9.3 52.7+3.8 —33.245.1 55.3+5.2 9

Values are means—+standard errors.

Significantly different from the control: *p<(0.05, **p<{0.01.

0.78 % 0.74mm 24 JEERFHFHS 1.22mme] Hs)

Z5Al doret. QRS o} T vector 8] Aol RFH
o IREFEM 2R d9x, TEHEFERLe] frontal
plane o] ] QRS vector & Ae]s} 15,57mm = FEH
FEY 10.09mm o] 3 FREIA E3h.

% £

LEEEANA DHES —#EE JebiE R-RE
RS AR 4 FERFR] 0.7810.04B0 A IE

FHEIESL 0.61.08%7 W Fitch. e A8E
EBEFHNA+ R-REY #ET 0.9611. 0982
A BEIA EREH dges, ok < PIRHER
ool Hel A okel 2l FHEFe| vhhasI0, gigaEs i
el &RiRY FEES £E2 PEMERES B
Elzimige] Eghe] HBiEsy «wRoz BEHESZ gl
eHe, SEENBE-S A7) B0 (atria)dl 4 acetyl-
choline ¢ £& HRAF P} =921} cholinesterase
9 FEiEEd s 2R ook SEEle R BER B
WA = REWL FEHE T2 4 e LES
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Table 8. Amplitude of electrocardiographic vector in control and athletic groups

Frontal plane Horizontal plane No. of
subje-
P QRS T P QRS T cts

Control 1.50+0.18 10.09+1.27 4.27+0.34 1.22+0.12 16.76+1.14 9.42+0.65 19
Field

Throwing 1,0610.13 8.85%+1.51 3.602-0.35 0.66+0.06%* 15,751+-1.81 8.80+1.47 7

Jumping 1.33+0.33  10.74+1.28 4.593+0.35 0.72+0.05*F 17.18+1.31 9.27+0.74 11
Track

Short 0.89+0.04 10.98+1.11 5.54+0.42 0.78+0.07* 16.10+0.99 10.55+0.61 8

Long 1.27+0.13 7.620.97 5.3140.39  1.0070.10 21.47+2.11* 9.0 +0.72 14
Boxing 0.771£0.06 8.567+1.74 6.07%0.88 0.91+0.1 15.06+0.98 8.84+0.47
Volleyball 1.15+0.18 10.67+2.42 5.59+0.26 0.88-+-0.11 18.78+2.14 9.80+1.13
Baseball 1.124+0.16  15.57E1.78* 5.01%£0.57 0.741+0.12*% 18.93%2.01 10.61%1.15 9

Values are means—+standard errors.

Significantly different from the control: *p<0.05, **p<0,'01.

atropine 8] BE HBHRC FgoP®, o|ste] KA
BE-S B BB EBEe] AEs T K, &
i MdlE = HAE Vel gleh

R-RfEe P-R, Q-T 9 T-PHEY £o= et
Ued, P-REEE BEHN BE LEJANA LEER
s = e, Q-TRIFRS LEY RH4E 2 ®
SEERel =, T-P RS LB ERAMKIEL .
A A £EE EHREFHS JERFH ) T-
P Rifgel E#EsAl ERS92v P-Revt Q-T B
A= A §9vH(Table 2, Fig. 1). HBAGREK &
RS EFEFY EE3 R-REAEE 2 T-PH
B 7o 2 vhelykiwl (Table 3, Fig. 2), ¢]& &
WofsoE —REA O, LEE LA JEhd & B
HERES 48H EHRFE LoldAr £E/ ¢
drh. 2B E FHEHS —RNoR DB KR
= P¥o] g1 WMEHE ERANSRA REEE B
PARE & F ik

OEEHE (voltage) FHHER, RESS) SEEE
B BFEale] ©1E BEH EBEF) FEFH £
=3 ERT M4 F9oi(Table 5, Fig. 3). LEY
RAER RESE /I3 B LAES 2, SEEE
A4 4L TAESEA EOE BiEd FEds HE
2A @wEsh E0%ol KA A, lead Vool A
2] RESRvVs)E 27mm [ Ee] =, lead VoA
9 SEESV)E 15mm Ll Ee] 53 Ry;et Svy¢
&< 35mm Bl ko] Re0n e A k. APEEE
EFE BES B 2 BERAAY 5 bR

