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Slaughtered like animals. Revealing the atrocities
committed by the Nazis on captives at Treblinka I
by skeletal trauma analysis
Joanna Drath 1,2✉, Joanna Jarzęcka-Stąporek3, Dagmara Lisman1, Maria Szargut1, Marek E. Jasinski 4,5,

Kate Spradley6, Mirosław Parafiniuk2 & Andrzej Ossowski 1

The infamous Treblinka camp was one of numerous extermination camps throughout Poland,

where Germans carried out mass killings of Jews. There were two camps in Treblinka, AL

Treblinka I, a forced labor camp, and KL Treblinka II, the site of the extermination camp.

Treblinka I held captives of various origins and ethnic backgrounds who were serving their

sentences by working in a pre-existing gravel pit. Many of those prisoners perished in the

camp, and it was believed that the principal causes of their death were attributed to the

horrific sanitary conditions in the camp as well as the strenuous hard work of daily life. In

2019, archaeologists uncovered a clandestine mass burial pit that contained commingled

human skeleton remains at the Execution Site of the former Treblinka I camp. It was esti-

mated that there were a minimum of forty-nine people in the pit. Within months, an

anthropologist performed biological profile assessments and detailed trauma analysis on the

recovered skeletal parts. The main goal was to study perimortem trauma patterns to infer the

cause and manner of death of the victims. We hypothesized that the victims did not die solely

because of the camps’ conditions but were brutally slaughtered by the camp guards. Our

results were later compared with the survivors’ written testimonies. As a result of our

research, we were able to show that the Treblinka I captives’ death was extremely brutal and

that the killing methods were varied. This led us to conclude that multiple assailants were

involved in the killing spree. All of our results were consistent with the written witness

testimonies, which concurs with our skeletal material analysis that proves the atrocities

committed by the Nazis on their civilian prisoners during the war took place.
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Introduction

In any murder case, the victim’s body is regarded as hard
evidence of a crime (Hopping, 2007). Without it, the case
could only be circumstantial, and it is usually very difficult to

prosecute the perpetrators in question (Moran, 2003). With this
in mind, Heinrich Himmler ordered the bodies of the dead to be
incinerated and commingled, including most of the corpses that
were previously buried in mass burial pits (Spector, 1990a) in all
the concentration and extermination camps across Europe. As a
result, the only existing proof of mass killings is the survivors’
testimonies that were written shortly after the end of the war.

Approximately six kilometers away from Treblinka railway
station in Sokołów County, Poland lay a gravel pit that was
controlled by the German forces from September 1939 (Różycki
et al. 2017). Gravel was an important resource for implementing
the so-called “Otto Program”, a plan for building strategic roads
to attack the Soviet Union (Mierzejewski, 2003). The biggest
obstacle Germans had to overcome was the labor shortage. To
solve this, they constructed a forced labor camp, Treblinka I,
where they imprisoned mainly people from the nearby villages
and forced them to work in the pit. Germans reported that the
people sent to the Treblinka camp were solely criminals. How-
ever, many civilians were punished for resisting the occupation,
ignoring the curfew, and armed attacks on the Polish under-
ground (Kopówka, 2002).

By 1941, the first prisoners arrived there to serve their sen-
tences. In the first year of the camp’s existence, there was no
division of Jewish prisoners from Polish ones (Różycki et al.
2017). In mid-1942, around two kilometers north of Treblinka I,
the extermination camp Treblinka II was erected, as a part of
Operation Reinhard (Arad, 1999). After the construction of the
extermination camp, some of the Jewish captives were still sent to
the penal labor camp (which in the German announcement of
16th December 1941 is defined as Arbeitslager Treblinka) and
their physical work conditions served as means of annihilation.
The daily strenuous physical work combined with low nutrition
rates, diseases, and beatings from the camp guards contributed to
the early demise of a significant number of prisoners. It is esti-
mated that a total of 20,000 prisoners passed through the Tre-
blinka labor camp, and 10,000 of them died in the camp. The
bodies of the dead were buried in a forest near Maliszewa village
(Abate and Sturdy-Colls, 2018). In contrast to other forced labor
camps, such as KL Auschwitz, there are few survivors of impri-
sonment in Treblinka camps (Rajchman, 2011). Therefore, the
testimonies on the cause and manner of death for the inmates are
vague. The witness’ statements report on the camp guards’ cruelty
and also state the variety of killing methods. The weapons used
for killing, according to the Treblinka survivors, include, for
example, bats, planks, bayonets, axes, hammers, mallets, sabers,
guns, and many others (Kopówka, 2002; Różycki et al. 2017;
Wiernik, 1944). However, those statements were never supported
by any other physical evidence.

One of the first examinations of Treblinka camps was under-
taken on 24 August 1944 by an ad-hoc Soviet-Polish Commission
consisting of five officers of the Red Army and four representa-
tives of local Polish inhabitants, including one medical doctor. At
that time, it was revealed that the Germans buried their victims in
various locations in the camps. About fifty-eight burial pits were
discovered, measuring 10 × 5 m and 2–2.5 meters deep. Three of
those graves were excavated for a total surface area of 15 × 5 m;
305 corpses were exhumed. Twenty-five of them were women.
The bodies were interred only 50 centimeters from the surface. It
was calculated that around 10,000–12,000 people rested in the
graves. Fourteen bodies were subjected to an autopsy. The med-
ical examination showed that the victims’ skulls were pierced after
the blow of an axe and other similar objects (found in the copy of

the deed dated 24 August 1944 translated from Russian into
Polish and stored in the Institute of National Remembrance
archives, accessed on 15th February 2022; Central Commission
for the Investigation of German Crimes in Poland (Kononiuk
et al. 1944)).

