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ARTICLE INFO ABSTRACT

Keywords: Fire deaths are not unusual in forensic investigative practice but due to the destructive nature of fire they are
Fatal fire often very difficult to investigate. With the need to identify the deceased and the events surrounding the manner
Fire death

and cause of death, knowledge of thermally induced alteration to the human body is important. Within the fire
investigation community, a number of misconceptions have been present for years regarding the protrusion of
the tongue as an indicator of life during the fire, and fractured skulls as the result of brains boiling and skulls
exploding. This work presents qualitative analysis on the experimental burning of 42 unembalmed human
donated cadavers by the San Luis Obispo Strike Team (SLOFIST) on their annual Forensic Fire Death Investi-
gation Course (FFDIC) between 2017 and 2019. Prior to burning, the position of the tongue within the dental
arch was confirmed and sharp, blunt, surgical and gunshot trauma to the cranium documented. Temperature was
recorded from ignition through to suppression with thermocouples present both within the scene and the body.
Post burn analysis on the position of the tongue, observation of cranial fractures and presence of brain tissue
were recorded and analysed in conjunction with thermocouple data, fire scene dynamics and body de-
mographics. The results provide a more comprehensive understanding of the thermal environmental factors
involved in producing the phenomena that facilitate these misconceptions, identifying that a more thorough
understanding of individual fire scenes and their development is essential when interpreting alteration and injury
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to the body of the fatal fire victim.

1. Introduction

Fire has been used as a medium to alter or destroy the human body
since prehistory, with cremation being a funerary practice that con-
tinues to be widespread today. In forensic investigative practice, burnt
human remains are discovered in a variety of scenarios. In addition to
house fires (accidental or deliberate) these contexts include burnt ve-
hicles [1-3], the result of suicide/self-immolation [4-6] burning to
conceal crimes [7-9] and mass fatality incidents [10,11]. It is also used
as a method to disguise criminal activity and homicide [12] with the
common misconception that bones turn to piles of dust or ash [13]
leaving little visible evidence of burnt remains for recovery and identi-
fication [14,15].

Following the identification of the decedent the question most often
raised is whether or not the individual was alive during the fire, the
answer to which can only be provided through post mortem examina-
tion of the human remains by a forensic pathologist. Following autopsy,
it is recommended that findings be compared to the fire scene conditions
recorded by the fire investigator [16]. Fire investigators document

evidence of fuel loading and fire development and in fatal fires, in-
vestigators will also record the body within the scene including body
position such as pugilism, clothing, and any observable trauma [17,18].
As fire investigation becomes more standardised with the creation of
both Codes of Practice for and the Competency Framework [19] in the
United Kingdom, evaluation of the thermal alteration to human remains
is becoming more evidence based with the need to investigate these
phenomena in a more scientific setting.

Various phenomena have been subject to unempirical fire death
myths within the fire investigation community such as pugilism (a
boxing pugilistic position with arms raised) considered evidence of the
victim’s activity at death [20]. Experimentation has established that this
unique post fire positioning is the result of thermal penetration into the
body causing contraction of muscles and tendons [14,21] which is now
widely recognised by fire investigation personnel [17,22,23]. This paper
examines the phenomena of tongue protrusion as an indicator of life
during the fire, and skull fracturing as the result of increased pressure
produced by brains boiling.
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2. Tongue protrusion

Tongue protrusion of the fatal fire victim was proposed as a sign of
vitality by Bernitz et al. (2014) in a retrospective study of 107 post-
mortem reports of fire fatalities [24]. It is argued that the retrospective
analysis presented is not sound [25], prompting reviews of further his-
torical autopsy reports to investigate this phenomenon further [26].

A pathophysiological explanation for tongue protrusion is for many
cases an indication of strangulation, hanging, or death by asphyxia [27].
In burnt remains protrusion of the tongue is proposed to be simply a
physical reaction related to mucosal tract damage and the human body’s
response to the inhalation of hot gases [28]. This is evidenced through
burns to the tongue and heat induced rigor of the genioglossus muscle
[29-31]. It is additionally suggested that this phenomenon is the result
of the early heating process although no exposure temperatures or fire
duration are proposed [32], and conversely it is also discussed as a
consequence of heating bodily fluids to boiling point with subsequent
evaporation resulting in the swelling of the lips and tongue protrusion
[33].

Whilst post mortem reports provide detailed professional observa-
tions of the decedent, analysis does not refer to the specific fire envi-
ronments victims were recovered from. Fire location is an important
factor affecting the body with victims recovered from an outdoor setting
not exposed to the same developmental factors as those in an enclosed
space with overhead radiated heat, smoke density and chemical con-
centration [30]. Tongue protrusion has been witnessed in a wide variety
of accidental, homicide, and suicide fatal fire victims in both indoor and
outdoor scenes and it is identified that this phenomenon requires more
scientifically based investigation [16,34].

2.1. Burnt remains and ‘exploded skull’

It is proposed in the literature that cranial damage in the fatal fire
victim is the consequence of the brain boiling, with increased internal
pressure resulting in the cranial vault exploding and fracturing [35-38].
The challenge for investigators is in establishing whether fracturing
exhibited on the skull is caused by trauma prior to the fire, or as a
consequence of the thermal environment or any other factor (e.g. falling
debris). In forensic pathology and forensic anthropology this chal-
lenging assessment can be supported by X-rays and Computed Tomog-
raphy (CT) to assist in the interpretation of cranial trauma [7,28,39-43].

