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Keita Matsukura and Takeshi Asai: Characteristics of force exerted by soccer goalkeepers during diving
motion. Japan J. Phys. Educ. Hlth. Sport Sci. 58: 277-296, June, 2013

Abstract : It is believed that the success of the goalkeeper (GK) in saving difficult shots by diving is a
key factor in soccer because it can influence the outcome of the game to a large extent. However, the
most appropriate way to exert force during the diving motion according to the course of the shot from
either leg is still unclear. Therefore, the purpose of this study was to clarify the fundamental mechanism
of a GK’s diving motion according to the height and distance of the shot. We performed an experiment in
which 11 university GKs participated. They were asked to dive toward balls set at 3 different heights lo-
cated a short or a long distance from the GK. By examining the GKs’ diving motions, we calculated the
ground reaction force (GRF), joint angular velocity, and joint torque. The results indicated that the mag-
nitude of the GRF under both legs and the direction of the GRF under the ball-side (BS) leg differed with
the ball height. We also found that a higher dive by the GKs corresponded to a larger counter-movement
of the contralateral-side (CS) leg and a higher stopping power of the BS leg in order to increase the verti-
cal velocity, and more exertion of extension torques at the hip and foot for takeoff compared to those in
lower dives. Furthermore, a lower dive of the GKs corresponded to a larger angular impulse of the BS hip
adduction after the BS leg touched the ground. These findings suggest that during the takeoff part of the
diving motion of a GK, depending on the ball height, the CS leg controls the magnitude of power and the
BS leg controls both the magnitude and the direction of power in order for the GK to dive directly
towards the ball.

Key words : soccer, goalkeeper, diving motion, joint torque, ground reaction force
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Near diving

Interval of analysis 1 83m
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Beginning

of move | DStart of analysis @BS touched down ~ 3OS Ieft @Finish of analysis | ~ Ball touch
Far diving [ < > < > < > i J_23m |
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Fig. 1 Example of division of each timing during diving actions. Upper figure shows example of near div-
ing. Lower figure shows one of far diving. Start of analysis (D) at near diving means Ball side
(BS) foot left the ground, and Start of analysis ((D) at far diving means Contralateral side (CS)
foot touched down. Finish of Initiation and start of Transition (2)) means BS foot touched down.
Finish of Transition and start of Takeoff (®)) means CS foot left the ground. Finish of analysis (@)
means BS foot took off. Each figure is seen from behind.
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(1) Lower Trunk

(2) Hip
01: flexion/extension

(3)Knee

04: flexion/extension

(2)Hip

03: int. rotation/ext.rotation

(A=A Sis

(2) Hip
62: adduction/abduction

1. Right lowest edge of rib
2. Left lowest edge of rib
3. Right hip joint

4. Left hip jpint

5. Right knee medial side
6. left knee lateral side

7. Right ankle joint

8. Right toe

(3)Ankle

05: dorsi flexion/plantar flexion

Fig. 2 Definitions of moving coordinates on the lower limb joints and of the hip knee, and ankle joint

angle.
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3.1 KR—JLE TOEERH

Table 113, &#5%#H DR —)L & TOF|EKH
DF¥) %R L 7cdb DT %. Near diving, Far
diving & 4, Upper iAHi73, Middle, Lower 3H;
£ 0 L ERICHERHE SR - /e

Table 1 Means of reaching time. Reaching time indi-
cates the duration starting from start of Initia-
tion until finish of Takeoft

Near Upper 0.69(.07)
Near Middle 0.54(.07) j*
Average of Near Lower 0.55(.08)
reaching
time(s) Far Upper 0.61(.05)
Far Middle 0.47(.05) ﬂ*
Far Lower 0.48(.07)

* Indicates a significant difference between each
heights (P <.05) within each period. n=11 (S.D.)

3.2 BEFELAMIEDHTR
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3.3 KRA

3.3.1 KRNDHER

Fig. 4 3#5E A DREH 7= D DK T OHE
BAERLIZLDOTHAS. T2 Tid 0s 2 Start of
analysis & 7% 4. #BRE AT& T T 7 OWEH
AN THY, POoHE, KREAFHEICT
&, typical 7= #i5%% & L 7. Near diving i3 7
g — ATV — b RITSE - 7R SBITER BSA L
TWADT, 0s DR HETRRICIKRKAIAFIHE S 1
QYA

R=IVDOE STk AHENE AL L, Near div-
ing, Far diving & & CS HickiF B850 (il
FEEEROY Jim) OWERIE, HOKE IIT:EWN
2D H6N5LODEEL Tz, HiET0h
(LR D Z 7R S EREELLL Thran,
Upper REED T HOE S LD b E— 7 A K
Ehho .

