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Abstract 

Although evidence of sharp force trauma on the human body, particularly the skeleton, 

can be extremely useful in providing information regarding the manner and context of 

death, there is still a lack of necessary detail available to the investigator. Using ribs, 

radii, scapulae, vertebrae and carpal bones this study demonstrated that distinctions could 

be made between the stab marks left by serrated blades and those of non-serrated blades. 

Low power and scanning electron microscopy were used to record distinctive „T‟ shaped 

stabmarks from non-serrated blades and „Y‟ shaped stabmarks from serrated blades. In 

addition, elemental evidence of the presence of the blade in the stabmark kerf was 

recoverable even when no metal fragment was visible. 
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Introduction 

 

Sharp force trauma has long been argued to be the most frequent cause of murder in the 

United Kingdom [1, 2, 3]. Successful analysis and interpretation can provide important 

contextual information regarding the instant of trauma, such as the position of the victim 

in relation to the attacker, the handedness of the attacker, whether the wound was caused 

by suicide or homicide etc. [for example 2, 4, 5, 6, 7]. Furthermore, the motion of the 

sharp object can be ascertained depending on whether a cut (the incision is wider than it 

is deep) or stab (the incision is deeper than it is wide) mark is left [see 8 for trauma 

definitions]. Although the sharp object must pass through the soft tissues first, it is often 

the hard tissues that best record and preserve the impression of the weapon; indeed they 

will be the only record after decomposition. Previous work has focussed on interpreting 

sharp-force trauma from bone in order to make statements about the context of death in 

both forensic and archaeological contexts. Such work includes the definition of kerf 

dimensions and properties [9, 10], the differentiation of cutmark origin [9, 10, 11, 12, 13, 

14], the impact of other taphonomic processes on cutmark preservation [15, 16], patterns 

of butchery and dismemberment [10, 17, 18, 19] and describing the details of the trauma 

incident itself [1, 2, 4, 5, 6, 7, 20, 21]. Although research has demonstrated that it is 

possible to distinguish the class of sharp object used from the mark left behind, it is 

difficult to be any more precise than that. There are times, however, when this would be 

of great use. Specifically, it would be of use to be able to separate stab marks made by a 

non-serrated blade, and those made by a similar, but serrated blade. 

 



 3 

Due to its general resistance to decomposition, bone often preserves the evidence of a 

sharp-force weapon attack a great deal longer than the soft tissues. Nonetheless, it is often 

useful to collect a cast or replica of the cut-mark in order to protect the original specimen. 

A number of studies have attempted to determine the most appropriate casting medium 

for this. In addition, casts have been attempted on soft tissue cutmarks with some success 

[22]. Some work has examined the force necessary to penetrate the soft tissues [1, 3], but 

other than the work of Kieser et al. [14], no attempt has been made to determine the 

relationship between cut marks in soft tissue and the underlying hard tissue. 

 

Although it is entirely possible to view such marks with the naked eye, or using standard 

photography, scanning electron microscopy (SEM) has become the method of choice for 

analysing such cutmarks. Scanning electron microscopy provides a high resolution 

magnified image of the surface of the element of interest and has been widely accepted as 

a standard tool in forensic science and in cut-mark analysis [see 9, 10, 11, 12, 13 for its 

deployment in this context]. 

 

Therefore the aim of this research was to ascertain the difference between marks left by 

serrated and non-serrated blades in an attempt to provide the forensic pathologist, 

anthropologist and investigator with addition information regarding the context and 

manner of death. 

 

Methods and materials 
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Ribs, radii, scapulae, vertebrae and carpal bones were used in this experiment because, 

despite their different structures, all have a known ability to record cut-marks, in addition 

to being sites of stabbing in forensic cases recorded in the literature [e.g. 2, 4, 5, 6]. Pig 

bones were used because of their acknowledged similarity to human bones. Pig bones 

have a long history of use in trauma and taphonomic studies in anthropology. Both the 

non-serrated and serrated knives were made by the same manufacturer (Prestige) and 

originate from the same product range. This was chosen in order to reduce the effect of 

variables other than blade style. The knives had a width of 2.3cm and a length of 20cm. 

