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INTRODUCTION AND OBJECTIVES 

I n  p rev ious  i n v e s t i g a t i o n s  (1 ,  2 )  o f  p e n e t r a t i o n  c h a r a c t e r i s t i c s  

o f  hypodermic needles us i ng  an automat ic  i n j e c t o r ,  t h e  p o s i t i o n  o f  t h e  

need1 e  was mon i to red  by an LVDT. The LVDT a? so i s  u t i l  i z e d  i n  a  

feedback c o n t r o l  c i r c u i t  t o  ach ieve cons tan t  need1 e  v e l o c i t y  d u r i n g  

pene t ra t i on .  I n  c o n j u n c t i o n  w i t h  t h e  f o r c e  cu rve  which i s  d i g i t i z e d  

a t  t h e  same t ime,  t h e  LVDT f u r t h e r  p rov ides  a  measure o f  needle d i s -  

placement a t  peak f o r c e  ( D 2 )  f o r  comparisons between need1 e  types.  

I n  terms o f  e v a l u a t i n g  and comparing t h e  c u t t i n g  o r  p e n e t r a t i n g  a b i l  i t y  

of needle t i p s ,  however, a  measure of p e n e t r a t i o n  depth below t h e  

s k i n  su r f ace  i s  needed. 

I n  t h i s  s tudy  we have sought t o  mon i t o r  s k i n  d isp lacement  and 

t h e r e f o r e  need1 e  t i p  p e n e t r a t i o n  (need1 e  d isp lacement  minus s k i n  d i s -  

placement) d u r i n g  au tomat i c  i n j e c t i o n  t e s t i n g  o f  needles by u t i l i z i n g  

a  high-speed x - ray  cinematography system developed a t  HSRI . Whi le  

t h e  s tudy  was in tended p r i m a r i l y  as an e x p l o r a t o r y  i n v e s t i g a t i o n  on 

t he  use of  t h i s  high-speed x - ray  f a c i l i t y  i n  t h i s  a p p l i c a t i o n ,  i t  

was hoped t h a t  t h e  r e s u l t s  m igh t  p rov i de  f u r t h e r  i n s i g h t  and answers 

t o  t h e  f o l l o w i n g  quest ions:  

1 ) How do f ac to r s  such as p e n e t r a t i o n  f o r ce ,  s k i n  displacement,  

and t i p  p e n e t r a t i o n  d i f f e r  f o r  needles w i t h  d i f f e r e n t  t i p  

geometr ies? (i .e., how do d i f f e r e n t  t i p  geometr ies a f f e c t  

i n i t i a l  c u t t i n g )  .. 



and, 2) Can t h e  occurrence o f  peak f o r c e  (and o t h e r  f o r c e  cu r ve  

c h a r a c t e r i s t i c s )  be c o r r e l a t e d  w i t h  t he  i n t e r a c t i o n  o f  

p o i n t  geometry f e a t u r e s  (i .e., hee l ,  s i d e  beve ls )  w i t h  t he  

dermis? 

To accompl ish these  goals ,  t h e  f o l l o w i n g  s e t  o f  need1 es were t es ted :  

Tes t  - Needle and L u b r i c a n t  

2  Conical  so l  i d  20 g  d r y  

3 Te t rahedra l  so l  i d  20 g  d r y  

4  42 p o i n t  s o l i d  20 g  d r y  

5 42 p o i n t  s tock  20 g  1249 

6  S ide  bevel 20 g  360 

7 Back bevel  22 g  360 

8 A bevel  22 g  360 

9  42 p o i n t  s tock  22 g  d r y  

Th i s  r e p o r t  desc r ibes  t h e  procedures used i n  c o l l e c t i n g  t h e  

da ta  and presents  t he  r e s u l t s  ob ta ined .  I t  a1 so d iscusses these 

r e s u l t s  i n  terms o f  t h e  o b j e c t i v e s  descr ibed  above and p resen ts  t h e  

i n v e s t i g a t o r s '  conc lus ions ,  hypotheses, and suggest ions fo rmu la ted  

from these r e s u l t s .  



METHODS 

1 .  Exper imental  Setup 

X-ray movies o f  needle p e n e t r a t i o n  were made us i ng  a  high-speed 

x - ray  cinematography system developed a t  HSRI (3) .  F i gu re  A i l l u s t r a t e s  

t h e  bas ic  f e a t u r e s  o f  t h i s  system as i t  was used i n  c o n j u n c t i o n  w i t h  

t h e  automat ic  i n j e c t o r .  The l o w  l e v e l  x - r ay  image formed on t h e  

ca lc ium t u n g s t a t e  f l u o r e s c e n t  screen by a  s tandard x - ray  emiss ion 

source i s  o p t i c a l l y  coupled th rough  a  l ense  and be l lows  t o  t h e  i n p u t  

end o f  a  4-stage m a g n e t i c a l l y  focused image i n t e n s i f i e r  tube. The 

i n t e n s i f i e d  image i s  formed on a  2 - inch  d iameter  o u t p u t  phosphor o f  

t h e  image tube  and photographed by a  high-speed 16mm mot ion  p i c t u r e  

camera. A spec ia l  e l e c t r o n i c  synch ron i za t i on  c i r c u i t  gates t h e  

image i n t e n s i f i e r  w i t h  t h e  movie camera s h u t t e r  a t  t h e  d e s i r e d  f i l m  

r a t e .  

The 6SRI compute r -con t ro l led  i n j e c t o r  was used as i n  p rev ious  

work t o  c o n t r o l  needle  pene t ra t i ons  i n  t h e  t i s s u e  specimen p laced 

between t h e  x - ray  source and f l uo rescen t  screen. I n  these t e s t s  t h e  

d e l t o i d  r e g i o n  o f  a  cadaver arm !&!as used so t h a t  t h e  needle and t i s s u e  

cou id  be p laced as c l o s e  t o  t h e  f l u o r e s c e n t  screen as p o s s i b l e  f o r  

maximum image sharpness. The need1 e  i n j e c t o r  was operated h o r i z o n t a l  1  y  

w i t h  t h e  needle para1 1  e l  t o  t h e  f l u o r e s c e n t  screen and approx imate ly  

1-1 /4  inches f rom i t .  The arm was suspended v e r t i c a l l y ,  hand-up, and 

was taped i n  p l ace  so t h a t  t h e  s k i n  su r f ace  a t  t h e  i n j e c t i o n  s i t e  

cou ld  be viewed on t h e  phosphor screen throughout  t h e  i n j e c t i o n .  

Pieces o f  f i n e  w i r e  so l de r  taped t o  t h e  back (ou t s i de )  s i d e  o f  t h e  

t u n g s t a t e  screen prov ided re ference and o r i e n t a t i o n  marks f o r  f i l m  

a n a l y s i s  . 