In order to understand the effect fire has on the human body, studies
have been undertaken with burning of a porcine proxy [44-46] and
observation of human cadaver burning through a professional crema-
toria retort window or door [3,14]. Professional cremation is performed
by exposing the body to flame and high temperatures between 850 °C
and 1100 °C, with exposure times between 1.5 and 3 h in duration
depending on the individual’s size [47]. Whilst the temperatures
reached correlate with those of real fires, the duration times are not
comparable [48] and do not replicate a real fire scene with its variable
fuel loads and dynamics [22,49,50].

A study by Pope and Smith (2004) investigated the mechanism
behind cranial trauma in real time fire environments [51]. Their
controlled observations of 40 unembalmed human heads inflicted with
various types of trauma (sharp, blunt and gunshot) and exposed to real
fire environments resulted in identifying that pre existing trauma can be
both recognized and reconstructed in burnt cranial bone. Using a control
of 10 heads without pre existing trauma, they additionally reported that
none of the skulls exploded.

The results of Pope and Smith’s study have both challenged and
changed the way in which fractured skulls are assessed in forensic ex-
amination facilitating in depth analysis in quantifying fracture in burnt
cranial bone, with the presence of brain matter only referred to briefly.

This paper aims to investigate the above two phenomena through fire
scene experimentation. Observational recording of tongue position pre
and post burn was analysed against individual biological data such as
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sex and Body Mass Index (BMI), and scene specific data such as exposure
temperatures, fire dynamics and duration.

Where cranial trauma was identified post burn, analysis was per-
formed to identify if its presence was the result of pre existing trauma or
as a result of thermal damage. This research also examines if the pres-
ence of observable brain matter both within and external to the cranial
vault is indicative of pre fire trauma, or whether it is the result of the fire
scene environment.

3. Materials and methods

Experimentation was undertaken over a three year period from 2017
to 2019 through the organisation San Louis Obispo Fire Investigation
Strike Team (SLOFIST) whose Executive Board is compiled of members
from Fire Investigation, Law Enforcement, Coroners, Bureau of Tobacco
and Firearms and Explosives, and Forensic Science. Annually in late
June, the organisation provides a unique one week Forensic Fire Death
Investigation Course (FFDIC) for the education of medical, legal, fire,
law and forensic personnel involved in the investigation of fatal fires.

The course consisted of burning 10 different scenes recreated from
accidental and intentional fatal fire scene casework of the instructing
staff. The scenes contained either one or two human cadavers placed
either within a vehicle or a compartment room. Donated vehicles were
cars of various makes, models and age, with a single deviation recorded
with the burning of a recreational vehicle (RV). Individuals are placed
on either of the front seats, the rear seat, within the trunk/boot, or sat
outside and leaning against the vehicle.

Compartment scenes were individually constructed of timber, chip-
board and studs, and finished internally with gypsum wallboard
covering the walls and ceiling. Whilst their sizes varied, all compart-
ments were constructed with a functioning window and a standard
residential door installed. Type K thermocouples were inserted within
each compartment at ceiling, middle and floor levels to record fire
thermal development. Each compartment was furnished with donated
and local thrift store furniture to reflect the fatal fire scenario such as a
bedsit (bedroom with kitchen facilities), standard bedroom, living room
or bathroom (see Table 1).

Following the classroom teaching element of the FFDIC, student
teams were assigned a scenario and were expected to document,
investigate and recover remains from their fatal fire scene [20]. Two
additional burns were conducted each year to facilitate first hand
observation of heat and flame on human remains. Radiant heat was
created by ignition of an external pyre with a chair positioned 2.5-4 m
away (radiant demo), and a compartment demonstration consisting of
three walls, a floor and ceiling containing two beds with bodies posi-
tioned face down (Demo prone) and face up (Demo supine). The absence
of the fourth wall allowed real time observations to be undertaken whilst
the individuals were enveloped in flame, the remains of which have
been included in the dataset for analysis. Secondary to education, this
course provides a unique opportunity for experimental investigation to
be undertaken on the burning of human remains in a real time envi-
ronment [20,21,51-53] (see Table 2).

Burning was undertaken in the morning with ignition through a
variety of sources to accurately replicate both accidental and intentional
fires [20]. The time frame of each burn was variable and dependent on
instructor staff assessment ranging from three and a half minutes to over
an hour with all fires developing through to flashover.

Flashover is a phenomenon whereby gases held within the ceiling
smoke layer radiate onto the surfaces below until ignition point is
reached, igniting the ceiling layer. This increase in radiant heat onto the
surfaces below instigates ignition of all available surfaces within the
scene [54,55], and is a compartment based phenomenon [56,57].