FEsL FEY 2R §9v. REETFS Rves
28.96+2.35 mm, Svi& 16.31+2.19mm ¢ 2.7 Ryv;
3} Sv,8] &¢ 45.27+3.16mm . 24 L] B
Hel gk Ax= e s BRETY

PHEEE LEY RyERY LAER2A EHRF
L gEEFu EALE] EBAdEE & PHEEY
e Jebdcte @O dh 2 AP BRe
EFol ERFW AR 2R/ dgon, EPRTF
JF e s Fe HEE R FER, ok KEE
o] A g g HESV) —FIch. REFRFE PE
e e FEEFRs RS gt

B #hEHS ds £0=H] EAEE & myo-
sin filament &] =Zr]ol: B{kg o]!® £ myofibril
o] AR+ &=, myofilament ] T HF{3t7 HE
o2 Wz el?, ojdd e FERBIIRMES EAMmE
8 density = i@nste} Lol MmpEiEel I8 mstA
Hrjeo~en g o B it EErhe BBluEe)
Whns Bl 252 ol LFkiESIC] Bl LER
2 mygel o FERS HHssl Ao, zHEE
HHEHe = LDEEE BANYE LEHES Bk
EHS #EFsH HERd e BABRR BHEREY Eh
o hpistd RALEHEEE Bmste L] BF
¥ 2z DRLE TR s,

OEES vector & LEHY & BRAA LS B
& BHEA TE2 Al7lek FHad =eb gge] fAesn,
DFES #9121, LEelv LEe =7, bundle branch
block =+ LFAIRES] BEREA =2} LEES] vec
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tor = t}EA JeJmE, vector d FEES Aol
SHdo Ry DY HE 2 EES FEsteY BER
3 &HHE FAsz 9lvh. QRS AEE LEME vector
o faEE fFEstew EFL frontal planedd =
0~+90°6]9, horizontal plane oA+ AHE7T 0~
—30°Abolvh. ARG AL RFH FEFH 2T
E% BEGERY 3z £#Aed £E/ el
ko Ao RKEC QRS vector 9 Aol ELE
JEXREel Aedalcbz @O, AHEY LEBEESS
SR EOEREAE ebhd REE BFL BE
QRS vector 8] o] frontal plane oA 7.62+0.97
mm 24 $EE 10.0931.27mm o FEIYL ERe
9l 9l ) horizontal plane o) 4 & 21.474-2. 11 mm &
A HEEY 16.76+0.14mm X} FEIA A o
ebytel, 38 BEESL QRS vector o] fEfEs)l Ao]o)
A HERHS ZR/ dgiv. &%YL frontal ¥ hori-
zontal plane ol 4 EEIEFY QRS vector &] Ao]7}
JEEFER Y AA Jelyt o], A A = horizontal
plane o] A vl ZAgiel, oleat ZRE ®KEDVY WHEEH
L KEBAA B} EERE] o B BFEol
2= FREME 93, X 3 horizontal plane &
QRS A o] 7} frontal plane o] 4 R} o I =R
T Jebd EElE JEd o] MEE ¥R o Bk
ok & A elHt.

Py T vector & ﬁa;gur ZAo]l% frontal @ hori-
zontal plane ol 4] EFo} FEEFH Aleld] HER £
FA Qdvh Zed @R HRE FEE PEE 4
A Z el whel o] SEFH Zfkcl4 P vector
o Aol IEFHE T ¥ —Bige HEE 24
Z3 9lv}. Morganrcth ¢ Maron®-& JEEFEFFES
EAOEEXE B PEE/L 24 Jvehdse RE
A goers LEL =z PEY P vectord A
olele] BAfRE G2 o HHFEsolek & RAREel

