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 A mere technical exercise? Challenges 
and technological solutions to the 
 identifi cation of individuals in mass 
grave scenarios in the modern context   

    Gillian   Fowler     and     Tim   Thompson    

   Introduction 

 Th e identifi cation of individuals from mass grave contexts is a diffi  -
cult process which is made more challenging by a variety of tapho-
nomic and situational variables, such as cause of death, number of 
bodies present, disturbance of the grave, climatic conditions, and 
the time since death. Clothing, personal eff ects, and type of burial 
have traditionally been used as an identifi cation tool where the vic-
tims are recognized by family members and identifi ed in the fi eld; a 
practice that is frequently used in Latin America. Commingling of 
human remains is a common occurrence in large mass graves. Here 
an added challenge is that these burials are oft en ‘open context cases’ 
where the list of actual victims is unknown and the search for families 
of the dead has to be conducted on a national and sometimes inter-
national level. Th is is especially diffi  cult in situations where popula-
tions have been displaced or disappeared by the state and records 
remain classifi ed or unobtainable. An additional complication is 
the issue of body parts that cannot be identifi ed and, therefore, can-
not be returned to the family, which has societal repercussions on 
national reconciliation policies. Further, it is imperative to identify 
the victim group if charges of genocide are being pursued. 

 Forensic scientists, including anthropologists, have been explor-
ing the potential of new methods and processes in the resolution 
of such contexts. Th e introduction of DNA to contexts where 
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118  Gillian Fowler and Tim Thompson

these challenges exist has had some success in the Balkans and in 
Guatemala, two areas that have experienced brutal civil wars for 
a number of years. More recently, the analysis of elemental and 
osteometric measures on the body have demonstrated potential in 
attempts to reassociate remains. Ultimately however, technological 
developments complement extensive ante-mortem investigation 
and the two cannot be utilized independently if the required end 
result is to successfully identify victims. 

 Th e search for and identifi cation of corpses and human remains 
in post-genocide and mass violence contexts presents a particularly 
pressing aim for the twenty-fi rst century. Th e interest in this work 
stems from a number of diff erent sources. From an academic per-
spective this may include legal scholars, forensic archaeologists and 
anthropologists, historians, sociologists, and so on. Th is chapter is 
an example of such academic interest. From a social perspective 
this may include those directly aff ected by the violent and traumatic 
events that require investigating, or those with the responsibility 
to scrutinize such events. Th is chapter will focus on one particu-
lar aspect of the search and identifi cation of corpses and human 
remains, namely the application of technical methods to the exam-
ination of bodily remains recovered from mass graves.  

  Why bother with human identifi cation? 

 One of the primary issues to be addressed when investigating these 
contexts is the question of why to bother making the eff ort to iden-
tify the victims held within a mass grave. Th e very fact that clan-
destine mass graves exist means that the circumstances of the death 
of the victims within this context is evidence that an illicit act took 
place. Massacres of innocent civilians and extrajudicial executions 
are a violation of the Th ird and Fourth Geneva Conventions and 
Additional Protocol I which govern the proper burial, identifi ca-
tion, and registration of those killed in confl ict.  1   During an armed 
confl ict perpetrators may attempt to hide their crimes by creating 
mass graves. Surviving family members can be left  ignorant about 
the whereabouts of their loved ones and can only assume that they 
have been killed or are still being detained. Th erefore, identifying 
victims of mass graves can bring closure to family members, and the 
very process of the investigation brings an acknowledgement of the 
terrible crimes that took place. Identifying victims can support pros-
ecutions, especially if charges of genocide are sought. Article 6 of the 
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Rome Statute defi nes genocide as fi ve acts with the intent to destroy, 
in whole or part, a national, ethnical, racial, or religious group. Th e 
fi ve acts are: killing members of the group; causing serious bodily or 
mental harm to members of the group; imposing conditions on the 
group calculated to destroy it; preventing births within the group; 
and forcibly transferring children from one group to another.  2   

 Investigation of mass graves in this context can be used as a 
means of creating a ‘truth and reconciliation tool’,  3   which may at 
times be linked to a sense of a state owning up to the crimes of its 
past. Included within this process are reparation payments to the 
families of victims, where the need for a positive identifi cation and 
subsequent issue of a death certifi cate adds pressure to investiga-
tors to identify victims. Other reasons for identifi cation may also 
exist. One of the consequences of the use of mass graves can be 
to further cause insult by eff ectively excluding the victims from 
their communities of death.  4   Th us the primary factor governing 
the search and identifi cation of victims of the armed confl ict in 
Guatemala is to bury their loved ones in cemeteries refl ecting the 
funerary practices of the indigenous culture, a religious blend of 
Catholic and Mayan rituals. 