After 1946, no detailed, professional investigations into the
Treblinka camps were carried out until 2007, when scientists
from Staffordshire University began work on archaeological and
historical research on the Treblinka camps. The researchers
obtained permission to study the site with the use of a minimal
invasive methodology. They had been instructed not to exhume
the bodies from the graves. Combining LiDAR survey, walkover
survey, and archival map research, six potential mass burial pits
were detected in the area of the Execution Site near the former
labor camp (Sturdy Colls, 2012). Three of those sites were exca-
vated using minimally invasive techniques (Sturdy-Colls, 2016).
In the 1960s, a Museum of Struggle and Martyrdom was estab-
lished to protect the victims’ memory.

In 2019, a previously unknown burial pit was discovered at the
bus station car park that belongs to Treblinka I camp. The pit
contained the commingled remains of nearly fifty people. Neither
their identities nor their cause and manner of death were known.
Following DVI standards (Interpol, 2018), the interdisciplinary
team was engaged in the process of the remains recovery and
personal identification. The team consisted of experts in forensic
archaeology, forensic anthropology, forensic medicine, and for-
ensic genetics. The fieldwork was overseen by the Rabbinical
Commission for Jewish Cemeteries in Poland.

We assumed that the victims were the Treblinka I captives who
were killed by the camp guards. Our main focus was to analyze
the skeletal remains, in particular, concentrating on perimortem
trauma analysis. We hypothesized that the trauma pattern would
allow us to infer the most prevalent killing method applied by the
guards and the positioning of the assailants in relationship to the
victims. By comparing our results with the survivors’ testimonies,
we hoped to identify specific camp guards responsible for the
crimes that had been committed, which in turn could help in legal
actions, to bring closure to the victims’ families. Our secondary
goal was to explain the state in which the remains were found.
The archaeological evidence points to secondary burial, but it is
unknown why the skeletons were commingled or who was
responsible for the commingling.

Material
When the Germans retreated from Treblinka, they tried to hide
all the evidence of their atrocities, so most of the buildings were
destroyed (Sturdy Colls and Colls, 2020) and the victims’ bodies
were buried in undisclosed locations. Sadly, there were no
structures of cremation pyres nor any buildings from the exter-
mination camp that had been preserved. Only the building
foundations in the labor camp remained intact. In the summer of
1944, some of the mass graves were found, together with indi-
vidual burials (Kopówka, 2015). At that time, it was established
that the bodies from the extermination camp had been disposed
of indiscriminately. Some were interred in mass burial pits, some
were cremated and buried, and others were scattered on the
ground after cremation. In contrast, the bodies from the labor
camp were not cremated, but instead buried in mass burial pits.
Those observations were taken into account by Staffordshire
scientists when they prepared the survey (Sturdy Colls and Colls,
2020; Sturdy-Colls, 2016). The place where most of the graves
were revealed was named the Execution Site (Remiszewska,
2020). It is located to the south of the gravel pit and the labor
camp. It was there, where the wounded and exhausted were shot,
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along with those sentenced to death for camp offenses, as well as
Poles transported from Warsaw and Sokołów Podlaski. On 2
March 1942, around a hundred people from the prison in Pawiak
Szucha alley were taken there and shot to death. Executions of
Jews from the Warsaw Ghetto and Romanis and Sinti were also
carried out at the same place. It was also possible that the Italian
officers and soldiers had died there as well (Kopówka, 2002).

In November 2019, human bones were discovered at the
Execution Site (Koschalka, 2019; Remiszewska, 2020) in a burial pit
sized 4.5 × 3.4 m. The skeletal remains were resting only 15 cm from
the surface, so many skeletal elements were highly fragmented.
Upon the decision of the National Institute of Remembrance pro-
secutor, the pit containing the remains was excavated with the use
of forensic archaeological methods. The skeletons were already
extremely commingled in the grave; none were in the anatomical
position. Each skeletal element was cleaned on-site, tagged, and
wrapped. The material was sent to the Forensic Genetics Depart-
ment of Pomeranian Medical University in Szczecin for detailed
anthropological and genetic analysis that would lead to personal
identification and cause and manner of death determination.

Methods
The archaeological methodology used for localization and
exhumation of the graves. The archaeological survey began prior
to the planned modernization works in the forest car park carried
out by Treblinka Museum. The main goal of the archaeological
survey was the search for clandestine burials of victims who died
in the forced labor camp, as well as other victims transferred here
from Warsaw for execution. The search took place in the vicinity
of the Execution Site, in the forest parking lot (site 1), and to the
west of it, behind the road leading from the camp to the
monument commemorating the camp victims (site 2). Two sites
were designated for archaeological surveys (Figs. 1 and 2). Site 1
encompassed an area of 930 m2, and site 2 was an area of
1300 m2. The exploration area of site 1 was divided into sectors.

The applied methodology was a combination of the demirant and
quadrant excavation method (up to the primary trench marks)
and the stratigraphic excavation method with a single context
recording system.

Firstly, the surface of the site was examined with Ground
Penetrating Radar to detect any anomalies that would indicate the
existence of the graves below the surface (Różycki et al. 2020). The
GPR is a kind of geophysical survey that is most frequently used in
searching for clandestine burials (Fiedler et al. 2009). This research
was added to the Historical-GIS-Treblinka system, which was
created between 2016 and 2018. The system was the result of a
project aimed to commemorate the Treblinka camps’ history. The
analysis took place in Maliszewa Forest, where many of the death
pits were previously located (Abate and Sturdy-Colls, 2018).
Presently, the area is overgrown by thick pine woods. The area of
15 hectares was cleared of trees, permitting the GPR research. In
previous research campaigns (2016–2018), the analysis included

Fig. 1 The map showing the search place. Red “X” marks the location of the search (www.museumtreblinka.eu).