M o d i f i c a t i o n s  were made t o  bo th  t h e  computer so f tware  and hard- 

ware so t h a t  t h e  computer c o n t r o l l e d  t he  x - ray  and high-speed camera 

equipment th rough  a  TTL c o n t r o l  1  ed i n t e r f a c e  and thereby  synchronized 

them w i t h  needle movement. A m o d i f i e d  photographic  s t r obe  f l a s h  u n i t  

was used t o  synchron ize t h e  f i l m  and f o r c e  reco rd i ngs  by s imu l taneous ly  

overexpos ing a f i l m  frame and p r o v i d i n g  a  v o l t a g e  s p i k e  t o  t h e  c h a r t  

r eco rde r .  The s t r obe  was t r i g g e r e d  j u s t  p r i o r  t o  need le /sk in  c o n t a c t  

by  c l o s i n g  t h e  s t r obe  s w i t c h  th rough  two copper 1  e a f  con tac t s  a t tached  

t o  t h e  i n j e c t o r  frame and moving s h a f t .  F i gu re  B i l l u s t r a t e s  t h e  

t i m i n g  o f  these  computer, t ime r ,  and r e l a y  sync s i g n a l s  i n  r e l a t i o n  

t o  needle  displacement,  f o r ce ,  and s t r obe  s i g n a l s .  S ince i t  was 

necessary t o  o u t p u t  t h e  computer s i gna l  c o n t r o l  1  i n g  x - r ay  exposure* 

p r i o r  t o  e n t e r i n g  t h e  sub rou t i ne  t o  beg in  needle movement (Basfc 

Subrou t ine  C a l l  40), t h e  computer s i gna l  f o r  t u r n i n g  t h e  x - ray  on was 

i n p u t  t o  a  t i m e r  w i t h  a  125 msec de lay .  The o u t p u t  o f  t h i s  t i m e r  then  

t r i g g e r e d  t h e  r e l a y  s w i t c h  and tu rned  on t h e  x - ray  exposure j u s t  p r i o r  

t o  s k i n  con tac t .  

Using GE s i l a s t i c  as a  b inder  a  t h i n  l i n e  o f  l ead  dus t  was p laced 

on t h e  arm i n  t h e  p l ane  of t h e  needle immediate ly  p r i o r  t o  t e s t i n g .  

Th i s  p rov ided  a  radiopaque su r f ace  o f  t h e  ep idermis  which cou ld  be 

seen as t h e  s k i n  was de f l ec ted  behind o the r  t i s s u e .  F i gu re  C shows a  

p o l a r o i d  photograph and drawing of  t h e  needle p a r t i a l l y  i n j e c t e d  i n t o  

t h e  arm and shows t h e  so lde r  re ference l i n e s ,  needle and hub, t i s s u e  

specimen and 1  ead 1 i n e  deno t ing  t h e  d e f l e c t e d  ep idermis .  

* A c t i v a t i n g  t h e  x - ray  source r e q u i r e s  f i r s t  t u r n i n g  on t h e  x - ray  
power supp ly  (s tandby)  and a f t e r  a  second o r  two t u r n i n g  on t h e  
x - ray  source i t s e l f  (exposure) .  See F igu re  B. 





- hub - s k i n  d e f l e c t i o n  
' ~ o s i t 6 0 n - ~ ~ ~ i , t r a t i o n  

marks  - n e e d l e  t i p  

F i g u r e  C 

Photograph o f  i n t e n s i f i e d  x-ray image on  t h e  
i n t e n s i f i e r  t u b e  and i l l  u s v a t i o n  o f  how 
image appears on  a  mov ie  f i l m  f rame.  



I n j e c t i o n s  were performed a t  a  v e l o c i t y  o f  2 inches/second t o  a  

depth o f  1.5 inches beyond s k i n  c o n t a c t  a t  90 degrees t o  t h e  s k i n  

sur face.  The frame r a t e  o f  t h e  camera v a r i e d  from 700 t o  950 frames/ 

second . 

2. Data Ana lys is  

Data a n a l y s i s  cons i s t ed  p r i m a r i l y  o f  d i g i t i z i n g  needle p o s i t i o n  

and s k i n  d e f l e c t i o n  r e l a t i v e  t o  i n i t i a l  s k i n  p o s i t i o n  f rom the  f i l m  

data.  Th i s  was accomplished us i ng  a  Numonic Corpora t ion  d i g i t i z e r ,  and 

remote ly  c o n t r o l l e d  s i n g l e  s t ep  f i l m  p r o j e c t o r .  Needle t i p  p e n e t r a t i o n  

was computed f o r  each d i g i t i z e d  frame (approx imate ly  every  1 0 t h  frame) 

by s u b t r a c t i n g  s k i n  d e f l e c t i o n  f rom needle t i p  p o s i t i o n .  Actua l  d i s -  

tances were computed from these d i g i t i z e d  r e s u l t s  by us i ng  t h e  measure 

o f  needle l e n g t h  as a  m a g n i f i c a t i o n  f a c t o r .  These displacement curves 

were synchronized and matched t o  t h e  d i g i t i z e d  f o r c e  va lues us i ng  t h e  

s t r obe  pu lse  and computed f i l m  frame r a t e .  Because i t  was d i f f i c u l t  t o  

l o c a t e  t h e  ac tua l  need1 e  t i p  ( e s p e c i a l l y  a f t e r  pene t ra t i on ) ,  the  

p o s i t i o n  o f  t h e  needle hub was d i g i t i z e d  and t h e  needle t i p  p o s i t i o n  

was computed by adding t h e  d i g i t i z e d  va lue  o f  needle l e n g t h .  The 

so lder  r e fe rence  marks were used t o  zero t h e  d i g i  t i t e r  a t  a  common 

p o i n t  i n  a l l  f i l m  so t h a t  t h e  i n i t i a l  s k i n  p o s i t i o n  remained t he  same 

between frames. 



RESULTS 

1.  General 

Accompanying t h i s  r e p o r t  i s  a  16mm x - ray  f i l m  o f  t e s t s  2  through 9 .  

The r e s u l t s  presented i n  t h i s  s e c t i o n  were produced from data taken from 

t h i s  f i l m  and d i g i t i z e d  as descr ibed  i n  t h e  Methods sec t i on .  

The r e s u l t s  o f  t h e  t e s t s  a r e  g i ven  i n  F igures 1  through 13 and 

Tables 1  and 2. F igures  1  through 8  a r e  p l o t s  o f  t he  f o r ce ,  s k i n  de- 

f l e c t i o n  and t i p  pene t ra t i on  f o r  each o f  t he  e i g h t  needles. These graphs 

p rov ide  a  comparison o f  t h e  t ime  r e l a t i o n s h i p  between these v a r i a b l e s .  

F igures 9 and 1 0  show f o r c e  versus s k i n  d e f l e c t i o n  and t i p  pene t ra t i on  

f o r  a11 t e s t s .  F igures 11 and 12 show t i p  p e n e t r a t i o n  a t  breakthrough 

p l o t t e d  versus heel l e n g t h  and c u t t i n g  slope. F igure  13 i s  a  composite 

o f  peak fo rce ,  peak s k i n  d e f l e c t i o n ,  t i p  pene t ra t i on  a t  breakthrough and 

c u t t i n g  s lope  f o r  a l l  needles. Table 1  i s  a  l i s t i n g  o f  needle t ype  and 

t h e  measilred t i p  t o  s i d e  bevel and t i p  t o  heel l eng ths .  Table 2 pre-  

sents  t h e  need1 e  i n j e c t i o n  parameters t h a t  were determined f o r  each 

needle i n  t h i s  s tudy.  Copies of  t h e  o r i g i n a l  f o r c e  t r a c i n g s  a r e  pre-  

sented i n  t h e  Appendix o f  t h i s  r e p o r t .  

