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INTRODUCTION

Boxing performance is dependent upon several variables. These
variablescan includemuscular strength, muscul ar endurance, speed, power,
quickness, skill, knowledge, and"inginct”. Studieshaveshown that weight
training greatly enhances boxing performance (Cordes, 1991; Dengel et
al.,, 1987; Filimonov et d., 1983; Fitzmaurice, 1982; Solovey, 1983), but
none have compared which exercisesspecifically recruit similar muscular
patterns. It would, therefore, seem beneficial to be ableto prescribeweight
training activities that were proven successful in €iciting "jab-like"
muscul arresponses. Boxingtrainers, asawhole, believethat weight training
makesfor bulkier, s owerfighters(Cordes, 1991; Fitzmaurice, 1982; Landis,
1984). Although previous studies have shown increased speed and force
asaresult of weight training (Cordes, 1991; Dengel et d., 1987; Filimonov
et al., 1983; Fitzmaurice, 1982; Solovey, 1983), many trainersstill remain
unconvinced.

Thereis limited research availablethat discussesthe kinematic and/or
electromyographical (EMG) analysisof aboxer's jab. It has been stated
that thejab consistsof threeprimary movements. These movements have
been identified as, 1) leg extension, 2) trunk rotation, and 3) arm action
(Cordes, 1991; Filimonov et al., 1985; Solovey, 1983). Filimonov et al.
(1985) proved a definitedifference in force production between different
categoriesof boxers. Class1l and Class111 (amateur) boxers produced the
majority of the punching force in trunk rotation, approximately 45.50%,
followed by arm action at 37.99%, and leg extension at approximately
16.51%. Forces produced by Masters of the Sport (professional) were; leg
extension (38.46%), trunk rotation (37.42%), followed by the arm action
with only 24.12% of the total (Filimonov, 1985). In theory, as a boxer
becomesmoreskilled in the profession, the muscular recruitment becomes
more efficient.

Solovey (1983) incorporated the use of medicine balls and dumbbells
during sport specific movementsand found that over a six month training
period, "' speed (total time, time of thelatent periodand fist movement time)
of singlehitsof both armsincreased significantly, even after threemonths™
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(p. 100). Theinvestigator added that not only doesweight trainingincrease
thespeed of the punchingmovements, but al so the boxer's speed capabilities
to initiatea combination of punches (Solovey, 1983). In a U.S. Olympic
Boxing Team study, 24 membersof the squad were placed on atwo-week
intensive weight and interval run training program. Punching velocities
increased as high as 32% as a result (Dengel et a., 1987). Getke and
Digtyarev (1989) tested theeffectsof strengthtrainingon different categories
of boxersand on different ages of boxers. The results suggested that the
most effective way to increase total explosive strength, force output
occurringat relatively high vel ocities, wastoincreasetota maximal strength.
Theresearchersstated that the most effective meansfor increasing maximal
strength during the early stages of development was through the use of
repetitiveexercises. But, for increasesin maximal strength during thelater
stages of development, submaximal and maximal workloads must be
implemented (Getke & Digtyarev, 1989). In an effort to study explosive
muscular power using free weights, Lyttle, Wilson, and Ostrowski (1996)
found that using loads of thirty percent of one repetition maximum (30%
1RM) correlated highly with traditional explosivepower tests.

The purpose of this investigation was to study the kinematic and
el ectromyographical el ements present whileexecuting the jab and specific
weight training exercises. Additionally, to determine if differencesexist
between professional (PRO) and amateur (AMT) boxers during the
recruitment of both the upper and lower musculature. And, to determine
the validity of apopular punch ergometer, the TKO punching bag (TKO).

METHODS

Four PRO and five AMT male boxers (ages: 24.20+1.02 yrs, weight:
81.7 t 8.13 kg; body fat: 11.99 + 2.60%) volunteered to participate in the
study. All subjectsjabbed (JAB) with their left hand except one. Markers
were placed on thefifth metatarsal, ankle, knee, hip, shoulder, elbow, and
wrigtjointstoad in thedigitizingprocess. Preamplified surfaceel ectrodes
were placed on thegastrocnemius(GA), bicepsfemoris(BF), rectusfemoris
(RF), externd oblique (EO), serratusanterior (SA), pectoralismajor-sternal
(PEC), anteriordeltoid (AD), and tricepsbrachii (TRI). JAB’s wererecorded
using a Panasonic AG-500 video camera operating at 60 Hz, located 400
cm from the subject, perpendicular to the line of action, Three maximal
JAB's were performed per subject. Each JAB’s force value, based on the
TKO digital read-out, was recorded. One repetition maximums (1RM) of
theleg press(LEGP), leg extension (LEGX), standing heel raise (HEEL),
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bench press(BPR), tricepdip (DIP), and dumbbell front lateral raise(FRLT)
wasobtained on thefirst day of testing. Aninclinetwisting crunch (INCR)
was a sotested for trunk rotation. Thirty percent 1RM was used during the
EMG testing of the subjects. Data collection was recorded over a three-
second time period in which the subject wasinstructed to perform as many
controlled lifts as possible during that time. Rest periods of at least three
minutes were alowed between each trid. EMG data and kinematic data
were collected and analyzed using theAriel Performance AnalysisSystem
(APAYS). After digitizing each JAB per subject, the JAB with the greatest
velocity (VEL) about the wrist (WR) was used for further analysis. Two-
tailed t-Tests were conducted to observe differencesthat existed between
PRO and AMT. A significanceleve of p<0.05 was assigned to the study.
Linear VEL about theWR, elbow (EL ), shoulder (SH), and center of gravity
(COG) were studied. The trid with the greatest VEL about the WR was
used for analysis. The TKO was tested by dropping four known weights,’
from aspecified distance, onto the TK O which was suspended horizontally
abovethefloor. Ten tridsat each weight (1.14 kg, 2.27 kg, 4.55 kg, and
11.36 kg) were recorded.

