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ABSTRACT: Examination of clothing in forensic science cases often involves forming an 
opinion as to the age and cause of any damage present. This study, involving a range of 
possible weapons, clothing types, and types of damage, showed that it is possible to distinguish 
a cut from a tear and a slash from a stab. The effect of blood on the appearance of the 
damaged areas was also investigated. In some cases it is also possible to determine the type 
of weapon used from the appearance of the damage. The study also demonstrated what 
features to look for in determining whether the damage to the yarns is recent. 
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In forensic science examina t ions ,  the scientist  is f requent ly  asked to form an  op in ion  
concern ing  the  na ture  of damage  to clothing. Ques t ions  of ten asked include whe the r  the 
damage  is f rom cut t ing or tear ing,  whe the r  the cut is a s tab or slash cut, which type of 
weapon  may have been  used, and  w he t he r  the damage  is " ' r ecen t . "  

This s tudy examined  some of  the p rob lems  involved in answer ing  these quest ions .  A 
range of weapons ,  of c lothing and  of types of damage  was tes ted  to de t e rmine  if any 
informat ion  concern ing  the  weapon  used could be e lucidated f rom an examina t ion  of  the 
damage.  The  effect  of  h u m a n  b lood  soaking into the d a m a g e d  fabric  and  yarns  was 
s tudied,  as well as the  effects of wear  and  of washing of the c lothing,  to ascer ta in  if it is 
possible to de t e rmine  w h e t h e r  damage  is " ' recent . "  

Materials and Methods 

A variety of knives  and  o the r  assor ted  implements  were selected which would give a 
general  rauge of the weapons  f requent ly  seen by forensic scieutists in homicide  and  assault  
cases. The  weapons  used are descr ibed in Table  1. 

The  c lothing selected for this study consis ted of types of ga rmen t s  c o m m o n l y  encoun-  
te red  in forensic science casework and,  as shown in Table  2, these r ep resen t  d i f ferent  
types of fabric cons t ruct ion .  Two sets of clothing,  incorpora t ing  each type of i tem, were  
used. 

The  clothing was placed over  a f lank of pork  covered  with g reaseproof  paper ,  wi th  
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TABLE 2--Clothing used bz this study. 

Garment Fiber Type Construction 

Tee shirt polyester/cotton double knit 
Sweatshirt polyester/cotton double knit 
Business shirt polyester/cotton plain weave 
Jeans cotton uneven twill weave 
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the pork resting on a piece of board. Pork was used because its skin best fulfills the 
requirements of a model of human skin [1,2]. The greaseproof paper was used simply 
to keep the clothing clean, as it was to be worn in a subsequent phase of the experiment. 
The flanks of pork averaged about 5 cm in thickness. 

Damage was made with each weapon using both a "'stab" action (except for the razor 
blade) and a "'slash" action. For one set of clothing this damage was made along the 
direction of the weft yarn, and for the second set is was made along the warp yarn. In 
addition, a cut/tear was made, along both the warp and the weft. A scalpel was used to 
make a straight cut approximately 1 cm long, and then the fabric was pulled apart to 
produce a tear extending from each end of the cut. 

To test the effect ol~ blood on the appearance of the damage, freshly drawn human 
blood was applied to the inner surface of the clothing and allowed to soak through, 
simulating the conditions of bleeding after an assault. 

The effect of wear was studied after the damaged clothing had been worn for a full 
working day, mostly being worn as the outer item of clothing but sometimes worn covered 
by a laboratory coat. 

The clothing was washed in an automatic washing machine and dried in a tumble dryer. 
Detailed examination of the damage to the clothing, both before and after the various 

wearing and washing procedures, was performed using a Wild Makroskop M420, with 
the Wild Photoautomat MPS45, at magnifications up to approximately • 50. Photographs 
were taken using Kodak Technical Pan black and white film, 

Resu l t s  and  D i s c u s s i o n  

General Observations 

The difference in effort required to make the various weapons penetrate the fabric 
and the pork was readily apparent. No actual instrument was used to measure the force 
required, but the cook's knife, utility knife, bowie knife, pocket knife, broken glass, and 
diver's knife all penetrated easily. All of these weapons had pointed tips, which ranged 
from sharp and slightly rounded to very sharp and pointed. This observation is consistent 
with the results of Knight [3] and Green [4], who found that the sharpness of the first 
few millimetres of a blade is the paramount factor in the ease of stabbing and gaining 
penetration. It was possible to get these sharp weapons to penetrate using only one hand, 
but two hands were required to force the screwdriver, bread knife, and scissors to pen- 
etrate. The table knife bent and did not penetrate. 