BS liC 35\ Tid Near diving, Far diving & &
Upper ;A E: DT 11 D IR ) 5 g ##% 1C & OfE
R TR, ZOMBIZRETMOKRN IOk
ABnALNIWRE &, 1 FF—FL Tz E/zdh

0 10 20 30 40 50 60 70 80 90 100 (%)

@ Ave. of BS touched down (Initiation — Transition) M Ave. of CS left (Transition — Takeoff)

Fig. 3 Average of trajectory in center of gravity during diving (vertical direction). NU (Near Upper),
NM (Near Middle), NL (Near Lower). FU (Far Upper), FM (Far Middle), FL (Far Lower).
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Fig. 4 Typical patterns of changes in ground reaction force (GRF) during diving. NU (Near Upper),
NM (Near Middle), NL (Near Lower). FU (Far Upper), FM (Far Middle), FL (Far Lower).
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Fig. 5 Typical patterns of changes in diving motion . This stick picture shows the transition of diving mo-
tion. It starts from 0% and finishes at 100%. And this arrow shows the vector of ground reaction
force (GRF). Dotted vectors indicates GRF of Contralateral side leg. Solid vectors indicates GRF
of Ball side leg. The difference in slope and magnitude of the GRF vector can be seen.
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OO K E X143, Near, Far diving & 4 Upper
A Hz, Middle 35, Lower B DIETHEIC K
X /o 7z. F7- Near diving & Far diving IZ &L %
EW\WAEADLLE, 50%,60% DORFEOKRE I,
Far diving 73, Near diving X0 3 HFEICKE <,
70 % O K &k Upper 3 £, Middle & & C Far
diving 73, Near diving LD 3 HEICKE - 7.
NG DR EDOKREXE, WIFNDOEFITH Near
diving 75, Far diving &K D dFEICKE o7z,

N7 FIVOAEBIZ OV TR—ILVOE I L AE
W AhDE, 60~80% DD AL, Upper il
B, Middle i, Lower A OIACTHEICK S
» o7z 909% DR 13 Upper ;A H: 78 Middle &
H, Lower RE LD O FEICKE D70 Fi
Near diving & Far diving IC X A5 EWE A S &,
60% DK S OFEEEL, Far diving 75, Near div-
ing KD LFEBICKE 7.
3.3.3 KRADHIE

Table 3 1%, TN ZNOMICIT AHTim, &
B M OEE D 72D OIRKAO T 2 i & & 12
IRL72bDTHA.

BEH R OKRK IO DRI OV TR—ILOE ST
F5ENE AL E, CSHIC 5\ T Initiation

T Upper l#% 7%, Lower il kD b HEICKE
7» o7z, Transition TIIAELRENDA DN >
7z. F7z Near diving & Far diving I L A& W%
Hb &,
ing 7%, Far diving X0 & HEPEEICKE D>
7z.

BSHICH W TR AR—ILOBIIT L BBV E A
% ¥, Transition T Lower 3%, Middle X #;,
Upper AL DI THEPAEBIC K E 0o /2.
Takeoff T (%, Near Diving (3 Middle 3 £ 78
Upper A F & 0 & FHEIC K & <, Far diving iZ
Middle #&#7, Lower i#iA Upper B L0 & 77
BAEEICKE 7. F7- Near diving & Far
diving I & 5\ % A 5 &, Transition T Near
diving 7%, Far diving LV & HFEICKE -7z,
% 7= Takeoff Tid, Lower # ;L Far diving 73
Near diving £ D 3 FEICKE o 7z,

RIE AN DIRR D NIFIZ DOV TIR—IVDE
LB EVEASL E, CSHNCH T Initia-
tion C Upper #A$:, Middle 3573, Lower aH;
L OEBICKEH 7. F7- Near diving & Far
diving IZ & % E % A % &, Initiation, Transi-
tion & & I Near diving 78, Far diving £V &

