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A. Introduction

To compare and evaluate modifications in needle design
and lubricants,a standard penetration test using a skin simulant
with reproducable penetration characteristics similar to those of real
tissue must be available. This material need not produce identical
force values as normal tissue during penetration, but should exhibit
the general force-displacement characteristics and the same pattern
of response differences to different needles, Tubricants,and test
conditions. In a previous study (1), force-displacement character-
istics of hypodermic needles in cadaver tissue were obtained and
quantitativelyv evaluated and compared for a number of tissue, needle
lubricant, and test conditions. This report contains the results of
penetration tests on three potential skin simulants in dry and oil-soaked
states and compares these results to the characteristics of cadaver
tissue.

B. Methods and Procedure

A total of 266 penetration tests were performed on three potential
skin simulants supplied by Becton-Dickinson,using the procedures and
test set-up described in (1). Each piece of synthetic material was
g]ueq between the two aluminum rings used for excised cadaver skin tests,
trimmed of excess material,and placed in the spring-clamp fixture. Mate-
rials were first tested in the dry condition, then soaked for 2 hours in
olive 0il containing 2% PVA*and retested after mopping the material sur-
faces. Each material in the dry and oil-soaked conditions was penetrated
with DRY, BD1249-lubricated,and 360-lubricated hypodermic needles (22-1/2 g -

1-1/2") at 90 and 45 degrees to the skin surface. Ninety degree tests

*poly vinyl alcohol



were performed at velocities of 5 and 10 inches/second, while 459 tests
were performed only at 5 inches/second. Table 1 lists the six material
conditions tested and gives the abbreviations used in referring to them in
this report. Table 2 shows the sample sizes of tests performed for each
material/test condition. A1l punctures were made to a depth of 1.5 inches,
and force-displacement curves were analyzed by the same computer program,

"WCAL", as used for cadaver tests.
C. Results

1.  General

Figures 1 through 6 show actual force-time curves obtained for each
material condition tested for the three Tubricant conditions at 5 inches/
second and 90 degrees. Appendix C contains the summary statistics for
each measurement variable for the 54 test strata (velocity/lubricant/
angle/material) comprising the synthetic material tests. Tables 3, 4,
and 5 present the average values of selected variables derived from these
data, while Figures 7, 8, and 9 compare the average reconstructed force-
displacement curves for tests at 5 inches/second and 90 degrees. In
general, it is seen that all the curves demonstrate the same general
features observed for cadaver tests of excised skin. In every case the
force increases to a peak va]ue,hthen drops suddenly to a much. smaller but
non-zero value which slowly decreases as penetration continues. In
only one case (DRY/BLKO) is the force F4 significantly greater than F3.

2. Effect of Penetration Velocity

Figures 10A through 10R graphically compare the average reconstructed
force-displacement curves for penetrations at 5 and 10 inches/second. In

every case it is seen that the curve at 10 inches/second lies above the



curve at 5 inches/second. Tab]e 6 illustrates that in a majority of cases
the peak force (F2), force at 1 inch penetration (F4), and normalized

drag work (NDWK2) differences are significant. Differences in D2 and

D3 are not consistent and generally nat significant.

3. Effects of Penetration Angle

Figures 11A through 11R graphically compare the average reconstructed
force-displacement curves for penetrations at 45 and 90 degrees to the
material surface. In every case the curve at 45 degrees lies above the
curve at 90 degrees, indicating a consistent difference in results at the
two angles.

4. Effect of Needle Lubricant

Figures 12A through 12F compare the average reconstructed force-
displacement curves for the three Tubricant conditions for each material
condition. For the dry materials, it is seen that the curves for DRY
needles lie considerably above the curves for lubricated needles. This is
similar to the results obtained in cadaver tissue. Comparing the two lubri-
cant conditions in dry material, it is seen that the peak force values are
nearly identical but that the values of F3 and F4 are consistently larger
for the 1249 lubricated needles. This is also similar to the results
in cadaver tissue.

For the oil-soaked materials, the differences in peak force values
between DRY and lubricated needles become insignificant and, in fact, for
the white oiled material, the peak force is greater for 360-lubricated
needles than DRY needles. Figures 7, 8 and 9 show that
the effect of 0i1 soaking the materials is to markedly reduce peak force
(F2) and distance at peak force (D2) for DRY needles. Results for lubri-

cated needles are altered only slightly but in a similar manner.



5. Comparisons of Materials

Figures 7 through 9 show that force values for the white |
material are consistently greater by & factor of Z or more than
those for GWHT or BLK in bothAthe dry and oil soaked conditions. Force
values for GWHT and BLK are nearly identical for all conditions, with the
primary difference between these materials being the displacement at
peak force, with D2 for GWHT being consistently greater than for BLK for
all conditions.

6. Comparisons with Cadaver Results

a. General Fit. Table 7 shows the average values of selected
measurements for cadaver buttock skin tests. Figures 13, 14, and 15 com-
pare the average reconstructed curves for these cadaver tests with those
of the synthetic materials for each needle lubricant condition. Tables
8 through 13 give the ratios of average measurement values for the
synthetics with those of the cadaver buttock tests.

