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The use of safety equipment in boxing dates back to the Late l80 '5 and 
karate to the 1930's when efforts were made to offer saf~ty to contestnnt_, 
aLLow freedom of movement and aLlow participants to a<lher", to trai.ling ~ld 
ph LLosoph ica 1 pr inc ip Les (Hasse LL, 1982). 

RUles and procedures desi.gned to avoid i.njuri.es and k~p.p ~xcit.~~lnl?n.t :., t~It" 

activities have been established by various karate associations, boxing 
commi..sions. and sanctioning organiz tions. This concern for pRrtic~pnnt 

safety has resulted in the general uSe of foam karate gloveR in non-contact 
and limited contact karate matches (Young, 1974) and the use of 'professi nal 
quality" gloves in contact ksrate. "Professional quaLity", however i. nnt 
defined. In boxing the type and weight of gloves used Jepends.....n th' 
sanctioning organization and event (Dessureault and Therricn, 198\). 

No studies are available on impact characteristics of foom kar,t. gloves 
and few have addre sed boxing gloves. Hodgson and Thomas (l9 l) cam .red t~. 

conv ntion L boxing gLove with the "thumbless" glove at Ruh-c ncussion D ,I 
concussion levels of impact. They found considerable difference_ i 
acceleration and Severity Index values generated by box rs and mechanic 1 
impactors. t the lower force levels a 55% (129 to 58 S. 1.) diff<:r"n " 
between the "ThumbLess" and conventional boxing gloves was fnund Eav ring the 
"Thumbless" glove. This difference w s reduced to 19~ (l650 to 1340 .1.) at 
the concuss i ve le ve 1. If bo th g lO'ves bot tomed OU t , I,e i ( en" rgy ab ,Jrf> t i"n 
wouLd b essentialLy the same. Differences in respnnse characteristics were 
found with respect to repeated impacts of these glove types. 

D ssureault and Thercien's (198L) findings did not support thos" ·)f 
Hodg on and Thomas (L98l) when gloves of differ<:ntial weights wer~ omp red. 
In a report to the Canadian government they noted a wide lisp rity ,)f I'i)"pn,,,., 
and weight characteristics for conventional gloves of ,<ev>r<tl "supp s",Jly" 
specifLc weight classifications. When tested for repe,.ted i'llpa"t these 
researchers found substantial impact attenuation JiCcr",mp.nts. This study 
further riClated that gLoves have been used for up to lOO matches. 

Foam karate gloves are used extensively by millions of karatp. student. 3nd 
Little is known about their safety characteristics. Two studies wer~ 

therefore designed to compare the foam Karate Glove and the conventional 
Boxing Glove on the selected Lmpact characterLstics of peak force, time to 
peak force, average force, and impulse at differential velocities and with 
repeated impacts. 
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METHOD: STUDY 1 

STUDY 1 was designed to determine the effect on selected kinetic 
parameters of impact with the Karate Glove and Boxing Glove at specific 
velocities using a mechanical impactor to eliminate mass variations due to 
human physical interactions. A 2 X 5 design with Multivariate Analysis of 
Variance and Duncan's Range Test followup procedure was used to analyse data. 

The gloves (See Figure l) used for comparison were an Everlast brand Model 
2210 Official A.A.U. boxing glove and a Pro brand karate glove. Padding in 
the boxing glove consisted of a layer of hair sandwiched between two layers of 
open cell foam covered with a leather sheath. At the impact area the glove 
was approximately 4 cm thick. The karate glove was manufactured from 
Uniroyal's Type MLC Ensolite (R) molded foam with a density of 3 - 4.5 lb/cu 
ft and a 25% compression-resistance of 1.5 to 3 lb/cu ft. At the impact 
surface the karate glove was 3 cm thick. 

Figure 1. Karate glove and boxing glove. 
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Gloves were fitted over a Red Oak Fist with an 8.98 sq cm surface ar~a 
which was mounted on a specailly built impact device (See Figure !.l. 

figure 2. Glove testing apparatus. 

