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A. I n t r o d u c t i o n  

To compare and eva lua te  m o d i f i c a t i o n s  i n  needle design 

and l ub r i can t s ,a  standard pene t ra t i on  t e s t  us ing  a  s k i n  s imu lan t  

w i t h  reproducable pene t ra t i on  c h a r a c t e r i s t i c s  s i m i l a r  t o  those o f  r e a l  

t i s s u e  must be ava i l ab l e .  Th is  ma te r i a l  need no t  produce i d e n t i c a l  

force va lues as normal t i s s u e  d u r i n g  penet ra t ion,  bu t  should e x h i b i t  

t h e  general  force-displacement c h a r a c t e r i s t i c s  and t h e  same p a t t e r n  

o f  response d i f f e r e n c e s  t o  d i f f e r e n t  need1 es , lubr i can ts ,  and t e s t  

cond i t i ons .  I n  a  prev ious s tudy ( I ) ,  force-displacement charac te r -  

i s t i c s  o f  hypodermic needles i n  cadaver t i s s u e  were obta ined and 

q u a n t i t a t i v e l y  eva luated and compared f o r  a  number of t i s sue ,  needle 

l u b r i c a n t ,  and t e s t  cond i t i ons .  Th is  r e p o r t  conta ins t h e  r e s u l t s  of 

pene t ra t i on  t e s t s  on t h ree  p o t e n t i a l  s k i n  s imulants  i n  d r y  and o i l -soaked 

s t a t e s  and compares these r e s u l t s  t o  t h e  c h a r a c t e r i s t i c s  of cadaver 

t i s sue .  

B. Methods and Procedure 

A t o t a l  o f  266 pene t ra t i on  t e s t s  were performed on t h ree  p o t e n t i a l  

s k i n  s imul ants  suppl i ed by Becton-Dickinson, us ing  t h e  procedures and 

t e s t  set-up descr ibed i n  ( 1  ) .  Each p iece of s y n t h e t i c  ma te r i a l  was 

glued between t h e  two aluminum r i n g s  used f o r  exc ised cadaver s k i n  t es t s ,  

trimmed o f  excess materia1,and p laced i n  the  spring-clamp f i x t u r e .  Mate- 

r i a l s  were f i r s t  t e s t e d  i n  t h e  d r y  cond i t i on ,  then soaked f o r  2 hours i n  

01 i v e  o i l  con ta i n i ng  2% PVA*and r e t e s t e d  a f t e r  mopping t h e  ma te r i a l  sur -  

faces. Each ma te r i a l  i n  t h e  d r y  and o i l -soaked cond i t i ons  was penet ra ted 

w i t h  DRY, ED1 249-1 ubr icated,  and 360-1 ub r i ca ted  hypodermic need1 es (22-1 12 g 

1-712") a t  90 and 45 degrees t o  t h e  s k i n  surface. N ine ty  degree t e s t s  

*po ly  v i n y l  a l coho l  



were performed a t  velocities of 5 and 10 inches/second, while 450 t e s t s  

were performed only a t  5 inches/second, Table 1 l i s t s  the six material 

conditions tested and gives the abbreviations used in referring to them in 

th is  report. Table 2 shows the sample sizes of t e s t s  performed for  each 

material/test condition. All punctures were made t o  a depth of 1 ,5 inches, 

and force-displacement curves were analyzed by the same computer program, 

"WCAL", as used for  cadaver tes ts .  

C.  Results 

1. General 

Figures 1 through 6 show actual force-time curves obtained for each 

material condition tested for the three lubricant conditions a t  5 inches1 

second and 90 degrees. Appendix C contains the summary s t a t i s t i c s  for 

each measurement variable for the 54 t e s t  s t ra ta  (velocity/lubricant/ 

anglelmaterial ) comprising the synthetic material tes t s .  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- 

dis~lacement curves for tes t s  a t  5 incheslsecond and 90 degrees. I n  

general, i t  i s  seen that a l l  the curves demonstrate the same general 

features observed for cadaver tes t s  of excised skin. I n  every case the 

force increases to a peak value, then drops suddenly to a much smaller b u t  

non-zero value which slowly decreases as penetration continues. I n  

only one case ( D R Y I B L K O )  i s  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 a t  5 and 10 inches/second. I n  

every case i t  i s  Ceen that the curve a t  10 inches/second l i e s  above the 



curve  a t  5  inches/second. Table  6 i l l u s t r a t e s  t h a t  i n  a  m a j o r i t y  o f  cases 

t h e  peak f o r c e  (F2),  force a t  1  i n c h  p e n e t r a t i o n  (F4) ,  and normal ized 

drag work (NDWK2) d i f f e r e n c e s  a re  s i g n i f i c a n t .  Di f ferences i n  D2 and 

D3 a r e  n o t  c o n s i s t e n t  and g e n e r a l l y  n o t  s i g n i f i c a n t .  

