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ABSTRACT 

This repor t  presents the ra t iona le  for arid procedures followed in the  
development of a s iz ing program for high a l t i t u d e  gloves. This program i s  based 
on four divis ions of hand circumference, each subdivided in to  three divisions of 
hand length making a t o t a l  of twelve sizes.  
measured t o  provide the thir ty-one dinensions presented for design purposes. 
Summary statistics, regression equations, design dimensions, and a procurement 
tariff a r e  presented in various tables throughout the report. 

A selected sample of 100 hands was 

The results of a fit-test of two d i f fe r ing  s t y l e s  of gloves sized according 
t o  this program indicate  that a high percentage of personnel can be f i t t e d  
adequately in t h e i r  indicated size. 
indicated s i ze  of gloves are a l s o  included. 

Detailed instruct ions f o r  determining the 
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Introduction 

The problem of adequately protecting t h e  hand a t  high a l t i t u d e s  by means of 

The degree t o  which the glove conforns t o  the hand deter- 
Huwever, the very nature of 

a partial pressure glove is  complicated by the ccnfl ic t ing demands of  conformity, 
comfort and mobility. 
mines t o  a large extent the adequacy of protection. 
the partial pressure glove is  to socle degree opposed t o  adequate mobility and 
comfort. A well-f i t t ing glove, i .e.,  one uhich confoms closely t o  the  dimensions 
of the hand, does much t o  improve mobility and comfort in an unimflated state, but 
when counter-pressure is applied, both mobility and comfort a r e  decreased. 

The current study is concerned v i t h  the development of a sizing program for 
partial pressure gloves. 
are primarily a matter of design and only secondarily re la ted to  sizing. 
other words, if the sizing program can insure a well-fi t t ing glove then the  de- 
signer must assume responsibi l i ty  of eliminating uncomfortable pressure points and 
incorporating easement f ac to r s  t o  insure proper mobility. 
the current  sizing program meets the  requirements of good f i t  i s  discussed i n  
Section IV I1Fit-Test Results". 

It is  f e l t  t h a t  the problems of comfort and mobility 
In 

The extent  t o  which 

The available anthropometric data on hand dimeneions were considered 
inadequate fo r  the following reasons: 

1. The hand measurements taken by the Anthropology Section during i t s  1950 
survey were not  specifically planned for glove design purposes and therefore are 
not  inclusive enough. 
survey t o  s a t i s f y  today's requirements. 

An insufficient number of dimensions were taken by the  1950 

2. The University of California a t  LosAngelesand Harvard surveys were 
taken on samples which could not  be d i rec t ly  compared with A i r  Force personnel. 

Therefore a new sunrey was planned whose specif ic  purpose was t o  provide 
adequate design information for the constnu?tion of high a l t i t u d e  gloves. 
and caliper measurements were taken for those dimensions d i f f i c u l t  or impossible 
t o  secure f r a m t h e  X-ray. 

Tap 

Commercial glove s iz ing prac t ices  were thought to be inadequate f o r  a glove 
which must conform to t he  hand in all dimensions. 
nmny manufacturers is hand circumference, uhich more or less corresponds t o  the 
anthropometric measurement, Hand Circumference a t  Metacarpal 2. 
are s ta ted  in terms of glovers inches which in turm are based on the  metric system 
in some obscure fashion. Qne glovers inch equals 27.0 millimeters or 1.G6 English 
inches. A s i ze  8 1/2 glove then is supposed t o  f i t  individuals whose band circum- 
ference is 8 1/2 glovers inches or 230 millimeters. 
range from 7 t o  10 by glovers half-inch increments. 
assures a reasonably good f i t  f o r  hand circumference. 
is solved by a series of even gradations up and d a m  from the a rb i t r a ry  length 
decided upon f o r  the s ize  8 1/2 glove. 
the f ingers  of the glove s l i g h t l y  shor t  so that when the hand is inser ted in to  tbe 
glove the t i p s  of the f ingers  go to the end of the glove. 
i s  that only one or two of the  f ingers  are accommodated adeqmbly .  The manufacturer 
of l ea the r  gloves has the addi t iona l  factor  of natural  stretch which helps the 
glove conform t o  the hand. 
course of use. 