Another observation which agreed with those of Knight and of Green [3.4] was the 
fact that. once a weapon penetrated the skin, it continued, with very little force, right 
through to the board below. It was also interesting to note in this study that a routine 
examination of the piece of pork after a -stab" showed that is was possible for the blunter 
weapons, such as the closed scissors and the screwdriver, to break the skin without actually 
penetrating the fabric. In these instances, the fabric was dragged down into the wound 
made, causing the fabric to pucker and dent, without forming an actual hole in the fabric. 
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Washing the items flattened out the dent and, in the case of the screwdriver,  two holes 
appeared where the corners of the dent had been. 

There was some difficulty in producing a tear down the warp in the knitted garments.  
Ever,,' time the tear was a t tempted,  instead of the damage continuing down the x~.arp, it 
would start tearing along the weft. This was probably because the garments were weft 
knit and so the tear went off in the direction of the worked yarn. This resulted in right- 
angled tears. 

Microscopic Observations 

Initial Examination--Although each item of clothing was constructed from a different 
fabric, there were many similarities and features of certain types of damage which were 
common to them all. While the type of fabric obviously made a difference to the final 
overall appearance,  the main factors in determining the appearance of the damage was 
found to be the type of damage (that is, whether  it was a stab, slash, or tear) and the 
type of weapon (whether it was an especially blunt or sharp point and blade). 

Some stab and slash cuts made in knitted garments by sharp weapons produced small 
segments of yarn which had been cut twice and were posit ioned slightly above the edge 
of the cut (Fig. 1). These were formed from knitted loops of yarn which had been cut 
and they were held in place by a few fibers that were still intact or by fibers from lower 
yarns. 

(a) Stab cut--sharp point weapons (cook's knife, utili O' knife, bowie knife, pocket knife, 
broken glass, diver's knife)--Penetration of all garments with this type of weapon was 
easy. Since the blade edges and tips were sharp, the yarns were generally cut cleanly, 
resulting in very little fraying of the fibers at the ends of the cut yarns. Thus, the overall 
cuts appeared neat along the edges, with the length of the fibers uniform both within 
and between the cut yarns (for an example see Fig. 2). 

The appearance of the yarns at the ends of the cuts was examined to determine what 
type of knife might have caused the damage.  While not all cuts possessed characteristics 
to indicate the type of knife, many of them did and the following general observations 
could be made: 

�9 If one end of the cut had frayed fibers and distorted yarns, while the other  end was 
cleanly cut with the fibers still "'in l ine" (Figs. 2 and 3), then it indicated that a knife 
with a single, smooth blade or  a double-bladed knife with one serrated and one smooth 
edge had caused the damage.  
�9 If both ends of the cut had damaged yards with the fibers frayed and distorted, then 
it indicated that a knife with a single blade with a serrated edge had caused the damage.  
�9 If both ends of the damage were cleanly cut with the fibers at the ends of the cut 
yarns still "'in line,'" then there was no indication as to whether  the weapon was a 
double-bladed knife or the damage merely did not possess any characteristics to connect  
it with a particular type of knife. 

Not only could the ends of a cut often indicate what type of weapon might have made 
it, but they could also sometimes indicate how it was m a d e - - t h a t  is, whether  it was a 
stab or slash. On many of the stab cuts on the tee shirt, sweatshirt, and shirt, there was 
a short nick to the side at either one or both ends (Fig. 2). While this was not present 
on all of the stab cuts, it was not visible at all on any of the slash cuts and is indicative 
of a weapon having been forced into the body rather than cut along it. 

A cut in a plain-weave fabric (the shirt) produced an effect not observed in the other  
fabrics tested (Fig. 4). If the line of the cut was essentially along the weft, but not exactly. 
then some of the weft yarns, in addition to the warp yarns, were cut. In this case the 
ends of the cut weft yarns were more frayed than were the warp yarns. In the opposite 
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FIG. 1--A portion o f  a stab cut, in a sweatshirt, made by the utility knife. This illustrates that, in 
knitted.fabric cut with a reasonably sharp weapon, a short, isolated section o f  yarn may be present 
on the edge of" the cut. One division = 1 ram. 