2, Comparison o f  Force, Sk in  D e f l e c t i o n  and T i p  Pene t ra t i on  f o r  
Each Needl e  

a )  Tes t  #2 - Conical  Sol i d  209 Dry Need1 e  (F igure  1  ) . This  needle 

i s  cha rac te r i zed  by an ext remely  h i g h  peak f o r c e  (890 grams). The con- 

c a v i t y  of  t h e  f o r c e  curve  i n d i c a t e s  t h a t  a  g rea te r  and g rea te r  f o r c e  i s  

r equ i red  t o  d e f l e c t  t he  s k i n  a g i ven  d is tance ,  r e f l e c t i n g  t h e  non- l inear  

c o m ~ r e s s i o n  c h a r a c t e r i s t i c s  of  t h e  t i s s u e .  A f t e r  peak force, t he  f o r c e  f a l l  s  

o f f  66 percen t .  Sk in  d e f l e c t i o n  r i s e s  1  i n e a r l y  t o  a  peak o f  14.lmm. The 



t imes o f  peak d e f l e c t i o n  and peak f o r c e  correspond v e r y  c l o s e l y .  T i p  

p e n e t r a t i o n  appears t o  beg in  immediate ly  a f t e r  s k i n  c o n t a c t  and con- 

t i n u e s  a t  a  r e l a t i v e l y  s low and cons tan t  r a t e  t o  a  va lue  o f  2.6mm a t  

peak f o r c e  (and peak s k i n  d e f l e c t i o n )  a t  which t ime  i t  shows a sudden 

i nc rease  as "break through" occurs.  

b )  Tes t  #3  - Te t rahedra l  S o l i d  209 Dry (F igu re  22. The general  

c h a r a c t e r i s t i c s  o f  t h i s  needle a r e  s i m i l a r  t o  those o f  t h e  con i ca l  

needle a1 though t h e  peak f o r c e  o f  350 grams i s  cons ide rab l y  lower .  

Force aga in  f a l l s  o f f  about  66 percen t  a f t e r  i t s  peak and s k i n  d e f l e c t i o n  

r i s e s  1 i n e a r l y  t o  a  peak va lue  o f  11.6mm. The t imes o f  peak d e f l e c t i o n  

and peak f o r c e  correspond e x a c t l y .  A l though e a r l y  increases i n  t i p  

p e n e t r a t i o n  a r e  somewhat obscured by noise,  i t  appears t h a t  t i p  pene- 

t r a t i o n  begins immediate ly  w i t h  f o r c e  bu i ld -up ,  reashes a depth o f  

a lmost  2mm a t  peak f o r ce ,  and then shows a we l l  d e f i n e d  inc rease  as 

brea k- throug h occurs .  

c )  Tes t  #4 - 42 P o i n t  Sol i d  209 Dry (F igu re  32. Due t o  equipment 

d i f f i c u l t i e s  t h e  x - ray  source shu t  o f f  e a r l y  i n  t h i s  t e s t  and data on 

sk f  t i  d e f l e c t i o n  and t i p  p e n e t r a t i o n  cou ld  o n l y  be taken o u t  t o  400 m i l l  i- 

seconds. Force i n  F igure  3  i s  t h e r e f o r e  p l o t t e d  o u t  t o  400 m i l l i s e c o n d s  a l s o .  

The appendix i nc l udes  t h e  o r i g i n a l  c h a r t  r eco rd i ng  o f  t h e  e n t i r e  f o r c e  

cu rve  from which i t  i s  seen t h a t  the  f o r c e  does n o t  e x h i b i t  t h e  t y p i c a l  

c h a r a c t e r i s t i c s  of a  d i s t i n c t  peak f o l l owed  by a  sudden drop i n  va lue .  

Rather, t h e  f o r c e  r i s e s  l i n e a r l y  t o  a  p la teau  a t  about 147 grams and 

then con t inues  w i t h  a  low and f l u c t u a t i n g  s lope  t o  a  maximum o f  200 g near 

720 mi1 1 iseconds. Because s k i n  d e f l e c t i o n  appears t o  p l a teau  a f t e r  

147 grams o f  f o r c e  i t  can be assumed t h a t  puncture occurred and t h a t  



"peak" f o r c e  should be somewhere near t h i s  va lue .  T i p  p e n e t r a t i o n  

s t a r t s  immediate ly  and increases 1  i n e a r l y  t o  a  va l ue  o f  3.5mm a t  

peak f o r c e .  

d )  Tes t  #5 - 42 P o i n t  Stock 209 1249 (F igure  4 ) .  For t h i s  needle, 

t h e  r i s i n g  edge o f  t he  f o r c e  cu rve  i s  s l i g h t l y  convex and reaches a  

peak o f  113 grams a t  which p o i n t  t h e  f o r c e  f a l l  s  o f f  22 percen t .  The 

r i s i n g  edge o f  t h e  s k i n  d e f l e c t i o n  cu rve  i s  a l s o  somewhat convex and 

a f t e r  peak f o r c e  t h e r e  i s  a lmost  no r e c o i l *  o f  t h e  s k i n .  T i p  pene- 

t r a t i o n  begins immediate ly  and reaches a  peak o f  4.4mm a t  peak fo rce .  

Because o f  t h i s  r e l a t i v e l y  l a r g e  amount o f  p e n e t r a t i o n  t h e r e  i s  o n l y  

a  s7 i g h t  s l ope  change i n  t i p  p e n e t r a t i o n  a t  peak force.  

e )  Tes t  #6 - S ide  Bevel 209 360 ( ~ i g u r e  5 ) .  The peak f o r c e  o f  

86 grams f o r  t h i s  needle was t h e  l owes t  seen f o r  a l l  t h e  needles t es ted .  

There was a  30 percen t  drop i n  f o r c e  f o l l o w i n g  t h e  peak. The r i s i n g  

f o r c e  cu rve  tends t o  be convex except  f o r  a  concave p o r t i o n  j u s t  be fo re  

peak f o r c e .  S k i n  d e f l e c t i o n  reaches a broad peak a t  3mm and t h e r e  i s  

o n l y  a  s l i g h t  amount o f  s k i n  r e c o i l  a f t e r  peak force.  As w i t h  t h e  p re -  

v i ous  t e s t s ,  t i p  p e n e t r a t i o n  s t a r t s  immediate ly .  Pene t ra t i on  i s  4.7mm 

a t  peak f o r c e  and t h e  change i n  s lope a t  t h i s  p o i n t  i s  q u i t e  sma l l .  

f )  Tes t  #7 - Back Bevel 229 360 (F i gu re  6 ) .  Force r i s e s  l i n e a r l y  

t o  a  sharp peak of 148 grams. The drop i n  f o r c e  a f t e r  peak was about 

63 percen t .  S k i n  d e f l e c t i o n  a1 so r i s e s  i i n e a r l y  t o  a  peak o f  4.8mm, 

c o i n c i d i n g  w i t h  t h e  t i m e  of peak f o r c e .  There i s  a  g r e a t e r  amount o f  

s k i n  r e c o i l  than  observed f o r  t h e  needles i n  t e s t s  5 and 6. T i p  pene- 

t r a t i o n  aga in  appears t o  s t a r t  a t  s k i n  con tac t ,  reaches a  va lue  o f  2mm 

*Recoi l  w i l l  be d e f i n e d  as a  drop i n  s k i n  d e f l e c t i o n  a f t e r  puncture o f  
t h e  sk in ;  t h i s  term i s  a p p r o p r i a t e  because t h e  s k i n  and u n d e r l y i n g  t i s s u e  
rep resen t  a  compressed e i a s t i c  element t h a t  may r e 1  ease suddenly a f t e r  
punc tu re .  