Fire suppression was performed through gas cooling/fogging which
is the application of water in a fine mist format into the fire environ-
ment. Utilising small water droplets increases the surface area in contact
with the thermal environment, facilitating a faster reduction of
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Table 1
Three year experimental dataset of 42 cadavers.
Scene Scene venue Burning time Sex Age BMI Weight
code in minutes Lb
2017/1 Car 13 Female 69 36 211
2017/2 Car 11.5 Male 81 16 164
2017/3 Bedsit 9 Female 83 22 180
2017/4 RV seat area 15 Male 76 23 152
2017/5a Car outside 53 Male 84 26 101
2017/5b  Car trunk 53 Male 81 27 190
2017/6 Bedroom 7.5 Male 84 24 138
2017/7 Bathroom 9 Male 72 12 83
2017/8 Sitting room 6.5 Male 76 21 149
2017/9 Bedroom 7 Female 76 22 136
2017/10 Car 22.5 Male 53 26 209
2017/ Demo outside 8 Male 69 21 136
DEM. chairl
R
2017/ Demo 4.5 Male 87 27 222
DEM. bedroom2
P
2017/ Demo 4.5 Male 84 29 223
DEM. bedroom3
S
2018/1 Car 12.5 Male 65 21 144
2018/2 Car 19.5 Male 92 26 170
2018/3 Bedsit 27.5 Female 67 24 128
2018/4 Car 22 Male 74 20 139
2018/5a Car 11 Male 82 30 190
2018/5b  Car trunk 11 Female 101 16 101
2018/6 Bedroom 10.5 Female 62 25 145
2018/7 Bathroom 23 Male 60 16 96
2018/8 Sitting room 14 Female 54 21 111
2018/9 Bedroom 6.5 Female 82 23 125
2018/10  Car 41.5 Male 81 26 173
2018/ Demo outside 13 Male 82 27 198
DEM. chairl
R
2018/ Demo 5.5 Female 71 31 189
DEM. bedroom?
P
2018/ Demo 6.5 Male 74 24 172
DEM. bedroom3
S
2019/1 Car 10.5 Female 52 25 145
2019/2 Car 12 Male 59 39 266
2019/3 Bedsit 5.5 Male 60 23 143
2019/4 Car 14 Female 90 25 125
2019/5a  Car 14 Male 81 20 125
2019/5b  Car trunk 14 Female 75 18 88
2019/6 Bedroom 6.5 Female 64 31 193
2019/7 Bathroom 4 Male 64 29 178
2019/8 Sitting room 3.5 Male 88 18 106
2019/9 Bedroom 6 Female 87 16 90
2019/10 Car 9 Male 70 21 148
2019/ Outside 16 Male 95 21 136
DEM. chairl
R
2019/ Open 5 Female 52 36 200
DEM. bedroom?
P
2019/ Open 5 Female 69 34 214
DEM. bedroom3
S

1Qutside radiant heat demonstration Bedroom demonstration body prone (face
down) ®Bedroom demonstration body supine (on back) Shading identifies
tongue protrusion dataset.

temperature through the absorption of heat energy [58-60], and sup-
pression of the naked flame. This form of fire suppression is preferred
over high pressure straight stream water application which has the po-
tential of disturbing material within the scene prior to investigation.
Donated human remains were acquired through the Genesis program
and Medical Education and Research Institute (MERI) by the San Luis
Obispo County Sheriff Coroner Office in accordance with medical ethics.
In addition, this work went through Cranfield University Research
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Ethics System. Following death, donated remains were frozen and stored
at the MERI. All individuals identified for SLOFIST were deceased within
1 year prior to the course and were transported overland in a refriger-
ated lorry the week before. The initial temperature within the lorry was
set to 6.7 °C (40 °F), slowly rising to 12.8 °C (55 °F) over the two days
travelling to allow thawing during transit. The effect of freezing and
thawing of human remains has been investigated, identifying that tissue
cells become diluted and hypotonic due to the melting crystals resulting
in a ‘softening’ of muscle, with tissue cells that are dead before freezing
not reaching their prior volume [61].

For each body, MERI provided the following information: unique
identifying number, sex, age, height, weight, previous medical proced-
ures, blood screening results for hepatitis B and C, HIV and syphilis,
cause of death, date of death. The age range of donated individuals was
52-101 years. This dataset is applicable to fatal fire casework [62]. In
the United Kingdom individuals aged 50+ years accounted for 73.6% +
4.9% of fire fatalities in years 2013-2020 [63]. It is suggested people
over 60 years are at highest risk of dying in fires due to co-existing
medical, social and biological factors [64,65], with the risk doubling
for over 65 years, and quadrupling for those over 75 years of age [66].

In total 42 bodies were burned over a three year period, all unem-
balmed to ensure as natural as possible reaction to elevated heat. On the
day of burning the defrosted bodies were fully dressed in single layer
clothing, predominantly cotton t-shirts and trousers, thicker jogger
cotton trousers or a dress of a cotton/nylon mixture. Tongues of all ca-
davers were observed and recorded to be present within the dental arch.
Mouths were then closed and a stocking placed over the head to provide
anonymity to the individual. Results for tongue protrusion were
collected for 31 bodies post burn which are identified shaded in Table 1
above.

In accordance with research undertaken by Pope and Smith (2004) in
their study of traumatic injury into burned cranial bone [51], gunshot
trauma to the skull was inflicted by the County Sheriff’s Office using a
handgun with 10 mm ammunition in the controlled environment of the
firing range. Blunt force trauma to the head was inflicted with a tyre
iron, or iron bar by instructors to replicate casework trauma pertinent to
the individual scenario. Cranial medical intervention reported in MERI
paperwork recorded positive for pre burn cranial trauma. Undertaking
experimentation and data acquisition is accomplished with the caveat
that it does not impact the provision of teaching of the FFDIC. X-Rays
and CT scans were not undertaken due to both the time impact and
disruption this would have on the course, and the complexity of both
acquisition and transport of mobile equipment to the remote burning
site.