Fig. 2 Location of site 1- eastern orientation. Marked in red circle.

HUMANITIES AND SOCIAL SCIENCES COMMUNICATIONS | https://doi.org/10.1057/s41599-023-02002-4 ARTICLE

HUMANITIES AND SOCIAL SCIENCES COMMUNICATIONS |          (2023) 10:493 | https://doi.org/10.1057/s41599-023-02002-4 3

http://www.museumtreblinka.eu


extended spatial data, geophysical measurements, and excavation
work. These results were used to select research areas and conduct
geophysical and excavation surveys in 2019 (Różycki et al. 2020).
The GPR equipment used in the 2019 campaign was SIR 3000,
which has an antenna placed on a special cart with a system for
calculating distances. The antenna used was a 400MHz shielded
frequency. The studied area of site 1 was named GPR3 in
geophysical research analysis. Eleven profiles were scanned, each
was ten meters long, with a distance of 0.5m between them. The
details of the GPR survey and the Historical-GIS-Treblinka system
are provided in a separate paper by Różycki et al. 2020 (Różycki et al.
2020).

Metal detectors were used on the ground of the search area, on
the surface of the grave and its surroundings to find and collect
relevant artifacts (Figs. 3, 6, and 7). The detectors were used as
well, during the grave exploration, after each layer of soil was
removed. The equipment used for detection was Manticore
Multi-IQ+, which is a waterproof metal detector with operating
frequencies from 5KHz to 100KHz. The tool can detect and
separate objects, even if they lie next to each other. When the
detector rendered a highly pitched audio signal, the manual
exploration with the use of a small spade was focused on the
scanned area to retrieve the metal object.

Next, the surveys were marked and with the use of a backhoe
with a slope bucket, small layers of humus were removed together
with the alluvial level of soil up to the level of the bedrock. These
activities were carried out under the archaeologists’ constant

supervision. Once the skeletal remains were visible, the explora-
tion was combined with bone exhumation (Figs. 4 and 5). The
exploration was conducted manually with continuous documen-
tation including measurements, photographs, and drawings. The
tools used in that stage were made of plastic to prevent any
skeletal destruction and to preserve any possible crime evidence
that could be relevant in the course of the investigation. The infill
of the grave was sifted in an archaeological sieve to retrieve all the
small fragments.

The feature was explored in quarters, documenting profiles
until the layer was outlined, which was interpreted as the original
burial pit fill. It was decided that it would be fully exposed and
mapped. After completing the documentation and a small survey,
the layer was explored in its entirety, which was also combined
with the exhumation of human bones deposited in it without
anatomical arrangement. Due to the clear outline of the
excavation and the course of the layers, the method of exploration
with natural layers was used and the exhumed remains were
assigned to them. The skeletal remains were secured with bubble
wrap and put in paper bags signed with the date, site number, and
layer number. Finally, the packed material was transferred to an
anthropologist for osteological analysis. Soil samples were taken
from layer 1 for laboratory testing for the presence of explosives.
For comparison purposes, soil samples from outside of the grave
were also collected for analysis.

During archaeological surveys in 2019, another group of graves
(site 2) was discovered and uncovered at a distance of a few
meters in the west direction from site 1. An archaeological survey
of site 2 showed that this group of graves was diametrically
different from the burial pit of site 1. Seven graves at site 2 were
singular graves arranged in a regular row with all bodies placed in
coffins with some grave goods suggesting a different status of
buried bodies. It is possible that the single burials of site 2
belonged to the camp guards, so-called the Watchmen (SS-
Wachmannschaften). The details of site 2 and the results of the
analysis will be the subject of a separate paper.

Anthropological methodology. As the bones were in a very
fragmented state, it was necessary to reassemble fractured elements
before the analysis began. Every element was labeled with a dif-
ferent tag, measured, and described on a specially created
spreadsheet. Elements were segregated in accordance with the
body side and for each element the possible components of the
biological profile were assessed. The biological sex was estimated
by the use of morphological (Phenice, 1969) and metric (Brůžek
et al. 2017) methods on the coxal bones. On femoral bones, metric
methods were applied (Curate et al. 2016; T. D. Stewart, 1979). A
morphological trait assessment method was used for the skulls (J.
E., Buikstra and Ubelaker, 1994). The biological age-at-death was

Fig. 3 A Jewish Ghetto Police badge found on the ground of the
studied area.

Fig. 4 Western profile of mass burial pit, partly reconstructed based on the archaeological documentation (figure credit M. Wołyńska). K- bone; Cz-
skull; Ka- stone WA1- layer 1; WA2- layer 2; WA3- layer 3. Orange- secondary trench; green- primary trench line.
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estimated on the basis of bone length measurements in subadults
(Maresh, 1970), and skeletal ossification stage (Scheuer et al. 2000).
In adults, a method based on morphological features of pubic
symphysis was applied (Brooks and Suchey, 1990). The stature was
estimated with the use of a metric method based on femoral bone
measurements and a regression formula with regard to the esti-
mated biological sex and biogeographical origin (Trotter, 1970).
Ancestry was evaluated using the skulls’ measurements and the
software Ancestrees (Navega et al. 2015) and Cranid (Wright,
2008) and a non-metric trait method (Hefner, 2009).