Initiation, Transition & 3 {Z Near div-

Table 3 Impulse of ground reaction force with each period (N/kg)

Initiation Transition Transition Takeoff
Contralateral side leg Ball side leg
Near Upper 1.37(0.40) 0.61(0.31) 0.06(0.15) an 0.22(0.16) ]*
Near Middle 1.37(0.43) }k 0.71(0.31) 0.28(0.17) } 0.56(0.12)
m&gm Near Lower 0.94(0.45) 0.91(0.36) 0.57(0.24) = 0.42(0.23)
(N/kg)  Far Upper 0.75(0.27) 0.46(0.26) Al 0.13(0.10) W 0.05(0.24) =
Far Middle 0.75(0.34) }k 0.45(0.24) 0.06(0.08) J* 0.64(0.19) -
Far Lower 0.59(0.23) 0.64(0.25) 0.16(0.13) = 0.67(0.21) —
Near Upper 3.20(0.88) 1.21(0.66) 1.30(0.42) I, 2.38(1.09) ]7*
Near Middle 3.03(0.82) i* 1.25(0.56) ; 0.89(0.29) ol + 1.46(0.58) ]**
Vérft{ilgal Near Lower 1.98(0.95) 1.42(0.57) A 1.31(0.45) - \ 0.72(0.44) =
(N/kg) Far Upper A 2.56(0.58) 0.96(0.53) A 0.98(0.34) T " 3.00(0.65) -
Far Middle 2.27(0.70) i* 0.87(0.48) 0.62(0.28) ol 2.24(0.45) ]**
Far Lower 1.71(0.50) 1.07(0.36) 0.96(0.59) - 1.34(0.49) =

* Indicates a significant difference between each heights (P <.05) within each period.
t Indicates a significant difference between near and far diving (P <.05) within each period.



T—VF—/—IC BT 5 XA U T EIED SIS 289

BlICK&Eh o7

BSHIC B W TIEAR—IVOE I IC L HE W A
% &, Transition T Upper i, Lower 3573,
Middle iAH: L DV EEICKE» 5 /. Takeoff T
%, Upper &%z, Middle 3, Lower AFDIE
THENPBEICKE - 7. %7z Near diving &

Far diving IZ &k 5 &\ % & % &, Transition C

Near diving 7% Far diving X D 4 HEIC A XL,

Takeoff Tii, Far diving 3 Near diving & ¥ &
BlILK&ED 7.

Contralateral side leg Ball side leg

2 30 i — NU 30
3 Hip --- NM
S 20 —=NL 20
>
5210 10
EX J‘)"‘(‘ =
220 ~F— 0
<
g &
o
R (1 -10
% 4 —u 4
£ 3 3
-
P 2
g8
£z
8
S -l
2 30| Knee — NU
g ---- \M
< 20
<
>r\
5210
BE0
x
g2 5
=)
= -10
5 —NU
20 1 ---+ NM
g g s
=
(]
A4z 7
ZE v
EZ1 7 \
8 3
= 0 N
=}
g L3
2 20| Ankle —
__E 20 A == NL
> i\
=@
g%l() P
X !
BEo
<
£
S 10 10
ﬁn 4 — \U 4
g ---- NM

3 3
’Z?n TN
Sied 2 2
TE | e
g%l L.~ A 1 "
) \ :
g0 0
I -1

0 01 02 03 04 05 06 0 0.1 02 03 04 05 0.6

(s)

(s)

@ BS touched down (Initiation — Transition) M CS left (Transition — Takeoff)

Fig. 6-1 Typical patterns of changes in joint angular velocity and joint torque of hip, knee, ankle (Near
diving) . Positive values mean extension (plantar flexion ), negative values mean flexion (dorsal
flexion). NU (Near Upper), NM (Near Middle), NL (Near Lower).
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* Indicates a significant difference between each heights (P<.05) .
+ Indicates a significant difference between near and far diving (P<.05)