The impactor consisted of a total mass of 4.71 kg and w s dir~ct~~ 

perpendicular onto a computerized AMTI force plate by sleeves on the Vet._~, 
guides. Velocity was changed by changing the height of release of t'le 
gloves. Gloves were dropped in random order at n.5, 1.0, 1.5.2.0. and 2.5 
m/s velocities; the range of which yielded impuls'S on the force pl.1te 
approximating the lower range of momentum generated by karate punchers (S~ith, 
1984). Three trials for each Glove Type and Velocity condition WHr~ recoe'lcd 
and averaged for the analysis. 

RESULTS AND DISCUSSION: STUDY 1 

Significant rffects were found for Glove Type, Velocity, and the Glove 
Type-Veloc ity interaction. Table 1. presents th.· ;n."lIls and stnnd ... rd 
deviations of the kinetic parameters by Glove Type. The :loxing Glove had 
higher peak force .. longer time to peak force, and lower i,"pul~c scores thilll 
the karate glove. There was no difference in aver"ye forces. The signifi ""I 
interaction effects are discussed as the graphed score~ arc presented. 
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Table I.
 

MEANS AND STANDARD DEVIATIONS OF KINETIC PARAMETERS BY GLOVE TYPE
 

Variable Karate Glove Boxing Glove F-ratio 

Peak Force (N) X 1212.977 8 1530.499 b . 29.73* 

SO 962.823 1345.079 

Time to peak (s) 10.17*X 0.016 8 0.019 b 

SO 0.003 0.006 

Average fO"ce (N) 0.29X 426.900 440.296 

SO 242.348 340.493 

,-

Impulse (N's) 

* Means with the 

X 25.251 a 

SD 9.741 

same super'scripts are not 

23.984 b 

8.595 

significantly different 

20.22* 

(p <;:.05). 

Table 11.
 

MEANS AND STANDARD DEVIATIONS OF KINETIC PARAMETERS BY VELOCITY
 

Variables 0.5 m/s 1.0 m/s 1. 5 m/s 2.0 m/s 2.5 m/s F-ratio 

Peak Force (N) X 

SD 

369.928 

21.927 

379.140 8 

63.705 

1007.663 b 

162.752 

1767.273 c 

286.908 

3334.675 d 

585.012 

361.63* 

Time to Peak 
Force (s) 'X 

SD 

0.021 

0.001 

0.022 8 

0.005 

0.016 b 

0.001 

0.014 b 

0.001 

0.0l2 
c 

0.001 

61.89* 

Average Force (N) X 

SD 

165.617 

13.885 

176.737 a 

41.774 

360.412 b 

18.276 

563.008 c 

32.447 

902.217 d 

174 980 

120.62* 

Impulse (N's) X 

SD 

14.932 

0.152 

15.867 b 

1.484 

23.550 c 

0.794 

30.590 d 

1.238 

38.148 
e 

1.492 

983.~8" 

* Means with the same superscripts are not significantly different (p <.05). 
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TabLe 11. presents means and standard deviations of the kinetic parameters 
by veLocity. Peak and average forces were not different at the Lowe~ two 
veLocity LeveLs and were different thereafter. Time to peak force differences 
were present between the L.O to L.5 m/s ieveL and between the 2.0 and 2.5 m.s 
veLocities. Impulse dispLayed s,gnificant differences among aLL veLociry 
Levels. It shouLd be stressed that the higher impact levelS from this study 
were equivalent to the lower momentum extimates from the punch studies, which 
was about 40 N-s. VaLues from this study must therefore be consiscred 
conserv tive in terms of actuaL forces that couLd be appLied by highpr skiLL 
eveL punchers. 

Figure 3. dispLays peak force as a function of veLocity. The significar' 
interaction effect can be noted as the Boxing GLove and ~arate Glove curves 
diverge with the increase in veLocity. After the l.5 mls velocity the Boxing 
GLove had increasingLy Larger peak force vaLues than the Karate GLove. 