11 



a t  peak fo rce ,  and then  increases i n  s lope  w i t h  a  more pronounced 

i n f l e c t i o n  than observed i n  t e s t s  5 and 6. 

g )  Tes t  #8 - A Bevel 229 360 (F i gu re  7 ) .  The f o r c e  f o r  t h i s  

needle has a  v e r y  1  i n e a r  r i s e  t o  a  peak o f  113 grams and drops o f f  39 

percen t  a f t e r  t h e  peak. Sk in  d e f l e c t i o n  reaches a  maximum va lue  o f  4.2mm 

c o i n c i d e n t  w i t h  t h e  t ime  o f  peak f o r c e .  There i s  a  small amount o f  s k i n  

r e c o i l  f o l l o w i n g  peak d e f l e c t i o n .  Again, t i p  p e n e t r a t i o n  s t a r t s  

ve r y  e a r l y .  There i s  a  p e n e t r a t i o n  o f  about  2.7mm a t  peak f o r c e  and 

a  f a i r l y  we l l  de f i ned  inc rease  i n  s lope  a t  t h i s  p o i n t .  

h)  Tes t  #9 - 42 P o i n t  229 Dry (F igure  8 ) .  Force reaches a  peak 

va lue  o f  98 grams. The d rop  i n  f o r c e  a f t e r  peak was 23 percent .  Sk i n  

d e f l e c t i o n  reaches a  peak va lue  o f  3.6mm c o i n c i d e n t  w i t h  the  t ime  o f  

peak f o r ce .  There i s  ve r y  l i t t l e  s k i n  r e c o i l  a f t e r  peak d e f l e c t i o n .  

As i n  t h e  o t h e r  t e s t s ,  t i p  p e n e t r a t i o n  appears t o  s t a r t  immediate ly .  

A t  peak f o r c e  t h e r e  i s  a  p e n e t r a t i o n  o f  4.lmm. There i s  a  d i sce rn -  

a b l e  inc rease  i n  t h e  s lope  o f  t i p  pene t ra t i on  bu t  i t  appears t o  s t a r t  

somewhat be fo re  peak f o r c e  and i s  more gradual  than t h a t  observed i n  

t h e  o t h e r  t e s t s .  

By severa l  c r i t e r i a  (see d i scuss ion  s e c t i o n )  t h i s  needle appears 

t o  have d e s i r a b l e  i n j e c t i o n  c h a r a c t e r i s t i c s .  Th i s  f i n d i n g  i s  n o t  

expected cons ide r i ng  t h a t  t h i s  needle i s  un lub r i ca ted .  However, w i t h  

a  sample o f  one, t he  v a r i a b i l i t y  between needles o r  d i f f e r e n c e s  i n  

t i s s u e  s i t e s  m igh t  account f o r  t h e  d iscrepancy between t he  observed 

and t he  expected r e s u l t s .  



3. Force vs. Sk i n  D e f l e c t i o n  

F i gu re  9 ill u s t r a t e s  the  r e l a t i o n s h i p  between f o r c e  and s k i n  

d e f l e c t i o n  f o r  a l l  needles p l o t t e d  from zero t o  t h e i r  peak va lues.  

Tests  2 and 3 a r e  o n l y  p l o t t e d  over p a r t  o f  t h e i r  range due t o  t h e  

ext remely  h i gh  va lues o f  f o r c e  and s k i n  d e f l e c t i o n .  

I t  i s  seen from t h i s  graph t h a t  t h e  r e i a t i o n s h i p  i s  q u i t e  l i n e a r  

over  t h e  range o f  0  t o  4mm o f  d e f l e c t i o n  and 0 t o  150 grams o f  f o r c e  

f o r  a l l  needles. The most i n t e r e s t i n g  and s i g n i f i c a n t  observat ion,  how- 

ever,  i s  t h a t  t h e  average slopes o f  t he  curves f o r  t h e  va r i ous  needles 

a r e  p r a c t i c a l l y  i d e n t i c a l .  I n  v iew o f  w i d e l y  d i f f e r i n g  t i p  geometr ies 

and l u b r i c a t i o n s ,  t h i s  constancy o f  t h e  f o r c e - d e f l e c t i o n  s lope i s  

somewhat unexpected. The imp1 i c a t i o n s  o f  t h i s  w i l l  be covered i n  t h e  

d i scuss ion  sec t i on .  

4. Force vs.  T i p  Pene t ra t i on  

F i gu re  10  S l l u s t r a t e s  t h e  r e l a t i o n s h i p  between f o r c e  and t i p  pene- 

t r a t i o n .  Un l i ke  t h e  f o r c e  vs. d e f l e c t i o n  curves, t h e  t i p  p e n e t r a t i o n  

curves show l a r g e  s lope  d i f f e r e n c e s  f o r  d i f f e r e n t  needles. The non- 

c u t t i n g  con i ca l  and t e t r ahed ra l  need1 es have ve ry  l a r g e  slopes, a lmost  

v e r t i c a l l y  upward. Th is  means t h a t  ve r y  l a r g e  increases i n  f o r c e  a r e  

r e q u i r e d  t o  produce o n l y  s l i g h t  amounts o f  t i p  pene t ra t i on .  The s i de  

bevel 209 360 needle used i n  t e s t  #6 and t h e  42 p o i n t  s tock  209 1249 

needle o f  t e s t  #5 have t h e  l owes t  s lopes.  When compared t o  t h e  non- 

c u t t i n g  needles, these needles r e q u i r e  a much sma l i e r  f o r c e  inc rease  

t o  produce a  g i ven  inc rease  i n  t i p  pene t ra t i on .  When combined w i t h  o the r  

parameters, t h e  s lope  o f  t h e  f o r c e  vs. t i p  pene t ra t i on  cu rve  may be ve ry  



u s e f u l  t o  desc r i be  t h e  s k i n  c u t t i n g  p r o p e r t i e s  o f  t h e  needle t i p .  

5. T i p  Pene t ra t i on  a t  Peak Force Versus T i p  t o  Heel Length 

Table  1  presents  t h e  t i p  t o  heel and t i p  t o  s i d e  bevel l e n g t h s  taken 

by a  d i a l  c a l  i p e r  a long  w i t h  t i p  p e n e t r a t i o n  measures f o r  t h e  needles 

t es ted .  F i gu re  11 i l l u s t r a t e s  t he  r e l a t i o n s h i p  between t i p  p e n e t r a t i o n  

a t  peak f o r c e  and t i p  t o  heel 1  ength f o r  each o f  these needles.  I f  

peak f o r c e  represen ted  t h e  heel o f  t h e  needle punc tu r i ng  t h e  dermis, 

one would expect  a good c o r r e l a t i o n  between t i p  p e n e t r a t i o n  and heel 

l eng th .  I t  i s  c l e a r  f rom F igu re  11 t h a t  t h e r e  i s  a  poor c o r r e l a t i o n  

between these parameters espec ia l  1  y i f  t h e  non -cu t t i ng  c o n i c a l  and 

t e t r a h e d r a l  need1 es w i t h  t h e  two l owes t  va lues  i n  t i p  t o  heel 1  ength 

(2.03 and 2.41 ,, r e s p e c t i v e l y )  a r e  excluded. The d i scuss ion  s e c t i o n  

w i l l  e l abo ra te  on t h i s  f i n d i n g .  

6. T i p  Pene t ra t i on  a t  Peak Force Versus Slope o f  Penet ra t ion-Force Curve 

Ta b l  e  2  summarizes computed p e n e t r a t i o n  parameters f o r  t h e  need1 es 

t e s t e d  and p rov ides  d e f i n i t i o n  o f  t h e  terms used. F i gu re  12  shows a  

p l o t  o f  t i p  p e n e t r a t i o n  a t  peak f o r c e  and t he  c u t t i n g  s lope, SLpF f o r  

t h e  8 needles t es ted .  I t  can be seen t h a t  t h e r e  i s  a  good c o r r e l a t i o n  

( r  = .92) between these parameters i n d i c a t i n g  t h a t  b e t t e r  c u t t i n g  

needie t i p s  (h igher  SLpFY lower  SLFp) ach ieve  a  g r e a t e r  t i p  pene- 

t r a t i o n  a t  peak f o r c e  than  poorer  c u t t i n g  t i p s .  