The prime dimen8ion wed by 

Commercial s i z e s  

Usually commercial glove shes  
This large number of s izes  
The problem of band length 

Finger lengths are accommodated by hadng 

The only problem here 

Smal l  v a i a t i o n s  in s ize  are thus taken care of in the 

MADC TR 56-599 1 
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kterials and b t h o d s  

The sample consisted of 100 Air Force and civilian personnel from Wright- 
P a t u r s o n  Air Force Base. This sample was selected from a l a rge r  group of 150 
subjects so as t o  correspond s t a t i s t i c a l l y  with the 1950 survey sample (Iierttberg, 
Daniels and Churchill, 1954) f o r  hand length and hand breadth. 

A large number of individuals mearmred were or had been rated flying personnel. 
The selected sample represents a fair microcosm of the la rger  A i r  Force population. 

Two techniques mre ut i l ized  t o  secure sand dimensions. The f i r s t  concerned 
taking standardisd anthropometric measurements of the hand as w e l l  as some new 
measurements especially deaigned f o r  this study. The second techniquo involved 
taking a roentgenogram of both outstretched haads. From the resu l t ing  X-ray a 
number of s t r a i g h t l b e  dimensions were obtained using a millimeter rule.  

The band was positioned on the X-ray caset te  so that  the palm faced down on 

The wrist and 
the surface, with the fingers extended, parallel and just  s l i g h t l y  separated. 
thumb was 
foreaxm were arranged in a straight-line with the third finger. 

The 
abducted (held away from the palm) in most cases. 

Figure 1. Placement of Hand on X-ray Casette 

UADC TR 56=599 2 



The X-ray of the right hand was used 
t o  determine dinensions f o r  glove sizing. 
A baseline, passing transversely across the 
wrist, was established, from which all 
length measurements were determined. This 
baseline was constructed i n  the following 
manner. A ver t i ca l  line w a s  drawn from 
the  middle of the t i p  of the  d i s t a l  phalanx 
t o  the center of the metacarpal-phalangeal 
j o i n t  of d i g i t  three.  A perpendicular was 
dram from this l i ne  so t h a t  it passed j u s t  
tangent t o  the t i p  of the s ty lo id  process 
of the ulna, forming the baseline. Masure- 
ments were taken to  the f leshy out l ine  of 
the hand or t o  de f in i t e  bony landmarks. 
Some dimensions were obtained ind i rec t ly  
by subtracting the height of the crotches 
from the overall height of the t i p  of the 
d i g i t  above the baseline. 
urements all have a constant error of 2% 
due t o  enlargement, but are probably as  
accurate as d i r e c t  ~psasurements because 
the f ac to r  of compressibility of the f lesh  
is non-existent. 

The X-ray meas- 

Figure 2. X-ray of The Right Hand 

The following measurements weme the basis f o r  t h i s  s i r i n g  program. Summary 
S t a t i s t i c s  accompany each verbal description and i l l u s t r a t ion .  
expressed in milllasters. 

All dimensions are 

1. Hand Length: The hand i s  placed 
n the table with the palm facing upwards, 
he fingers outstretched and together. 
he measurement is  taken wi th  the sliding 
a l ipe r  from the proximal edge of the 
avicular bone ( lochted  by palpation) to 
he fleshy t i p  of the th i rd  d ig i t .  

Mean 188 .lo 
Standard Deviation 9.35 
r with Hand Circumference .606 

- 

Pigure3 .  HandLength 

3 



2. Hand Circumference a t  >b.lethcarpal 2 :  
The hand I s  placed palm d o m  on the table, 
with the f h g e r s  outstretched and together. 
The thumb is held awag from the hand. The 
measueolent i s  taken wi th  a millimeter tape 
around the hand a t  the base of the fingers, 
the tape passing over all four huckles.  