Time to peak forces generaLLy dropped with the initiaL veLocity increase 
and then LeveLed off. 

Time to peak force as a function of velocity is prcHcnted in Figure 4. c, " 

it is cLear that the Karate GLove had a smoother reduction in time to pe~k 
force than the erratic Boxing GLove vaLues. 

Average forces over the totaL contact time were higher for the Karate 
GLove through the 2.0 m/s veLocity (See Figure 5.). After this point thE 
Boxing GLove vaLues surpass those of the Karate GLove. 

From Figure 6. it can be seen that impuLse displayed different patt~rns 

than peak force and average force as demonstrated by the Karate GLove having 
higher vaLues than the Boxing GLove. The Boxing GLove generaLLy harl higher 
vaLues on the force variabLes. With impuLse the Karate GLove had increnainKLy 
higher vaLues with the increase of veLocity. 

Foam, as opposed to hair padding in the boxing gLove, has the ability t~ 

trap air within the ceLLs and hoLd it under higher Loads. Hair must rely on 
resistance to compression and density as the force absorption factor, whereas 
the foam in the Karate GLove wouLd have these qualities pLus a~ubbLe effect. 
The cushioning effect of an infLated versus a defLated automobiLe tice would 
be a comparabLe anaLogy of this principLe and wouLd heLp expLain the vaLue 
differences between the two peak force curves. 

Because peak force for the boxing gLove was higher, it wouLd tend to cause 
more danger to hard tissues such as bone or cartilage found in the hand, nose, 
and jaw. The erratic time to peak force vaLues for the Boxing GLove at the 
L.O mls veLocity was probabLy caused by irreguLar coLLapsing of the hair 
materiaLs during the loading process and air escaping the leather sheath of 
the glove. MuLtiple interaction effects are demonstrated by the divergence 
and convergence of scores for the gloves with the increase of veLocity. 

Since these values are conservative with respect to actuaL punch forces, 
the continuation of this trend of the Boxing GLove to progressiveLy 
demonstrate higher average forces than the Karate GLove wouLd indicate the 
Boxing Glove to present greater danger of injury because of the greater forces 
transmitted. These high forces wouLd be particuLarLy injurious to hard 
tissues. For less rigid surfaces such as the abdomen, it is not clear exactLy 
what the effects wouLd be since the area of impact has considerabLe effect 
injury outcome. Birrer and Birrer (l98L) and Schmidt (l975) did find severe 
and criticaL injuries from .punches to the abdomen. 

At higher velocities the Karate Glove spread the forces over a Longer time 
period. Average force would tend to be higher for short contact time 
durations and impulse would tend to be higher for longer contact times. \~iLe 

the Boxing GLove transfers Less momentum, it transmitted higher peak forces. 
This finding indicates the Boxing GLove to be more likely to damage harrl 
tissues where Less contact time is needed, but the Karate Glove would tend to 
cause a greater acceleration of an impacted object. 
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METHOD: STUDY 2 

STUDY 2 was designed to determine the general trends of the kinetic 
parameters across 50 impact trials using a virgin glove. The apparatus used 
in the previous study was used in this analysis. Fifty impact trials were 
administered to each glove type at 2.0 m/s velocity and data were recorded the 
first and every fifth trial thereafter such that 11 trials were analysed. 
Fifty impact trials is the approximate number of blows in One round of 
boxing. Trend Analysis for simple linear, quadratic, and cubic effects were 
used to detect the presence of gross trends across the 50 impact trials. 

