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A B S T R A C T   

Investigating a fatal fire scene comprises analysis not only of the fire’s development to identify the point of fire 
origin and ignition source, but analysis of a victim’s position and their relationship within the scene. This work 
presents both qualitative and quantitative results from experimentation investigating the effect of a real fire 
environment on the human body, and how the position of a victim at the post burn investigation stage may be 
significantly different to the position at fire ignition. Qualitative observations were undertaken on the burning of 
39 compartment and vehicle scenes from ignition through to suppression, each containing a human cadaver. The 
results of analysis question the validity of previous work based on cremation observations. Quantitative results 
were produced by recording 13 points on the body on the X, Y and Z axis, both pre and post burn on a smaller 
dataset of ten compartment burns. Results have enabled a more robust assessment of thermally induced 
movement of the body within the scene along each axis, evidencing that pugilism is not the universal reaction of 
the fatal victim to thermal exposure, with extension of the upper limbs far more common than has been pre-
viously reported.   

1. Introduction 

Understanding the effect of thermal penetration on human remains is 
key to the analysis of the fatal fire scene, with the recording of a victim’s 
position and their relationship to the immediate surroundings a vital 
process in the investigation [1–6]. 

Most fire deaths are not the result of burning but are the result of 
inhalation of toxic chemicals present within the fire scene [7–11]. The 
thermal environment of fire is not only high in temperature but also very 
noxious due to complex and variable chemical release. As heat strikes 
the surface of objects within the scene, chemicals such as carbon mon-
oxide are released and the atmosphere usually becomes toxic. Carbon 
Monoxide (CO) is a colourless, odourless and tasteless gas, and can be 
lethal. Upon inhalation the CO molecule binds with the haemoglobin 
found in blood with an affinity in excess of 200 times more than oxygen, 
producing Carboxyhaemoglobin (COHb). The formation of COHb re-
duces the oxygen level in the body with the level of 50 % within the 
blood considered lethal concentration. Post-mortem investigation of 
fatal fire victims include (where possible) blood analysis with CHOb 
levels which are widely used to indicate victim vitality [12–17]. 

The presence of other highly toxic gases may also be identified 
within the bloodstream, such as Hydrogen Cyanide (HCN). HCN is the 
by-product of heating combustible materials, for example paper, nylon, 

and products made from polymers and polyurethanes such as carpets 
and furniture [18]. Victim’s clothing of natural fibres like silk and wool 
can also produce HCN which can explain its presence in an outdoor fatal 
fire environment [19]. The highly irritant gas Hydrogen Chloride (HCL), 
a by-product of heating polymeric materials such as Polyvinyl Chlorides 
(PVC) can also be present within the highly noxious environment [20], 
with these extremely toxic gases causing incapacitation, anoxia and in a 
high enough dose can lead to death [21,22]. Following incapacitation or 
death through toxic inhalation, the victim will continue to be subjected 
to thermal environment until suppression. 

The growth of a fire is dependent of fuel, oxygen, heat and an un-
inhibited chemical reaction with thermal energy transferred predomi-
nantly by radiated and convected heat to the body. As oxygen is 
entrained at the base of the fire it creates a convective flow cycle due to 
buoyancy. Heated air rises and thermal energy transfers to the surface of 
cooler objects in its path [23] with the cooler air then falling. This 
process of convection is important for promoting the growth of fire in its 
early stages at <c.150–200 ◦C [24–26]. As fire grows and temperatures 
rise, the higher heat release rate facilitates the mechanism of heat 
transfer transitioning from convection to radiation at c400 ◦C [23]. 

Once heat rises in an enclosed area it is trapped within the ceiling 
layer radiating heat to the surfaces below. The increase in surface 
temperature of objects below, results in the release of gases such as CO, 
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HCN and HCL by pyrolysis which then rise mixing with the uncombusted 
carbon products (smoke) in the ceiling layer. This cycle of increased heat 
eventually reaches an optimal point of autoignition at ~600 ◦C or heat 
flux ~20 kW/m2 [23,27–29], resulting in a phenomenon termed flash-
over, with the increased radiated temperatures promoting ignition of all 
surfaces within the scene [25,29–31]. Flashover occurs predominantly 
in compartment/room environments where the temperatures of the post 
flashover environment can reach in excess of 1000 ◦C, and can be 
maintained for several minutes making survival of the fire victim un-
tenable [25,30,32]. 

As the human body continues to be exposed to high temperatures, 
thermal onslaught can initiate movement of the limbs into the pugilistic 
position [33,34]. This is achieved by heat penetrating into the soft tissue 
resulting in the denaturing and shrinking of muscles, ligaments and 
tendons [2,4,14,35,36]. As both extensor and flexor muscles retract, 
flexor muscles dominate resulting in the movement of limbs into the 
pugilistic position [37–39]. It is suggested that this process follows a 
predictable pattern [4] where all the external variables are similar [40], 
with posture change presenting in deeply charred remains [27]. Addi-
tionally, it is proposed that the absence of pugilism is indicative of body 
restriction with Symes and colleagues [40] suggesting that as the human 
body is essentially the same anatomy for all fatal fire victims, it will 
therefore undergo the same physical reaction of posture change through 
fire modification if all external variables are similar. Their study con-
tained minimal discussion around the variation of body positioning 
within the fire environment other than observing that a victim was 
discovered face down (prone) under vehicle wreckage or within the 
vehicle and how this position restricted movement to pugilism. There is 
limited scene discussion around fire dynamics, exposure times or fuel 
loads that victims were exposed to other than their presence in stairwells 
or in vehicles . This lack of data instigates a level of ambiguity when 
proposing these examples as being indicative of predictable burn pat-
terns found on the fatal fire victim. 