7. Summary of Computed Pene t ra t i on  C h a r a c t e r i s t i c s  

F i gu re  13  i s  a  composi te p r e s e n t a t i o n  which summarizes and compares 

f o u r  o f  t h e  measured p e n e t r a t i o n  parameters f o r  t h e  needles tes ted .  

These i nc l ude :  peak fo rce ,  peak s k i n  d e f l e c t i o n ,  t i p  p e n e t r a t i o n  a t  

peak f o r c e  and c u t t i n g  s lope  (SLpF). 



Tes t  
No. - 

TABLE 1 

NEEDLE TIP DIMENSIONSCAND PENETRATION MEASURES 

Need1 e and L u b r i c a n t  

Con .Sel . 209 Dry 

Te t  .Sol . 209 Dry 

42 p o i n t  so l  . 209 Dry 

42 p o i n t  s tock  209 1249 

Side bevel  22 g 360 

B bevel 209 360 

A bevel 229 360 

42 p o i n t  s tock  229 Dry 

Heel Length 

2.03 

2.41 

4.24 

3.76 

3.35 

3.73 

3.43 

3.84 

Side Bevel 
Length 

* A l l  dimensions i n  mm. 



TABLE 2  

SUMMARY OF COMPUTED PENETRATION PARAMETERS 

Tes t  
No. - 

2  

Need1 e  

Con .Sol . 20g Dry 

T e t  .Sol . 209 Dry 

42 P o i n t  Sol . 209 Dry 

42 P o i n t  Stock 20g 1249 

S ide  Bevel 209 360 

Back Bevel 229 360 

A Bevel 229 360 

42 P o i n t  Stock 229 Dry 

Parameters U n i t s  

grams 

m i l  1 imete rs  

m i l  1 imete rs  

D e s c r i p t i o n  

Peak f o r c e  

Sk in  d e f l e c t i o n  a t  peak f o r c e  

T i p  p e n e t r a t i o n  a t  peak f o r c e  

Percent  drop i n  f o r c e  a f t e r  peak 

Slope o f  f o r c e  vs .  s k i n  d e f l e c t i o n  

Slope o f  f o r c e  vs.  t i p  p e n e t r a t i o n  

Slope of  t i p  p e n e t r a t i o n  vs.  f o r c e  = l /SL fp  
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DISCUSSION 

1 General 

The r e s u l t s  shown i n  F i g u r e  1 th rough  8 i l l u s t r a t e  two genera l  and 

i m p o r t a n t  p o i n t s  which seem t o  be c o n s i s t e n t  f o r  a l l  needles t e s t e d .  

The f i r s t  p o i n t  i s  t h a t  peak f o r c e ,  peak s k i n  d e f l e c t i o n  and t h e  change 

i n  s l o p e  i n  t i p  p e n e t r a t i o n  a l l  occur  a t  t h e  same p o i n t  i n  t ime.  Thus, 

peak f o r c e  rep resen ts  t h e  p o i n t  a t  which t h e  s k i n  suddenly y i e l d s  t o  

t h e  f o r c e  o f  t h e  need le  t i p  and i s  punctured.  Wh i le  t h i s  ha,s always 

been suspected i t  c o u l d  n o t  be conf i rmed u n t i l  s imul taneous measurements 

o f  s k i n  d e f l e c t i o n  and f o r c e  c o u l d  be made. 

The second p o i n t  concerns t h e  beg inn ing o f  t i p  c u t t i n g .  

I t  has been suggested by B-D personnel  t h a t  t h e r e  must e x i s t  some p o i n t  

between s k i n  c o n t a c t  and peak f o r c e  where a need le  t i p  begins t o  c u t  

( i  . e n ,  where s k i n  d e f l e c t i o n  and need le  p o s i t i o n  beg in  t o  d i f f e r ) .  

The va lue  o f  f o r c e  a t  which t h i s  occurs  has been termed F1 and i t  has 

been hypothes ized t h a t  "good" c u t t i n g  need le  t i p s  w i l l  have l o w  va lues 

o f  F1 w h i l e  poor c u t t i n g  needles w i l l  have h i g h  va lues o f  F1. The 

r e s u l t s  o f  t h i s  s tudy  suggest  t h a t  a l l  needles beg in  c u t t i n g  o r  pene- 

t r a t i n g  immedia te ly  a f t e r  s k i n  c o n t a c t  and t h e r e f o r e  t h a t  F1 i s  always 

zero .  S ince i t  i s  r e a l l y  n o t  p o s s i b l e  f rom our  x - r a y  f i l m  

t o  d i s t i n g u i s h  needle t i p  c u t t i n g  f rom severe p o i n t  d e f o r -  

ma t ion  o f  t h e  sk in ,  we cannot, o f  course,  be su re  t h a t  t h e  i n i t i a l  

s l o p e  i n  t i p  p e n e t r a t i o n  i s  due t o  a c t u a l  t i s s u e  c u t t i n g .  I n  eve ry  

case, however, no o t h e r  c l e a r  i n f l e c t i o n s  i n  t i p  p e n e t r a t i o n  were 



observed p r i o r  t o  peak f o r c e .  Thus, i f  t h e  i n i t i a l  s lope  i n  t i p  pene- 

t r a t i o n  i s  n o t  due t o  c u t t i n g ,  i t  would seem t h a t  f o r  a l l  needles t h e  

p o i n t  a t  which c u t t i n g  began was e i t h e r  a t  peak f o r c e  o r  was i n d i s t i n -  

gu ishab le  f rom t h e  p o i n t  de fo rmat ion  of  t h e  s k i n  which was then  measured 

a s  t i p  p e n e t r a t i o n  from ou r  f i l m s .  

2. D i f f e rences  i n  Need1 e  Parameters 

I t  can be seen i n  Table  2  t h a t  t h e r e  a r e  d i f f e r e n c e s  i n  parameters 

between t h e  va r i ous  types o f  need1 es. I n  general  , t h e  c o n i c a l  and 

t e t r a h e d r a l  needles a r e  t h e  two most d i f f e r e n t  f rom t h e  r e s t .  T h e i r  va lues  

of peak f o r ce  (F2) ,  peak s k i n  d e f l e c t i o n  (SD ) percen t  f o r c e  d rop  
P  

a f t e r  peak ( F ~ )  and s lope  o f  f o r c e  vs. p e n e t r a t i o n  (SL ) a r e  t h e  
f P 

l a r g e s t  f o r  t h e  group o f  needles which were t es ted .  These needles 

a1 so have low va lues o f  t i p  p e n e t r a t i o n  a t  peak f o r c e  (TP ) . Some o f  
P  

t h e  d i f f e r e n c e s  between these parameters can be exp la ined  i n  terms o f  

t h e  t i p  geometr ies o f  these need1 es. 

The absence o f  any c u t t i n g  edge on t h e  con i ca l  need1 e  and t h e  

l a r g e  c u t t i n g  ang le  o f  t h e  t e t r a h e d r a l  t i p  p robab ly  r e s u l t  i n  1  i t t l e  

ac tua l  c u t t i n g  as t h e  t i p  passes through t he  dermis.  Rather,  pene- 

tration may occur as  a r e s u l t  o f  s t r e t c h i n g  and t e a r i n g  o f  t h e  t i s s u e .  