FIG. 2 - - T h e  end o f  a stab cut, in a tee shirt, made by the lower, smooth edge q f  the blade o f  the 
diver's knife. The cut ends q f  the yarns were clean, with the fibers remaining "in line." The short 
nick to the side, characteristic ofistab cuts, is also illustrated. One division 1 ram. 

FIG. 3 - - T h e  same stab cut shown in Fig. 2, but showing the end made by the upper, serrated edge 
o f  the blade. The cut yarns are much rougher than those in Fig. 2: the fibers at the ends o f  the yarns 
are frayed and many longer fibers are present. One division = l ram. 

situation, that is, when the cut was essentially along the warp, the cut warp years were 
more frayed than the weft yarns. 

(b) S tab  c u t - - b h m t  w e a p o n s  (b reak  kni fe ,  sc issors ,  s c r e w d r i v e ~ T h e  closed scissors, 
bread knife, and screwdriver were all classified as blunt because they do not have a sharp 
pointed tip. Their  tips, being squared or rounded,  tended to break the surface of the 
fabric rather than cut it, and therefore the damaged yards appeared stretched and broken 
(Fig. 5). The bread knife differed slightly because, although the tip was blunt,  the blade 
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FIG. 4 - - T h e  edges o f  a stab cut, in a plain-weave shirt, made by the cook's kniJe. Some ws yarns 
are cut as well as the warp yarns. When the cut is not  exactly along the line o f  the weft. the cnt weft 
yarns are more frayed than the cut watp yarns. I f  the cut is essentially along the line o f  the warp the 
reverse is true. One division = l ram. 

FIG. 5- -A hole, in a plain-weave shirt, caused by a stab with the screwdriver. The ,yarns are long 
and stretched, with variation in fiber length both within and between yarns. One division = 1 ram. 

was sharp.  This t ended  to produce  damage  in which one area had unevenly  b roken  and 
s t re tched  yarns and  ano the r  area had  an edge similar to tha t  made  by the o the r  knives 

tested.  
The  s tab cuts f rom the  scissors var ied in appea rance  f rom i tem to item. These  cuts 

were general ly  T-shaped ,  which was p robab ly  an effect of  the shape  of  the c losed blades.  
In one of the tee shirts tes ted  there  was an area  in the middle  of the cut where  the yarns  
were still intact ,  p resumably  because the}, had passed up into the space be tween  tile two 

blades.  
The  screwdriver  general ly  s t re tched  the yarns,  which then  broke  unevenly ,  leaving a 

square  or oval hole.  W h e n  ga rment s  are damaged  in this way the length of the fibers 
differs bo th  within and  be tween  yarns.  The  damaged  area appea red  rough and  it was 
difficult to see where  the b roken  yarns had  jo ined  (Fig. 5). 

(c) S lash  c u t - - U n l i k e  most  s tab cuts, which had  a shor t  nick at the end  of the damage ,  
a slash cut s ta r ted  and  f inished in a V shape  (Fig. 6). In some cases, especially with 
slightly b lunt  weapons ,  the ends of the cut were not  very well def ined since some yarns 
were intact  in be tween  o thers  which were c u t - - t h a t  is, the cuts were not  cont inuous .  
This also somet imes  occurred  in the middle of the  cut (Fig. 7). whereas  for a stab cut 
the yarns were usually cut through.  Often ,  when  yarns were left intact  be tween  o thers  
that  were cut, it was found  tha t  some fibers within the yarns were b roken  but  not  enough  
to sever  the whole  yarn.  

In those cases where  a slash or cut was made  along the warp or  weft, yarns  tha t  were 
parallel  to the direct ion of the cut were affected as well as those tha t  ran pe rpend icu la r  
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FIG. 6--A slash, in a sweatshirt, made by the utili O, knife. The appearance o f  the end is characteristic 
o f  slashes. One division 1 mm.  

FIG. 7 - - T h e  middle qt  a slash cut, made by the razor blade, in a sweatshirt. The presence o f  
a noncontinuous portion in the middle o f  the damage is generally indicative o f  a slash cut. One divi- 
sion - I mm.  

to it. If a sharp-bladed tool was used, then few, if any, y,arns parallel to the cut would 
be dislodged (Fig. 8), but if the blade was blunt, then more yarns would be affected (Fig. 
9). These dislodged yarns might or might not be cut. 

The condit ion of the ends of the cut yarns along the edges of the damage depended 
on the sharpness of  the blade. With a sharp blade, the lengths of the fibers were fairly 
uniform both within and between the cut yarns. As the sharpness decreased there was 
a greater  difference in the lengths of fibers both within and between the yarns. 