Investigations of thermally induced movement leading to pugilism 
have been undertaken retrospectively utilising case work data [1,4,36, 
41]. These studies provide insight from a post fire perspective whilst 
identifying the requirement of real time fire experimentation. Further 
examination of this movement phenomenon has been conducted via 
observation through a crematoria retort window and door [42,43]. 
While cremation temperatures are equivalent to the high temperatures 
reached in real fires, each cremation is undertaken on an individual 
basis with technicians altering the activation of both the burners and 
oxygen intake to make the cremation process efficient [44]. Further-
more, a crematoria retort does not replicate real fire in either scene 
dynamics or duration time [45–47]. 

A study by Bohnert et al. (1998) recorded that a body exposed to 
temperatures between 670 ◦C and 810 ◦C will show pugilism after 
approximately 10 min. Recognising that the presence of the coffin hin-
dered early observations they proposed reservation in applying their 
findings in forensic investigations [43]. Symes et al. (2012) report a 
more perceptive observation into pugilism transition by observing in-
dividuals cremated without coffins [42]. Whilst their study produced a 
detailed sequence of alteration to the human body by fire, their data 
lacks time frames and specific temperatures with the research method-
ology stating that of the eight cremations used for data collection, only 
the first two were observed from start to finish implying that the further 
six were not. No further discussion on observation was undertaken other 
than video being recorded intermittently by opening the retort door. In 
both of the above data sets there is no reference to whether the in-
dividuals were embalmed. 

Modern techniques of embalming involve the removal of blood and 
gases from the body followed by the insertion of a preserving agent. 
Formaldehyde is the most widely used chemical in embalming due to its 
bactericidal, fungicidal and insecticidal antiseptic properties which 
prevent decay [48]. It is also generally associated with extreme rigidity, 
which can be counteracted through modification of the key component 

of sodium pyrophosphate, enabling limbs to be more pliable with joints 
moving more freely [49]. 

Understanding the thermal environment and its role in the alteration 
of human remains is an area of experimentation hindered by the diffi-
culty in acquiring research subjects, creating obstacles in forensic 
analysis [47,50]. This is now being addressed with experimental studies 
involving the burning of donated cadavers in a real fire setting by both 
Pope [35,51], and DeHaan [2,52]. Pope focused research on the effects 
of fire on trauma, and the thermal alteration of soft tissue and bone with 
no correlation to temperature undertaken. Where the focus was on 
transitional movement into pugilism it is discussed as an experimental 
overview, rather specific to an individual. DeHaan focused on in-
dividuals including both temperature and time observations, with the 
fires produced in his experimentation a mixture of full size compartment 
scenes and smaller scenes big enough to hold a mattress with a wall 
removed for observation. Where assessment and discussion regarding 
the repositioning of the remains was undertaken it is on observational 
and qualitative data with no quantitative measurements discussed. 

The objective of this paper was the investigation of thermally 
induced movement of human remains in a range of positions placed 
within real time fire scenes. Temperature and duration were recorded in 
addition to measurements of the bodies’ position both pre and post fire, 
enabling quantitative analysis of thermally induced movement. It is 
anticipated that empirical studies such as these will enable a fuller 
quantitative comprehension of how bodies react naturally to fire [47] 
with the volume of recovered remains increased by research into the 
movement of remains in fires [53]. 

2. Materials and methods 

Experimentation was undertaken under the auspices of San Luis 
Obispo Fire Investigation Strike Team (SLOFIST) on their annual 
Forensic Fire Death Investigation Course (FFDIC) in years 2017 to 2019 
inclusive. The FFDIC is a unique course for the education of professional 
practitioners in fatal fire scene investigation. Following a classroom 
element, students are then assigned to a multi-disciplinary team and 
tasked with investigating a real fire scene and recovering a fatal fire 
victim. In total twelve scenes are burnt all containing human cadavers. 
Ten scenes are recreated from casework experience of the SLOFIST Ex-
ecutive Board which is compiled from Law Enforcement, Bureau of 
Alcohol Tobacco and Firearms (ATF), Coroners, Forensic Science and 
Fire Investigators. 

Human remains were acquired for the FFDIC by SLOFIST through the 
Medical Education and Research Institute (MERI) and the Genesis pro-
gram. Entire bodies are donated for education and research purposes 
with all remains in the FFDIC utilised within one year following death. 
Experimental studies at the facility are an addendum to education with 
medical ethics acquired by San Luis Obispo Sheriff-Coroner Office and 
experimental ethics approved by the Cranfield University Research 
Ethics System. Personal biological demographics were recorded for each 
body including age-at-death, biological sex, date of death, cause of 
death, any medical procedures undergone, height, weight and BMI. All 
cadavers remained unembalmed and were frozen following death. When 
requisitioned for training, remains were loaded into a refrigerated lorry 
with internal temperature set to 6.7 ◦C (40 ℉), slowly rising and 
thawing to 12.8 ◦C (55℉) during transit. Studies analysing the effect of 
freezing on human tissues have identified that cells dead prior to 
freezing will not return to their previous volume once thawed [54,55]. 