3. E f f e c t s  o f  Pene t ra t i on  Angle 

F igures 11A through 11 R g r a p h i c a l l y  compare t h e  average recons t ruc ted  

force-d isp lacement  curves f o r  pene t ra t i ons  a t  45 and 90 degrees t o  t h e  

m a t e r i a l  surface. I n  every  case t h e  curve  a t  45 degrees l i e s  above t h e  

cu rve  a t  90 degrees, i n d i c a t i n g  a  c o n s i s t e n t  d i f f e r e n c e  i n  r e s u l t s  a t  t h e  

two angles. 

4. E f f e c t  o f  Needle Lub r i can t  

F igures 12A through 12F compare t h e  average recons t ruc ted  f o r ce -  

displacement curves f o r  t h e  t h r e e  l u b r i c a n t  cond i t i ons  f o r  each m a t e r i a l  

cond i t i on .  For  t h e  d r y  m a t e r i a l s ,  i t  i s  seen t h a t  t h e  curves f o r  DRY 

needles 1  i e  cons iderab ly  above t h e  curves f o r  l u b r i c a t e d  needles. Th is  i s  

s i m i l a r  t o  t h e  r e s u l t s  ob ta ined  i n  cadaver t i ssue .  Comparing t h e  two l u b r i -  

can t  c o n d i t i o n s  i n  d r y  m a t e r i a l ,  i t  i s  seen t h a t  t h e  peak f o r c e  va lues a r e  

n e a r l y  i d e n t i c a l  b u t  t h a t  t h e  va lues of  F3 and F4 a re  c o n s i s t e n t l y  l a r g e r  

f o r  t h e  1249 l u b r i c a t e d  needles. Th is  i s  a l s o  s i m i l a r  t o  t h e  r e s u l t s  

i n  cadaver t i s s u e .  

For  t h e  o i l  -soaked m a t e r i a l s ,  t h e  d i f f e r e n c e s  i n  peak f o r c e  va lues 

between DRY and l u b r i c a t e d  needles become i n s i g n i f i c a n t  and, i n  fac t ,  f o r  

t h e  w h i t e  o i l e d  mate r ia l ,  t h e  peak f o r c e  i s  g rea te r  f o r  360 - l ub r i ca ted  

needles than DRY needles. F igures 7, 8 and 9 show t h a t  

t h e  e f fec t  of o i l  soaking t h e  m a t e r i a l s  i s  t o  markedly reduce peak f o r c e  

(F2) and d i s t ance  a t  peak force (D2) f o r  DRY needles. Resu l t s  f o r  l u b r i -  

ca ted  needles a r e  a l t e r e d  o n l y  s l i g h t l y  b u t  i n  a s i m i l a r  manner. 



5. Comparisons of Materials 

Figures 7 through 9 show that  force. values for  the white 

material are consistently greater by a factor of 2 or more than 

those fo r  GWHT or B L K  in both the dry and oil  soaked conditions. Force 

values for GWHT and B L K  are nearly identical for  a l l  conditions, with the 

primary difference between these materials being the displacement a t  

peak force, with D2 for  GWHT being consistently greater than for BLK for 

a1 1 conditions. 

6.  Comparisons with Cadaver Results 

a. General Fit .  Table 7 shows the average values of selected 

measurements for cadaver buttock skin t es t s .  Figures 13, 14, and 15 com- 

pare the average reconstructed curves for these cadaver t e s t s  w i t h  those 

of the synthetic materials for each needle lubricant condition. Tab1 es 

8 through 13 give the rat ios of average measurement values for the 

synthetics w i t h  those of the cadaver buttock t e s t s .  

For dry needles, i t  i s  seen that  the material B L K  gives perhaps the 

best f i t  t o  the BUTT/SKIN curve in terms of values and ratios, while 

GWHTO i s  also a good f i t  to BUTTISKIN in terms of force rat ios being 

f a i r l y  constant fo r  F2,  F3, and F4,and D2 and D3 being f a i r l y  close i n  

values. The material GWHT provides the best match to  BUTTISMIS for DRY 

need1 es . 
For 360-lubricated needles, the B L K  and GWHT materials in dry and o i l -  

soaked conditions provide a f a i r  match in force values to the cadaver 

data b u t  d i f fe r  s ignificantly in values of D2 and D3, the synthetics 

having the smaller values in every case. However, none of the synthetic 

materials matches the in tact  cadaver t i ssue  in the value of F4._or F4/F3. 