Two ways of cutting the clothing with the scissors were used: one in which the fabric 
was doubled over  before the cut was made (Fig. 10), and another  in which the fabric 
was pierced with the lower blade and then cut (Fig. 11). In the latter case the edges of 
the cut were similar to those of the sharp knives: however,  the wider hold for the pierced 
area, and the jagged edges, distinguished it from other  cuts. For  the "double  ove r"  cut 
a distinct "'half point"  was often visible. 

(d)  Cu t  a n d  t e a r - - I n  all cases, except for the denim, distinguishing a cut from a tear 
was very simple. Figure 12 illustrates a cut and a tear in the plain-weave shirt. The fibers 
at the end of cut yarns were "'in line" and of similar length both between and within the 
yarns. In the torn portions the fibers were frayed, with large variations in fiber length 
both between and within yarns. In addition, there were a lot of yarns out of  weave or 
knit. Also,  unlike some cuts caused by blunt weapons,  there were no areas in the middle 
of a tear where yarns were still intact. Finally', y'arns at the end of a tear appeared 
stretched beyond their elastic limit. 

The cut/tear distinction in denim was more difficult to detect. As in the cut/tears on 
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FIG. 8- -A slush cut, made with the cook's  kmfe, on a business shirt. The top ends o[the cut yarns 
are itot.far.h'orn the nearest cross yarn. One division = l ram. 

FIG. 9--A slash cut, in a business shirt, made by the broken glass. The distance.t)'om the top ends 
q f  the cut yarns to the first cross yarn is larger than that in Fig. 8. There is also more variation in 
fiber length and more  extraneous fibers present. One division = 1 turn. 

FIG. lO- -Damage  where the fabric of' a tee shirt was doubled over attd then cut with scissors. It 
is possible to see where the fabric was folded, as the )bid was not quite straight, and this has resulted 
in a slight d(fference in angle between the two ends o f  the cut. One division = 1 ram. 

other  i tems, there  was a difference in the length of the severed yarns b e t w een  the cut 
and  torn  areas,  but  in den im this was somet imes  not  very p ronounced .  The  yarns in 
denim are thick and  closely woven.  When  they are b roken  and  start  to fray there  is 
insufficient space for all the yarns to r emain  on  the same plane,  and  so some yarns go 
above  and  o thers  below the plane of the cut. making  the edges of the damage  appear  
raised. This  raised " ' r idge" at the end  of the cut was slightly wider  and  higher  for torn  
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FIG. 11- -A  cut in which the lower blade o f  the scissors pierced and then cut the fabric. Where the 
blade pierced, the damage is rough and the fibers at the ends o f  the damaged yarns are frayed. The 
yarns to the right are located where both blades o f  the scissors cut, and, in comparison with the left 
side, these yarns are neat, and the fibers at the end are "'in line." One division = 1 ram. 

FIG. 12-- The edges o f  a cut. followed by a tear, in a plain-weave shirt. The cut yarns (at the left) 
are neat and "'in line," while the torn yarns are rough, frayed, and vao'ing in length. All  the fibers, 
even (f frayed, are still individual. The tearing action dislodged yarns running parallel to the direction 
o f  the tear, in both the torn and cut portions o f  the damage. One division = 1 ram. 

yarns than for cut yarns. It was not a very clear difference,  and without a cut made at 
the same t ime to use as a comparison it could be difficult to identify a tear in denim 
solely on the appearance of the edges. 

Ef fec t  o f  B l o o d  on D a m a g e d  Edges  

The effect of  the addition of blood on the appearance of cuts and tears differed 
depending on the amount  of blood added. The general  effect of blood was to bind the 
fibers at the ends of broken yarns together ,  making them, and therefore the whole cut, 
appear heater  (compare Figs. 13 and 14). This made many of the rougher  cuts appear  
similar to the nearer  cuts. 

If the blood staining was only light, most of  the characteristics present  originally were 
still visible. Thus,  it was still possible to distinguish between sharp and slightly blunt 
weapons by the variat ion in fiber length. 

If the blood staining was heavy, the blood could " 'hide" some of the detail required 
to identify some characteristics of a cut. In these cases it was not always possible to see 
detail of individual fibers, and excess blood at the edges of  the damage somet imes made 
the fibers of the broken yarns appear  to be the same length as those of cut yarns. 
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FIG. 13--The edges of  a cut, in a tee shirt, made by the table kmfe. The edges are rough and the 
yarns are generally more stretched and broken than cut. There is also variaticm h~ fiber length both 
withb~ and between yatws. One division 1 mm. 