On the day of burning the deceased individuals were dressed in 
cotton clothing and placed within the relevant scene early morning to 
allow time to acclimatise to the environmental temperature. Thermo-
couples were placed within the scenes with initial temperatures recor-
ded at time of ignition. Attempts were made to record thermal 
penetration into muscle tissue by insertion of thermocouple directly into 
the biceps. Unfortunately, this compromised the integrity of the 
epidermis and dermis, which resulted in skin retracting producing a skin 
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split with the thermocouples becoming expelled. Dynamic review of 
body thermocouple placement resulted in amending insertion into the 
thoracic cavity by MERI personnel via an intubation tube, with length of 
thermocouple measured to mitigate ambiguity on depth. Whilst it is 
recognised that this positioning does not directly reflect thermal pene-
tration into the soft tissue of the limbs, it does provide quantifiable data 
of internal body temperature. 

Both qualitative and quantitative analysis were undertaken in the 
assessment of body movement from the pre burn to the post burn po-
sition. Reviewing both still and video photography enabled identifica-
tion of position modification initiated by thermal penetration for all 
scenes comprising of compartments, vehicles and external radiative 
demonstration scenes. These observations facilitated the documentation 
of subtle changes to both the hands and feet which were not recorded in 
the quantitative 3D movement data capture. 

Various methods of recording body position were investigated in 
order to identify a procedure for accurately recording the body in a 3- 
dimensional format. Markers were placed within the scene at various 
intervals with location recorded pre burn. Regrettably the markers 
became compromised through thermal alteration, loss of structural 
integrity or fire suppression. 

Photographic recording of the position of the body was undertaken 
using a single DSLR Cannon EDS 100D camera, as well as recording 
images of the overall scene. Varying the heights of camera angles 
allowed digital depth elevation, facilitating both volumetric and dis-
tance calculations to be extrapolated from the created models. Photo-
grammetry software Photoscan© Professional Edition (Agisoft LLC. St. 
Petersburg) was used which aligned and overlapped individual images 
creating a 3D image. When undertaking measurements of the body and 
its position it was identified that the presence of clothing, and variation 
in body orientation did not facilitate accurate quantitative data to be 
recorded. 

Hand held measurements were undertaken on each body at 13 points 
on the X Y and Z axis using the Suaoki D8 40 m Laser Distance Meter, 
both before and following the burns. The meter was utilised in the metric 
unit rear reference point mode for all measurements, with the LCD 

backlight enabling recording to be undertaken in the darkened fire 
environment. Small spirit levels were attached on each axis to facilitate 
accurate recording. Where elements of the structure had been compro-
mised, such as walls, a sheet of drywall plasterboard was inserted to 
facilitate measurements. Where ceiling measurements were not able to 
be conducted post burn, reverse measurements to the floor were un-
dertaken with manual calculation establishing the measurement to 
ceiling. 

Measurement 1 was taken at the top of the head in order to incor-
porate individuals in the prone position (face down). Further measure-
ments were taken from prominent and robust elements on the body 
(Fig. 1) that were identifiable through clothing and soft tissue by 
physical touch in order to maintain continuity in measurements both pre 
and post burn. 

Where the prone position (face down) measurements did not allow 
for direct access such as the pelvic region, measurement was made 
adjacent to the position recorded with a metal rule and manually 
calculated to the digital measurement. Body XYZ points were plotted 
using IBM SPSS 28 package in the 3D scatter graph mode both pre and 
post burn. 

Body point data was recorded for cadavers within compartment 
burns which were isolated constructions built of wood and chipboard 
with the internal walls and ceiling lined with plasterboard. Each 
compartment was fitted with a standard residential door and func-
tioning window. Each scene unit contained relevant furniture to reflect 
the scene scenario such as bedroom, bathroom, living room or bedsit 
(bedroom with cooking facilities), with furniture acquired through do-
nations and sourced locally through second hand shops. 

The duration of each burn was independently assessed at the 
discretion of SLOFIST staff and were variable from three and a half 
minutes through to total burnout where the fire was left to self- 
extinguish. 

Suppression was performed though the application of water into the 
scene in a fine mist format known as gas cooling or fogging. By intro-
ducing small separated droplets into a fire scene the increased surface 
area exposed to the fire results in an expediated absorption of thermal 

Fig. 1. Body measurement placement.  

M.-J. Harding et al.                                                                                                                                                                                                                            



Forensic Science International 355 (2024) 111942

4

energy and reduction in temperature [56–58]. This format for fire-
fighting is preferred over the high pressure of straight streaming due to 
the rapid reduction of temperature, in addition to reducing the potential 
of disturbing evidence within the scene. This is especially pertinent in 
this study where straight streaming had potential to influence the post 
burn position of the body through direct force. 

3. Results 

Qualitative observational analysis catalogued both major and subtle 
changes of the body between the pre burn and post burn positions 
(Figs. 2 and 3 below). 

Fire duration for scene 2018/9 was 6.5 min from ignition to sup-
pression with the phenomenon of flashover happening at 4 min exposing 
the body to a full flame environment for 2.5 min. Thermal penetration 
did not transition the body into the pugilistic pose but resulted in limb 
movement of both arms to an outstretched position, and movement of 
the right leg to the edge of the mattress with flexion at the right knee. 
Extremities were most effected with fingers retracting the hands into 
fists, and the foot of the right leg transitioning into a pointed position. 

Within vehicles, visual recording of the upper body was undertaken 
when the cadavers were positioned seated as no photographic evidence 
of leg position was available. Full body observation was conducted when 
the body was positioned along the rear seat and external to the vehicle. 
Recording of body position was undertaken on all burns for years 2017 
to 2019 inclusive. 