The data show t h a t  a  much h igher  f o r c e  i s  r e q u i r e d  t o  t e a r  th rough  t he  

dermis than  t o  c u t  through i t .  Cons is ten t  w i t h  t h i s  hypothes is  i s  

t h e  f i n d i n g  t h a t  peak s k i n  d e f l e c t i o n  (SD ) i s  l a r g e  f o r  t h e  con i ca l  and 
P  

te t rahedra1  needles.  Sk i n  d e f l e c t i o n  w i l l  i nc rease  t o  l a r g e  va lues i f  

fo rce  inc reases  and i f  1  i t t l e  p e n e t r a t i o n  has occured. Th i s  i s  perhaps 



b e t t e r  i l l u s t r a t e d  by examining t h e  s lope  o f  t h e  f o r c e  versus t i p  

p e n e t r a t i o n  cu rve  (SL ) SL r e f l e c t s  t h e  amount o f  f o r c e  i n  grams 
f P f P 

necessary t o  pene t ra te  lmm i n t o  t h e  dermis and i s  t h e  s lope  o f  a  

r eg ress i on  1  i n e  drawn through t h e  f o r c e  vs.  t i p  p e n e t r a t i o n  data p o i n t s .  

For t he  con i ca l  and t e t r a h e d r a l  needles t h e  c u t t i n g  s lopes were 220 

and 260 grams/mi l l  i rneter, r e s p e c t i v e l y .  These va lues a r e  i n  o rde r  o f  

magnitude h igher  than those observed f o r  some o f  t he  o t h e r  needles. 

SLfp i s  an impor tan t  parameter because i t  i s  a  good measure o f  a  needle 

t i p ' s  a b i l i t y  t o  c u t  through t h e  dermis.  

Table  2  a l s o  shows t h a t  t h e  percen t  drop i n  f o r c e  a f t e r  peak (Fd) 

i s  h i gh  f o r  t h e  con i ca l  and t e t r a h e d r a l  need1 es (66 pe rcen t ) .  Th i s  va lue  

r e f 1  ec t s  t h e  r e l a t i v e  d i f f e r e n c e  i n  f o r c e  between t h a t  r e q u i r e d  f o r  

p e n e t r a t i o n  o f  t h e  dermis and t h a t  r e q u i r e d  f o r  p e n e t r a t i o n  o f  t h e  

subcutaneous t i s s u e .  I t  i s  o f  i n t e r e s t  because i t  may c o r r e l a t e  w i t h  

t h e  s u b j e c t i v e  f e e l i n g  o f  "hang-up" and sudden " g i v e  way" d u r i n g  t h e  

hand he ld  i n j e c t i o n  o f  a  needle. I t  i s  suggested t h a t  h i g h  va lues o f  

Fd a r e  undes i rab le  f rom a  u s e r ' s  p o i n t  o f  view. A h igh  Fd means t h a t  

a  much h igher  f o r c e  i s  r e q u i r e d  t o  break through t h e  s k i n  than t h a t  

r e q u i r e d  t o  go through subcutaneous t i s s u e .  Th i s  cou ld  mean i o s s  o f  

c o n t r o l  d u r i n g  an in jec t ion,*when t h e  sudden drop i n  f o r c e  occur red  

f o l  l ow ing  dermal puncture.  

The parameters discussed so f a r  f o r  t h e  con i ca l  and t e t r a h e d r a l  

needles have c l e a r l y  i n d i c a t e d  t h a t  these t i p s  have undes i rab le  i n -  

j e c t i o n  c h a r a c t e r i s t i c s .  D i f f e rences  can a l s o  be observed among t h e  

needles w i t h  c u t t i n g  t i p s .  For t h e  s i d e  bevel 20g 360 needle 

i n  t e s t  16, f o r  example, peak f o r c e  (F2)  and peak s k i n  d e f l e c t i o n  (SO ) 
P  

*Probably n o t  so impor tan t  f o r  I M  punctures bu t  ve r y  impor tan t  
f o r  I . V .  and o the r  needle types.  

3 2 



a r e  t h e  lowes t  o f  t h e  needles t es ted .  The s lope  o f  f o r c e  vs.  t i p  

p e n e t r a t i o n  (SL ) was a l s o  t h e  lowes t .  Th i s  i n d i c a t e s  t h a t  t h e  t i p  
f P 

o f  t h i s  needle has a good a b i l i t y  t o  c u t  t h e  dermis ( o n l y  24 grams 

a r e  r e q u i r e d  f o r  lmm o f  p e n e t r a t i o n  as compared t o  260 grams f o r  t h e  t e t r a -  

hedra l  needle).  The low va lue  o f  Fd (30  percen t )  means t h a t  t h e r e  i s  1 ess 

o f  a  tendency f o r  a  sudden " g i v e  way" and l o s s  o f  c o n t r o l  as compared 

t o  t h e  con i ca l  and t e t r a h e d r a l  needles w i t h  Fd ' s  o f  66 percen t .  

The parameters chosen t o  descr ibe  t he  data c o l l e c t e d  i n  t h i s  s tudy 

a r e  v e r y  c o n s i s t e n t  w i t h  r espec t  t o  one another .  Consider t e s t s  6, 7 

and 8 w i t h  t h e  s i d e  bevel , back bevel  and A bevel  needles.  These 

needles a l l  u t i l i z e  360 l u b r i c a n t .  T h e i r  p r imary  d i f f e r e n c e s  a r e  i n  

t h e  t ype  of  secondary bevel g r i n d .  The s i d e  bevel need1 e  has t h e  most 

d e s i r a b l e  c h a r a c t e r i s t i c s .  It has t h e  lowes t  F p ,  SD , Fd and SLfp 
P 

The 

back bevel i s  t he  l e a s t  d e s i r a b l e  o f  t h e  th ree .  I t  has t he  l a r g e s t  F2, 

SD , Fd and SL 
P  fp '  

The A bevel needle has parameter va lues i n t e rmed ia te  

t o  t h e  o t h e r  two needles. The parameters a r e  c o n s i s t e n t  i n  t h a t  t hey  

a1 1  say t h e  same t h i n g  about t h e  d e s i r a b i l i t y  o f  t h e  t h r e e  needles and 

suggest t h a t  t he  s tock  20g w i t h  1249 l u b r i c a n t  and t h e  42 p o i n t  229 

d r y  a r e  t h e  most d e s i r a b l e  (bear ing i n  mind a  sample s i z e  o f  one) .  The 

42 p o i n t  so l  i d  209 d r y  would be judged as r e l a t i v e l y  undes i rab le  by 

t h e  parameters. 

3. De te rmina t ion  o f  Needle T ip ,  Side Bevel and Heel S t ruc tu res  i n  
R e l a t i o n  t o  Sk in  Sur face 

An accura te  de te rm ina t i on  o f  t i p  p e n e t r a t i o n  i s  necessary t o  l o c a t e  

t h e  r e l a t i v e  p o s i t i o n  o f  needle and s k i n  s t r u c t u r e s  and thereby c c r r e l a t e  

needle t i p  geometry w i t h  f o r c e  c h a r a c t e r i s t i c s .  Due t o  t h e  f i n i t e  



g r a i n  s i z e  o f  t h e  f i l m  and o t h e r  l i m i t s  on r e s o l u t i o n ,  t h e  measurement 

o f  s k i n  d e f l e c t i o n  and need1 e  p o s i t i o n  (and t h e r e f o r e  t i p  p e n t r a t i o n )  

a r e  s u b j e c t  t o  some random e r r o r  as i n d i c a t e d  by  t h e  no i se  seen i n  

some o f  t h e  t e s t  r e s u l t s .  I n  a d d i t i o n ,  and as was p r e v i o u s l y  mentioned, 

i t  was n o t  r e a l l y  p o s s i b l e  t o  d i s t i n g u i s h  t r u e  p e n e t r a t i o n  

th rough  t h e  dermis frm an extreme de fo rmat ion  o r  s t r e t c h i n g  o f  t h e  

dermis around t h e  needle t i p .  