For dry needles, it is seen that the material BLK gives perhaps the
best fit to the BUTT/SKIN curve in terms of values and ratios, while
GWHTO is also a good fit to BUTT/SKIN in terms of force ratios being
fairly constant for F2, F3, and F4,and D2 and D3 being fairly close in
values. The material GWHT provides the best match to BUTT/SMIS for DRY
needles.

For 360-Tubricated needles, the BLK and GWHT materials in dry and oil-
soaked conditions provide a fair match in force values to the cadaver
data but differ significantly in values of D2 and D3, the synthetics
having the smaller values in every case. However, none of the synthetic

materials matches the intact cadaver tissue in the value of F4 or F4/F3.



For the 1249-lubricated needles, peak force values match fairly well
for GWHT and BLK in dry and oil-soaked conditions, but the values of F3
match Tess well, the cadaver tests having the higher value. As with the
360 lubricant, the values of D2 and D3 are consistently smaller for the
éynthetics,and none of the synthetics match the intact buttock skin results
in values of F4 and F4/F3.

b. Lubricant Relationships. Tables 14 and 15 show the ratio of

average measurement values for different lubricant conditions for excised
and intact buttock skin tests, respectively. Tables 16 through 21 show
these values for the six synthetic material conditions.

It is clear from these results that the oil-soaked materials cannot
be considered for comparing dry needles with lubricated needles. However,
the ratios for BLK/O are among the best in comparison to cadaver data for
comparing 1249 and 360 lubricants. The ratio of F4 values for 1249 and
360 lubricants in BLK/O is in fact the only one that compares favorably
with this ratio from BUTT/SKIN tests. For comparing 1249 and 360 lubri-
cants, all the dry materials do a reasonable job, especially for BUTT/
SKIN tests, but the best ratio comparisons are probably for the material
WHT. For comparing dry and Tubricated needles, the dry materials generally
show larger force ratios than the cadaver tissue tests for F3 and F4, but
fair]y comparable ratios of peak force, F2. The ratios of D2 and D3 are
also a fairly good match, especially to those of intact buttock tissue.

In terms of an overall match to the relationships of measurement
variables for different Tubricant conditions, the material WHT seems to

provide the best results.
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APPENDIX A

Figures 1 through 15
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Figure 10A through 10R. Comparison of average reconstructed
force-displacement curves for penetration velocities of 5 and
10 inches/second.
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Figure 11A through 11R. Comparison of average reconstructed
force-displacement curves for 90 and 45 degree penetration
angles. .
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Figure 12A through 12F. Comparisons of average reconstructed
force-displacement curves for different needle lubribant
conditions.
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APPENDIX B

Tables 1 through 21
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TABLE 1
LIST OF MATERIALS, CONDITIONS AND ABBREVIATIONS
USED IN TEXT AND TABLES

Specimen ,
Code Na. Material Condition Abbreviation
1 4800 White-Gray* DRY GWHT
2 4701 Black DRY BLK
3 White DRY WHT
4 4800 White-Gray* 0i1 Soaked GWHTO
5 4701 Black 0i1 Soaked BLKO
6 White 0i1 Soaked WHTO

*penetrated with grey side toward needle
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TABLE
TEST MATRIX AND SAMPLE SIZES

2

TEST CONDITIONS MATERIAL

NeedTe Penet. Penet. GWHT BLK WHT Row
Lubricant | Angle Velocity ||| Dry 0il Dry 0il Dry 0i1 Total
90 5 6 5 5 4 6 5 31

DRY 10 5 5 5 5 5 5 25
45 5 4 5 4 5 5 28

90 6 5 5 4 5 5 31

1249 10 5 5 5 5 5 5 25
45 5 5 4 5 4 5 5 28

90 5 6 5 5 5 5 5 31

360 10 5 4 5 5 5 5 29
45 5 5 4 5 4 5 5 28

Column Total 48 41 45 41 46 45 266

67




Lof h oy \vN.P. /L T 1L - __ Q1) 92 2 _ 0] vym
oo/ | I« 22z g’ bh- I A S Sb° m o3y
O A/ LA o % Aty B 2h 9 5 1o , 0/ anm-9
 gs sz | Cowy Sh gt || ofz 19z | won | A
hzs Ty Th L At & PN Lzl Lo 2 M AT
£8gs h-91 2N 91 0 ) 91 Su 1" 2 _ anmH
: = o\ e~9) AS )