Mean 213.86 
Standard Deviation 8.39 
r with ' r i d  Length 0606 

c 

- 
Figure 4 .  Hand Circumference a t  

3. Hand Circumference a t  Thumb: The 

Metacarpal 2 

hand is placed palm down on the table, vi th  
the fingers outstretched and together. Ths 
thumb i s  held loosely against the side of 
the hand. The measurement i s  taken with a 
s t ee l  millimeter tape. The tape passes a t  
r ight  angles t o  the long axis of the hsnd 
a t  the level  of the metacarpal-phalangeal 
joint  of the first digi t .  

Msan 251.07 
10.95 Standard Deviation 

r with Hand Length 
r v i th  Hand Circumference 

. 583 . 810 
H.C.T. = -170 H.L. + .94l H.C. +17.85 Figure 5. Hand Circumference a t  

Thumb 

WADC TR 56-599 L 
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4 .  Hand Breadth a t  Metacarpal 2: 
The b n d  is placed palm upward on the 
table, with the fingers outstretched and 
together. 
the hand. The measurement i s  taken 
across the hand from the area of the 
metac&rpal-phalangeal j o i n t  of the 
second f inger  t o  the metacarpal-phalan- 
geal j o in t  of the f i f t h  f inger  wi th  the  
sliding cal iper .  

The thunb is held away from 

Mean 89 56 
Standard Deviation 3.57 
r with Hand Length . 671 
r with Hand Circumference .8W 

H.B. H.2 = . B O  H.L. t .322 H.C. + 5.65 

Figure 7. Hand Breadth a t  Thumb 

UhDC TR 56-59 

Figure 6. Hand Ereadth a t  
b t a c a r p a l  2 

5. Hand Breadth a t  Thumb: The hand 
i s  placed palm upward on the table with t h e  
f ingers  outstretched and togetber. The 
thumb is held loosely against  the side of 
the hand. The measurement i s  taken across 
the hand, a t  r i gh t  angles t o  the long axis, 
from the metscarpal-phalsngeal joint of 
the first d i g i t  t o  the ulnar side of the 
hand with the s l iding calipers. 

Mean z 105.81 
Standard Deviation 5.07 

r with Hand Circumference .n3 
r with Hand Length 0660 

5 



6. X r i s t  Circumference a t  Collateral 
Ligament: R e  hand i s  placed palm am on 
the table.  The measurement i s  taken eround 
the w r i s t ,  just d i s t a l  t o  the rad ia l  and 
ulnar s tyloid processes, w i t h  the d i l h e t e r  
tape 

k a n  175.3 
Standard Deviation 7.05 
r with Hand Length 5cQ 
r with Eand Circmference .603 

W.C.C.L. = .I62 H.L. t .396 U.S. t 6C.14 

.1 . 

\ i 
i 

Figure 8. Wrist Circumference a t  
Collateral Ligament 

7. Tote1 Length of Thumb: Measured 
on the X-rtiy from the  base of the thumb a t  
i t s  junction with the wrist (metacarpal 
j o i n t )  t o  the fleshy t i p  of the thumb. 

ban 119 13 
Standerd Deviation 6.20 

r with Band Circumference 
, r with Hand Length .SO5 . 508 

T.L.G.1 = .521H.L. t .a4 H.C. + 16.98 

Fi 

W A D C  TR 36-59 6 



8. Length of Thumb from the 
Metacarpsl-phahgeal Joint :  Measured 
on the X-ray as the greatest  distance 
betmeen the metacarpal-phalangeal j o i n t  
and the t i p  of the thumb. 

HMn 62.09 
standard Deldation 
ruithHandLength 
r w i t h  Hand Circumference 

3.35 
-790 
531 

.033 H.C. 

Figure ll. hngtb of Digits 1 t o  5 

1 

MeJAn 58.93 
S t a n d a d  Deviation 4.42 
r with Hand Length . 526 
r with Hand Circumference .190 

Figure 10, Length of Thumb from the 
F i r s t  Crotch 

9. Length of Digits 1 to 5 :  hasured 
on the X-ray, from the fleshy outline of 
crotches 1 t o  5 t o  the t i p  of the d ig i t  
(digi ts  2 and 3 from C-2, d i g i t  4 from C-3 
and d ig i t  5 from C-4). 