RESULTS AND DISCUSSION: STUDY 2 

For peak force, as represented in Figure 7., the R2 was .78 for the 
Boxing Glove and .70 for the Karate Glove. The slope for the Boxing Glove was 
J times that of the Karate Glove (108.43 to 36.44 N, respectively). The sharp 
rise from the 1st to the 5th trial indicates the initial collapsing and air 
escapement from the materials. With the Boxing Glove this effect was greater 
as forces rose much quicker for that number of impacts. Both glove types 
began to level at the 15th impact, but by the 50th trial the Boxing Glove peak 
force had risen 96% from 1,483.95 to 2,913 N. The consistency of the Ensolite 
was evidenced by the Karate Glove's values rising only 27%, from 1,626 to 
2,078.74 N. 

Time-to peak force decreased for both glove types to the 15th trial and 
stabilized with 1 ms difference (See Figure 8.). The linear R2 was .60 for 
the Karate Glove and .41 for the Boxing Glove. The initial sudden drops for 
both glove types, especially the Boxing Glove indicate a rapid decrease in the 
ability to distribute forces over time. For the Boxing Glove this drop may 
also indicate a collapse of the hair and expulsion of air from the leather 
sheath. 

For average force values (See Figure 9.) the Boxing Glove R2 was .81 and 
it was .68 for the Karate Glove. The slope for the Boxing Glove was 6 times 
that of the Karate Glove (39.16 to 5.73 N, respectively). The Boxing Glove 
started out at just over half the average force of the Karate Glove, but by 
the 20th trial had surpassed the highest Karate Glove average force level. By 
the 50th trial the Boxing Glove average force had risen 118%, from 370.20 to 
806.33 N, while the Karate Glove force had risen only 12%, from 579.79 to 
649.40 N. With impact forces from this test, the Boxing Glove would attenate 
forces below the concussion level only on the first few impacts. After the 
first 5 blows, impacts using either glove type would be within the zone of 

concussion which is about 588 N with a 26 ms contact time. However, the Boxing 
Glove would be 'further inside the zone. It should be remembered that these are 
very conservative applied loads in relation to those of capable punchers. 
Mechanical impact velocities in these studies ranged from about 8 to 21 percent of 
velocities generated by human punchers. The 4.71 kg mass of the impactor 
corresponds to both the striking mass levels used in previous studies and the mass 
of the human head (Smith, 1984; Plagenhoef, 1971). 

Because the forces had rising functions and the impulse was constant, the 
contact time relationship was important. Since average force rOse for the Boxing 
Glove, the chance of hard tissue damage would be greater for the Boxing Glove with 
repeated ~npacts. Because impulse was constant, the acceleration of an impacted 
object such as the head would be within a comparatively stable range for specific 
impact levels with the Karate Glove. This data 'does not support the findings of 
Hodgson and Thomas (1981), who found no trends for repeated impact with boxing 
gloves for kinetic energy, acceleration, or the Severity Index. 
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Considering the lowest time to peak force was greater than 10 ms and the 
curves were fairly symmetrical, the contact tlme would be on the order of 26 to 28 
ms, minimum. Forces greater than about 588 N applied for 26 to 28 ms would be 
within the zone of concussion. In the first study, only the 2.0 and 2.5 m/s 
velocity impacts would be comparable to the force ranges generated by the lowest 
skilled punchers. Average forces crossed the demarcation line at ahout 2.0 m/s 
velocity to indicate concusssion level impacts could easlly be generated. From 
the latter study this level of force, 588 N, was surpassed between the 1st and 5th 
impacts for both glaove types though the Boxing Glove forces rose much higher 
across the 50 trials. 

Data from this project lnfers that very low skilled punchers could reaa,ly 
dellver concusslon level blows while wearing either the Boxlng or Karate Glove and 
that even with blows of comparatively low forces the glove, would offer little 
protecton after the first few lmpacts. Nelther the Boxlng Glove or the Karat~ 

Glove can be consldered "safe" in terms of protection from concusslon. The Boxlng 
Glove is more llkely to permlt hard tissue damage by vlrtue of ltS hlgher forces 
transmltted and the Karate Glove would more llkely permlt concusslons as 
determlned from the hlgher lmpulse levels. 
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