Thermocouples were placed within the thoracic cavity of each
cadaver by MERI personnel via intubation in the airway before place-
ment within the scenes. It is unknown if the presence of the thermo-
couple in the esophagus had any influencing effect on the presence or
absence of tongue protrusion. It was also recognized that temperatures
recorded would not be recorded directly from the genioglossus muscle
beneath the tongue with the thermocouple placement in the thoracic
cavity mitigating the potential of thermocouple displacement from the
mouth. The defrosted cadavers were placed within the scene between
6.30am and 7.30am to enable body temperatures to acclimatise to the
environment temperature before ignition mid to late morning. Ambient
temperature was recorded by thermocouples at point of ignition. Time
recording initiated at ignition and stopped at suppression.

Still photography was undertaken using an Olympus SP800UZ
camera both pre and post burn, with video recording undertaken
externally from ignition through to suppression. Each scene was fitted
with type K thermocouples at ceiling, middle and floor levels within
compartments, and in the seating area within vehicles.

Following the burns, visual examination was undertaken on each
body both within the scene and during the recovery process where
possible. Tongue protrusion was assessed and recorded as present or
absent beyond the dental arch as originally defined by Berntiz and
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Table 2
Scene dynamics where positive tongue protrusion observed.
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Scene Venue Body position Burn time mins

Scene max temp °C

Time in minutes scene max Temp °C Max Body Temp °C Time in minutes

Body max Temp °C

2017/4 RV Sitting 15 886
2017/5a Outside car Sitting 53 962
2017/9 Room Supine 7 760
2017/10 Car Sitting 22.5 873
2017/ Open bedroom Supine 4.5 1111
DemS*
2018/3 Room Supine 27.5 875
2018/9 Room Supine 6.5 914
2019/7 Room Sitting 3.5 1271
2019/9 Room Supine 6 939
2019/ Open bedroom Supine 5 >393*
DemS*

15 993 15
20.5 645 25.5
7 67 7
17.5 11 18.5
3.5 634 3
27.5 838 27.5
5 623 5
3.5 103 2.5
6 920 6

- 881 3.5

*Thermocouple failure at 393°C with scene developing to flashover.

colleagues [24]. Cranial damage was identified where fractures of any
kind (radiating, concentric, mosaic and linear) were evident. In accor-
dance with the method of observing trauma with the naked eye by Pope
and Smith [51], cranial damage was photographed and recorded. Where
brain tissue was identified, it was recorded as visible when observed
both within the cranium and externally. Following recovery, all human
remains were retrieved and returned to their original body bag ready for
transportation back to MERI for final cremation.

Statistical analysis was undertaken on the dataset results using IBM
SPSS 28 package. Analysis was undertaken between variables using a
one-way ANOVA in order to avoid Type I errors of inter variable T Test
analysis.

4. Results

Data for tongue protrusion was collected on 31 bodies (Table 1) with
11 bodies excluded due to their post burn position obscuring observa-
tion, or as a result of all flesh consumption. Maximum thermocouple
temperatures were recorded for both scene and cadavers where present
(Fig. 1).

Burn 2019/DemS experienced thermocouple failure at 1.5 min,
registering a temperature of 393 °C. Whilst the fire underwent the
phenomenon of flashover which is initiated at c600 °C [23,67] analysis
is undertaken on the maximum scene temperature recorded as >393 °C.

Positive tongue protrusion was identified and recorded as present in
all three burn venue categories of compartments, vehicles and demon-
stration burns containing cadavers that exhibited this phenomenon.

Analysis identified that internal temperatures of cadavers within the
compartments reached their maximum within 1.5 min of the scene
maximum temperature, with four scenes reaching maximum tempera-
tures simultaneously.

Vehicle scene thermocouple results reveal that in the RV scene 2017/
4, maximum body and scene temperatures were reached simulta-
neously. The cadaver inside the car of scene 2017/10 experienced a 1
min delay with the maximum scene temperature. In scene 2017/5a the
body was sat external to the vehicle leaning against the front left wing of
the car resulting in a 5 min delay between maximum temperatures.

Analysis of maximum scene temperature and maximum body tem-
perature identified that whilst both scene and body temperature in-
crease as fire develops, positive tongue protrusion is observed in

Maximum Temperatures °c

1400

1300

1200 b 4 ® 9

1100 ®

1000 ®
900 ° ® ®
800 ® ®

700 ®

600

400
300
200
100

01 2 3 45 6 7 8 91011121314 1516 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31

@ Max Scene Temp °C

Max Body Temp °C

Scene 1:2017/1 2:2017/2 3:2017/4 4:2017/5.1 5:2017/5.2 6:2017/6 7:2017/7 8:2017/8 9:2017/9
10:2017/10 11:2017/DemS 12:2018/1 13:2018/3 14:2018/4 15::2018/5.1 16:2018/5.2 17:2018/7

18:2018/8 19:2018/9

20:2018/DemS 21:2019/1 22:2019/3 23:2019/4 24:2019/5.1 25:2019/5.2

26:2019/7 27:2019/8 28:2019/9 29:2019/10 30:2019/DemR 31:2019/DemS* *Thermocouple failure

Fig. 1. Maximum temperature reached in scene with corresponding body temperature for tongue protrusion dataset.
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cadavers exposed to scene temperatures in excess of 600°C in addition to
2019/DemS at > 393 °C (Fig. 2).

Examination of exposure duration within the scenes indicated that
tongue protrusion can be present early within the scene as the fire is
developing (Fig. 3).

An outlier observed within the data (Scene 2018/5) is the extended
duration of 53 min evidencing both presence and absence of tongue
protrusion on cadavers within the same scene with one body placed
within the passenger seat, and a second body placed within the boot/
trunk.