L-D.1 = .299 H.L. + -107 H.C. + 25.57 
L.D-2 = .256 H.L. + .035 H.C. + 16.78 
L.D.3 = .345 H.L. + .a9 H.C. + 15.46 
L.D.4 = 0352 H.L. - 0004 HOC. + 8.02 
L.D.5 = -321 H.L. + 0000 H.C. - 1-43 

2 3 4 5 

72.42 84.42 73.38 53-97 
5 -17 5-22 4-40 4.88 
-499 .406 .7u .617 . 399 .637 044.4 .374 

WdDC TR 56-39  7 



10. Height of Crotches, 1 t o  4 
above Easeline: hasured on the X-ray as 
the perpendicular distance from tke base- 
line t o  the fleshy outline of crotches 
i to 4 .  

Figure 12. Height of Crotches, 1 to 4 
above Baseline 

Ht.C.l Ht.C.2 Ht.C.3 Ht.C.4 

PISan 75.26 116.79 117.08 105.57 
Standard Deviation 7.53 7.06 7.12 6.98 
r w i t h  Hand Length &9 .787 . 769 .m 
r w i t h  Hand CFrcumference .335 525 . 518 -455 

UAM: TR 56-599 8 



ipers in l i g h t  contact with the &in. 

Man 23.79 
Standard Deviation 1.49 
r with Hand Length 0395 
r v i t h  Hand Circumference 0472 

B .P 81 

11. Breadth of Proximal Knuckle of 
The thumb i s  placed l i gh t ly  on Digit  1: 

the edge of the table, volar s ide  down. 
The transverse diameter of the proximel 
j o i n t  i s  measured with the s l idinn tal- 

Figure 13. Breadth of Proximal 
Knuckle of Digit  1 

12. 
Digits 2 t o  5 :  
the  greatestwidth of the fleshy outline of 
the finger a t  the proximal huckle .  

Breadth of Proximal Icnuckles of 
Measured on the X-ray as 

Figure U. Breadth of Proximal Knuckles 
of Digits  2 t o  5 

B.P.K.2 B.P.K. 3 

Mean 22 . 59 22.55 
Standard Deviation 1.10 1.07 
r with Hand Length 0402 .496 
r with Hand Circumference -588 a 6 2 0  

WBDC TR 56-599 9 
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B.P.K.4 BOP . K. 5 

21.11 18.53 . 93 099 
-407 . 367 
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13. Thickness of Proximal Knuckle of  
Th-mb: 
e s t  t h i c h e s s  of the fleshy outline of the 
thumb a t  the proximal joint .  

kasured on the X-ray as the great- 

Mean 19.38 
S t a n d a r d  Deviation 1.U 
r uith Hand Length .Q? 
r with Hand Circumference .529 

T.P.K.1 = .a0 H.L. + .058 H.C. + 3.21 

Figure 16. Thickness of Proximal 
Knuckle of Digits 2 t o  5 

T.P .K.2 

Figure 15. 
of Thumb 

Thichess of Proximal Knuckle. 

14. Thickness of Proximal Knuckle of 
Digits 2 t o  5 :  
elbow on the table  with the f ingers  extend& 
along the forearm and pointing up. 
anterior-posterior diameter of each finger 
is measured with the  s l iding caliper. 
After each f inger  is m e a s u r e d  it is folded 
d a m  out of the way and held by the other 

The subject rests the r igh t  

The 

hand 

T.P.K.2 = -049 H.L. + .034 H.C. + 2.26 
T.P.K.3 = .054 H.L. + .043 H.C. + .19 
T.P.K.4 = .026 H.L. + .034 H.C. + 6.24 
T-P*K.5 = -008 H.L. t .O@ H.C. + 5-53 