Regard1 ess o f  these u n c e r t a i n t i e s  i n  t i p  pene t ra t ion ,  t h e r e  i s  

c l e a r l y  a  1  i n e  o f  i n c r e a s i n g  p e n e t r a t i o n  which may be drawn th rough  

t h e  i n d i v i d u a l  p o i n t s  o f  t i p  pene t ra t i on .  Because about  10  p o i n t s  

were taken  be fo re  peak f o r c e  t h e r e  i s  1  i t t l e  doubt  t h a t  t he  genera l  

t r e n d  i s  upward a t  a f a i r l y  cons tan t  r a t e .  The average e r r o r  between 

t h e  ac tua l  t i p  p e n e t r a t i o n  a t  breakthrough and t h e  va lue  p r e d i c t e d  by 

a  cons tan t  s lope  reg ress i on  l i n e  i s  smal l  f o r  most needles.  

Table  1  presented t h e  t i p  t o  heel and t i p  t o  s i d e  bevel l e n g t h s  

f o r  t h e  needles used i n  t h i s  s tudy.  Table  2 con ta i ns  t h e  va lues o f  

t i p  p e n e t r a t i o n  a t  peak f o r c e  (TP ) .  By combining these two se t s  o f  
P  

i n f o rma t i on  i t  i s  p o s s i b l e  t o  es t imate  t h e  l o c a t i o n  o f  t h e  t i p ,  beve ls  

and heel when s k i n  breakthrough occurs .  I f  t i p  p e n e t r a t i o n  a t  break- 

th rough  (TP ) i s  1  ess than  heel l eng th ,  t h e  heel i s  abov€ t h e  t o p  
P  

su r f ace  o f  t h e  dermis a t  t h e  t ime  o f  breakthrough. 1.F TP minus dermal 
P  

t h i ckness  i s  g r e a t e r  than  t h e  heel l e n g t h  then t h e  heel would be com- 

p l e t e l y  through t h e  dermis a t  t h e  t ime  of  peak force.  Even i f  dermal 

t h i c kness  was as smal l  as  lmm*(see Table  I ) ,  t h e  needle heel  would 

n o t  be through t h e  dermis f o r  any o f  t h e  need1 es t es ted .  For t h e  

*While dermal t h i c kness  was n o t  measured, pas t  data i n d i c a t e s  t h a t  
a  t h i c kness  o f  1  t o  2mm i s  reasonable.  



c o n i c a l ,  42 p o i n t  s t ock  209 w i t h  1249, s i d e  bevel  w i t h  360, and 42 

p o i n t  s t ock  d ry ,  t h e  heel was i n  t h e  dermis a t  t h e  t ime  o f  peak f o r c e  

(breakthrough) .  For t h e  t e t r a h e d r a l ,  42 s o l i d  209 d r y ,  t h e  back bevel  

229 w i t h  360, and t h e  A bevel  229 w i t h  360, t h e  heel was above t h e  

su r f ace  o f  t h e  dermis a t  t h e  t ime  o f  peak f o r c e .  

I f  TP minus dermal th i ckness  i s  g r e a t e r  than  t h e  t i p  t o  s i d e  
P 

bevel d i s t a n c e  then t h e  s i d e  bevels  would be t h rough  t h e  dermis a t  

t h e  t ime  of  breakthrough. Assuming a dermal t h i c kness  o f  Zmm, t h e  s i d e  

bevels  o f  t h e  42 p o i n t  s o l i d  209 d r y ,  42 p o i n t  s tock  209 w i t h  1249, 

s i d e  bevel 209 w i t h  360 and t h e  42 p o i n t  229 d ry ,  would be through t h e  

dermis  a t  t h e  t ime  o f  breakthrough (See Tab1 e 1  ) .  I f  a dermal t h i c k -  

ness o f  lmm i s  assumed, t h e  s i d e  bevels  o f  - a l l  needles would be 

th rough  t h e  dermis a t  t h e  t ime o f  breakthrough. For t h e  t e t r a h e d r a l  

and t h e  back bevel need1 es t h e  t i p  would be a t  t h e  1  eve1 o f  t h e  lower  

su r f ace  o f  a  2mm dermis w h i l e  t h e  t i p s  o f  t h e  o t h e r  needles would be 

th rough  t h e  dermis.  For a  lmm t h i c k  dermis t he  t i p s  o f  a l l  needles 

would be th rough  t h e  dermis a t  t he  t ime  o f  peak force. These f i n d i n g s  

i n d i c a t e  t h a t  a t  t h e  t ime  of  breakthrough, t h e  t i p s ,  s i d e  bevels  and 

heels  o f  d i f f e r e n t  needles a r e  i n  d i f f e r e n t  p o s i t i o n s  i n  r e l a t i o n  t o  

t h e  sk in .  T h i s  does n o t  suppor t  t h e  hypothes is  t h a t  peak f o r c e  r e -  

presents  t h e  heel o f  t h e  needle break ing through t h e  dermis,  

Fu r t he r  evidence a g a i n s t  t h i s  hypothes is  i s  g i ven  i n  F i gu re  11 

which shows t h a t  t h e r e  i s  a  v e r y  poor c o r r e l a t i o n  between TP 
P 

and heel l e n g t h .  There i s ,  however, ve r y  qood c o r r e l a t i o n  

( r= .92)  between t i p  p e n e t r a t i o n  a t  breakthrough (TP,) and t h e  s l ope  o f  
P 

t he  t i p  p e n e t r a t i o n  vs. f o r c e  cu rve  SL f ) .  As i l l u s t r a t e d  i n  



F igu re  12, needles w i t h  b e t t e r  c u t t i n g  a b i l i t y  ( l a r g e  SLpf ls )  show 

g r e a t e r  amounts o f  t i p  p e n e t r a t i o n  a t  breakthrough. Th i s  suggests 

t h a t  t i p  p e n e t r a t i o n  a t  breakthrough i s  more dependent on c u t t i n g  

a b i l i t y  o f  t h e  needle t i p  than  on t i p  t o  heel l e n g t h .  

The f o l l o w i n g  hypothes is  may e x p l a i n  t h i s  f i n d i n g .  Dur ing  pene t ra t i on ,  

t h e  e f f e c t i v e  th i ckness  o f  t h e  dermis changes due t o  l o c a l  compression 

and s t r e t c h i n g  under t h e  needle  t i p .  Poo r l y  c u t t i n g  t i p s  r e q u i r e  

h i ghe r  f o r c e s  t h a t  compress t h e  dermis more and cause a  g r e a t e r  degree 

of  l o c a l  s t r e t c h i n g .  Thus, the needle t i p  does n o t  have t o  pene t ra te  

v e r y  f a r  i n  o r d e r  t o  breakthrough. Conversely,  dermis t h a t  i s  l e s s  

deformed may r e q u i r e  a  g r e a t e r  p e n e t r a t i o n  t o  " g i v e  way." 