A one-way ANOVA was performed to compare the presence of
tongue protrusion with scene and body temperatures, the duration of the
burn and biological factors such as sex and BMI (Table 3).

A Lavenes test for homogeneity of variance was undertaken, identi-
fying that data sets of positive and negative tongue protrusion have
homogenous variance with no significance (Table 3).

4.1. Burnt remains and ‘exploded skull’

Examination and data collection for skull damage was undertaken on
all 42 bodies (Table 1). Pre existing trauma to the head was recorded
prior to burning, present through gunshot and blunt force trauma un-
dertaken pre burn by SLOFIST staff, and antemortem medical inter-
vention for brain tumour treatment (Fig. 4).

Following the burn, brain tissue was recorded as positive when
observed both within the cranium and externally. Twelve individuals
presented with observable brain tissue of which nine had prior recorded
trauma. The remaining three individuals presented a positive result
where structural elements of the scene were in direct contact with the
cranium (Table 4).

Brain tissue was observed in ten scenes, predominantly within
compartment rooms with bodies principally lying on a bed or floor, with
one exception (scene 2019/9) where the individual was in a sitting
position upon a sofa.

Burn duration was variable with a single compartment left to burn to
the ground (2018/7). Two individuals within vehicles that evidenced
exposed brain tissue were both positioned within the boot/trunk of the
vehicle (2017/5 and 2018/5) with the fire developing within the main
cab.

Examination of temperature and duration (Fig. 5) identified
compartment scenes as the predominant venue with brain matter still
present following transition of the fire through flashover.

A one-way ANOVA was performed between scene and body tem-
peratures, the duration of the burn and BMI of the cadaver with results
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revealing no significant relationship was present. Levenes test for ho-
mogeneity between the positive and negative observational brain matter
groups identified homogenous variance with no significance (Table 5).

Ten bodies exhibited cranial fractures post burn with no brain tissue
visible (Table 6). A single skull had neither pre existing trauma or
associated debris but presented fractures at the location of an extra-
sutural bone within its structural composition that potentially provided
a weak point within the cranium. This latter statement can only be
supported, however, by further examination.

In total twenty two of the human cadavers, 52% of overall dataset
exhibited skull fracture of varying degrees. Fourteen (64%) had cranial
trauma prior to the burn, with a further seven bodies (32%) sustaining
trauma through interaction of debris collapse, and one single body (4%)
evidencing fracture through extrasutural cranial bone.

5. Discussion

The advantage of undertaking experimentation using human re-
mains in real fire scenes as opposed to a proxy analogue or a cremation
retort is that it allows direct applicability to the investigation of fatal
fires. Observing bodies within the fire environment has led to a far
deeper and more comprehensive understanding of the effect the thermal
environment and flame has on human remains [20,21,32,52,53].

Work previously undertaken assessing burned cranial trauma
employed X-Ray to record trauma prior to the burning of 30 separate
heads [51]. The 10 heads used as the experimental control were still
attached to bodies and were not subject to X-Rays, with no pre existing
trauma recorded. The post burn analysis focused on prior trauma, with
traumatic changes recorded with the naked eye [51]. The position of the
isolated heads within the scenes was not recorded, and did not form part
of the fatal fire scene for recovery. The research presented here focused
on cadavers or human remains as they would be found and subsequently
recovered from the fatal fire scene, and how the dynamics of the fire in
different scenes affected the outcome of body alteration.

Fire development was recorded for each scene by thermocouples at
ceiling, middle and floor heights, with scenes progressing through
flashover with the exception of 2017/4 due to the prevailing wind.
Studies have identified flashover temperatures at the point of flashover
to be 600 °C [56,68,69], with the post flashover environment producing
temperatures as high as 1100 °C [70] which can remain high for several
minutes making the environment untenable for survival [22,54].

The development of fire and its transfer of heat to objects, structures
and human bodies present within the scene is governed by scene dy-
namics such as fuel loading, dimensions, and ventilation [23,67].

Maximum body and scene temperature
@ no protrusion
@ tongue protrusion
1250 *
o ® @
P e o
L
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0%y *
o * * L4
g o o
& 750 *
e o ®
£
O
7z
= 500 ° °
=
<
250
°
0
4] 200 400 600 800 1000 1200
Body max °C
Y @ 20190ems

Fig. 2. Scene and body temperatures with tongue position observation.
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Maximum scene temperature and burn duration
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Fig. 3. Burn Duration and Maximum Temperature for tongue position observation.

Table 3

Statistical analysis for significance of tongue protrusion.
Positive Tongue Protrusion N Mean Std CI 95% CI 95% One-Way Lavenes test

Lower Upper ANOVA For homogeneity
Scene Max Temp °C 10 894.8 266.75 732.59 1057 F (1,29) =.0.013, p =.910 1.648, p = 209
Body max Temp °C 10 525.26 358.51 268.80 781.73 F (1,26) = 0.005, p-.927 1.039, p =.317
Burn Duration Minutes
10 15.60 15.43 4.55 26.65 F (1,29) = 0.152, P =.699 2.720, p =.110

Sex 10 1.5 0.527 1.12 1.88 F (1,29) = 2.136, p =.155 3.537, p =.070
BMI 10 24.26 4.56 21.00 27.53 F (1,29) = 2.318,p =139 0.182, p =.673

Fig. 4. Pre-existing cranial trauma identified by white circle A: Gunshot wound. B: Craniotomy surgery with implant to secure bone in place post-surgery.