Every pathological condition and traumatic lesion was
photographed and described in detail on a spreadsheet. The
description included the location of a lesion on a bone, the type of
lesion, and its dimensions. The pathological lesions included non-
specific stress indicators, such as Cribra Orbitalia, Cribra Cranii,
Cribra Femori, and Linear and Punctual Enamel Hypoplasia.
Those traits as well as metabolic disorders could reflect the
general health status of a person.

Bone fracture descriptions include the type of fracture, mechan-
ism, time of occurrence, and possible direction of the impact. In
ballistic trauma, the entry and exit wound location, diameter, and
probable bullet trajectory were included in the analysis. Addition-
ally, in every trauma case, a possible weapon responsible for the
traumatic mark was inferred. When referring to the timing of
trauma, the term perimortem was applied, meaning trauma that
happened on fresh, hydrated bone (İşcan & Steyn, 2013).

To resolve the issue of commingling, we tried to follow the
methodology described by Adams (Adams and Byrd, 2014). The
spatial location of each excavated skeletal element was marked
during the exhumation process on tags and later on the
spreadsheet, in the hope of possible element association by the
proximity of the next skeletal part in the joint (Tuller and
Hofmeister, 2014). Moreover, each skeletal element was measured
(Byrd and LeGarde, 2014) and in the cases of subadult skeletons,
the bones could be matched on the basis of the assessed biological
age-at-death (Schaefer, 2014). Other methods include taphonomic
changes comparisons of the bone periosteum (Ubelaker, 2008).

The trauma frequency indicator was calculated from the
number of cranial impacts and the number of cranial elements
that were preserved. The small sample prevented us from
obtaining any significant results after applying statistical tests.
Therefore, the results were analyzed using empirical and
descriptive approaches as opposed to statistical analysis.

Genetic methods used to verify anthropological sex estimates
and mt haplogroup determination. Tooth samples were taken
for DNA analysis, using modern forensic DNA methodology to

obtain genetic profiles that would serve for personal identification
once the reference material is provided.

The teeth were cleaned mechanically and chemically, and
ground in a cryogenic mill. DNA was extracted and purified from
the prepared bone powder with PrepFiler ™ BTA Forensic DNA
Extraction Kit (Thermo Fisher Scientific) according to the
manufacturer’s protocol. Quantitation of DNA extracts using
the Quantifiler™ Trio DNA Quantification Kit (Thermo Fisher
Scientific) on the 7500 Real-Time PCR Instrument (Thermo
Fisher Scientific). STR markers were amplified using a commer-
cially available kit –GlobalFiler (Applied Biosystems), which
includes three types of markers that allow for genetic sex
determination: a fragment of the amelogenin coding gene, located
both on the X and the Y chromosome, with a different allele
length for each variant, and two markers located on the Y
chromosome exclusively: an insertion/deletion marker and an
STR marker. For the analysis of Y-STR markers, the Y-Filer™ Plus
PCR Amplification Kit (Applied Biosystems) was used, and the
kit can amplify 25 Y-STR loci. Positive and negative controls were
prepared for each amplification to assess the performance and
purity of the amplification step. The positive control contained
the reaction mixture and DNA control, and the negative control
contained the reaction mixture and nuclease-free water.

Detection of PCR products was performed on a 3500 Genetic
Analyzer sequencer. The results were analyzed using GeneMap-
per® ID-X Software v1.6. Haplogroup estimation from consensus
profiles was performed using the EMPOP database (Huber et al.
2018) and the HaploGrep software (Weissensteiner et al. 2016).

Mitochondrial DNA sequences have been determined for the
HV1 and HV2 hypervariable regions. The sequences of the
amplification primers used were in accordance with the literature
(Nilsson et al. 2010) for primer pairs: 15971 and 16410 for HVI
and L15 and R429 for HVII. The hypervariable regions were
amplified in two separate PCR reactions using the HotStar Taq
Master Mix Kit.

In addition, as no reference material from the families of the
victims was obtained to this day, an analysis of kinship between
the exhumed remains was performed on the Familias 31 software
(Egeland et al. 2000; Kling et al. 2014). The Familias program,
developed by Petter Mostad and Thore Egeland in cooperation
with the Norwegian Computing Center and the Institute of
Forensic Medicine in Oslo, is used to calculate probabilities of
complex kinships. Moreover, it includes a DVI module, in which
two databases are created: the victims’ database and the reference
families’ database. This allows for searching for the highest
likelihood ratio (LR) of a victim to be related to any reference
family in the database versus not being related to them, as well as
to establish the LR for a presence of kinships between individual
victims themselves, versus no kinship between them. Because in
the mass grave only males were found, when analyzing kinship in
the Familias program, three kinship models were assumed:

1. parent-child
2. sibling
3. cousin

Results
Archaeological results. Human remains were encountered in the
eastern part survey No. 1 during topsoil removal. They were lying
without anatomical arrangement directly under the layer of turf.
In order to fully reveal the outline of the excavation, survey no. 1
was extended and widened at this point. An oval-shaped pit,
oriented along the north-south axis, measuring 6.5 × 3.4 m was
uncovered. The fully explored pit was 205 cm deep. The analysis
of the course of layers and the edges of the excavation, clearly

Fig. 5 Western profile of the mass grave pit explored to the level of the
original filling. NE view.
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visible thanks to the documented profiles, confirmed that we were
dealing with two phases of the functioning of the burial pit: a
primary and a secondary trench.

The primary trench consists of bones deposited without a visible
anatomical order. The bones were placed without any plan, at various
angles, on different levels. They did not form a compact structure but
were dispersed in a layer of light brown sand and gravel, which was
the filling of the grave (layer 3). These were skulls, long bones, short
bones, and others. The width of the pit narrowed in a basin to about
half its depth, creating a step from which the walls went vertically
down. The minimum length of the pit was about 6 meters, and the
minimum width was about 1.5 meters. The maximum depth of the
pit was around 200 cm, but the thickness of the layer that was not
disturbed by the secondary dig was around 70 cm.