4. The R e l a t i o n s h i p  Between Force and S k i n  D e f l e c t i o n  

The constancy o f  t h e  f o r c e  vs. s k i n  d e f l e c t i o n  s lope  (SLfd) shown 

i n  F i gu re  9 suggests t h a t  t he  coup1 i n g  between t h e  needle t i p  and t h e  

s k i n  does n o t  d f e c t  t h e  f o r c e - d e f l  e c t i o n  c h a r a c t e r i s t i c s .  For t i g h t  

coupl  i ng ,  s k i n  d e f l e c t i o n  and needle movement would be n e a r l y  equal 

( i  .e., 1  f t t l e  p e n e t r a t i o n ) .  Loose coupl  i n g  impi i e s  a  d i f f e r e n t  amount 

o f  s k i n  d e f l e c t i o n  than  needle movement ( i  .e., l a r g e  amount o f  pene- 

t r a t i o n ) ,  I t  can be seen from F igu re  9 t h a t  t h e  p o o r l y  p e n e t r a t i n g  

needles i n  t e s t s  2, and 3 have p r a c t i c a l l y  t h e  same f o r c e - s k i n  de- 

f l  e c t i o n  s lope  as t h e  much b e t t e r  p e n e t r a t i n g  needles i n  t e s t s  5 ,  6 

and 9. The average s lope  f o r  a l l  t h e  t e s t s  i s  28.4 gm/mm w i t h  a  

s tandard d e v i a t i o n  o f  - + 2.5 gm/mm. Table 2 can be consu l ted  f o r  t h e  

numerical  va lues o f  s lopes f o r  t h e  i n d i v i d u a l  needles.  



The f a c t  t h a t  t h e  s lope  o f  f o r c e  versus s k i n  d e f l e c t i o n  i s  con- 

s t a n t  and independent o f  need le /sk in  coup l i ng  may have impor tan t  con- 

sequences f o r  t h e  de te rmina t ion  of need1 e  pene t ra t i on  c h a r a c t e r i s t i c s .  

B a s i c a l l y  t h i s  says t h a t  i f  we know fo rce ,  we a l s o  know s k i n  d e f l e c t i o n .  

The NOVA i n j e c t i o n  system records f o r c e  and needle t i p  p o s i t i o n .  A 

b l u n t  (non-penet ra t ing)  needi e cou ld  be i n i t i a l  1  y used t o  determine t he  

f o r c e - d e f l e c t i o n  c h a r a c t e r i s t i c s  o f  t he  r e g i o n  being tested,  t h e  

r e s u l t i n g  s lope cou ld  be used t o  compute s k i n  d e f l e c t i o n  versus t ime  

(up t o  peak f o r c e )  f o r  f u t u r e  t e s t s  f rom the  f o r c e  versus t ime  curves 

( i  .e., a t  any p o i n t  i n  t ime, s k i n  d e f l e c t i o n  = ~ o r c e / ~ L ~ ~ ) .  Since we 

a l s o  know needle t i p  p o s i t i o n  r e l a t i v e  t o  s k i n  con tac t  ( f rom LVDT ou t -  

p u t )  we can compute t i p  pene t ra t i on  versus t ime from our  computed s k i n  

d e f l e c t i o n  versus t ime curve. Thus, by us ing  t h e  f a c t  t h a t  t h e  r e l a t i o n  

between f o r c e  and s k i n  d e f l e c t i o n  i s  repea tab le  and constant*  and inde- 

pendent o f  need1 e  pene t ra t i on  up t o  peak fo rce ,  we may be a  b l  e  t o  

develop a  procedure f o r  r o u t i n e l y  and accu ra te l y  determin ing t i p  

pene t ra t i on  i n  f u t u r e  t e s t s .  

"Note: Even i f  t he  slope were n o t  cons tan t  (non- l i near )  i n  t h e  r eg ion  
o f  i n t e r e s t  we cou ld  use t he  tabu la ted  r e l a t i o n  t o  compute s k i n  de- 
f l e c t i o n  a t  any force. 



SUMMARY AND CONCLUSION 

I n  t h i s  s tudy we have successfu l  1  y  u t i l  i z e d  x - ray  cinematography 

as a  means t o  s imul taneous ly  measure fo rce ,  s k i n  d e f l e c t i o n ,  and t i p  

p e n e t r a t i o n  d u r i n g  t h e  i n j e c t i o n  process. The a b i l i t y  t o  make these 

a d d i t i o n a l  measures has r e s u l t e d  i n  severa l  new parameters which a r e  

impor tan t  f o r  eva lua t i ng  needl e  performance and develop ing opt imal  

t i p  des ign fea tu res .  The r e s u l t s  have a l s o  y i e l d e d  new i n f o r m a t i o n  

and ideas about t he  needle i n j e c t i o n  process and have made i t  poss ib l e  

t o  examine t h e  mechanisms o f  peak f o r c e  genera t ion  i n  terms o f  need1 e 

t i p  s t r u c t u r e s .  I n  t h i s  regard,  t h e  r e s u l t s  suggest t h a t  t h e  t ime o f  occurrence 

o f  peak f o r c e  i s  more dependent on t h e  c u t t i n g  a b i l  i t y  o f  t h e  needle 

t i p  than on t h e  p o s i t i o n  o f  needle s t r u c t u r e s  ( i  .e., heel ,  s i d e  bevels,  

t i p )  r e l a t i v e  t o  t he  dermal sur faces as has been p r e v i o u s l y  hypothesized. 

I t  has a l s o  been p o s s i b l e  i n  t h i s  s tudy t o  compare t h e  performances 

o f  t h e  d i f f e r e n t  need1 es t es ted  us ing  these new measured and computed 

parameters. Since o n l y  one needle of each type was tes ted ,  however, 

these comparisons should no t  be cons idered as t h e  f i n a l  word on r e -  

l a t i v e  needle performance. As w i t h  o t h e r  needle parameters, such as 

peak fo rce ,  i t  may be expected t h a t  subs tan t i a l  v a r i a t i o n s  i n  these 

parameters w i l l  occur  f o r  needles of t he  same type.  Th i s  r e q u i r e s  

t h a t  a  s i g n i f i c a n t  sample s i z e  of t e s t s  be performed f o r  each needle 

so t h a t  s t a t i s t i c a l  comparisons can be made. The x - ray  cinematography 

technique obv ious l y  has l i m i t a t i o n s  i n  t h i s  regard  s i nce  t h e  c o l l e c t i o n  

and a n a l y s i s  o f  data  i s  r e l a t i v e l y  expensive i n  bo th  equipment and 

t ime.  I t  there fo re  con t inues  t o  be impor tan t  t o  develop a1 t e r n a t i v e  



procedures f o r  r o u t i n e l y  measuring s k i n  d e f l e c t i o n  and/or t i p  pene- 

t r a t i o n  d u r i n g  t e s t i n g  on b o t h  cadavers and i i v i n g  sub jec ts .  Other 

i n s t r u m e n t a t i o n  techn iques have been proposed and should be i n v e s t i -  

gated i n  f u t u r e  work. I n  a d d i t i o n ,  t h e  constancy o f  t h e  f o r c e  versus 

s k i n  d e f l e c t i o n  r e l a t i o n  i n  c o n j u n c t i o n  w i t h  o n - l i n e  d i g i t i z i n g  

c a p a b i l i t y  may p r o v i d e  an a1 t e r n a t i v e  answer t o  t h i s  need. 
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