EDHERR BFESY LBEES HEEs Hehd E
BhigiEel 3ELIES] % HEBEEY ®E(TY), BE
(11%), 7EEERk(8™), REEEEQ043), £B((7%), Rk
(8%) B Bik(9%) EFel ERFUIH)EY KEH
DEE L vehd BrRERE, %S 2 vector & B
sk gl =t

ZiRre R-REEL 48 A5 BFE20.96~1.09
B2 ERTHY 0.78% 3 FEL BRRE 24F

gvh. R-RR4ES P-R, Q-T & T-PRiEY 4o=
vebvEwl, P-R @ Q-TRHIES 4 EFHsl kEF
B ZRF ddoy T-PHEE-S ME, SEE B
BEE 2 ZERF A4 EEFHR FEIA =%
ot R-RpEe T-P 2 Q-TRHIEs BB BRHEEMS
v delev P-R 2 QRSEREsE HBEESRT o
g ek,

LEES HEE LEEl Ba lead Vil A9 PiE
(Pvs) & FEMEFR] WA KEH BFH) 2HN
23 EEE BT, 53 K 9 BERFEH
L BESA FUch. TES(Tv)E BREEFH 3k
BEHEC FEIA %oV hE BFEHEL ER
b ggth, RESRv)E REERFHS BsT o
& EEEFEI} FBFA ERA v BES
HFFY Rvilime JEEFEq ozl o8 BEESF
Bz FEINA wdvh. Lead V44 S¥m
(Sv) e EFH EEFHA O 2851 gk Ry,
ol SviES AL RIEE BEFRe o& BHEHET

Eolut FEFF RS FEIA FRed o2 EF
e JEFHI ERT A9

LBESY vector & s »2 P, QRS, T#he] &
L frontal @ horizontal plane LeolA £EFE =}
FERFHE Ao o] EESF gk, P ovector g Hojx
ZEFE] FERFERL B HEE EbR LA, #3]
horizontal plane &l A &, BhEE, HPERE 9 FFPEu#

Eol BRFH I} HESA 2ot QRS T vee-
tor & Aol EFHI IBEFHM ZR7T 9T,
BPEEEFnbe] frontal plane ol 4 QRS vector ] z o]
7t JEEFE AL =3t '

B #BE A 2 £EE ERRTE 2
L gsgFur 5T RKS Vel ol FET-P
fRge] A7 M -Eelvh. Fme Felel vector & H#
N e LA EHETE RBMNoER FEFHIC
PHEsL Bokel. 43 REFSEFHE o8 #BE 2
Fao] v} IEMEH Y L Rvso}l Svilime] &l FES
A BgromE ELEe] A J-&E d 4 drh o
* EEMEFI] o BERFEA KL o #FT

T2 LR Agd S Aok

[‘

™

REFERENCES

1) Shephard, R.J.: Cardiorespiratory transport.
In: Physiology and biochemistry of exercise,
New York, Praeger, 1982, pp.135~244.



2)

3

~

4

~—

5

fa

6

Rl

7

~—

8

~

9

g

10)

11)

12

~

13)

14)

— A S A EBE AR EFEY LREFHMEE EE Y 958 hE—

Costill, D.L.: Physiology of marathon runn-
ing. JAMA 221:1024-1029, 1972.
Andrew, G.M., Guzman, C.A. and Becklake,
M.R.: Effect of athletic training on exercise
cardiac output. J. Appl. Physiol. 21:603-612,
1966.

Morganroth, J. and Maron, B.J.: Tke athlete’s
heart syndrome: A new perspective. Ann. N.Y.
Acad. Sci. 301:931-939, 1977.

Andersen, K.L.: The capacity of aerobic mius-
cle metabolism as affected by habitual activity.
In: Physical Activity and the Heart, Ed.: M.
J. Karvonen and A.J. Barry. Springfield, Ill.,
Charles C. Thomas, 1967, pp.16~17.
Goldman, M.J.: Principles of clinical electro-
cardiography, 10tk ed., Los Alios, Lange,
1979, pp.1~415.

Chung, E.K.: Electrocardiography, 2nd ed.,
Hagerstown, Harper & Row, 1980, pp.I1~
693.