The secondary trench was oval in shape, measuring 6.5 × 3.4 m.
Its cross-section, 135 cm deep, was basin-shaped, possibly reprodu-
cing the original course of the burial pit, reaching approximately
two-thirds of its depth. The backfill of the trench was layer no. 1,
130 cm thick, consisting of brown sand and medium and coarse
gravel along with human bones, and layer no. 2, up to 20 cm thick,
consisting of sand with a significant content of dark brown humus.
In contrast to the original fill (layer 3), the sand and gravel of layer 1
were more saturated with organics, resulting in a more intense
brown color. The significant amount of humus visible in layer 2
could have been formed by winding a substantial amount of leaves
or as a result of the formation of forest litter.

In addition to bones, single items were found in the backfill,
mainly fragments of fabrics and leather, most likely the remains

of clothes and footwear, items of clothing such as buttons, belt
buckles, but also a Polish coin from 1936 (Fig. 6). The pit also
contained elements of ammunition, such as shells and projectiles
(Fig. 7). Among the artifacts recovered with the use of metal
detectors, a badge of the Jewish ghetto police in Falenica was
found (Fig. 3).

In the place where GPR surveys indicated anomalies in the
ground, stones were registered, which are natural inclusions in
the sand and gravel bedrock. Numerous irregular anomalies were
located in the parking lot search area. They served as a basis for
digging test pits.

The archaeological results show that the burial pit was not of a
regular shape. One hypothesis surmised by archaeologists was
that a deep hole could have been created after the detonation of
explosive materials. The samples that were collected from the pit
for trace element analysis suggested that no explosives had been
detected or used. The layout of the skeletal remains in the pit
suggested that, without doubt, the grave had been disturbed or
the pit had not been the primary burial place for the remains.

Anthropological results. The recovered material entailed more
than 8.600 skeletal fragments. The minimum number of indivi-
duals (MNI), which was estimated from the preserved skull
bones, right ulna, and right coxal bones, was forty-nine people.
The number of other preserved elements (Fig. 8) did not depart
significantly from the estimated MNI. The poorest preserved were
the patellas (forty-one right and forty left bones) and sternum
(forty bones). It was impossible to assign each element to a
particular skeleton within the given time frame for the analysis.
We may only infer the shortest skeletal elements belong to one
person and the longest elements to the tallest person. Based on
the collected data, it will be possible to match more skeletal ele-
ments with particular individuals in future studies.

From the entirety of the studied skeletal material, the biological
profile shows that the biological sex of all individuals was male.
The estimated biological age in the studied population spans from
~10-years-old to over sixty-years-old at the time of death. The
stature ranges from 145 cm to 180 cm (±3.27 cm). It was possible
to perform ancestry estimations only for thirty-three skulls.
Seventeen of them were estimated as most similar to European,
four as Northeast-African, and three as South-Asian. For nine
skulls, the analysis executed by two chosen software (Ancestrees
and Cranid) gave contradictory results.

The analysis performed on the skulls (Table 1) showed that the
minimum number of individuals was 49. The biological sex
estimated from the skulls was male and possible male for 34
people (69%), 1 skull (2%) displayed a few morphological female
characteristics, and unknown sex for fourteen skulls (29%). The
highest number of individuals were classified in the age category
18–30; thirty-three people (67%); thirteen skulls (27%) had
assessed the biological age as 31–55; one skull (2%) was assessed
to be over 56 at the time of death. For two skulls (4%) it was
impossible to estimate any component of the biological profile.

Trauma analysis results and skeletal pathology. Fifteen skulls were
preserved without any visible signs of injuries. Perimortem trauma
was observed (Fig. 9) on thirty-four skulls (69%), fifteen mandibles
(32%), and on three sacral bones (6%), one left (2%) and four right
(8%) ulnas, two left (4%) and two right (4%) coxal bones, one left
(2%) and one right (2%) tibia, two left (4%) humerus, one left
(2%) fibula, three left (6%) and one right (2%) femur, six left
(13%) and six right (13%) scapulas, one right (2%) clavicle, ver-
tebra, ribs, and metacarpals. The types of injuries include blunt
force trauma, gunshot trauma, and sharp force trauma.

Fig. 6 Polish coin from 1936 found in the explored burial pit.

Fig. 7 A bullet shell found in site 1.
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In six skulls (12%), sharp force trauma was detected; four skulls
(8%) manifested ballistic trauma, and twenty-nine skulls (59%)
showed blunt force trauma. Three skulls (6%) have lesions of
combined blunt force trauma and ballistic injuries. Two skulls (4%)
illustrate a combination of injuries inflicted by a blunt and a sharp
instrument. Twelve skulls (24%) demonstrate multiple blunt force
trauma impacts (from minimum of two impacts to minimum of five
impact points detected). Among the observed perimortem lesions,
on twenty-two skulls (45%), trauma could have been lethal. The
sharp force injuries on four skulls were located near the foramen
magnum rim and occipital condyles but did not affect mastoid
processes. That kind of trauma could have led to decapitation and
would most certainly cause severe damage to the Medulla oblongata.
In two cases, sharp force trauma was detected on the maxilla,
specifically in the nasal area (piriform aperture).