Analysis of the qualitative data set out in Table 1 below identified 
thermal alteration in the functional anatomy of the body. The absence of 
post fire observational data for compartment scene 2017/3, and three 
vehicle scenes is due to structural debris restricting line of sight, in 
addition to a single recording failure (2019/10) reduced the overall post 
burn data set to 35 scenes. 

Within the vehicle fires the pre burn positioning of remains was 
substantially maintained post burn with subtle alteration in the hand 
positioning in 8 scenes. The largest movement observed in the vehicle 
fires was the transitioning of the individual from lying supine on back 
seat moving into a prone position within the footwell in scene 2018/2, 
and the movement from seated to lying supine of the body sat external to 
the vehicle (2017/5). 

Hand flexion into fists was observed in 4 of the vehicle scenes, with 
the presence of both hand flexion into fist and the pointing of feet 
observed together in 13 compartment and demonstration scenes 
(Table 2). Post fire hand disassociation was identified in six individuals 
with burn duration ranging from 5 min in 2019/DemS through to scene 
2018/3 burning for 27.5 min. 

The outstretching of arms from the torso was recorded in all types of 
scenes, with arm flexion into pugilism identified in a single individual 

(2018/7). The pre burn position recorded arm flexion with hands in lap, 
transitioning post burn to hands disassociated with arms flexed into 
pugilism. The scene was the only scene left to burn out by natural sup-
pression, with thermocouple recording stopped at 23 min. 

The data set for quantitative analysis was limited to the subset of 
fourteen compartment burns as vehicles did not provide suitable dy-
namics for body point data acquisition. The study was further limited by 
the early burning of two scenes prior to data collection, and a scene that 
was left to progress to total burn out with post burn data point collection 
unobtainable. Recording of XYZ body point data on all 13 data points of 
the body before and following the burn enabled analysis of thermally 
induced body movement on each axis (Table 3). 

Analysis of overall mean movement by data point on each individual 
axis identified the greatest movement was across the body on the X axis. 
Points one to four evidenced the largest movement due to the transition 
of individuals off furniture onto the floor, with the individual in scene 
2018/6 transitioning from supine on bed to prone on floor resulting in 
the largest recorded movement of the left arm. 

Analysis of Y axis data (length of body) confirms observations of 
greater thermally induced movement of the upper body of the elbows 
and wrists, with the Z axis (height) indicating that the right hand 
exhibited the greatest movement in the burns. 

Fig. 4 below demonstrates the precision recording between pre and 
post burn data points. Analysis identified greatest movement to be that 
of the lower arms at points 4 (left wrist) and 7 (right wrist) on both the X 
and Y axis. 

The greatest movement on the Z axis (height) is with point 4, with 
the hand transitioning off the mattress towards the floor and not hands 
raising to the pugilism stance. Total movement on each axis for each 
data point was calculated, with Scene 2018/9 represented in Fig. 5 
below identifying point 4 on the Y axis exhibited the greatest movement. 
These heat induced positional changes can be observed in Figs. 2 and 3 
above. 

With pugilism defined by the repositioning of the arms into the 
boxing stance in front of the torso, analysis of the movement difference 
between pre and post body points of both wrists on both the X and Y axis 
was undertaken (see Table 4 below). 

Using the IBM SPSS 28 statistical package, analysis of correlation 
between upper body element movement and both exposure duration, 
and maximum exposure temperature identified no statistical signifi-
cance relationship present. 

IBM SPSS 28 enabled 3D analysis on each of the X,Y and Z axis for 
each body point plotted for both pre and post burn. This enabled 
quantitative visual representation of body point movement (Figs. 6 and  
7 below). 

Presenting data in this format enabled observational clarity of the 
movement of each body point simultaneously on the XY and Z axis. 

Fig. 2. Scene 2018/9 supine body pre burn.  

Fig. 3. Scene 2018/9 supine body post burn.  
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Table 1 
Observations of thermal induced movement.  

Scene Type Body position Pre burn Body position post burn Burn time 
minutes 

XYZ 
recorded 

2017/1 Car Driver seat slumped to side. Left hand on steering wheel, right 
hand towards passenger footwell. 

Sitting more upright with left arm at side although hand 
seen rising during burn. 

13 No 

2017/2 Car Supine back seat. Left arm straight down body. Right arm 
footwell. Legs both bent knees towards front seat. 

Same position with hand in fists, arms same position. Legs 
bent at knees but splayed. 

11.5 No 

2017/3 Sitting 
Room 

Body supine on floor under furniture. Legs straight, arms 
outstretched. 

No line of sight to limb position. 9 No 

2017/4 RV Sat on floor bent forward with head on right knee. Arms at 
sides. 

Body leaning back with arms outstretched. Hands in fists. 
Lower limbs under debris. 

15 No 

2017/5 Car Sat external to driver side wheel. Left arm at side, right arm 
slightly away from body. Legs straight. 

Body laying down with arms outstretched and legs straight 
and open. 

53 No 

2017/6 Bedsit Body prone with torso on bed, legs straight on floor. Left arm 
on bed slighty bent at elbow. Right arm on floor slightly bent at 
elbow. 

Body now on floor. Right arm flexed, left arm outstretched 
on bed, hand in fist. Right leg straight, left leg flexed at 
knee.Both feet pointed. 

7.5 Yes 

2017/7 Bathroom Lying on right side with legs flexed at the knee. Arms across 
torso. 

On back with right knee raised upright. Hands and lower 
legs disassociated. Arms flexed. 

9 No 

2017/8 Sitting 
room 

In chair bent to the right with head on chair arm. Right lower 
arm on seat, left arm stretched across body. Legs straight out 
with feet raised on stool. 