RESULTS

Significant differences were observed between PRO and AMT in both
oneand two-tailed testsfor WR VEL and one-tailedtestsfor EL VEL. VEL
about theWR, EL, SH, and COG aresummarizedin Table 1. Theseresults
place some confidenceinto the theory that PRO JAB have a greater WR
VEL than do AMT. No significant differences (p<0.05) were found in
VEL about the SH and COG, nor in the two-tailed tests about the EL. No
significant differences were found between PRO and AMT in t-Testsfor
EMG activity at eachmuscle. Full rectified, root mean square EMG values
during 30% 1RM and maximum WR VEL during the JAB were compared.
A strong correlation (r=0.72) existed between the HEEL and JAB, at the
GA. Atp<0.10 (r=0.58) astrong correlation (r=0.61) existed between the
BPR and JAB, a thePEC. Thestudy found no strong correl ations between
the DIPand JAB (r=0.51) a the TRI, LEGX and JAB (r=0.40) at the RF,
INCR and JAB (r=0.52) at the EO, FRLT and JAB (r=0.35) at the AD, nor
the BPR and JAB (r=0.42) at the SA.

Averageforce(F) vauefromtheTK O of each subjecttothefull rectified,
root mean squared EMG value during the JAB is shown in Table 2.
Correlation coefficient of (r=0.66) revealed a good relationship between
TKO force output and muscular activity. TKO validity was tested using

Pl



regressonlineanaysis. Figureldisplaysalinear path untilanF of 447 is
reached (the TKO will display values ranging from 1.1 to 9.9, with 9.9
being the highest possibleF output). Based on thisinformation, reliability
of theTKO isquestionable at F valuesexceeding 4.47.

Tablel
T-Test: Two-SampleAssuming Unequal Variances
VEL PRO AMT
WR
Mean 4,292 3.440
df 7
t 2476
one-tall 1.895
two-tall 2.365
EL
Mean 3.770 3.062
df 6
t 2.110
one-tall 1.943
two-tail 2447
SH
Mean 1.850 1.496
df 5
t 1.876
one-tail 2.015
two-tal 2571
COG
Mean 0.638 0.594
df 4
t 1.170
one-tall 2132
two-tail 2.777
DISCUSSION

This study compared the JAB to seven resistance exercises; LEGP,
LEGX,HEEL, BPR, DIP, FRLT, and INCR. Fitzmaurice (1982) suggested
incorporating DIP and BPR into a boxer's training. This study found a
weak correlation (p<0.05) at both the TRI and the PEC when comparing
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the JAB to the DIP-and BPR. -Filimonov et al. (1985) reported that the
greatest production of F from the JAB was delivered by the extension of
the back leg. The present study validated Filimonov et a. by showing that
confidence (p<0.05) can only be placed in theuse of theHEEL asapossible
meansfor increasing theeffectivenessof the JAB. Filimonov et al. (1985)
also stated that muscular recruitment, as a percentage of a whole body
movement, was moreefficient asan amateur evolved into the professional
ranks. Thecurrent study found no significant differencebetween PRO and
AMT during the JAB at each specific muscle. T-testsdid, however, show
significant differences in F output, WR VEL, and EL VEL between PRO
andAMT. Increased neuromuscular adaptations to training (Cordes, 1991)
may explain why PRO achieve greater VEL about the WR and EL than do
AMT. Neuromuscular adaptations may also explain why F output was
greater for PRO than AMT.

Table2
EMG per muscle site relative to average TKO value per JAB
EMG
F GA BF RF EO SA PEC AD TRI

490 222 373 258 181 127 170 154 187
450 298 540 227 441 150 277 334 353
390 179 221 359 116 192 159 443 245
470 177 250 298 291 283 498 246 198
430 208 578 556 322 148 310 352 177
320 246 328 20 180 344 140 198 214
370 198 232 274 163 198 157 251 185
320 297 210 137 128 143 171 259 202
320 271 262 270 143 215 166 400 1.96

r-value
F GA BF RF EO SA PEC AD TRI

F 100

GA -038 100

BF 047 019 100

RF 03 -057 049 100

EO 059 016 08 027 100

SA 033 -024 033 017 -013 100

FEC 060 -032 02 033 064 0315 1.00

AD -0.20-0.02 006 043 003 -019 001 100

TR 018 044 037 -025 058 -013 0 029 100
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TKO Regression Line Test
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Figurel TKO RegressionLineTest

CONCLUSIONS

In conclusion, the present findings suggest that of the seven resistance
exercisestested, only the HEEL may benefit the boxer. Some confidence
(p<0.10) may be placed in the use of the BPR as a means of increasing a
boxer's jab. Significant differences existed between the PRO and AMT
boxers within this study in regardsto linear VEL about the WR and EL,
and also F output. Little confidence can be placed on the F values of the
TKOabove4.47. Limitationsto thestudy wereitslimited samplesize, the
JAB with thegreatest WR VEL may not have been appropriatefor anaysis,
using 30% 1RM as the weight training protocol needs further vaidation,
collecting dataon three 30% 1RM trials would have increased the sample
size, thetraining method employed was to lungeforward with thelead leg
and not to initiatethe JAB with the back leg, and also Technical Knock
Out, Inc. unwillingnesstodiscloseany data pertainingtoitsproductsvaidity.
The results of this investigation warrant further studies on the training
protocols specific to boxing.
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