 Th e second key issue to be addressed is how these identifi cations 
are to be achieved. Technological solutions have in some cases given 
false hope to family members who perceive DNA technology as an 
all-encompassing solution. Th ey are then disappointed if an identi-
fi cation is not possible, and may feel misled by the whole process. In 
his recent work, Francisco Ferr á ndiz highlights this very issue with 
the identifi cation of victims of the Spanish Civil War.  5   Th e science of 
identifi cation is fallible and care must be taken not to present these 
advances as a solution with a guaranteed outcome. Th ere are numer-
ous challenges that exist that hinder an identifi cation being made.  

  Traditional approaches to identifi cation 

 Before the advent of DNA technology in human rights violation con-
texts, identifi cations of human remains in mass graves were carried 
out using a variety of methods. Th e cornerstone of these presump-
tive identifi cations was extensive ante-mortem investigation and the 
subsequent comparison of the ante-mortem profi le of a suspected 
victim with a post-mortem profi le of a cadaver.  6   Th e circumstances 
surrounding the death of an individual was usually provided by a wit-
ness interview, and corroboration of this testimony would be sought 
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through archaeological and anthropological evidence. An identifi ca-
tion would then be made if the two profi les matched. Offi  cial docu-
ments can also prove to be signifi cant here.  7   Archaeological evidence 
can include the type of grave and the position of the bodies within 
the grave, along with clothing and personal artefacts which are 
recognized by family members during the remains’ archaeological 
recovery. Th e post-mortem description provides a biological profi le 
(sex, age at death, height, ancestry, and dental characteristics) of the 
victim, which, when including any individualizing features (such as 
an ante-mortem injury or pathological disease that the individual 
may have experienced in life), can help to narrow down or confi rm 
the identity of the victim. Th is emic approach to identifi cation is 
oft en used in developing countries, where ante-mortem data is not 
available in the form of medical and dental records,  8   or has been 
subsequently destroyed.  9   Clothing and personal eff ects recovered 
within the grave are compared to descriptions of what the person 
was wearing when they were ‘disappeared’ or killed, details of which 
form an important stage of the ante-mortem interview.  10   Despite 
the passage of time, family members present when a loved one was 
kidnapped or killed tend to remember exactly what their loved one 
was wearing at the time the incident occurred. One woman who was 
kidnapped as a 14-year-old alongside her mother during the Civil 
War in Spain remembered exactly what her mother was wearing as 
she was driven off  in a truck by paramilitary groups in 1936.  11   All of 
these constitute a ‘traditional’ identifi cation and have their place in 
certain contexts where DNA analysis is not available, either through 
a lack of resources or because a long period of time has elapsed since 
the event occurred and degradation of bone inhibits successful DNA 
analysis. 

 Context is paramount, and these types of identifi cations can only 
be used in what are termed ‘closed’ context cases or a ‘closed syn-
chronic system’ as defi ned by Baraybar.  12   Th is constitutes a fi nite 
group of victims at a single point in time and space. Th e situation 
is much more challenging in ‘open’ context cases where the number 
and identity of victims is unknown. Th is may occur when individ-
uals are brought to a central place for detention purposes, may occur 
over a longer period of time, and may not be confi ned to one loca-
tion. In Guatemala the largest mass graves are found within ex-mili-
tary bases that served as detention and execution centres throughout 
the armed confl ict. People were transported there from both urban 
(where they became more commonly known as ‘the disappeared’) 
and rural areas (where rebel groups were operating).  
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Identification of individuals in mass grave scenarios  121

  Challenges to the identifi cation of individuals in 
mass graves 

 Unfortunately the very nature of a mass grave, that it involves mul-
tiple bodies, means that identifi cation of specifi c individuals can be 
diffi  cult. Th is can be a result of a number of variables, from the loca-
tion and size of the mass grave to the number of bodies placed inside 
and whether it is subsequently disturbed. 