Fig. 7 Means of each angular impulse per weight (Nms/kg). Upper figures show hip extension. Middle
figures show knee extension. Lower figure shows ankle plantar flexion. NU (Near Upper), NM
(Near Middle), NL (Near Lower). FU (Far Upper), FM (Far Middle), FL (Far Lower).
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Fig. 8 Means of each angular impulse per weight (Nms/kg). Left figures show Contralateral side leg’s
hip abduction. Right figures show Ball side leg’s hip adduction.
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%, TOEIETRPD D> 7RI TEISHL T
W7z Z &%, Far diving 123\ Cid CS HO#Hs
LIRED Z e FEREfE & L CTHIE L Tzl HiC &
0, FOBEOENDREN, HENS< k-
TWeDTR W EEZBNA. WK X,
Near diving, Far diving & $12, @V R—)Uidfl
DEEIDOR—I LV EEE TORHPRVEE 2
bhb. LIch-TC, d—IF——=poLHnT
BV, OB AN—EEOF S ITRI-nizy
a—ME, T F—NR—CE T, BT A S
EDHEL WY A — P ThHBEEZOLNS.

4.2 SEOBNCELDFRT 1 7 XA

INET, XALVIZBHFICEWT, EL%
R VANEHBRANCBE S 45 Z & OEEITIEH
XINTW5AS (Suzuki et al., 1988, %I - fiH,
2002). AFFEICEVThH, EOMED, KED
50% 2 HR—=IVOE ST L TEEHL T
LEEFPA R/ (Fig. 3).

*7z, B SREARY FVE, WS L EWIR—
WNEERT FILVOKEIRFEICKEL, AEDL
HEICKEX»-7 (Table2). LaL, CSHT
EZNZTNOFSITB T 58 - $iEX7 FILOA
BICERBGERALNSALDD, ZTOEEDOEN
BSHICK T 5£1TFE KE L /- 7z (Table
2). &5, Typical % #E#E A Ol A Th
CSHOBE - $8EX 7 RV, EWIR—IbAfah
SEHBUT EREVD, FHTITIZRBEOR OH N
EICFEEE XN T\ (Fig. 5). —J, BSH®
B HEANY PV, R—=LOBESICk-> TKE
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2T T,
5).

INHOT EPS, CSHIZR—LVOFSITE
CTCHORESIEEZHZ EICKD, £/, BS
MIER—VOE ST L > THORE S LA EZE
ZHTEICED, EOLOR—IVIHRINDOERRI
BEICEBL TWAEE2LLNS.

CS Mo IR o> Jf% 1%, Initiation Tld, £
[f](% Upper sAH; 7% Lower i{E L D A AEICK &
<, #81E J7 Mm% Upper &, Middle & & »
Lower i L D b AEICKE )5 /- (Table 3).
%7z, Initiation © CS BT 3s1) % B BAAN, MRS
i, RRfioA L, Upper &2 Lower 3
FLoaFREICKE» -7z (Fig. 7). CSHITIX
(Z 35\ TH BTN i O F s 28 L

AELAE SR> T/ (Fig.

Initiation

TWAHBRICYL, MEFLVIZBEEINTED
(Fig' 6_1; 6_2)7 %ﬁ%@j{%ip/) f:%b\l ;"—)I/

NORFNF EMHEREO T 7 B Yy 7 IiEENC
F B NENENED /2D DILARANKE TN T
Wb LRI A.

BS MO K K F10 53513 Transition Tid, #5
1L Lower 35, Middle 3%, Upper RE DI
THBICKE) -7 (Table3). & 0 HiF Up-
per A F 13 8 5 18 O IK ) 77 5% BS touched down
LI DEZRL Tz (Fig. 4). KL,
Near diving T3 0123 <, Far diving TiX & D
fﬁ%TL’CL\t (Table 3). %7z, Transition B
TR S AR ISR E R DRI D ER B A B
(Fig. 4). L7 75> - C Upper #A#; Cid Transition
ICHEATHTIANC R L GEAIOIRR 1A 7548 L, 855
MOAV—=FIZ TV —FO@I&w 45 LT, $h
BHRORK Nw LA ST b EEbNn%. %
72, Takeoff TIIEHE F M DR F10 HIFEIL Up-
per 34 H;, Middle 345, Lower REDIE THE
IZK&E D7z (Table 3). RBAFIO AT Up-
per A8, Middle i 5 Lower i & W HEIC
K&EL, RE&OM IR IL, Upper, Middle,
Lower DIEICHFEICKE 72 (Fig. 7).