The highest number of blunt force trauma impacts were
localized on the left and right parietal bones (Fig. 10), usually at
the top of the head, above the so-called Hat Brim Line (HBL).
Many lesions found on parietal bones were of concentric and
radiating shapes (Fig. 11). Those traumatic marks that were
noticed on occipital bones were mostly linear fractures. The
gunshot trauma trajectories went in all cases from the occipital
bone to the frontal bone. The entry wound diameter is around
7 mm, which indicates a small caliber bullet.

Within the youngest age category (18–30), twenty-seven blunt
force trauma blows were observed on seventeen skulls, three
gunshot injuries on three skulls, and five skulls displayed sharp
force (Fig. 12) trauma. In the age category 31–55, there were
eighteen blunt force trauma impacts on seven skulls and one
sharp force injury on one skull. There was no perimortem trauma
noticed on the skulls of victims at the age category 56+. There are

three blunt force trauma impacts on two skulls and one gunshot
trauma on one skull of people of unknown age-at-death. In the
middle age-at-death category (31–55), the frequency of blunt
force trauma injuries per person is higher than in the youngest
age category, but there are no gunshot injuries detected in that
age category (Fig. 13). The blunt force trauma types- concentric
and radiating, are more prevalent in the youngest age categories
than in the middle-aged one.

In postcranial elements, the majority of trauma mechanisms
were spiral, transverse and linear, most likely caused by contact
with a blunt object. On one left femur there is an entry hole from
a gunshot injury, without any exit hole. Apart from the elements
listed above, the perimortem fractures are also visible on cervical
and thoracic vertebrae, metacarpals, and ribs. The ulna fractures
could result from a parry fracture mechanism, but other
mechanisms (such as a fall) are also possible. The metacarpals’
fractures could result, among many other possibilities, from a
physical attack on someone. On the cervical vertebra, there are
visible sharp force trauma marks and blunt force trauma.

There were two skulls with Cribra Orbitalia; one skull had
Cribra Cranii. There were two right femurs and one left femur
with Cribra Femori evidenced in postcranial elements. Two
mandibles showed punctual enamel hypoplasia (PEH), whereas
thirteen had linear enamel hypoplasia (LEH). The bones of a
minimum of two people show signs of pathological bowing,
which could be a sign of metabolic disease. The skeletal elements
affected by that condition are femurs, tibias, fibulas, humerus,
ulnas, and radius, all belonging to adults. On vertebrae and
sacrum bones are rather advanced lytic lesions, which could
indicate a long-lasting disease such as brucellosis, tuberculosis, or
some other parasitic disease, such as malaria.

Fig. 8 The number of preserved skeletal elements.

Table 1 Age and sex distribution estimates from skulls.

Age group Males Possible males Possible
females

Unknown sex Total

N % N % N % N % N %

18–30 13 26.53 9 18.37 1 2.04 10 20.41 33 67.35
31–55 8 16.33 3 6.12 0 0.00 2 4.08 13 26.53
56+ 1 2.04 0 0.00 0 0.00 0 0.00 1 2.04
Unknown age 0 0.00 0 0.00 0 0.00 2 4.08 2 4.08
Total 22 44.90 12 24.49 1 2.04 14 28.57 49 100
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Genetic results. Of the teeth collected from 46 individual skulls,
only 25 yielded results that allowed for the genetic sex estimation.
It was possible to obtain genetic sex results for 25 skulls. All were
males. The poor state of preservation of the biological material,
which was observed in the results of DNA quantity and quality
assessment by Quantifiler TRIO, was also clearly visible in the

results of fragment analysis – partial profiles or no profiles were
obtained for the majority of victims.

Haplogroups, as a result of the analysis of hypervariable
regions of mitochondrial DNA (HV1, HV2) were obtained for 19
individuals. The genetic mtDNA haplogroup estimates are:
N1b1b, K, W, J1c7, HV, W3b1, K1a, K1a1b1a, H3p, R0, V7a,
K1a1b1a, H2a2a. The obtained mtDNA haplogroups were
estimated in the EMPOP database and the HaploGrep program.
The results obtained on both software were identical. Those
estimates are in concordance with anthropological ancestry
estimations.

None of the assumed kinship hypotheses (father-son, siblings,
cousins), were confirmed. This could, however, have resulted
from the state of preservation of the biological material. All DNA
profiles obtained in this study, including partial ones showing
signs of strong degradation, were used for the biostatistical
analysis. The possibility of the occurrence of drop-out (true alleles
not present in a profile) and drop-in (false alleles present in the
profile) phenomena, which hinder the result of kinship analysis,
can be quite high in such a low-template, highly degraded
material (Gill et al. 2012). Thus, the results do not allow us to
unequivocally state that no related victims were exhumed from
the mass grave in the former Treblinka I penal labor camp.

Fig. 9 The number of skeletal elements with perimortem trauma marks.

Fig. 10 Distribution of types of trauma on cranial elements.

Fig. 11 Skull No. TI_1069 with perimortem depressed fracture.
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Discussion
The skeletal analysis of victims killed in World War II con-
centration camps is very rare, not only because of cultural
obstacles regarding the exhumation of the victims’ bodies (Sturdy
Colls, 2012) but also because many of those bodies were
destroyed (burnt and pulverized) during the war to obscure the
magnitude of the crimes committed by invaders on civilians
(Sonderaktion 1005; (Spector, 1990b)). As a result, many of the
genocide survivors, friends, and families of the victims never
discovered the truth about the fate of their loved ones. Some of
the victim’s families are still alive, waiting for any news regarding
their kin (Kimmerle, 2012), and that is one of many reasons why
the identification process of people killed in concentration camps
during the war should be continued. Forensic skeletal analyses
include not only the basic biological profile estimated from the
preserved victim’s skeleton, but also contain medico-legal aspects
of perimortem trauma analysis and cause and manner of death
inference which can provide clues on how the victim died
(Dirkmaat et al. 2018).