SPomnl | 2A™Ad | Fdomay fa || =a WD T 24 |

S1S3L 37033IN AY¥Q ¥Od4 SLINSIY LNIWIYNSYIW IFOVHIAV
€ 3J1avl

AR’




lhz S 2’2 L 25 g9 rm_. 2b7) _ 0 /1 yam
S b 192 22 /19 AA S2’ ez TR Q) My
2o/ 22§ S 2 Li - 5 Lz LS 29" 9/1nm9
2he | She | £ Ao LS £ s | Loz L
[ 0/ ho & L> 2 3’ k- Sz he’ b’ | A
2z &I h e & 90/ Q9" 238" LR L~ = 2L nmnm9
. “ o993 ASa)
TV Vol | 2A™MAY | Jdoma Sa 2Q wD T3 =4

S3T03IN Q3LVITHENT 6F2L Y04 SLINSIY INIWIYNSYIW I9VHIAY

v 379vL

~n



e N hs D 'L o/ A N LS e o8 2 0)1nm
08 Jbe’] 2352 28 She /- ez’ ob° 9/ N D
Lot A> s Ths o/ N /s L oL - 9/Lnm9
g3/ 2 Lh-s Lol o LS ! S S5 21z | A no
2L 952 he z oL - A L’ __ r o/ 2D

[ 11 &S Lhg 907/ 99" w2 Le' Lyv® AnmY

—

Mol | 2A™MQy yso..:&. sa 2q Y ) 24 __Ioﬁ morasal

S37033N Q3LYIIYENT 09€ Y04 SLINSIY LINIWIYNSYIW IOVHIAY

§ 319vl

70



TABLE 6

Summary of Student T-Test Results Comparing
Mean Values of Selected Parameters at 5 and 10 Inches/Second
("X" indicates a significant difference in mean values at the .05 level.)

F2 F3 F4 D2 D3 PWORK NDWK?2

GWHT X ' X
BLK X X

DRY WHT X X X X X
GWHTO X X X X
BLKO X X X X X
WHTO X X X X X X
GWHT X X X X X
BLK X X

1249 WHT X X X X
GWHTO X X X X X
BLKO X X X X
WHTO X X X X X
GWHT X X X X
DLK X X

360 WHT X X X X X
GWHTO X X
BLKO X X X X X
WHTO X X X
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TABLE 7
AVERAGE CADAVER RESULTS FROM BUTTOCK TESTS
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TABLE 8

RATIOS OF AVERAGE RESULTS FOR DRY NEEDLE TESTS IN SYNTHETIC
MATERIALS WITH AVERAGE CADAVER RESULTS IN EXCISED BUTTOCK SKIN
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TABLE 12

RATIOS OF AVERAGE RESULTS FOR 1249 LUBRICATED NEEDLES IN SYNTHETIC
MATERIALS WITH AVERAGE CADAVER RESULTS FOR EXCISED BUTTOCK SKIN
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TABLE

15

RATIOS OF AVERAGE RESULTS FOR DIFFERENT LUBRICANT CONDITIONS
FOR CADAVER TESTS ON INTACT BUTTOCK SKIN
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TABLE 19

RATIOS OF AVERAGE RESULTS FOR DIFFERENT LUBRICANT CONDITIONS FOR TESTS
IN OIL SOAKED 4800 WHITE-GRAY (GWHTO) MATERIAL
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APPENDIX C

Statistics By Test Group
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NESCRIPTIVE MEASURES
VAR ARLE

11.F2
12.F2
1366
14.F32
15.F43
1€.F42
11.02::
18.01
12.n¢
70.0251
71.034:
22.77
23.7T1°
?A.IL'/
?S.PHO;K
26. OWORK
z7.ruu?w
26.NPAGW)
29.NPAGW2
30.PHNRK X
3l.qwokxt
32.00WK127
35 . NDWK

36.NDHK2

<> VELOCITY:5.04LUBRICNT tDRY*ANGLE: 59, *MAT "L 3 GWHT

N MINIMUM
5 +51CO
% 1.9000
£ 1.€1C0
S 75000
5 .85000
5 .€4000
S .F8°00
5 1.32°0
5 ?2.5400
5 <3000
5 .52000
S 71.000
5 106.00
S 202.00
5 12.200
5 32.820
5 &5.020
5 f£.3000
5 11.940
S 27.000
5 6%.000
5 23.000
5 16.747
5 1%.E8¢€5

FAXINUM
2.7100
2.4700
2.2300
«92000
«S57C00
.85000
1.0260
1.9550
2.5470
.40000
. 76000
82.000
155.00
202.00
15.700
36.210
51.700
23.100
2T7.3€60
30.000
72.000
£€.000
23.€02

22.724

ME AN
2.6340
2.2160
2.0140
.83400
«905400
« 76000
«G1540
1.6534
2.5426
-37800
+64400
717.800
131.20
202.00
14.499
15.068
49.570
16.468
18.594
2R.600
70.400
46.900
22.423

20.693

STD DEV
.T6354
.21824
.25353
.68411
44497
JB5147
57169
.26677
26077
«23875
< 10407
4.4385

21.183

1.5428
1.3232
2.7209
6.2446
6.7795
1.5166
1.5166
1R.254
1.5045

2.3410

STATISTICS AY STRATA FOR SYNTHETIC MATERIALS L1-6
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