UEDT MDD, BOR—IADXA VT T
%, BS JH78 Transition IZ 35\ THEST AT R L
HPIORK N %#FIEL, TV —FOfx%w 452
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FICRY, SRETTMORR " EAsH5 T L,
X 512, Takeoff IZ 3\~ T BS MO I EA & & /LB
BAKEME V7 #RIEL, $AESROKRK
N KRELTHIEDEETHAHLLEEZDONS.

4.3 BEREDEWNCIDFRT 1 7 RHBUHHE

T—)bF ==, KELHENIALEND Y
2— MCHLT, A7y T &2fTbe T, XA
VI ko TR—IVETEET S 2 ERRET
HY, ATy TOMEERET, TXVF—2E2
ToREED DBV (TS . —77, T—IF—/—»
DILWIEBED Y o — M ISR T 5 2 A UV 7T,
ATy T AND Ll XAV T EHITD 728
i, BEHL2OBUO8FE—E TS E\\vD
SEARY Y S

Initiation, Transition & CS H{IZ k51 5 K T
DONEE, ¥, $HhEJiH &b Near diving 73
Far diving L W HEIC KX/ » 7= (Table 3).
BS BC 151 5IKR 710 J15513, Transition Tl
M5, #YE 5 & & Near diving 25 Far diving
FVEBICKEDP -7, Takeoff Tid, HJilA
DOfEix, Lower AHC, $HEFHOMIL, +X
TOESITEWT Far diving D F B EEICK X
» - 7z (Table 3). & 51{Z Near diving & Far
diving IR T O A k35 &, W& b
MU S S TIREEAELPIL TWeh, $FETTRO
PR I 3T Far diving 1T 35\ C R O 7 52 )
N x <, Near diving Xk 0 &R TKX S5
K& ERHLTW (Fig. 4).

B b L7 OfIIBOKES A S E, CSH
IZ 35\ ik, Initiation MBI & EBIAI 25,
Transition Ti3 MEBIHEI & REAFI 2, WwFh b
Near diving THEIC K &2 - 7= (Fig. 7). BS
JZ 35\~ T3, Transition T /ERA4i 7 Near div-
ing THBEICK &, Takeoff Ti%BIAT, KA
fi, RPIFiA, Far diving THEICK X H o 70
(Fig. 7).

N6DZ &5, Far Diving Tlt, A5 v
TFICEDHRIC T AN F—2FB 2RI THHD
IZxF L, Near diving iIZEBWTid, A5 v Ik
B INE A 7\~ 728, Initiation 12 35\ T CS {IC

K HIEPLE L 7Y, CS T Far diving X 1
LTI, $RETTR & K ELIRR IO TR HF
X7z #F 2 6N 5. Near diving I 5
CS gt X <iE, Initiation TR B, KB
fiofhE LV 7 25, Transition TiE RIS, &S
O U 7 5 Far diving L 0 & k& < i
SN Tz, Initiation TiX, MO 7 v
P Uy 7 iEENIC K A KEVEIED 72D Dk Ak &
PITbNTVAB T ERHESIN, CSHICEWT
i, MRBASN, WEBAEiOWARAR &, ZDOHDMERS
fifi, REAFOMELZKRELS 5 EITE > Tk
THIENBEETHLEEZEZONS.

%7z, Far diving Ci3, ESETHXA V7T
HLENRDB Y, BSHIC 5\ Tid Takeoff T,
Near diving & 0 & K& LR IO NTE & AIITE
M IN T/, 51, Far diving O 5 R
Near diving & ¥ & BS il OEE 5k &
<, HERHETRERKRIDO LR ZRL T,
Z LU CHEE, BRIV 7 & 1T T O Transition
B RE ST A BRI B il 2 DR S EAZE D D
LT\ (Fig. 6-1, 6-2).

ING X VERBHAOX AV 7T B8\WTE,
Takeoff T BS WO BBIAT, KeBIAT, ERIFTO
g s, KXVERRITOTSAF AU 7 AT
FHENEETHLEEZOLNS.