The main goal of our research was to analyze the perimortem
trauma pattern for the recovered skeletal elements from the burial
pit on the terrain of the former German forced labor camp AL
Treblinka I. The trauma study results compared with the

survivors’ testimonies could help in the victims’ identification
process and could reveal the perpetrators’ identity by connecting
trauma patterns with the specific camp guards killing preferences.

The skeletal material was found in an already commingled state
in one burial pit of irregular dimensions. That certainly hinders
the personal identification process. The exact reasons for com-
mingling are unknown, but researchers pose few hypotheses to
explain that state. From May 1942 until 1944, upon the orders of
Paul Blobel, following the Sonderaktion 1005, the remains of the
killed people were exhumed, commingled, and reburied or
additionally burned and reburied (Hoffmann, 2008) to hide the
evidence of crimes committed on civilians in concentration
camps. Historical sources mention that after the camp’s libera-
tion, the local people from the villages surrounding Treblinka dug
up the bodies in search of treasure (gold, jewels, money, etc.;
(Remiszewska, 2020; Różycki et al. 2017; Rusiniak, 2006; Webb
et al. 2021)). Those actions surely caused disturbances in the
body’s organization in the graves as well as the relocation of
certain bodily elements, causing commingling. Another possibi-
lity is that the culprits for commingling are the Soviets, who used
explosive materials in the graves to facilitate their search for
valuables on the victims’ bodies (Gross and Grudzińska-Gross,
2011). Following that trail, the researchers collected samples of

Fig. 13 The average impact frequency of different trauma types per person within estimated age categories.

Fig. 12 Percentage of injured people with regard to age category and trauma type.
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the soil and sent them for trace element analysis, hoping to find
traces of explosive materials. That theory would also explain the
sill-like shape of the burial pit. However, the results of the analysis
show no explosive material elements in the pit.

The interpretation of perimortem trauma patterns from the
skeletal remains can provide only partial information on the total
injuries inflicted on a victim. The majority of the torso injuries,
regardless of the type: blunt force trauma, gunshot trauma, or
sharp force trauma, are limited to the soft tissues leaving no traces
on the bones (J. E. Buikstra, 2019). However, there are certain
skeletal fracture patterns indicative of interpersonal violence, such
as cranial fractures, facial bone trauma, zygomatic, maxilla
mandible, nasal, orbital rims, etc. (Shepherd et al. 1990) and in
postcranial bone fractures of the ribs, metacarpals (Andrearsen
et al. 2011) and forearm bones, so-called parry fractures (Judd,
2008). The overall trauma pattern visible on cranial and post-
cranial bones in our studied sample is consistent with the countless
published bioarchaeological evidence of interpersonal violence.

We observed blunt force trauma marks on the cranial vault
bones, usually in the form of depressed concentric and radiating
fractures. Such fractures frequently occur after a blow with a
relatively small surfaced object to the head that rests on a solid
surface such as a wooden log or a stone (Moritz, 1954; Ruchonnet
et al. 2019) as opposed to blows to a free-moving head, which will
form linear or incomplete depressed fracture shapes. From many
matching published testimonies of the KL Treblinka survivors:
Zdzisław Makowski, Marian Kobyliński, Jan Kiełko, and Antoni
Tomczuk, we know that on the terrain of the camp, there was a
Holzplatz, a place where some of the woodworks were prepared.
In that place, Untersturmfuhrer Franz Schwarz and Gruppen-
wachman Franz Swidersky performed executions on prisoners by
hitting them on the head with a mallet with the victim’s head
placed on a wooden log or a rock (Remiszewska, 2020; Różycki
et al. 2017). Those testimonies correspond with our study results
of the victims’ fracture pattern.

Some sharp force injuries to skulls were found on the maxilla
and nasal bones and others were in the area of the foramen
magnum or cervical vertebra. Perimortem sharp force trauma
located on the skull bones is usually encountered in a manner of
death by homicide (Kemal et al. 2013). Stab wounds that include
the spinal cord are rarely reported in the literature. Currently, the
largest data set on that kind of injury was gathered by Peacock
et al. (Peacock et al. 1977) on South African samples. He states that
the most common weapon for stabbing through the spinal cord is
a knife or an axe, but sickles, scissors, and other sharp instruments
are also used. Similar lesions can be found on the skeletal remains
of victims of decapitation. The most affected skeletal regions in
decapitation cases are the cervical vertebra, occipital condyles, and
foramen magnum rim (Boylston et al. 2000; Pitts et al. 2002;
Sublimi Saponetti et al. 2008). Various publications report that one
of the various Nazi killing methods used on their prisoners was
beheading (Czech and Brenner, 2019; Freilinger et al. 2022;
Weindling, 2014). They even used a guillotine for that in other
locations, such as Plotzensee Prison (Winkelmann, 2021).

The sharp force trauma marks visible on the maxilla and nasal
bones could have been inflicted most probably by a knife, a
sword, or a saber. From the survivors’ testimonies, we learn that
one of the camp guards had a saber that he used to mutilate the
prisoners by cutting off their ears and noses and women’s breasts
(McFadden, 2012). The camp guards were equipped with bay-
onets and knives that could easily create most of the aforemen-
tioned sharp force trauma lesions (Różycki et al. 2017). From
these testimonies, we also know that in most cases the killings
were done by a weapon of opportunity, for example, a bat, a rock,
or a pickaxe. A pickaxe could match the bone marks found on
some occipital bones.