Body sitting up with head back and arms bent next to torso 
with hands in fists. Legs straight with feet pointed. 

6.5 Yes 

2017/9 Bedroom Supine on bed. Arms bent at elbow with hands in lap. Left leg 
straight, right leg slightly bent. 

Arms both outstretched with hands in fists. Both legs bent 
at the knee, feet pointed. 

7 Yes 

2017/ 
10 

Car Sat in driver’s seat with both hands in lap. Maintained position, hands now in fists. 22.5 No 

2017/ 
DemS 

Bedroom Supine on bed with arms straight, palms up. Legs straight. Arms outstretched with hands loosely in fists. Legs bent at 
the knees with both feet pointed. 

4.5 No 

2017/ 
DemP 

Bedroom Prone on bed with arms straight, palms up. Legs straight. Arms out bent at the elbow with hands in fists. Legs straight 
and open wide with feet pointed. 

4.5 No 

2017/ 
DemR 

Chair Sat in chair with arms down the outside. Legs slightly flexed at 
knee. 

Arms raised flexed at elbow still at side of chair, hands 
remain splayed, feet pointed. 

8 No 

2018/1 Car Sat in driver seat. Left hand in lap, right hand on steering 
wheel. 

Remained seated. Left arm still flexed at elbow, and right 
hand still in lap. Both hands in fists. 

12.5 No 

2018/2 Car Supine on back seat. Right arm under body. Prone in back footwell. Right arm bent on seat, left arm 
straight in footwell. 

19.5 No 

2018/3 Bedsit Supine on floor beneath furniture. Both arms outstretched. 
Legs straight and angled to the left. 

Similar position. Left arm not under furniture, hand 
disassociated. Legs straight, feet pointed. 

27.5 Yes 

2018/4 Car Sat in driver seat. Right hand across stomach. Left hand in 
groin area. 

Similar position. Left hand moved to thigh area. Debris 
restricted observation of right arm. 

22 No 

2018/5 Car Sat in driver seat holding shotgun balanced in footwell. Head 
forward. 

Similar position. Right arm disassociated below elbow. Left 
arm straight, hand disassociated. 

22 No 

2018/6 Bedroom Torso supine on bed. Left arm flexed hand in lap. Right arm 
and both legs off bed with feet on floor. 

Body prone on floor. Arms outstretched, left hand in fist. 
Legs straight and splayed. 

11 No 

2018/7 Bathroom Sat in bath, legs flexed at knee. Left arm flexed, hand in lap. 
Right arm flexed, arm down body side. 

Body supine. Left arm flexed into pugilism. Lower arm and 
leg bones exposed. 

(23) 
Total 
Burnout 

No 

2018/8 Sitting 
room 

Supine on floor. Left arm outstretched, right arm down side of 
body. Legs straight. 

Arms outstretched, left hand in fist, right hand 
disassociated. Left leg flexed foot pointed. Right leg 
straight, foot disassociated. 

14 Yes 

2018/9 Bedroom Supine on bed. Arms straight by torso, palms up. Legs straight. Arms outstretched, both hands in fists. Left leg straight, 
right flexed at knee, both feet pointed. 

6.5 Yes 

2018/ 
10 

Car Driver side. Left hand in lap. Right arm flexed at elbow on arm 
rest. 

No line of sight due to interior structure collapse. 41.5 No 

2018/ 
DemS 

Bedroom Supine on bed. Arms straight by torso, palms down. Legs 
straight. 

Arms outstretched, hand in fists. Left leg straight, right leg 
flexed at knee. Both feet disassociated. 

5.5 No 

2018/ 
DemP 

Bedroom Prone on bed. Arms straight by torso, palms up. Legs straight. Body fallen through furniture. Right leg straight, left flexed. 
Both feet pointed. Elbows flexed, hands in fists. 

5.5 No 

2018/ 
DemR 

Chair Seated with arms resting on chair arms. Arms flexed and outside of chair, hands in fists. Feet 
disassociated. 

13 No  

Scene Type Body position pre burn Body position post burn Burn time 
minutes 

XYZ 
recorded 

2019/1 Car Sat in passenger seat hands in lap. Similar position. 10.5 No 
2019/2 Car Supine on back seat. Structural garage collapse. No sight of body. 12 No 
2019/3 Bedsit Prone on floor. Right arm flexed above head. Left arm 

flexed next to torso. Legs straight. 
Right arm straight above head. Left arm flexed with hand 
now by head. Legs straight. 

5 Yes 

2019/4 Car Driver seat with both hands on the steering wheel. Arms flexed, hands in lap. 14 No 
2019/5 Car Driver seat. Left hand in lap, right hand on passenger seat. Arms straight down by torso with hands disassociated. 14 No 
2019/6 Bedroom Prone on floor. Arms flexed with hands above head, palms 

down. Left leg slightly flexed. Right leg flexed at knee with 
foot resting on stool. 

Arms flexed with elbows moved down in line with shoulders 
and hands wider apart. Left leg straight and splayed. Right 
leg still flexed. 

6.5 Yes 

2019/7 Bathroom Sat in bath with arms flexed, hands in lap. Straight legs with 
feet on end of bath. 

Body moved down into bath. Hands still in lap, fingers 
splayed. Legs straight but splayed. Toes on right foot starting 
to point. 

3.5 Yes 

2019/8 Sitting 
room 

Sat on sofa. Right arm on sofa arm. Left arm flexed with 
hand in lap. 

Right arm still on sofa arm. Left arm splayed out. Both hands 
in fists. Legs further apart. 