SHEE, TR, SXB: RESERTY EPEW
# LER FHRRE 2 EEe B, £2TeaH
BPRERES, 20:79-101, 1983.

o, FHERE, &F8, KkB @ISR L
EEWFE) QRS Wekel] = 2= R, AT
3 A, 18:51-65, 1984.
FHER, @8, WL,
EE RERRES =Xe BR.
22:131-140, 1983.
DeBois, D. and DuBois, E.F.: Clinical calori-
metry. Formula to estimate surface area if
height and weight be known. Arch. Int. Med.
17:863-871, 1916.

Herrlich, H.C., Raab, W. and Gigee, W.: In-

fluence of muscular training and of catecho-

AR s D
EEE TR

lamines on cardiac acetylcholine and cholines-
terase. Arch. Int. Pharmacodyn. Ther. 129:

201-215, 1960.

Tipton, C.M.: Training and bradycardia in
rats. Amer. J. Physiol. 209:1089-1094,
1969.

Ostman, I., Sjostrand, N.O. and Gwedin, G.:
Cardiac noradrenaline turnover and urinary

catecholamine excretion in irained and unira-

15

16

17

18

19

20

21

22

~

)

~

)

(g

g

)

)

23)

24

ined rats during rest and exercise. Acta. Phy-
siol. Scand. 86:299-308, 1972.

Ekblom, B., Kilbom, A. and Soltysiak, J.:
Physical training, bradycardia and autonomic
nervous system. Scand. J. Clin. Lab. Invest.
32:251-256, 1973.

Baxett, H.L.: An analysis of the time relations
of Heart 7:353-370,
1920.

Zoneraich, S., Rhee, ].]., Zoneraich, O., Jor-
dan, D. and Appel, ]J.: Assessment of cardiac

electrocardiograms.

Sfunction in marathon runners by graphic non
invasive techniques. Ann. N.Y. Acad. Sci.
301:900-917, 1977,

Carney, J.A. and Brown, A.L.: Myofilament
diameter in the normal and hypertrophic rat
myocardium. Amer. J. Pathol. 44:521-529,
1964.

Richter G.W. and Kellner, A.: Hypertrophy
of the human heart at the level of fine stru-
cture: an analysis and {wo tostulates. J. Cell
Biol. 18:195-206, 1963.

Tepperman, J. and Pearlman, D.: Effects of
exercise and anemia on coronary arteries of
small animals as revealed by the corrosion
cast technigque. Circ. Res. 9:576-584, 1961.
Rasmussen, R.L., Bell, D.R. and Spencer, G.
D.: Perpubertal exercise and myocardial colla-
teral circulation. In: Exercise physiology, Ed.:
Landry, F. and Orban, W.A.R., Miami, Sym-
posia Specialists, 1978, pp.201-212.

Scheur, J. and Stezoski, S.E.: Effect of phy-
sical training on the metabolic, mechanical
and metabolic reaponse of the rat heart to
hypoxia. Cir. Res. 30:418-429, 1972.

Wolf, L.A. and Cunningham, D.A.: Effects

of jogging on left vemtricular performance

" during exercise. Can. J. Sport. Sci. 3:181-

~

187, 1978.
Winters, J.C., Lohman, T.G., Avallone, J.P.,
Shire, T, and Boileau, R.A.: Thke effect of
bhysical training on the serum iron levels of
college-age women. Med. Sci. Sport 10:223~
226, 1978.



—ul gt e 3R] : Al19E Al 15 1985—

25) Rowell, L.B.: Human cardiovascular adjustm- Int. Z. Angew Physiol. 30:73-84, 1971.
ents to exercise and thermal stress. Physiol. 27) Ekblom, B., Astrand, P.O., Saltin, B., Sten-
Rev. 54:75-159, 1974. berg, J. and Wallstrom, B.: Effect of train-

26) Simmons, R.C.G. and Shephard, R.]J:: Effects " ing on circulatory response to exercise. J. Appl.
of physical conditioning upon the ceniral and Physiol. 24:518-528,- 1968.

peripheral circulatory respomnses to arm work.