T.P.K.3 T.F.K.4 

Mean 18.75 19 54 18.40 16.Q 
Standard Deviation 1.05 1.22 1.U 1.08 
r with Hand Length ,505 594 398 .265 
r with Hand Circumference . :4l 546 4 . 4  .368 

i 
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15. !{eight Above Cro'tcitas of Prox- 
i m a l  Knuckles Df Digits 2 to 5: 
on the X-ray as the height above the 
crotches of a horizontal line passing 
through the middle of each proximal joint 
of digits 2 to 5. 

lkasured 

n r , y r e  17. Height Above Crotches of 
Proximal Knuckles of Digits 2 to  5 

h 25.45 , 30.98 20.69 U.83 
Strcnderd Deviation 3.78 2 -67 3 028 3 -26 

r with Hand Circumference ,196 . 26'7 0224 .276 
r w i t h  Hand Length -264 .387 0434 . 397 

WADC TFt 56-599 
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16. Height of l i igi i  2 Above Crotch I: 
Mezsured 3n the  X-rhy E S  ;:?e g'rebtest 
dis*tance Setween tne  flesky oxt l ine of t h e  
f i r s t  crotch %o t L e  t:s of a i g i t  2. 

&an 114.28 
S.D. 7.80 
r with Hend Length 695 
r v i t h  Hend Circumference .381 

Figure 19. Height of Proximal 
Knuckle of Digit  2 Above Crotch I 

Figure 18. Height of Digit 2 
Above Crotch I 

17. Height of Proximal Knuckle of 
Digit  2 Above Crotch I: 
X-ray as the grea tes t  v e r t i c a l  distance 
between the f leshy  out l ine of the f i rs t  
crotch t o  the middle of the Froximal j o i n t  
of the second d ig i t .  

Masured on the  

Mean 66.98 
S.D. 6.48 
r with Hand Length 562 
r with Hand Circumference .274 

H.P.K. 2 A. C1 = -433 H.L. - .081 + 2-86 

h c e  these measurements had been determined for each subject  the dimensiors 
were t ransferred t o  punch c6rds f o r  mechine analysis.  
an out l ine  of the s ta t is t ical  procedure and the resul t ing s iz ing  program. 

Section I11 presents 
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SECTION I11 

Analysis of the Date and Results 

Any valid sizing program must accommodate a large(90-95$) percentage of the 
population and provide a reasonable tolerance of fit. 
there i s  an optimum number of sizes.  
number of sizes which w i l l  f i t  the la rges t  number of people. 
rea l ize  t h b t ,  contrary t o  popular bel ief ,  a large number of sizes does not 
necesserily improve the qual i ty  of f i t  or the proportion of t h e  group accommodated. 
The optimum number i s  arrived a t  by a s t a t i s t i c a l  analysis of the means and varia- 
b i l i t i e s  of the various dimensions, and hence i s  a f a i r l y  lengthy process. 
deadline for the  current s iz ing program, was such tha t  no investigation in to  the 
optimum number of sizes could be attempted. 
a rb i t r a r i l y ,  because it was f e l t  that this def in i te ly  would be usable, and because 
it equalled the number of s izes  of the p a r t i a l  pressure su i t s .  

For each sizing problem 
This optimum may be defined as  the fewest 

It  is important t o  

The 

A twelve-size system was chosen 

The two basic dimensions, hand length and hand circumference were chosen 
because they correlated reasonably w e l l  with most of the other hand dimensions. 
Figure 20 i s  a theoret ical  b ivar ia te  dis t r ibut ion of about lo00 cases for two vari- 
ables having a correlation coef f ic ien t  of .60. As the two basic dimensions used 
correlate  .606, this bivariate probably depicts the actual  relationships with a 
high degree of accuracy. 
an ac tua l  bivarate using the small number of subjects (100) available in this sample 
would not portray the population charac te r i s t ics  as accurately. 

The use of a theoret ical  bivariate was dictated because 

The bivar ia te  has been divided into twelve s ize  categories, each ctitegory 
defined by def in i te  ranges of the basic dimensions. These ranges were determined 
by the requirements of the proportion t o  be f i t t e d  and the allowable tolerance of 
f i t .  It i s  t o  be noted that not a l l  of the categories are enclosed by equal ranges. 