 Th erefore there are a number of issues to address which derive 
from the actual process of identifi cation. Th e fi rst issue to consider 
is the quantity of remains that must be sampled before identifi ca-
tion of an individual person can be confi rmed – for example, does 
the identifi cation commission require identifi cation from just one 
or multiple bodily elements? Th is is relatively straightforward if the 
bodies still have considerable soft  tissue present, but is more com-
plicated if the remains are skeletonized. Th e identifi cation process 
can be further complicated if the particular mass grave in question 
is an ‘open’ context. As noted above, this means that the identities 
of the individuals within the grave are unknown, and indeed the 
actual number of people placed there may also be uncertain. Th is 
diff ers from a ‘closed’ context in which the identities of the victims 
within the grave are already known, and the identifi cation process 
focuses more on individual verifi cation. Clearly the former requires 
greater resource investment, such as through a national campaign 
of DNA collection. Any investigation of mass graves requires coor-
dinated and well-thought-out legal and institutional structures, at 
both regional and national levels. Examples of the problems that 
can occur when this is not the case abound.  13   It should also be 
noted that the opposite can be a hindrance, too – a multitude of 
infl uential international bodies and organizations can also bring 
confusion and impact the identifi cation process.  14   

 Time is a complicating factor with all of these issues. Th e longer 
the time since initial deposition, the more diffi  cult the remains will 
be to identify. As Komar notes, it is not uncommon to have a sig-
nifi cant time delay between confl ict and recovery, and recovery and 
identifi cation.  15   Such identifi cation problems include the increased 
decomposition of the remains, the greater degree of soil activity, and 
the passing away of witnesses. Location of the mass grave will also be 
instrumental in determining the success of body recovery and iden-
tifi cation. In their retrospective study of cases from Croatia,  Š laus 
 et al.  noted that the identifi cation of bodies found in wells was sig-
nifi cantly more diffi  cult than those recovered from other contexts.  16   
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Experience has also shown that diff erent bones within a single 
skeleton will degrade at diff ering rates, further compounding the 
identifi cation and recovery of individuals.  17   Ultimately, in the fi eld, 
preservation of the remains correlates with the probability of posi-
tive identifi cation.  18   Very short time periods can also be challenging, 
since the confl ict that caused the mass grave may still be ongoing, 
thus making it diffi  cult or dangerous to access the graves (as is the 
case in Afghanistan). 

 A key problem associated with multiple individuals in a single 
grave is commingling. Th is is a process where body parts from one 
person become associated with another. Th is can lead to problems 
when trying to determine the minimum number of individuals in a 
grave context and when attempting to reassociate body parts. Work 
in the fi eld has shown that increased commingling of remains will 
cause increased problems with identifi cation.  19   Commingling within 
a grave can be the result of a number of factors, such as natural proc-
esses like fl ooding or animal activity, or due to human intervention 
as a strategy to prevent identifi cation of the remains in the future. In 
some contexts, intentional dismemberment was performed on the 
victims prior to burial  20   and this would also increase the degree and 
complexity of any commingling present.  21   In a similar vein, it was 
seen in the Balkans, for example, that large machinery was used to 
remove sections of graves which were then transported to diff erent 
parts of the country and placed in new graves (which are termed 
secondary burials). Damage by large machinery, whether used to 
move bodies to secondary burial sites or as part of the excavation 
process, has also been noted as causing additional challenges asso-
ciated with commingling and identifi cation. Ensuring that bodies 
are composed of parts from only one individual is important for a 
variety of reasons, including humanitarian considerations and the 
success of DNA identifi cation of the remains.  22   

 It should be noted that the origins of mass graves can vary. 
Although they are oft en associated with genocide, they can also be 
a consequence of other forms of mass violence – such as wars  23   or 
criminal activity  24   – or originate from non-violent events such as 
mass disasters  25   or epidemics.  26   Th e latter examples associate mass 
graves with the managing of large numbers of the deceased with 
local resources that cannot manage the scale of event, rather than 
hiding the evidence of crimes. Nonetheless, subsequent identifi ca-
tion of the deceased, perhaps to allow for more culturally appro-
priate funerary practices, may still be problematic. It is also worth 
noting here that although our focus is the mass grave context, the 
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issues and potential solutions we discuss are also applicable to many 
other forensic contexts where multiple or fragmented remains are 
recovered.  27   