The teeth on the serrated knife were 0.2cm long and 0.6cm apart. The knives used in this 

work were new. 

 

The bones were defleshed in warm water using a biological detergent. The bones were 

held in place on the work-surface with a clamp to ensure consistent positioning amongst 

all samples, and to restrict movement upon impact. The researcher (JI) wore appropriate 

protective clothing and struck the bones with the knife using her right arm. Three marks 

were made, and speed and force of blow was kept as consistent as reasonably possible. 

The marks were examined using the naked eye, a low-powered microscope and an 

environmental scanning electron microscope. The environmental SEM does not require 

sample preparation, and allows the user to examine bone samples free of a gold or carbon 

coating. As such, this technique is non-destructive and arguably more precise than 

traditional methods. Furthermore, it has been used in previous research of this nature 

[14]. 
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In addition to recording the shape and size parameters of the stab mark, an attempt was 

made to assess the degree of damage to the kerf. For this, a subjective 5-point scale was 

used with 0 equalling no damage and 5 representing extensive damage. 

 

 

Results 

 

The main results of the visual, low-powered and scanning electron microscopy are 

presented in Tables 1, 2 and 3 respectively. The values presented are mean averages. It 

can be seen from Table 1 that on average the serrated blade produces longer and narrower 

stab marks than the non-serrated blade. In addition, the degree of damage is also greater. 

With both knife types, damage was greater in those elements with a high degree of 

cancellous bone. These trends are, as one would expect, repeated in Tables 2 and 3. 

Although the average values for length and width do not vary significantly between 

Tables 1, 2 and 3, the values for kerf damage do. This is because the greater 

magnification allows one to appreciate more subtle damage patterns. 

 

Figures 1, 2 and 3 show representative examples the stab mark shapes referred to in 

Tables 1, 2 and 3. It can be seen that the marks are indeed different for both the non-

serrated and serrated blades, that these differences are consistent throughout all 

specimens and that the differences can be seen at all three viewing magnifications. 
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In addition to utilising the SEM to examine the surface of the stab mark, an elemental 

analysis (Elemental Dispersive Spectroscopy – EDS) was undertaken. This technique 

allows the elements (and their abundance) on the surface of a material to be determined. 

The results of this assessment are presented in Table 4. 

 

 

Discussion 

 

Despite the frequency of knife-related injuries and deaths in the United Kingdom and 

elsewhere, there is a paucity of research in this area. As such, it can be difficult to 

extrapolate even the most basic information from a cut or stab mark. That said, a very 

clear pattern has emerged from the data in this study (Figures 1, 2 and 3). The non-

serrated blade consistently produced a well defined „T‟ incision surrounded by a 

triangular region of depressed compact bone. The serrated knife produced a „Y‟ shaped 

incision, surrounded by a triangular region of depressed bone but with a right lateral 

curve to the tail of the incision. The „T‟-shaped stab mark from the non-serrated blade is 

consistent with that produced by Thali et al. [23] from a similar weapon. The differences 

in shape of stab mark seems to result from the fact that the non-serrated blade causes 

bevelling of the bone laterally to the blade, while the serrated blade causes a single bevel 

superior to the blade. Thus, on average, the „Y‟ shaped feature appears longer and 

narrower than the „T‟ shaped mark (Tables 1, 2 and 3). That said, these results are in 

agreement with Humphrey and Hutchinson who argue that sharp weapons cause little 

crushing and fracturing [12]. 
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The lateral kink in the tail of the serrated blade is of interest. Repeated experimentation 

using the opposite hand (left, instead of right) still produced the feature, thus strongly 

indicating that the weapon itself is the cause of the lateralisation. Figure 4 shows the 

cross-section of the blade and from this it can be seen that the cutting edge of the serrated 

blade of offset laterally compared to the non-serrated blade. 