3.5 Yes 

(continued on next page) 

M.-J. Harding et al.                                                                                                                                                                                                                            



Forensic Science International 355 (2024) 111942

6

4. Discussion 

Understanding the transition of the human body into thermally 
induced pugilism is an important aspect, and key to fatal fire investi-
gation. Not all fatal fire victims present as pugilistic post fire, with the 
absence of pugilistic posture proposed as indicative of potential 

homicide or restriction of the victim’s limbs without discussion on scene 
dynamics, potential shielding of body elements during thermal exposure 
within the scene or the position of the victim [6,59,60]. 

Analysis of fatal fire autopsy reports has identified that inhalation of 
toxic gases produced within the fire environment is the leading cause of 
death, responsible for 60–80 % of the fatal fires [10,16]. The highly toxic 
gases present within the fire environment cause incapacitation through 
cardiovascular, neurological and respiratory functions of the body by 
affecting the respiratory centre in the brain [61–63]. In a compartment 
fire the burning of a polyurethane plastic mattress cushion producing 
HCN of 200 ppm is enough to incapacitate an individual in 2 min, with 
increased HCN of 250–400 ppm enough to cause death at 5 min [64]. In 
a well ventilated compartment fire it is considered that toxic gas inha-
lation can cause incapacitation in as little as 4 min post ignition [65], 
with continued inhalation increasing concentrations leading to death 
[10,66–68]. 

In the early stages of fire development voluntary movement of 
conscious individuals allows cognitive processing and decision making 
in response to the thermal environment by initiating evacuation or 
firefighting [69] [70]. Following an individual becoming incapacitated 
and unconscious this voluntary movement discontinues, with the body 
continuing to be exposed to the increasing thermal environment. The 
authors consider this work applicable to the analysis of fatal fire victims 
due to their incapacitation with cause of death only defined beyond 
body recovery with autopsy analysis [14,16,71,72]. Furthermore, this 
data correlates with the percentage of fatal fire victims that are deceased 
prior to ignition, with fire undertaken to disguise the cause of death of an 
individual [73,74]. 

Table 1 (continued ) 

2019/9 Bedroom Supine with legs together, slightly flexed to left hand side. 
Right arm slightly flexed next to torso. Left arm flexed with 
hand in lap. 

Arms straight and splayed. Hands in fists. Legs splayed with 
left leg slightly flexed and right leg straight. Both feet 
pointed. 

6 Yes 

2019/ 
10 

Car Burn recording failure. Burn recording failure. 7 No 

2019/ 
DemS 

Bedroom Supine with arms straight, palms down. Legs straight. Arms outstretched with hands disassociated. Legs both 
flexed at the knee with feet pointed. 

5 No 

2019/ 
DemP 

Bedroom Prone with arms straight, palms up. Legs straight. Arms flexed at elbow and hands in fists. Legs straight and 
splayed with feet pointed. 

5 No 

2019/ 
DemR 

Chair Sitting with both arms and hands on chair arms. Slumped forward with left arm moved to legs and right arm 
on outside of chair. Hands in loose fist and feet pointed. 

16 No  

Table 2 
Observed thermal alteration to body.  

Scene type Hands in fists (n = 35) Feet pointed (n = 24) Hands disassociated (n = 35) Feet disassociated 
(n = 24) 

Arms outstretched 
(n = 35) 

Legs 
Splayed (n = 24) 

Compartment  8  8  4  2  6  5 
Vehicle  4  0  1  0  1  1 
Demonstration  6  5  1  3  3  2  

Table 3 
Mean body point movement on XYZ axis.  

Data 
point 

Body 
element 

Mean movement 
X Axis (Metres) 

Mean movement 
Y Axis (Metres) 

Mean movement 
Z Axis (Metres) 

1 Top of 
head 

.266 Std ± .325 .222 Std ± .297 .096 Std ± .142 

2 Left 
shoulder 

.263 Std ± .342 .150 Std ± .210 .087 Std ± .133 

3 Left elbow .362 Std ± .402 .236 Std ± .273 .061 Std ± .114 
4 Left wrist .364 Std ± .431 .250 Std ± .216 .191 Std ± .253 
5 Right 

shoulder 
.241 Std ± .184 .146 Std ± .232 .105 Std ± .128 

6 Right 
elbow 

.198 Std ± .149 .139 Std ± .164 .073 Std ± .074 

7 Right 
wrist 

.248 Std ± .227 .259 Std ± .210 .078 Std ± .094 

8 Left hip .167 Std ± .219 .112 Std ± .117 .103 Std ± .156 
9 Left knee .168 Std ± .200 .101 Std ± .097 .108 Std ± .146 
10 Left ankle .231 Std ± .202 .100 Std ± .116 .035 Std ± .030 
11 Right hip .072 Std ± .081 .082 Std ± .081 .120 Std ± .142 
12 Right 

knee 
.160 Std ± .164 .116 Std ± .121 .122 Std ± .132 

13 Right 
ankle 

.247 Std ± .172 .163 Std ± .189 .082 Std ± .063  

Fig. 4. Total data points for 2018/9.  

Fig. 5. Total body movement by body point for 2018/9.  
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It is widely accepted that thermal penetration induces the contrac-
tion of the limbs with the larger more dominant muscles manoeuvring 
the limbs into pugilism [2,25,35,36,42,75–77]. Thermal alteration to 
the human body starts as low as 44 ◦C with cellular destruction at the 
trans-epidermal juncture of skin [78–82]. As heat continues to assault 

the soft tissue of the body it results in the dehydration and denaturation 
of muscles and tendons [25,35]. 