 Th ere are potentially a number of solutions to the issues and con-
cerns discussed above. Traditionally the mass grave management 
process involves sorting out the osseous material (from bones) and 
the non-osseous material (such as debris or vegetation), removing 
the non-human bone and teeth, ensuring that the remains in ques-
tion are indeed modern and not of archaeological origin, and then 
sorting the remaining skeletal material.  28   It is this sorting of skeletal 
material into specifi c and identifi able individuals that gives rise to 
the greatest challenges. Th is chapter will explore some of the more 
technical approaches to managing this identifi cation of individuals 
from mass graves.  

  Technical solutions 

  DNA profi ling 

 Th e techniques used by anthropologists to identify individuals 
in mass grave scenarios through traditional or classical methods 
and the challenges these bring have already been discussed in this 
chapter. Th e introduction of DNA technology to the identifi cation 
process has certainly changed the way practitioners identify the 
missing. In Serbia, for example, identifi cation rates of bodies from 
mass graves increased noticeably following the implementation of a 
thorough DNA profi ling process.  29   Th ere are two ways that DNA can 
be used for mass grave identifi cations; the fi rst is that a DNA profi le 
taken from a family member is used to confi rm a traditional iden-
tifi cation in a small, closed context. Th e second, and perhaps more 
important, way is to attempt a blind match between a victim’s DNA 
extracted from soft  tissue (or more frequently bone and dental sam-
ples) from exhumed remains compared against a family reference 
database which comprises profi les from donated buccal (mouth) or 
blood samples.  30   

 For a number of reasons the application of DNA analysis is not 
always as successful as is perceived and can present severe limita-
tions.  31   One limitation is that it is not always possible to achieve a 
DNA profi le from bone that has gone through a lengthy process 
of diagenesis (the term used to describe the structural and chem-
ical changes to bone aft er death). In Guatemala, some of the bone 
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samples did not produce a workable DNA profi le because of the 
destructive burial environment, and as a result more traditional 
methods of identifi cation had to be relied upon. Another limita-
tion is that the family must have donated a reference sample in the 
fi rst instance, and be included on the database, for a match to be 
made. A further reason why a match cannot sometimes be made 
between a victim and family member is that a genealogical link does 
not exist in the fi rst place. If this is the case, it is essential that social 
anthropologists are at the forefront of the ante-mortem investiga-
tion, because they have the skills required in dealing with sensitive 
situations that a DNA scientist may not possess. In another case in 
Guatemala, a mother and her three daughters were identifi ed in a 
mass grave as members of the same family, but the fourth daugh-
ter had a diff erent genetic profi le despite the father insisting that it 
was his child. Social anthropologists skilled in dealing with specifi c 
cultures in this community were able to establish that the child had 
been ‘adopted’ unoffi  cially, and that the father did not want to admit 
this fact in case he got into trouble with the authorities, as he had 
previously registered the child as his own. In his worldview she was 
his daughter, as he had raised her from an early age, and therefore the 
father’s insistence is understandable. Th is is just one example of how 
DNA analysis can add a complication to already extremely sensi-
tive issues within the community. Finally, if there are several siblings 
in one mass grave who cannot be individually identifi ed through a 
DNA profi le, a post-mortem biological profi le must be relied upon 
if individual identifi cation is to be achieved. In some cases, such as 
in Rwanda, whole families were massacred and it was not possible to 
trace surviving family members for DNA identifi cation purposes.  32   