Table 4

Cadavers with fractured cranial elements and brain tissue visible.
Scene Venue Max Scene Temp °C Brain Tissue Visible Pre Existing Trauma Associated Debris
2017/5b* Car trunk 962 Y Y N
2017/7 Bathroom 1197 Y N Y
2017/Demo.P Open bedroom 1111 Y Y N
2018/3 Bedsit 875 Y Y N
2018/5b* Car trunk 979 Y Y N
2018/7 Bathroom 1122 Y N Y
2018/8 Sitting room 1127 Y Y Y
2018/Demo.P Open bedroom 1156 Y Y N
2018/Demo.S Open bedroom 1156 Y Y Y
2019/8 Sitting room 916 Y Y N
2019/9 Bedroom 939 Y Y N
2019/DEM.P Open bedroom >393* Y Y N

5b* remains within the trunk/boot of vehicle *Thermocouple failure.
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Fig. 5. Burn Duration and Maximum Temperature for brain matter observation Scene 2018/DemP and 2018/DemS contained 2 bodies in the same scene both with
observable brain tissue and are both represented by a single marker highlighted by the circle.

Table 5
Statistical analysis for the presence of brain tissue post burn.
Observable Brain Tissue n Mean Std CI 95% Lower CI 95% One-Way Levenes Test for homogeneity
Upper Anova
Scene Max Temp °C 12 986.96 213.57 851.26 1122.65 F (1,21) = 1.007, p =.328 0.382, p =.544
Body max Temp °C 11 744.43 395.11 479 1009.87 F (1,19) = 0.1.639,p =.217 0.342, p =.566
Burn Duration 12 14.71 14.69 5.76 23.65 F (1,21) = 0.267, p =.611 22.070, p =.129
(Mins)
BMI 12 22.21 7.054 17.73 26.76 F (1,21) = 0.677, p =.420 2,511, p =129
continues to develop the cyclic process of convection creates turbulence
Table 6 . . . within the gases which continue to rise in temperature resulting in the
Cadavers with fractured cranial elements but no brain visible. o . - .
transition from convection to radiation as the primary mode of heat
Scene Venue  Max Fractured Pre-existing  Associated release. Once gases reach their ignition point they spontaneously ignite
iceneo c Cranium Trauma Debris within the ceiling layer, which is subsequently followed by ignition of all
em] . .
P surfaces below. This phenomenon of flashover is compartment based,
2017/4 RV 886 Y N Y with the transmission of heat release in vehicles primarily by convection
2017/7 Room 1197 Y Y N d also d dant the interior fuel terial t. th iti
2017/8 Room 1177 v v N and also dependant on the interior fuel materials present, the position
2017/10 Car 873 v v N (open/closed) and presence of doors and windows, and external vari-
2018/4 Car 671 Y N Y ables such as wind and rain [1].
2019/1 Car 1031 Y N Y Temperatures recorded within the scenes fluctuate in accordance
jgg; ; g: ;gg i E ; with fire development as discussed above. Where maximum scene
2019/10 Car 092 v N - temperature is recorded, temperatures are not sustained for an extended
2019/ Room  >393 Y Y N period of time but represent the highest temperature the human remains
DemS

Following ignition, as the fire develops heat is transferred via buoyancy
induced convection, transferring heat as the air travels over the cooler
surfaces in the early stages of the fire at <c150-200 °C [23,71,72].
Following the transfer of heat, the cooler air falls becoming entrained at
the fire base, providing the fire with a steady flow of oxygen and pro-
moting continuous fire growth.

This process of heat exchange is highly complex and dependant on
the flow effect created by the scene dynamics such as room dimensions,
and the presence of open apertures such as doors or windows which can
affect fire development through external factors such as wind direction.
This transfer of heat results in the release of toxic gases which rise from
the surface of objects and are held within the ceiling smoke layer. As fire
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were exposed to in the turbulent thermal fluctuating atmosphere, thus
providing an indication of the heat release and thermal transfer within
the environment.

Within this study tongue protrusion was evidenced in a variety of fire
scenes, with two case scenarios replicated three times, all resulting in
tongue protrusion. The first (scene 9 for each year) remained the same
for all three years of experimentation with the scene scenario being ‘the
use of flammable liquid poured onto a mattress and ignited in an attempt
to disguise a homicide’ (see Fig. 6).

Ignition was undertaken by direct contact of a flare to accelerant that
had been poured onto the mattress in immediate proximity to the
bodies. This resulted in heat introduced directly and immediately to the
bodies rather than the gradual heat increase through convection as the
fire developed. Duration of the fires was recorded at 7 min, 6.5 min and
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Fig. 6. Scene 2017/9 Bed ignited with flammable liquid.

6 min with the maximum differential between burns being 60 s.

Secondly the supine bodies in the open bedroom demonstration, all
exhibited tongue protrusion (Fig. 7). The absence of the fourth wall
(removed for observational purposes) provided the fires with constant
entrainment of oxygen promoting fire growth, resulting in the rapid
engulfing of the body in flames.

Tongue protrusion was recorded in scene 2018/3 where an indi-
vidual was lying supine on the floor with furniture placed over the body
to chest height, resulting in close proximity of burning wood to the head.
The fire slowly developed with an extended time frame of 27.5 min in
accordance with facilitating the burn to a post flashover environment
from which students on the FFDIC would be required to investigate and
subsequently recover the body.