AL Treblinka I was a forced labor camp set up to recover the
precious resource for concrete road construction, gravel. The
work in the gravel pit was extremely hard, many prisoners died of
exhaustion every day of the camp’s existence. However, the
amount of perimortem trauma on the recovered skeletal material
suggests that the majority of people buried in the exhumed burial
pit did not die of natural causes but were instead murdered.

It is estimated that around 800,000 people died in both Tre-
blinka camps. The provenance of the victims varied; some pris-
oners were from the surrounding villages, and others had to be
transferred from countries as far as France, Germany, Austria,
Belgium, Czechoslovakia, USSR, Greece, Yugoslavia, and Mace-
donia. The assessed biological profile includes the ancestry com-
ponent. The majority of the assessed ancestry was European after
the application of both free-to-access software (Ancestrees and
Cranid). Four skulls were estimated as Northeast African by both
computer programs. The programs used cannot pinpoint the skulls
to a specific country, where the person’s ancestors lived, but pro-
vide the researcher with information on the broader geographical
area. Here Northeast Africa refers to the MENA demographic
region (Middle East and North Africa), which includes countries
such as Israel (Keddie, 1973). From historical sources, we know
that many Jews died in Treblinka, and the Jewish ghetto police
badge from Falenica found among the artifacts supports the claim
that Jewish people were present among the victims. Three skulls
were assessed unequivocally South Asian. Again, it is a quite broad
geographic region that encompasses demographic regions of
countries such as India, Pakistan, Afghanistan, Nepal, Sri Lanka,
and others. From various interdisciplinary research (Kalaydjieva
et al. 2005; Piccolo, 1996; M. Stewart, 2013; van Loghem et al.
1985) we know, that the origin of Romani populations was from
India, and the historical sources demonstrate that Romanis also
died in Treblinka. Moreover, when we compare anthropological
results with genetic results we notice that for the skulls assessed
anthropologically as NE African, haplogroups are N1b1b, and the
subclades of R0, those are frequently present in populations of
North-East Africa and Ashkenazi Jews (Černý et al. 2009; Feder
et al. 2008; Hassan, 2009; Stevanovitch et al. 2004). A skull assessed
as S Asian is of haplogroup K, which can be prevalent in Polish
Roma people (Malyarchuk et al. 2006).

The ancestry of a person is not always correlated with the
person’s geographical origin (Christensen et al. 2014). For future
research, we recommend stable isotope analysis, which could help
in narrowing down the geographical provenance of the victims,
and thus help in personal identification. Forensic isotope analysis
has proven to be very useful in reconstructing a person’s geo-
graphic life history and dietary habits in many cases of huma-
nitarian crisis (A. Chesson et al. 2018), such as the identification
of dead migrant remains on the USA/Mexico border (Ammer
et al. 2020) or identification of migrants from Syria in Italy and
Greece (Elissavet et al. 2018). Despite the commingling of the
skeletons, the overall preservation state of the skulls was rather
good, so it is possible to make facial approximations of many of
the recovered victims. Even though facial approximation is not
considered a primary method of identification (Gupta, 2015), it
could benefit the personal identification process in this case, and
it should be one of the next steps of the research on the skeletal
material, on the land of former AL Treblinka I, recovered from
the clandestine burial pit. One of the primary methods of per-
sonal identification recommended by Interpol for a mass event
(Interpol, 2018) is genetic analysis. The genetic kinship analysis
performed did not show any relatedness between the victims of
the Treblinka I penal labor camp. Further studies are being
conducted to obtain higher-quality DNA extracts, and thus better
DNA profiles. However, even after full profiles are obtained,
identification cannot be possible without the reference material.
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Thus far, no positive identification of the studied victims has been
obtained. An ongoing search for the families of Treblinka I vic-
tims is being conducted.

Conclusions
This skeletal material represents the hard evidence of atrocities
committed by Treblinka camp guards on their prisoners. This is
the first time since the first half of the twentieth century that
victims’ remains have been physically examined. The non-
invasive methods applied by scientists from 2007 contributed
greatly to the knowledge of the spatial organization of the camp’s
structure, as well as the possible location of some of the mass
graves, but they cannot fully replace the standard archaeological
excavation. Thanks to the trauma analysis results, we may infer
that the victims were brutally beaten around the time of death.
Many of them opposed the attack (as suggested by parry fractures
and metacarpals’ fractures), which can indicate they knew what
was going to happen to them. Some of the victims were likely
killed by forcibly having their heads placed on a wooden block or
a stone and hitting them with a tool such as a mallet. Others were
hit on the top of their heads with a bat or a plank or a similar
object. Some were shot in the back of their head and others were
cut through the brain stem or beheaded. Interestingly, all of the
noticed perimortem trauma lesions were later verified by survi-
vors’ testimonies and were proven consistent.

The variety in the manner of death we observed can suggest
that there were multiple assailants during the killing, and possibly
the murders took place in various locations. The material that we
examined was exhumed from only one of many clandestine mass
burial pits on the Execution Site of the Treblinka camp. The
archaeological survey shows there are several more graves nearby
our exhumed pit.

Our research shows that hard physical labor, poor sanitary
conditions, overcrowding, poor nutrition rates, and epidemics
were not the only reasons for the early demise of hundreds of
thousands of people imprisoned by the Nazis during the Second
World War in Treblinka. Many of the captives were brutally
murdered by their guards, and those crimes deserve to be pro-
secuted to bring justice to the victims and their families.

Data availability
The data that support the findings of this study are available from
the Institute of National Remembrance, but restrictions apply to
the availability of these data, which were used under license for
the current study, and so are not publicly available. Data are
however available from the authors upon reasonable request and
with permission of the Institute of National Remembrance.
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