 Methods employed by anthropologists to remove the soft  tis-
sues in preparation for a full anthropological examination can also 
have an eff ect on the quality and quantity of DNA recovered from a 
body or body part.  33   Over a period of time, soft  tissue decomposes 
and the likelihood of obtaining usable DNA decreases as the soft  
tissue is compromised.  34   Eventually bone or dental tissue becomes 
the only tissue available from which a DNA sample can be taken. 
Unfortunately, it may be necessary to remove the overlying soft  tis-
sues to access this material. With this in mind, a study by Steadman 
 et al.  which compared ten diff erent maceration techniques involving 
heat or chemical treatments on pig ribs, found that the highest yield 
of DNA were with methods that involved macerating at high tem-
peratures (above 90 degrees centigrade) for short periods of time. 
Mitochondrial DNA (mtDNA), which is found in large numbers in 
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the cells of the body, is less useful for unique identifi cation (since 
it derives only from the maternal line and therefore is shared by all 
siblings), is not aff ected by maceration techniques.  35   A later study 
by Lee  et al. ,  36   this time using human lower-leg long bones and nine 
heat and chemical maceration methods, replicated the results found 
by Steadman  et al.  and concluded that of the main maceration tech-
niques, heat treatments of high temperatures and short duration 
produce the highest of levels of nuclear DNA amplifi cation. 

 Th e use of DNA for identifi cations in mass grave contexts has 
been used since the mid-1990s. Mitochondrial DNA profi les are 
more easily produced in ancient or degraded bones than nuclear 
DNA because it has a high copy number per cell.  37   However, nuclear 
DNA is more useful in forensic identifi cation contexts because it is 
inherited from both parents.  38   In Guatemala mitochondrial DNA was 
utilized aft er an exhumation in 1992 of twelve skeletons in two mass 
graves.  39   Mitochondrial DNA was chosen over nuclear DNA because 
the victims were men and only one maternal relative to donate a 
DNA sample was necessary. Nine of the twelve skeletons were iden-
tifi ed using traditional techniques, but three proved more diffi  cult 
because of a lack of ante-mortem data. Only six families were will-
ing to donate a DNA sample, and of these six, four had a common 
maternal lineage. In small, traditional, and isolated villages such as 
are found in Guatemala, with little admixture between settlements, 
using mtDNA may not be the best option. Since then in Guatemala, 
a Short Tandem Repeat (STR) population allele frequency data-
base was created from 451 Guatemalans.  40   In the Balkans, where it 
was estimated that 40,000 people went missing, the fi rst DNA-led 
strategy for identifi cation was proposed and implemented by the 
International Commission for Missing Persons (ICMP) Forensic 
Science Department.  41   However, in all of these contexts, traditional 
techniques are still necessary to corroborate the identifi cation. 

 Bone and teeth are the more reliable sources for DNA and provide 
higher success rates,  42   but the extraction methods are more compli-
cated and time-consuming than for soft  tissues.  43   Nevertheless, there 
are very real problems associated with contamination in commin-
gling contexts. Usually, this is of greatest concern when sampling the 
soft  tissues; however, following the tsunami in Southeast Asia it was 
noted that samples taken from bone tissue also exhibited contamin-
ation.  44   Th e source of the contamination is uncertain, especially con-
sidering that the samples were extracted from within the bone tissue 
rather than the surface, but putrefaction fl uids or contaminated for-
malin preservative fl uids have been suggested.  45   One way to address 

This content downloaded from 186.30.24.133 on Sat, 21 Mar 2020 01:00:48 UTC
All use subject to https://about.jstor.org/terms



126  Gillian Fowler and Tim Thompson

this issue is to clean the bones using various chemical washing solu-
tions, UV radiation, or removal of the surface. Unfortunately, it has 
also been noted that this may not entirely remove the risk of con-
tamination.  46   Nonetheless, the challenges of using DNA profi ling in 
the fi eld should not detract from the fact that it can be an extremely 
successful and potent tool for identifi cation in commingled and 
mass grave contexts.  47    

  Elemental analysis 

 Th e chemistry of the human skeleton has been shown to hold great 
potential in terms of identifi cation and understanding our actions 
and activities during life. Yet despite this existing knowledge, 
anthropologists have been slow to apply it to the investigation and 
resolution of mass graves in the modern context. 