4.4 BEAEOANE M ILYICL D HNEE

XAV 7TEERRERERU L, HIEBO &8
w0, REEILED OGRS LW S EIfET
BHT LD, R—=IUANFEZET H7-DITIETED
RV ZICmZ T, TREBETmAEL T
EWVOBEPLEIC D, AFFETLR—ILDE
SWCIEL THERET S HREALIETAHT
LA HBEXRXZ FPILVOAENLLRINT
(Table 2, Fig. 5). —7Jj, Lower :AfTi, &4¢
L&# - $REANY FIVBR— IV RNC A > T
L Tlid7m WA (Table 2, Fig. 5), #H.OEE
HWARIFT, FANERDP > TOWAERFRARINT
(Fig.3). bv 7Yy v 78B4 F (1997) i, F
A E T 281E, b bakoflhEle (JJ
EAD 121, AL T IO KBAT O Wi & KO
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MO O DB E MED 2 & & iERL T
. LIcH-T, FICHAHR—=IVOIRN T %
Bl 7/-oiciE, CS HoKE st ix & BS Bl
BFTNROBN E AU ETHH EEZ BN S.

ZOHRTEIFNS, b Ly OB E T
9% &, CSHRBEFIIE N L7, &S T
BEELEZIALN 7. —7J7, BS HKBH
Wz L 7 O %1, Transition <© Lower &
Hi 23 Middle, Upper R L D s HREICKE D -
7= (Fig. 8).

% 7= Near diving & Far diving THIBEO K =
SHHT 5 &, CS HIRBARiISER TV 27 25 Initi-
ation, Transition & % Near diving 73 Far diving
OV BFEICKEL, BS WRE&NE F L2713
Transition C, Near diving 73 Far diving & ¥ &

Blok&EH»- 7 (Fig. 8).

Near diving @ Initiation {23501+ % CS i, K
BEED 720, ThARATITOWHBA BN
(Fig. 6-1). ZOMMRITIL, WREENIfTHONT,
CS IR BAFI M os b L 7 B Fs S 5 Z LT &
D, TEAR—VITEANEL T 2 ETEHD
WEYZ, TEHICEOPBEIL T\ EEZ
bh5.

INLOT LG, BV 2 —FIIRT S, X
DHWF AV EEICIE, Initiation [Z 3515
CS MBS OMEBIENEETHH EEZ LN
5. &0, KWy 12— T, Transition I
k1 % BS HIBBIFI O NEEENEAS, LD EETH
5T kBRI N,

V. & & &

AT, T—IF—X—=DX f v T EHIE
ERRIC, R—ILOEE - HEEOEWICHES, K
RJ1&ETREDBEAT V7, BT A % et
L, AV THEMROIEBER A T = X L% 5
L&D &L BRAUTICENT S.

1. Near diving, Far diving & $12, H\Wikh—
WM DOE S OR—)L L DFEE TORRIPAE W
EEZBND. LIen-> T, I—=IF—1=nbH
BN TR0, o7 ZAN—fHEOE S ITi/zn

7oV a—rMiE, T—IF—N—=IC& T, P
LI EDRHL WY 2 — P ThDHEEZONS.

2. CSHEFR—VOFmSTIHELThoREs
HEZLHTLICED, T, BSHIER-LVOE
ko TC, NOKESLSTAEEZDLT LITK
D, \ELAER—IVTEANERIICH2bE LD &
LTWbEEZLNA.

3. BuwiR—icxtL € CS iz misREn T 7
YV by 7RI XA EEIED 72D DI A
REARKREL TN TS LB IND. £/
BS J#lid, Transition 1235\ THEATH At L
BMORKN#REEL, TV —FOfEm+5T &
T, HEHTRAOKR N EASHELI L L,
Takeoff |2 3\ TIREISN & R BAFT DK & e -
V7 LSRR DR )% 56184 5 2 L IPEET
HhHEEZOLND.

4. CSHNCIsiF % e < BAsS, MBI
AR AR &, ZOHOIERR, EREAOHE %K
ELTHIEPEETHLEEZONS.

5. BEEEM~OX AV V7 ICE W T,
Takeoff T BS MO IkBIAT, MR, EEAHTIO
R s, KVERETOTSAL ALY 7 AN
RENPEECHHEEZOLNS.

6. BV 2a—PICHTHIVENTA VT
B{EIC13, Initiation 123515 % CS % B £ o 4
REERHEETHHEEZOLNS. LD, K
WY 1 — b Cld, Transition T? BS WA D
WNERENED, L OEIETHAH I LRI hie.
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