Muscles are fibrous, elastic, functional and proteinaceous, con-
structed from two forms of fibres. Type I fibres (known as slow twitch) 
are long, strong and resistant to fatigue; type II fibres (fast twitch) are 

Table 4 
Wrist position movement in compartment scenes.  

Scene Burn Time mins Max Temp ◦C Point 4 X Axis cm Movement Point 4 Y Axis cm movement Point 7 X Axis cm movement Point 7 Y Axis cm movement 

2017/6 7.5 1091 .307 .268 .074 .236 
2017/7 9 1197 .049 .337 .206 .455 
2017/8 6.5 1177 .381 .095 .029 .047 
2017/9 7 760 .375 .078 .397 .074 
2018/3 27.5 875 .041 .024 .01 .199 
2018/6 18 1003 1.442 .561 .358 .514 
2018/7 23 1122 .009 N/A N/A N/A 
2018/8 14 1127 .184 .192 .104 .277 
2018/9 6.5 914 .18 .606 .479 .376 
2019/3 5.5 649 .708 .222 .351 .379 
2019/6 6.5 941 .61 .04 .218 .068 
2019/7 3.5 1271 .49 .04 .874 .068 
2019/8 305 916 .239 .027 .127 .03 
2019/9 6 939 .278 .069 .346 .042  

Fig. 6. Pre burn XYZ body points for 2018/9.  

Fig. 7. Post burn XYZ body points for 2018/9.  
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short, easily fatigued and used in anaerobic exercise. It is type II that are 
found in large quantities within arm muscles and in lower quantities 
within the leg muscles, with muscle mass affected on an individual basis 
by nutrition, disease, physical activity, as well as age. 

It is reported that sarcopenia (the degenerative loss of skeletal 
muscle mass and strength) is one the most significant changes in the 
aging process commencing towards the end of the fifth decade of life 
[83–85] with reduction in leg muscle mass and muscle quality in older 
adults [86]. This reduction in mass and functionality is not inevitable 
and can be minimized or even reversed with training [85]. Age-related 
pervasion of fat and connective tissue has been identified in both the 
arm flexors and extensors, and also foot plantar flexors of elderly in-
dividuals [87–89], with the volume of fibres not differing significantly 
between men and women [90]. 

None of the key texts on burned human remains by Pope (2008), 
Symes et al. (2012), or DeHaan (2018) discuss the potential degenera-
tive nature of ageing muscular functionality of the human remains used 
in their studies. The age range of the individuals used in this experi-
mentation was 52 years to 101 years for the entire dataset, with a mean 
of 67 years, Std ± 4.03. The smaller subset of individuals in the body 
point analysis were aged 61 years to 71 years with a mean of 65 years, 
Std ± 3.25. Studies have identified that individuals at greatest risk of 
dying in fires are aged > 60 years [91–93], with the risk doubling over 
65 years and quadrupling as age increases over 75 years [94]. These 
findings reinforce the applicability of this study by enhancing knowl-
edge of thermally induced modification of the body of the fatal fire 
victim. 

Observing thermal alteration to the human body in a real fire setting 
has enabled conclusions of previous work to be challenged and a new 
narrative created such as the proposition that hands extend beyond the 
metacarpals and proximal phalanges are compromised [40]. 

Results from the qualitative element of this study identified that 
hands are the most thermally affected area of the body. The dorsal 
aspect (back) of the hand has less overlying tissue and is naturally 
thinner, with tendons attached to the phalanges. As heat penetrates 
through the skin, the tendons dehydrate, shorten and retract creating a 
splayed appearance to the hand as seen in Fig. 8 below. This is often 
accompanied by flexion in the wrist but is dependent on body position. 

Splaying of fingers in such a manner exposes the palm of the hand to 
the thermal environment resulting in the dehydration and contraction of 
the bulkier and stronger flexor muscles, retracting the splayed hand into 
a fist. This observation challenges Symes and colleagues who proposed 
that without burning to the forearm there is little hand posturing, and 
referring to a case study whereby the hyperextended distal phalanges 
(end of fingers) were indicative of suspected homicide due to the lack of 

pugilism [40]. 
Following contraction of hands into fists, continued thermal pene-

tration places tension on the thinner soft tissue of the writs . Eventually 
this tension results in the splitting of the skin, severing of tendons, and as 
the soft tissue of the forearms and legs are consumed by the fire, dis-
sasociating the hands and exposing the distal ends of long bones. 

In the same manner as the hands, heat penetrates into the dorsum 
aspect (top) of the foot with dehydrated shortened tendons flexing the 
foot resulting in the toes pointing upwards. This results in exposure of 
the more robust muscles of the plantar aspect (sole) of the foot resulting 
in retraction, which in addition to the contraction of the Achilles tendon 
at the posterior of the lower leg, transitions the foot into a pointed foot 
appearance [35]. 

Thermal penetration into the deeper soft tissue and muscles of the 
body can result in the movement of the body away from its position prior 
to the fire. Where individuals are bent over at the waist prior to ignition, 
contraction of muscles in the back can move the torso into an upright 
sitting position. It was observed that where an individual is positioned at 
the edge of an element of furniture, or half on/half off at the time of 
ignition, they may be discovered in a position entirely different post fire 
(Fig. 9). 

Movement of the whole body is predominately a compartment based 
phenomenon due to the dynamics of the scene, however this experi-
mentation identified that if an individual is lying on the rear seat of a 
vehicle, it can transition position into the rear footwells. Additionally, 
bodies located externally to burning vehicles or property have the ability 
to move position should they be exposed to high enough convection and 
radiation. 