Qlce the number of s izes  had been decided and the requis i te  hand dimensions 
had been transferred t o  punch cards, analysis of the data was completed. 
cards f o r  the 100 subjects were run through the IEM 6024 calculator to secure the 
mean, standard deviation, and correlat ion of each dimension with hand length and 
hand circumference . 

The pun& 

W i t h  hand length and hand circumference a s  the independent variables, regression 
equations were computed f o r  the other  31 dimensions as dependent variables. 
these equations had been obtained, midpoints of the s ize  ranges of the two basic 
dimensions were substituted in order t o  obtain group mean values for the other 
dimensions, To each of these mean values one within-size standard deviation was 
added t o  obtain the design value. 
for a l l  twelve sizes, 
regression equations fo r  a l l  of the dependent variables are  t o  be found accompanying 
the description of the measurements. 

Once 

The within-size standard deviation is  the same 
It may be thought of as an average standard deviation. The 

Table I summarizes the design values of the 12-size system fo r  partial-pressure 
gloves. 
two within-size standard deviations. 
nearest  millimeter. 
makers or  manufacturers can u t i l i z e ,  

These values are designed t o  accommodate the size means plus one and minus 

In some cases this may represent greater accuracy than pattern 
Design dimensions have been rounded t o  the 
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A a,aested procurement tariff for gloves s i zed  according to this program i s  

2n'yeEory of the theoretical bivariate expressed as a percentage of the t o m  
r3-* := Table 1x0 This tariff  i s  based on the number of subjects included in each 

-;la. 

TABLE I1 - Suggested Procurement Tariff 

Number of Pairs Per Thousand 

Size Size 

A 55 G '74 
B 6 2  H 167 
c 34 I s 4  
D uo J 2 4  
E 208 I(. 43 
F 80 L 29 
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F i t  Test Results 

An inport n t  st 7 i n  the develo7ment of any clothing ite:n i s  tha f i t  tsst. 
it i s  af ter  t h i s  phase i s  accomplished that the success, or  f a i l m e  of a develop- 
mental s iz ing program i s  realized. Only then, a f t e r  t h i s  f i n d  s te? ,  in a long 
progrission of expirimentation, which begins w i t h  the gatiiering of body dimensions, 
progresses with transforming the raw data i z t o  a ussble s i z h g  system, followed by 
integrating the siring system in to  the actual  item, can the a r t i c l e  be judged from 
a prac t ica l  standpoint - how it f i t s  and protects the weerer. 

The f i t  test of the p a r t i a l  pressure gloves was conducted on fifty-one (51) 
Aero Medical Laboratory personnel. 
menufacturers but sized according t o  ident ical  sizing systems, were Gested. 
The main purFose of the t e s t  was t o  determine the adequacy of the sizing program, 
not 50 conpsre two manufacturing techniques, nor t o  eva lwte  coxfort. 
comfort and f i t  are interrelated,  only general comfort observations were recorded, 
since the gloves were worn only f o r  short  periods of time during t h e  tes t .  
the fifty-one (51) subjects tes ted  thir teen (13) wore hnufacturer  I gloves o:-Jy, 
ten (10) wore hnufacturer  If gloves only and the remainder wore both types. 

Two se t s  of gloves, fabriceted 5y different  

L-lthough 

O f  

In an item of thf.s importance, a sample of fifty-one (51) people serves only 
as a good indichtion of the adequacy of the s i z ing  system. A larger sample would 
give greater  confidence in the efficiency of the s i z i n g  system. 
of s izes  of gloves tested did cover the en t i r e  range of hand s izes  i n  the Air Force. 