 

It has also been demonstrated that the definition of the stab mark varies depending on the 

amount of cancellous bone present at the incision site. Greater relative quantities of 

cancellous bone allow for clearer definition of the resultant mark. In practice, this will 

affect the ability to distinguish the subtle differences between non-serrated and serrated 

blades. The surface of a blade can also result in striations on the kerf wall that can be 

related to saw or knife class [14, 24] although one would also expect this to be affected 

by the ratio of cancellous to compact bone at the cutmark site. 

 

There are two main weaknesses to this study. First, as is common in such experimental 

trauma studies, there is the fact that the sample size if relatively small. Further work is 

recommended here, although the consistency of the stab mark shape differences across 

bone types and morphologies suggests that we can be confident about the conclusions. 

Second, the marks were made with minimal soft tissue present. It is important that we 

investigate whether these features are present, or as clear, on the hard tissues when the 

knife must penetrate the soft tissues first. 
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It is entirely possible for fragments of a blade to be deposited within the cutmark 

following an attack [23, 25]. Unfortunately the results of the Scanning Electron 

Microscope – Elemental Dispersive Spectroscopy analysis (Table 4) performed at the 

conclusion of this research proved inconclusive. The presence of iron, silicon and 

aluminium were detected within the stab mark however it was impossible to fully rule out 

the influence of sample contamination. Although this technique has been used 

successfully in the forensic and osteological context [25], our experiences should be 

viewed as a warning to the potential undermining problems of this approach to stab and 

cutmark investigation. 

 

 

Conclusions 

 

It can be seen that the specific nature of the knife using in an attack can be determined 

beyond just single or doubled edged. It is now possible to determine whether the stab 

originated from a non-serrated or serrated blade. Furthermore, results suggest that 

applying EDS methods to cutmarks during the standard SEM analysis phase may yield 

potentially useful information about the weapon of choice. There is still much work that 

needs to be undertaken in this field, but this research adds more information which may 

help the forensic practitioner in lethal stabbing contexts. 
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Table and Figure Legends 

Table 1: Stab mark details as viewed by the naked eye. 

Table 2: Stab mark details as viewed by low-powered microscopy. 

Table 3: Stab mark details as viewed by scanning electron microscopy. 

Table 4: Elemental analysis of the stab marks and knives. 

 

Figure 1: Stab marks from serrated (upper) and non-serrated (lower) blades in rib bone. 

Figure 2: Stab marks from serrated (upper) and non-serrated (lower) blades in the spinous 

processes of vertebral bone. 

Figure 3: Stab marks from serrated (upper) and non-serrated (lower) blades in the spinous 

processes of vertebral bone as seen using SEM. 

Figure 4: Cross-section of knife blades, as seen from the tip. 
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26.  

 
Shape Length 

(mm) 

Width 
(mm) 

Kerf 

damage 

Fragmentation / 

fractures 

S
e
r
r
a

te
d

 B
la

d
e
 

Rib 
 

5.00 1.00 3 

Some fractures 

around bottom of the 

mark 

Radius 

epiphysis 
 6.00 1.00 2 ― 

Radius 

diaphysis  
 1.75 0.63 1 

Chunk of kerf lifted 

out to the left 

Scapula 
 

3.50 0.75 1 

Large fragmentation 

if 2 marks in close 

proximity 

Vertebra  
 

3.67 1.00 1 Some fracturing 

Carpal 
 

2.67 0.75 2 
Small fragmentation 

of kerf 

Mean  5.90 0.85 1.7 ― 

N
o
n

-s
e
r
r
a
te

d
 b

la
d

e
 

Rib 
 

9.50 0.92 2 
1 fracture towards 

bottom left of mark 

Radius 

epiphysis 
 2.33 0.75 2 ― 

Radius 

diaphysis 
 1.33 0.83 1 

Chunk of kerf lifted 

out 

Scapula  9.0 1.50 1 Some fracturing 

Vertebra   3.33 1.17 2 
Small fragmentation 

of kerf 

Carpal 
 

3.67 1.00 1 ― 

Mean  4.86 1.03 1.5 ― 

 

Table 1 
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Shape 

Length 
(mm) 

Width 
(mm) 