For  t h e  1249- lub r i ca ted  needles, peak fo rce  values match f a i r l y  we1 1  

f o r  GWHT and BLK i n  d r y  and o i l - soaked  cond i t i ons ,  bu t  t h e  values o f  F3 

match l e s s  w e l l ,  t he  cadaver t e s t s  having t he  h igher  value. As w i t h  t h e  

360 l u b r i c a n t ,  t h e  values o f  D2 and D3 a re  c o n s i s t e n t l y  sma l le r  f o r  t he  

synthet ics,and none o f  t h e  syn the t i c s  match t h e  i n t a c t  bu t tock  s k i n  r e s u l t s  

i n  values o f  F4 and F41F3. 

b, Lub r i can t  Rela t ionsh ips.  Tables 14 and 15 show t h e  r a t i o  of 

average measurement values f o r  d i f f e r e n t  l u b r i c a n t  cond i t i ons  f o r  exc ised 

and i n t a c t  bu t t ock  s k i n  tests,  r espec t i ve l y .  Tables 16 through 21 show 

these values f o r  t h e  s i x  s y n t h e t i c  ma te r i a l  cond i t i ons .  

It i s  c l e a r  from these r e s u l t s  t h a t  t he  o i l -soaked m a t e r i a l s  cannot 

be considered f o r  comparing d r y  need1 es w i t h  1 ub r i ca ted  need1 es. However, 

t h e  r a t i o s  f o r  BLKIO a re  among t h e  bes t  i n  comparison t o  cadaver da ta  f o r  

comparing 1249 and 360 l u b r i c a n t s .  The r a t i o  of F4 values f o r  1249 and 

360 l u b r i c a n t s  i n  BLK/O i s  i n  fac t  t h e  on l y  one t h a t  compares favorab ly  

w i t h  t h i s  r a t i o  from BUTTISKIN t es t s .  For comparing 1249 and 360 l u b r i -  

cants ,  a11 t h e  d r y  m a t e r i a l s  do a  reasonable job ,  e s p e c i a l l y  f o r  BUTT/ 

SKIN t e s t s ,  bu t  t h e  bes t  r a t i o  comparisons a re  probably f o r  t he  ma te r i a l  

WHT. For comparing d r y  and l u b r i c a t e d  needles, t he  d r y  ma te r i a l s  qeneral l y  

show l a r g e r  force r a t i o s  than t h e  cadaver t i s s u e  t e s t s  f o r  F3 and F4, bu t  

f a i r l y  comparable r a t i o s  of peak force, F2. The r a t i o s  of D2 and D3 a re  

a l s o  a  f a i r l y  good match, e s p e c i a l l y  t o  those of i n t a c t  bu t t ock  t i s sue .  

I n  terms of an o v e r a l l  match t o  t he  r e l a t i o n s h i p s  of measurement 

va r i ab l es  f o r  d i f f e r e n t  l u b r i c a n t  condi t ions,  t h e  ma te r i a l  WHT seems t o  

p rov ide  t h e  bes t  r e s u l t s .  
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Figure 1 .  Actual force-time t races  fo r  GWHT material fo r  
Dry, 1249 1 ubricated, and 360 1 ubricated need1 es. 



Figure 2. Actual force-time traces for B L K  material for 
Dry, 1249 lubricated, and 360 lubricated needles. 



Figure 3 ,  Actual force-time tracers for WHT material for 
Dry, 1249 lubricated and 360 1 ubricated need1 es. 



Figure 4. Actual force-time traces for GWHTO material for 
Dry, 1249 lubricated, and 360 lubricated needles. 
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Figure 5, Actual force-time traces for B L K O  material for 
Dry, 1249 1 ubricated, and 360 1 u bri cated need1 es . 



Figure 6.  Actual force-time traces for WHTO material for 
Dry, 1249 lubricated, and 360 lubricated needles. 



Figure 7.  Conpari son of average reconstructed force-di s ~ l  ace- 
ment curves for  dry needles i n  different materials a t  5 " /  
second and 90 degrees. 



Figure 8. Comnari son of average reconstructed force-di sol ace- 
ment curves for 1249 lubricated needles in  different materials 
a t  SM/second and 90 degrees. 



Figure 9. Comparison of average reconstructed force-di spl ace- 
ment curves for 360 lubricated needles in different materials 
a t  5"/second and 90 degrees. 