However, the range 

Procedure: The procedure used f o r  f i t t i n g  and Testing both types of gloves 
It consisted of taking two dimnsions, hand circumference and hand was ident ica l .  

length, on the r igh t  hand of each subject i n  the following mnner: 

-P Hand Circumference: The hand circun- 
ference was taken by placing the measuring 
tape on a teble or other f l a t  surface with 
the numerals facing downward. The subject 
placed h i s  r igh t  hand, palm down and f ingers  
together, i n  the middle of the tape so tkt 
the tape could pass s t r a igh t  across the hand 

A 

I 
I- 

z 
-I 
l 
0 

j u s t  beneath the knuckles. The circmference (3 

was measured to  tine nearest eighth of an inch. 

Figure 21. Method of Taking Hand 
Dirnecsions for  Selection of Proper 
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Hand Leneth: The :hand length V I S  taken by placine the subjec+,'s h m d ,  p l m  

The thumb was extended t o  the side as f a r  a s  possible. 
down, on a piece of paper with the fingers together and the !xnd and ara in  a 
s t r a igh t  l ine.  The paper 
was mrked a t  the t l p  of t5e longest,  or d i g i t  3, finger. Then, the pencil was 
placed in the notch a t  the base of the thumb where the thumb joins the wrist, and 
the paper marked. The s t r a igh t  line distence betaleen the two points was measured 
t o  the nearest  eighti? of an inch. 

The measurements taken were then compared w i t 3  glove sizing charts  and the 
proper, or indimted,  glove s ize  determined. 

The selection c r i t e r i a  were as follows: 

~ 

If Hand Circumference is And Hand Length i s  

6-5/8 t o  7 

7-5/0 t o  0 

7-?/0 or below 
7-1/0 t o  7-1/2 

8 t o  0-3/0 6-314 t o  7-1/8 
7-1/4 t o  7-3/4 
7-718 t o  8-1/4 

7 t o  7-318 
7-1/2 t o  7-7/0 
8 t o  8-318 

0-1/2 t o  7-710 

9 t o  9-114 7-118 t o  7-1/2 
7-5/0 t o  0-1/8 
0-1/4 and above 

Then Glove Size i s  

A 
B 
C 

D 
E 
F 

G 
H 
I 

J 
K 
L 

The glove was donned and first evaluated i n  the uninflated state.  It was 
decided t o  evaluate three main areas f o r  dimensional f i t ;  the finger lengths, hand 
circumference and wrist circumference. 

Finger Lengths: The f i t  of each glove finger,  from the crotch t o  the f inger  
t i p ,  was evaluated. It was noted whether the glove finger was long, short ,  o r  
adequate. 

and back of the hand, was noted. 
t o  restrict mobility, or cause pressure points i f  the glove was worn f o r  a long 
period of time. 

Hand Circumference: The t ightness  or looseness of the material about the palm 
The tightness of the material in t h i s  area tended 

Wrist Circumference: 
t ightness,  looseness, o r  adequacy. 
mobility considerably so that t ightness  of t h i s  band i s  important. 

The elastic wrist band on the gloves was evaluated f o r  
Restriction of the wrist j o i n t  decreases 

These areas  were evaluated while the hand was in  several positions. Although 
mobility was not quantitatively evaluated, it was taken into consideration because 
of the e f f e c t  f i t  has on mobility. 
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The en t i re  procedure was repeated while the glove was inf l s t sd  w i t h  par t icular  
emphasis on general co.dort and mobility observations. 

J K 

The r e su l t s  of the test indicate tha t  a high percentage (over 95%) of the 
tested subjects can be f i t t e d  i n  the i r  indicated size providing correct selection 
procedures are  employed. 

Thirty-nine (39) of fo r ty  (40) subjects were f i t t e d  adequately i n  Manufacturer 
1's gloves, while 34 out of 35 were f i t t e d  adequately in Manufacturer 11's gloves. 
The remaining individual's hand measured below the sizing range i n  both hand circum- 
ference and hand length. 
outside the sizing range w i l l  be custom-fitted a s  they represent a very small 
percentage, ( less  than 2%) of the t o t a l  f lying population. 