 One such elemental tool is the use of stable isotope analysis. 
Th is has had wide application in forensic science generally, but 
in terms of the study of human skeletons, is largely limited to the 
archaeological context. Stable isotopes are atoms of a given chem-
ical element which vary in their number of neutrons, do not decay 
over geological timescales, and are subject to fractionation.  48   It is 
this fractionation which is useful in forensic science, since it causes 
slight variations in the ratios of these elements within a given mater-
ial. Stable isotopic analysis therefore has the ability to help with the 
study of mass graves in two key ways. First, it is possible to learn 
information about diet and migration through changes in isotopic 
ratios, and this can be used to suggest the status or geographical ori-
gin of the deceased. Th is has been used very successfully in arch-
aeological mass graves, such as those in Britain  49   and the USA.  50   In 
all of these examples it was possible to comment on the relationship 
between the victims and those living in the local regions associated 
with the mass graves. Th e second potential use is referred to as stable 
isotope profi ling. In this analysis, the ratios of a number of elements 
are examined, not with a view to interpreting life history, but simply 
to create a unique chemical signature which diff ers from those of 
other individuals. Forensically this approach has already been used 
to study non-human evidence such as drugs, explosives, paper, and 
wood.  51   Stable isotope profi ling would be particularly useful in cases 
of commingled remains where the combination of ratios for a collec-
tion of elements from one individual should diff er from other bod-
ies. Juarez has tried to address this issue in the USA and has carried 
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out a pilot study which analysed strontium isotopes from the dental 
enamel of individuals originating from four states in Mexico.  52   Th e 
results demonstrated that individuals could indeed be associated 
with originating from distinct regions in Mexico. Th is research can 
then hopefully be applied to unidentifi ed border crossers found on 
the US side of the frontier so that their remains can be identifi ed and 
repatriated back to Mexico.  53   

 X-ray fl uorescence is a method of analysis that utilises a material’s 
response to exposure to X-rays in order to determine the elemen-
tal or chemical composition of that material. It has been proposed 
as a potential solution to reassociating disarticulated remains in a 
mass grave context,  54   having already been used in other forensic 
contexts to identify bone from other non-osseous material.  55   Initial 
research using medieval articulated skeletons  56   has indicated that 
trace elemental composition diff ers between individuals and can be 
used through chemometric analysis to literally identify ‘which bone’ 
belongs to ‘which person’. Th e idea behind this technique is to estab-
lish a method that is non-destructive, portable, easy to use, and less 
costly than DNA analysis – the more conventional way of reasso-
ciating remains in challenging commingling circumstances. In the 
fi rst instance, individual elements were chosen which are considered 
to be associated with diet or physiological importance. Individual 
elements were successful in separating two individual skeletons but 
when further skeletons were included it became more diffi  cult to 
diff erentiate between individuals. Th erefore, bone element ratios 
have been used to diff erentiate between skeletons in an attempt to 
increase separation and reduce chemical noise. Five ratios were 
used: Pb/C, K/Fe, Zn/Fe, Sr/Ca, and Sr/Pb, with the most eff ective 
being Pb/Ca, Zn/Fe, and Sr/Pb.  57   One of the issues that emerged 
from this research was the question of whether bone diagenesis is 
aff ected by the results and whether the length of time that the bones 
are in contact with the soil aff ects the separation of the bone element 
ratios. In modern mass grave contexts, however, diagenesis may be 
less of an issue and all skeletal elements are likely to be subjected to 
the same elements and processes within the soil, therefore it could 
be possible that any variation in elemental analysis is related to the 
individual’s diet. 

 Other analytical methods have also been proposed as a means of 
resolving commingling of skeletal remains using the elemental com-
position of the bones themselves. Dillane  et al.  have demonstrated 
the ability of inductively coupled plasma-atomic emission spectros-
copy, a form of spectroscopy which detects trace metals in a material 
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(when combined with subsequent discriminant analysis), to diff er-
entiate between bones of diff erent origins.  58   Th is method is really 
designed for speciation but would prove to be particularly useful 
when dealing with highly fragmented remains, which can be chal-
lenging to analyse macroscopically. 

 Caution must be applied when using any of these elemental 
methods since bone will continue to exchange certain elements with 
its surrounding environment even aft er death.  59   Th is is problematic, 
as it may mean that the original elemental signature may be altered 
and thus no longer suitable for individualization.  