Kerf 

damage 

Fragmentation / 

fractures 
S

e
r
r
a

te
d

 B
la

d
e
 

Rib  3.43 0.88 3 
Ruffling and some 

fragmentation of kerf 

Radius 

epiphysis 
 5.53 1.02 3 

Kerf gouged out to 

the left of the mark 

Radius 

diaphysis  

 
1.81 0.65 2 ― 

Scapula  18.54 0.73 2 
Fragmentation of 

other side 

Vertebra  
 

3.65 0.72 2 
Small fractures at top 

causing Y shape 

Carpal  1.23 0.50 3 
Fracture of the 
mark‟s tail and 

fragmentation of kerf 

Mean  5.94 0.75 2.5  

N
o
n

-s
e
r
r
a
te

d
 b

la
d

e
 

Rib  3.87 0.66 2 

2 fractures either side 

of top giving a T 

shape. 1 fracture on 

bottom left of tail 

Radius 

epiphysis 

 
2.53 0.88 3 

Kerf gouged out to 

the left of the mark 

Radius 

diaphysis 

 
1.54 0.73 1 ― 

Scapula 

 

9.09 1.38 3 

Ruffling of kerf and 

several small 

fractures. 

Fragmentation of 

back 

Vertebra 
 

2.71 0.78 3 
Small fragmentation 

of kerf 

Carpal 
 

3.14 0.60 2 ― 

Mean  3.81 0.84 2.3  

 

Table 2 

 



 16 

 

 
Shape 

Length 
(mm) 

Width 
(mm) 

Kerf 

damage 

Fragmentation / 

fractures 
  

  
  
  
  
 

S
e
r
r
a

te
d

 B
la

d
e
 

Rib  3.44 0.88 4 

Fragmented kerf and 

fractures around the 
side of the mark 

Radius 

epiphysis 
 5.60 1.02 2 ― 

Radius 

diaphysis  
 1.82 0.65 3 

Torn and fragmented 

kerf 

Scapula 
 

  2 ― 

Vertebra  3.69 0.72 2 Small fragmentation 

Carpal  2.69 0.50 3 

Kerf Ruffled & torn. 

Fractures at top 

producing Y shape 

Mean  5.77 0.75 2.7  

N
o
n

-s
e
r
r
a
te

d
 b

la
d

e
 

Rib 
 

3.91 0.66 3 
Torn & fragmented 

kerf 

Radius 

epiphysis 

 
2.53 0.88 3 Torn and ruffled kerf 

Radius 

diaphysis 

 
1.56 0.73 4 

Kerf gouged to the 

left of the mark 

Scapula 
 

  3 ― 

Vertebra 

 

2.76 0.78 2 

Lots of fragmentation 

of kerf and inside 

material. Fracture top 

right of mark 

Carpal 

 

3.09 0.60 4 

Kerf very ruffled & 

torn. Lots of 

fragmentation inside 
mark 

Mean  3.84 0.84 3.2  

 

Table 3 
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Sample 
Elements confirmed 

Serrated blade Non-serrated blade 

Rib 
C, Ca, O, Cl, P, Na, 

Mg, Si, S, Sr, K, Fe 

C, Ca, O, P, Na, Mg, 

S 

Radius 

epiphysis 

C, Ca, O, Na,P, S, 

Mg, Si 
C, Ca, O, P, Na, S 

Radius 

diaphysis 

C, Ca, O, Mg, W, P, 

Fe 
C, Ca, O, P, S, Na 

Vertebra 
C, Ca, O, Mg, P, Na, 

S 

C, Ca, O, Fe, Na, 

Mg, Si, P, S, Cl, K, 

W 

Carpal 
C, Ca, O, Na, Al, Si, 

P, S, Mg 

C, Ca, O, Na, Al, Si, 

P, S, Fe, Mg 

   

Knife blade 
C, Cr, O, Si, Al, Mo, 

Fe, Ti 

C, Cr, O, Si, Al, Mo, 

Fe, Ti 

 

Table 4 
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Figure 1 
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Figure 2 
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Figure 3 
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Figure 4 