It i s  expected tha t  persons whose hand dimensions l i z  

L 

Two subjects were not f i t t e d  in their  indicated size gloves. The i r  hand dimen- 
sions, hand length and hand circumference, were on the borderline between two sizes. 
'&en f i t t e d  in the glove s i z e  with longer fingers,  the subjects '  fineers did not go 
t o  the t i p  of the glove fingers.  By downgrading,a glove was selected which main- 
tained the same hand circumference but decreased in f inger  length. 
an adequate overall  f i t  resulted.  The procedure fo r  upgrading and downgrading is  
shown i n  Table 111. 

In both cases, 

G H 

HAND W G T H  INCREASING 

I 

D E 

3 TABLE 111 - Scheme for upgrading and downgrading of Gloves 

F 

Glove Sizes D, E and F a l l  have tne same hand circumference. However s i z e  F 
With t h i s  i n  mind one can up- i s  longer than s i z e  E which is  longer than s ize  D. 

grade and downgrade when necessary t o  secure a proper f i t t i n g  glove. For example, 
i f  an individual's hand circumference and hand length measurement indicates tbt a 
size E glove should be worn but t h i s  s ize  i n  f a c t  does not f i t  properly the follow- 
ing choices a re  open f o r  upgrading and downgrading, D and F, B and H. Suppose tha t  
the hand circumference is adequate but the f ingers  do not go t o  the t i p  of the glove. 
Then s ize  I) should be t r i ed  because it has the same circumference but i s  shorter. 
If' the glove fingers a re  short  then s i ze  F i s  the first choice. Howeveryshould the 
glove circumference be t i g h t  but the length is adequate than one can upgrade t o  the 
s i z e  H glove. 
one downgrades t o  the s i ze  B gldve. 

If the glove c i r c - d e r e n c e  is  loose but the length i s  a l r igh t  than 
There i s  extreme f l e x i b i l i t y  i n  upgrading and 

A B 
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2 1  
2 

2 1  1 2  1 2  
2 11 11 

1 
1 

1 1 1 
1 1 1 

8 
9 

9 
1 

1 
1 

6 2  8 8 
8 1  9 9 

5 4  9 9 
1 1 1 

1 1  1 
1 1 1 

4 
8 

3 1  3 1  1 3  
1 7  8 8 

5 
7 

11 
1 

4 1  5 5 
5 2  7 6 1  

11 2 2 
1 1 1 

35 5 
3 6 1  

26 U 2 39 1 4 36 
1 3 1 5 1 3 5 1  1 3 4 2  

downgrading ;?ossible m d  if a logical procedure is followed, then a mucn h r g e r  
pro2ortion of individaals cen be f i t t g d  w i t , ?  a cotnfortable glove. 

ESTIMATE 
OF FIT 

i 
i 
I 

2 2 9  
0 '3 3 

1 2  
2 

3 
3 

1 
1 

1 7  
8 1  

1 8  
1 

1 
1 

3 1  
8 

5 
7 

2 
1 

L 
4 

336 1 
36 1 

A PAY* 1 
Fila 2 

2 1  
2 

2 1  
2 

1 2  
11 

3 
3 

3 
2 

3 
3 - 

1 
1 

8 
9 

. 9  
1 

3 
3 

C %N 1 
MkN 2 

~ 

1 
1 

1 
1 

~~ 

1 
1 

D U &  1 
Pkii 2 

8 
9 

8 
9 

8 
9 

3 b W  1 
Y i !  2 

9 
1 

9 
1 

9 
1 

F i*'a' 1 
M u 2  

1 
1 

~ 

1 
1 

C Y A K  1 
PAS 2 

1 1 
1 

4 
8 

- 
4 
8 

4 
8 

4 
7 1  

5 
6 1  

5 
7 

5 
7 

5 
7 - 
- 

2 
1 

4 
4 - 

40 
37 

- 

2 
1 

2 
1 

2 
1 

L M  1 
MAN 2 

4 
4 

39 1 
34 3 

4 
4 

39 1 
36 1 

4 
4 

TOTAL 
FAN 1 
fa 2 

1 39 
1 3 6  

I I 
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