Thermocouple data recorded the slow progression of the fire (Fig. 8),
with floor temperature and internal body temperature remaining low
until flashover which resulted in temperature rise. The post flashover
environment facilitated an increase of temperature both at floor level
and within the body to >800 °C, with the temperature at floor level
producing the maximum temperature within the scene of 875 °C
recorded just before suppression.

Finally, scene 2019/7 contained an individual sat within a bath filled
with water. The burn time was short at 3.5 min with development
assisted by an open door and the prevailing wind. It is unclear if the
presence of water and potential evaporation is related to tongue pro-
trusion, or the heightened development and quick suppression. The
duration of the two other bath scenes in the data set were significantly
longer with 2017/7 burning for 9 min and 2018/7 left to naturally
suppress with thermocouple recording stopped at 23 min. The soft tissue
surrounding the head including the ears, nose and eyes were consumed

Fig. 7. 2018 open bedroom demo with body supine.
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in both scenes, and therefore no comparative analysis was undertaken.
This has identified an area of further scientific study on the effect of the
presence of water within the fire scene on the human body, with
research already evidencing that victims will shelter from fire in the
bathroom, often within a bath of water if evacuation is no longer an
option [73-75].

Examining the results of tongue protrusion in compartments, anal-
ysis reveals that the duration of the fire event is not an influencing factor
in compartment scenes for tongue protrusion. Omitting the temperature
for 2019/DemS which was subject to thermocouple failure, maximum
scene temperatures for positive tongue protrusion (Fig. 3) predomi-
nantly ranged from 750 °C to 1000 °C (n = 7), with two scenes recording
highest temperatures (>1000 °C) with a shorter duration. Analysis of
temperature and duration of the scene dataset revealed no significance
in the relationship between the variables and positive tongue protrusion,
with results identifying the temperature range of 211-1197 °C in scenes
with no tongue protrusion and duration ranging from 3.5 to 53 min.

Examination of tongue protrusion within vehicle fires had varied
results. Vehicle scene 2017/5a contained two cadavers, one in the
trunk/boot of the car, and one sat positioned externally against the front
left wheel arch. Ignition was at the rear of the vehicle with the fire slowly
developing and moving forward to the front, with the boot/trunk not
directly enveloped by fire and the contained body did not evidence
tongue protrusion.

Heat radiated out from the vehicle to the body as the fire developed,
resulting eventually in direct flame interaction with the head and
resulting in tongue protrusion (Figs. 9 and 10). The results produced by
this burn recorded both positive and negative for the same duration.

All three vehicle fires where tongue protrusion was present were
ignited at the rear of the vehicle, with fires slowly advancing forward.
Scene 2018/4 was the burning of the RV with the fire remaining pre-
dominantly in the rear of the vehicle due to the prevailing wind. Inter-
nally the fire dynamics were more in keeping with a compartment scene
due to the high ceiling and interior area volume. The remains seated in
the front of 2017/10 were exposure to developing flame in the front
seats for 2 min before suppression with the internal body thermocouple
recording no rise in temperature indicating thermocouple failure had
occurred. This deficit in the recording of internal body temperature is
also replicated in scene 2017/9 where the temperature does not rise
above 60 °C even though the room transitioned through flashover.

Thermocouple failure within the two bodies discussed above, and the
low temperature of the body in the bath hindered comprehensive
investigation of a relationship between the presence of tongue protru-
sion with scene and body temperatures. It is recognised that the mal-
function has resulted in a limitation to this study, and the subsequent
analysis of data on the reduced dataset identified no statistically sig-
nificant relationship present. Maximum scene temperature where
tongue protrusion was observed ranged from 760 °C to 1271 °C, with
internal body temperature on the limited data of 7 individuals ranging
from 623 °C to 993 °C. Individuals with no tongue protrusion were
recorded with internal temperatures ranging from 23 °C (recorded in a
demonstration burn of radiant heat with the body sat in a chair external
to burning compartment) through to 1165 °C.

Cadaver specific biological parameters were analysed to investigate
the relationship between positive tongue protrusion and sex. This did
not identify any significant association with an equal distribution be-
tween the sexes with tongue protrusion proportionate to their overall
sex data set; the ratio revealed Male n = 5 (23% of male dataset) and
Female n = 5 (50% of female dataset). The BMI of individuals with
tongue protrusion ranged between 16 and 33 which are outliers, with
the remaining eight cadaver BMI range in from 22 to 28. Individuals
recorded as negative for tongue protrusion ranged in BMI from 12 to 39
with 41% of the negative dataset within the range of 22-28 BMIL

Studies undertaking retrospective analysis of pathological data have
enabled investigation of tongue protrusion against additional indicators
of victim vitality, such as carboxyhaemoglobin (CHODb) levels in blood,
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Fig. 8. Thermocouple temperature data for 2018/3.

Fig. 9. White circle highlighting open.

and soot in the larynx [24,25,29]. In these studies, the data sample sex is
provided within the materials and methods but no further differential
analysis was undertaken to investigate the presence of tongue protrusion
and individual biological sex.

It has been evidenced in this research, that in fully developed fires,
structural debris can result in the fracturing and damage of burnt bone.
This is particularly pertinent to cranial trauma as fractured and damaged
skulls have previously been considered an indicator of exploded cranial
vaults [76,77].

It is reported in the literature that the top of the skull or cranial vault
is more thermally susceptible due to the thin upper layer of covering skin
(Fig. 11) as opposed to the lower part or base of the head which is
protected by thicker muscles [32], and that darker colour around peri-
mortem fractures are the result of shielding from ‘oozing tissue and
fluids’ [78]. This is especially evident in vehicle fires where flames are
held within the low roof engulfing the head of the victim (Fig. 12).