An example is 2017/5 based on a scenario where the individual set 
fire to a vehicle he had been driving that was involved in a hit and run. 
Ignition was at the rear of the vehicle, after which the individual sits 
externally against the front wheel arch committing suicide with a 
firearm. Following the gunshot, the gun was still positioned in the right 
hand (Fig. 10). 

With the fire ignited at the rear of the vehicle progression of the fire 
to the front was slow due to the prevailing wind. The internal body 
temperature rised at 20 mins as the fire developed internally to the front 
interior of the vehicle. Internal temperature of the body remained 
significantly lower due to wind exposure, whilst the temperature within 
the vehicle was maintained at 800–900 ◦C. 

At minute 36 the radiant and convected heat penetrated the body 
enough to raise the arm and transition the left hand into a fist. Video 
screen capture at minute intervals commencing at 36 min in orange with 
the final capture colour coded black at 44 min, enabled observation of 
the transition from sitting to lying as muscles in the back contracedt, and 
the left leg moved towards the source of the heat (Fig. 11). 

Following suppression of the fire, the position of the individual had 
altered and the gun was no longer positioned within the hand (Fig. 12). 
Thermal alteration of the fatal fire victim within the scene also has the 
potential to displace evidence, and therefore the recording of both the 
body and its position in relation to evidence is imperative. The 
complexity of investigating such a case has been published by Simonit 
et al. (2020) who highlighted the difficulty in assigning death to suicide, 
ruling out homicide, and the difficulty regarding evidence location 
within a fatal fire scene [95]. 

Observing the transition above has demonstrated the gradual 
movement of the arms into an outstretched position. This series of ex-
periments recorded eleven scenes where arms were outstretched away 
from the torso following the fire. Two of the scenes were vehicles, with 
one individual external (2017/5) and the second 2017/4 which was in a 
large recreational vehicle and therefore the interior dynamics were 
similar to a compartment. The remaining nine were present within 
compartments, with a further three observed with flexion at the elbow. 

These results challenge the modification pattern of transition into 
pugilism proposed by Symes et al. (2012) and its use as a standard for 
assessing the fatal fire victim. Compartment burns evidenced thermally 

Fig. 8. Heat penetrating dorsal side of hand, creating splay of the fingers. 
(Transition captioned through Adobe photoshop (2019) layering of still 
photographs). 
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induced movement from the pre burn position with the transition of 
hands into fists and outstretching of arms, splaying of the legs and 
pointing of the feet. This thermally induced movement was observed in 
bodies lying both in supine and prone positions and it is proposed that 
the transitioning of the limbs in this manner is the more uniform reac-
tion of the body to the thermal environment. 

A single individual evidenced transition into pugilism (Scene 2018/ 
7), which was the only scene left to naturally suppress with temperature 
recording stopped at 23 min. 

Within the vehicle fires, the arms of the individuals did not transition 
in the same manner but stayed close to their pre fire position. The in-
dividuals were primarily seated in the driver and passenger front seats. 
Fire dynamics within the vehicle alter the balance of energy transfer 
between convection and radiation, with the interiors enveloping the 
body in flame more rapidly than compartments where in the early stages 
heat is transfered through convection, transitioning to radiation as the 
fire develops. The raised and isolated positioning of the seats allowed for 
greater circulation of thermal energy transfer and flame; with the 
seating fabric consumed as a fuel load, the interior is engulfed in flame 
with the rear of the body exposed to the same non protected environ-
ment as the front. 

5. Conclusion 

Victims of fatal fires are frequently described as being positioned in a 
pugilistic pose [96] or the pugilistic attitude [43,97]. Pugilism is the 
effect of heat penetrating into muscle causing contraction with the 
resultant positioning imitating the stance of a boxer [75]. 

This work has presented both qualitative and quantitative results 
from experimentation investigating the effect of real fire environments 
on the human body. Qualitative observations of 39 compartment and 
vehicle scenes containing bodies produced results which question the 
validity of previous work based on observations of cremations. It is 
proposed here that pugilism is not the universal reaction of the body of 
the fatal victim to thermal exposure, with the straight extension of the 
upper limbs away from the torso far more common than has been pre-
viously reported. 

Quantitative data recording body points in 3D enabled a more robust 
assessment of movement within the scene. This element of the research 
underwent dynamic adaptation in its methodology regarding the 
collection of data. The results offer insight into thermally induced 
movement in relation to fire venue, body position, body point elements 
and time. 

This study recognises the limitation of the small data set, and pre-
sents these results not as definitive conclusion to be utilised in the 
forensic investigation of fatal fires, but as evidence that robust and 
quantitative analysis of body movement in fires is achievable and 
crucial. The authors welcome further experimentation using the tech-
niques discussed above and the opportunity to expand data collection, 
all of which assists in enhancing understanding of the fatal fire victim. 

Research ethics 

We further confirm that any aspect of the work covered in this 
manuscript that has involved human patients has been conducted with 
the ethical approval of all relevant bodies and that such approvals are 

Fig. 9. Scene 2018/6 Pre and post burn body positions.  

Fig. 10. Scene 2017/5 Body sat against wheel arch with gun in right hand indicated by circle.  
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Fig. 11. Scene 2017/5 Video screen capture of movement (Transition captioned through Adobe photoshop (2019) layering of still photographs).  

Fig. 12. Scene 2017/5. Post fire body lain on ground, gun no longer in hand indicated by circle.  
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