FIG. 14--The same cut as in Fig. 12, qfter the addition of  blood. The whole cut now appears much 
neater. One division = 1 ram. 

Wearing Effects on Damage  

Examination of the items of clothing after the,,' had been worn for a day showed that 
there were some changes to the areas of damage in comparison with their initial appear- 
ance. Most of the cuts were slightly wider than previou'sly, though each retained the same 
general shape. The length of the cut yarns did not change, but the appearance of the 
fibers at the ends of the yarns did. Fibers at the ends of what had previously been neatly 
cut yarns with all the fibers ~'in line" started to fray and appeared quite different. Compare  
ttle appearance of the yarns in Fig. 15 with those on the left side of Fig. 3. Tile fibers 
that had been slightly frayed initially showed no real change. 

In addition to the fraying fibers there w'ere also more short, extraneous fibers present,  
especially from yarns that had been out of knit or weave. These changes in the appearance 
of the cuts were more pronounced in the areas around the chest and arms of the tee 
shirt, sweatshirt, and business shirt, probably because there is more body movement  in 
these areas. 

The cuts that were most affected by wearing were the ones that had previously been 
neat and which had ended up slightly fraved. However .  after the clothing had been worn 
for only one day. all the cut yarns were slightly frayed: thus, it is possible to say that a 
garment  with neat "in line'" fibers at the ends of cut yarns must not have been worn 
much since the damage was made. 
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FIG. 15- -The  edges o f  a stab cut, made with the cook's  knife, in a tee shirt. This is the result alter 
the tee shirt has been worn for  a day. All  the cut yarns now have frayed edges, but although the fibers 
Are frayed, they are still individual. CompAre the yarns in this figure with those on the left side o f  
Fig. 3. One division = 1 turn. 

W a s h i n g  Ef fec ts  on  D a m a g e  

The fibers at the ends of cut yarns after the garment had been worn but before it was 
washed were frayed but they were still "'individual." After the garment had been washed 
these fibers matted together and it was no longer possible to see the entire lengths of 
individual fibers (compare Figs. 12 and t6). This occurred on all items of clothing ex- 
amined, although the degree to which the fibers matted varied, depending on the length 
of the ""free" fibers available to tangle. The longer the fibers, the more pronounced the 
matting. 

Since none of the fibers were tangled originally, it is possible to say that, if the fibers 
at the ends of cut yarns are matted, then the garment has been washed since the damage 
was made. Cuts on all the types of clothing widened slightly after washing, particularly 
cuts on the jeans, where the cuts were very wide with several intact weft yarns across 
them. Before being washed these cuts had been narrow, with only one or two yarns 
across them. 

There was no real change in results after a second wash. The matted fibers were slightly 
more tangled, but no distinction could be made between yarns that had been washed 
twice and those that had only been washed once. 

FIG. 16--The  same cut/tear portion as in Fig. 12, after the shirt was washed. The fibers at the end 
are now tangled together instead o f  being individual. The matting is more obvious in the longer torn 
vatvzs. One division - 1 mm.  



912 JOURNAL OF FORENSIC SCIENCES 

Conclusions 

The generally held view that blunt weapons leave rough, uneven cuts in comparison 
with those made by sharper weapons was confirmed,  as was the fact that blood can "tidy 
up" the cut yarns, thus making the distinction between cuts made by different weapons 
sometimes difficult to see. 

Damage can be classified as recent based on one of  the two following criteria: 

1. It was found that the appearance of matted and tangled fibers at the ends of cut 
yarns indicated that the garment  had been washed. Thus, under these conditions. " ' recent" 
damage means that the garment  has not been washed since being damaged,  and so any 
cut with matted fibers is not recent damage.  

2. If the fibers at the ends of  cut yarns are still completely "'in l ine ,"  perhaps slightly 
frayed, then "recent '"  could mean tbat the garment  has not been worn to any great extent 
since being damaged.  

While certain characteristics of damage are often of assistance in determining the type 
of weapon that caused the damage,  there are some occasions in which the conditions of  
the cut can make this difficult. To enable an accurate interpretat ion of  the damage to 
be made, it is important  that test cuts be made in the garment  (if possible) with the 
weapon in question. 
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