Figure 10A through 1 OR. Comparison of average reconstructed 
force-displacement curves for penetration velocities of 5 and 
10 inches/second. 
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Figure 11A through 1 1  R. Comparison of average reconstructed 
force-displacement curves for 90 and 45 degree penetration 
angl es. 
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Figure 12A through 12F. Comparisons of average reconst ructed 
fo rce-d i  sp l  acement curves f o r  d i f f e r e n t  need1 e 1 u b r i  bant  
condi t ions.  
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mt l lp71G"re  l4  Comparison of Average Reconstructed Force-Di spl acement 
Curves of Cadaver Buttock Tests with Synthetic rlateri a1 s 
for 1249 Lubricated Need1 es a t  5 i nches/second and 90 
degrees. 
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F i gu re  15. Comparison of Average Reconstructed Force-Di sp l  acement 
Curves of Cadaver Bu t tock  Tests w i t h  S y n t h e t i c  Mate r ia  
f o r  360 Lub r i ca ted  Needles a t  5 inches/second and 90 
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APPENDIX B 

Tables 1 through 21 



TABLE 1 

LIST OF MATERIALS, CONDITIONS AND ABBREVIATIONS 

USED I N  TEXT AND TABLES 

Specimen 
Code No. M a t e r i a l  Cond i t ion  Abb rev ia t i on  

1 4800 Whi te-Gray* DRY GWHT 

2 4701 Black DRY BLK 

3 White DRY WHT 

4 4800 Whi te-Gray* O i l  Soaked GWHTO 

5 4701 Black O i  1 Soaked BLKO 

6 White O i l  Soaked WHTO 

"penetrated w i t h  grey s i d e  toward needle 



TABLE 2 

TEST MATRIX AND SAMPLE SIZES 

TEST CONDITIONS MATERIAL 

Needle 
Lub r i can t  

DRY 

1249 

360 

I 

Penet . 
V e l o c i t y  

5 
10 

5 

5 

Penet. 
Angle 

9 0 

r 

4 5 

9 0 

4 5 

9 0 

- - 

5 4 5 4 5 5 28 

Column To ta l  48 41 45 41 46 45 266 

GWHT BLK WHT Row 
Dry O i l  Dry O i l  Dry O i l  Ta ta l  

6 5 5 4 6 5 3 1 
5 5 5 5 5 5 2 5 
5 4 5 4 5 5 2 8 

6 5 5 4 5 5 3 1 

10 

5 
5 

10 

5 5 5 5 5 5 2 5 

5 4 5 4 5 5 2 8 
6 5 5 5 5 5 3 1 

, 5  4 5 5 5 5 29 









TABLE 6 

Summary o f  Student  T-Test Resu l t s  Comparing 
Mean Values o f  Se lected Parameters a t  5 and 10 Inches/Second 

( " X "  i n d i c a t e s  a s i g n i f i c a n t  d i f f e r e n c e  i n  mean values a t  t h e  .05 l e v e l  . )  

DRY 

1249 

360 

- 

F2 F 3 F4 D2 D3 PWORK NDW K2 

X X 

X X 

X X X X 
X X X X 
X X X X X 
X X X X X X 

-- - - 

X X X X X 
X X 

X X X X 

X X X X 
X X X X 
X X X X X 

X X X X 
X X 

X X X X X 

X X X 
X X X X X 

X X X 

GWHT 

BLK 

WHT 

GWHTO 

BLKO 

WHTO 

GWHT 

BLK 

WHT 

GWHTO 

BLKO 

W HTO 

GWHT 

DLK 

WHT 

GWHTO 

BLKO 

WHTO 
- 

. 



TABLE 7 

AVERAGE CADAVER RESULTS FROb! BUTTOCK TESTS 



TABLE 8 

RATIOS OF AVERAGE RESULTS FOR DRY NEEDLE TESTS I N  SYNTHETIC 
MATERIALS WITH AVERAGE CADAVER RESULTS I N  EXCISED BUTTOCK S K I N  









TABLE 12 

RATIOS OF AVERAGE RESULTS FOR 1249 LUBRICATED NEEDLES I N  SYNTHETIC 
MATERIALS WITH AVERAGE CADAVER RESULTS FOR EXCISED BUTTOCK S K I N  







TABLE 15 

RATIOS OF AVERAGE RESULTS FOR DIFFERENT LUBRICANT CONDITIONS 
FOR CADAVER TESTS ON INTACT BUTTOCK S K I N  









TABLE 19 

RATIOS OF AVERAGE RESULTS FOR DIFFERENT LUBRICANT CONDITIONS FOR TESTS 
I N  O I L  SOAKED 4800 WHITE-GRAY (GWHTO) MATERIAL 
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APPENDIX C 

Statistics By Test Group 
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