As fire continues to develop within the vehicle cab, soft tissues of the
face including the eyes, ears, lips and tongue also become consumed.
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Fig. 10. White circle highlighting tongue protrusion mouth with no
tongue visible.

Fig. 11. Partial calcination of skull.
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Fig. 12. Head in roof flame (indicated by arrow).

This is in line with the present analysis where cranial fractures have
been identified but no observed brain tissue on cadavers seated within
vehicles. Cranial fractures with no observable brain tissue was identified
on six bodies with no previously recorded trauma. All six bodies were
present within vehicles and exposed to burn length ranging from 9 to 22
min, with five directly associated in contact with debris and a further
single body at a site where there was an extrasutural cranial bone. In
contrast, bodies in the boot/trunk exposed to high temperatures but not
enveloped in flame presented brain matter that was still visible.

As bones become devoid of flesh through exposure to intensive heat
and flame they become fragile and calcined in nature due to the struc-
tural reordering of the bone as it transitions through different temper-
atures. Organic elements pyrolyse at approximately 600 °C and mineral
elements become altered or pyrolysed between 800 and 1100°C leaving
bone white and calcined in appearance and more fragile and susceptible
to breakage [79-82]. These temperatures are analogous to flashover and
the post flashover environment, identifying that accidental cranial
trauma from structural debris is more predisposed after the fire has
developed through this transition. Observation of fire development at a
scene such as fuel loading and fire dynamics can assist forensic pathol-
ogists and anthropologists in identifying if injury and destruction of the
body is consistent with the thermal conditions [83,84].

The presence of brain tissue was identified predominantly within
compartment scenes (83% of dataset) with all compartments undergo-
ing flashover and cadavers exposed to the post flashover environment
before suppression. Two bodies exhibited observable brain tissue
without pre existing trauma to the cranium were present in bath scenes
with the body in water at ignition point. Both scenes had a lengthy
duration with scene 2017/7 suppressed at 9 min, and 2018/7 with
thermocouple recording stopped at 23 min and left to naturally supress.
It is unclear if the presence of the body in water is a contributing factor
to the continued presence of observable brain matter whilst the soft
facial tissue of ears, nose, lips and eyes were consumed by the fire. This
result has identified an additional factor that would benefit from further
investigation into fatal fire victims and their presence in water as dis-
cussed above.

Analysis of duration (Fig. 5) identified a predominance of shorter
time frame in the observance of brain tissue. The fire dynamics of the
lengthier burns of 2018/5 at 53 min with a body in the trunk, and 2018/
3 at 27.5 min with a slow developing fire (Fig. 8), and 2018/7 in a
bathroom with thermocouple recording stopped at 23 min have been
discussed above. Nine cadavers (75%) recorded as positive for observ-
able brain matter exposed to the fire environment for under 11 min, with
outliers in this reduced dataset 2018/5 body in trunk of car (11 mins),
and 2017/7 body in bath water (9 min). Reducing the data set further to
compartments, seven cadavers (58%) recorded as positive were exposed
to the fire environment for a shorter time period of 3.5-6 min.

Statistical analysis of the positive dataset did not identify any
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relationship significance between observable brain matter with duration
time of burn. It is recognised that the limitation of the small dataset in
this experimentation does not facilitate a more comprehensive analysis
of the relationship between duration and temperature from which
decisive conclusions can be drawn.

6. Conclusion

This paper presents a qualitative examination of a unique dataset
investigating the effect of a variety of fire environments on human re-
mains. Recording the burning of multiple scenes enabled investigation
of the effect high temperature and flame have on the human body in
relation to two phenomena that have facilitated misconception sur-
rounding fatal fire victims.

The results have demonstrated that tongue protrusion following a
fire is not a sign of vitality at the start of the fire. Rather than identify a
criterion through biological demographics of sex or BMI that distinguish
an individual to predisposition to tongue protrusion, the results of this
experimentation have identified that fire demographics and the fatal fire
scene venue are influencing factors in the production of this phenome-
non. The authors suggest that the occurrence of tongue protrusion is
potentially far higher in fatal fire victims than previously considered,
but due to the continued development of the fire, organic elements
including the tongue are consumed leaving no evidence of this previ-
ously exhibited phenomenon.

The presence of brain tissue was observed predominantly within
compartment scenes with a short post flashover exposure and in vehicle
fires where the cadaver had no direct flame interaction. Cadavers within
the seating area of the cars exhibited cranial fracture but no brain tissue,
the result of fire retained within the roof consuming the soft tissue of the
head. Where cranial fractures were identified it was associated with pre
existing cranial trauma or post burn debris contact with a single
anomaly of an extrasutural cranial bone in its structural composition
potentially providing a weak point within the cranium.

This study has sought to investigate the thermal mechanisms and
environments within which tongue protrusion, cranial damage and
brain tissue are evidenced. The limitation of an original small dataset
becoming further reduced due to thermocouple failure, and the inability
to rerun experimentation has hindered the collection and subsequent
analysis of data.

The results do however highlight that a more thorough under-
standing of individual fire scenes and their development is essential
when interpreting alteration and injury to the body of the fatal fire
victim. The results presented in this paper are indicative but not
conclusive, and the authors would welcome further data collection and
analysis by other researchers.

The authors confirm that the data supporting the findings of this
study are within the article. Raw data that supports the findings of this
study are available from the corresponding author, upon reasonable
request.
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