  Osteometric approaches 

 Osteometric methods of studying the skeleton rely on the applica-
tion of measurements and statistics to the bones of the body, with 
the aim of contributing to the biological profi le of the deceased, or 
addressing ancillary questions such as a minimum number of indi-
viduals and commingling. Crucially they are used to maximize 
objectivity in the study of the skeleton.  60   With regard to commingled 
remains, osteometric methods aim to associate body parts through 
the analysis of size and shape relationships of said body parts, and 
these methods can contribute to the resolution of complicated mass 
grave scenarios in a number of ways. Oft en the use of such meas-
ures is enhanced by the application of statistical methods, such as 
Principal Components Analysis and logarithmic transformations, 
which can provide a stronger understanding of these osteometric 
relationships.  61   

 One of the more straightforward means of addressing commin-
gled remains is to group left  and right bones into pairs. Th is process 
works by assuming that the left  and right bones of a person are essen-
tially a mirror image. Traditionally this would be performed visually, 
with the anthropologist assessing size and general shape alongside 
other variables such as colour and degree of decomposition. More 
recently, this approach has become increasingly quantitative with a 
drive to reduce potential observer error. In 2013 Th omas  et al.  pub-
lished the results of their research into pair-matching of the skel-
eton and introduced the new  M  statistic as a measure of asymmetry 
in the skeleton, therefore allowing one to comment on the likeli-
hood that a pair of elements came from the same individual. Th ey 
concluded that the diff erences between the sexes was minor, with 
only three of the fi ft y-one measures that they investigated showing 
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signs of statistically signifi cant sexual dimorphism.  62   Th is is advan-
tageous for a method which seeks to investigate remains where 
biological profi ling may be diffi  cult. In addition to size diff erences, 
there are also shape-based asymmetrical diff erences which can be 
used for examining the skeleton. Although shape-based methods 
are currently focusing on other aspects of biological profi ling, these 
very statistical measures should also be able to assist in cases of 
commingling.  63   

 Asymmetry within the skeleton has been noted for a long time, 
and understanding the nature of this in humans is critical to resolv-
ing issues of commingled remains. Although asymmetry is in essence 
the diff erence between the left - and right-hand sides of the body, 
or the deviation from a mirror image, it should be noted that there 
are diff erent forms of asymmetry with diff erent aetiologies, and that 
the degree of asymmetry will vary between diff erent geographic and 
temporal populations.  64   

 Skeletal remains can also be reconstructed by assessing the 
articulation of adjoining elements.  65   Since adjoining bones grow 
and develop together and in a related manner, their size and shape 
should correlate to form a functioning moving joint. It should be 
noted that the eff ectiveness of this method is infl uenced by the fact 
that some articulations are anatomically tighter than others and by 
the presence of pathologies.  66   Research has shown that articulations 
with a good degree of confi dence with regard to fi t include the cra-
nium and mandible, vertebrae, humerus and ulna, and the metacar-
pals/tarsals.  67   Low confi dence can be seen, for example, with the ribs 
and the humerus and scapula. 

 One challenging aspect of the use of osteometric approaches 
is when dealing with fragmented remains. Indeed, Adams and 
Konigsberg suggest that bone preservation is the most critical lim-
iting factor when selecting the appropriate quantitative method 
for sorting commingled remains.  68   Clearly the relationships dis-
cussed above still exist, but the broken nature of the bone increases 
the degree of inaccuracy likely to be experienced and complicates 
or makes impossible the measurement of the bones. Nevertheless, 
detailed recording of the remains  in situ  combined with delicate and 
careful recovery can allow the spatial relationships between frag-
ments to be understood, thus potentially facilitating conjoining of 
the pieces.  69   Currently there is interest in the ability of computer 
soft ware to match bone fragments together following their scanning 
through non-contact methods.  70   Th is may be a way to resolve some 
of the issues associated with working on fragmented bony remains. 
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 On occasion there are additional challenges faced when attempt-
ing to decipher commingled remains and these require specifi c 
methods. An example of this is when the remains have also been 
burned. Here the technical approaches discussed above will likely 
be even more problematic to implement, since the process of burn-
ing can cause DNA to denature, may result in shift s to the elemental 
composition of the skeleton, and can cause shrinkage and warping 
of bones.  71   In resolving these issues, traditional osteological analysis 
is generally still of use, but some workers have also demonstrated the 
benefi t of examining the weight of the burned remains. It has been 
argued that the weight of the burned remains will correlate with the 
number of individuals present.  72   Th e use of such metric measures 
has been applied to burned commingled remains in both archaeo-
logical  73   and forensic contexts.  74     

  Conclusions 

 Although highly technical approaches to the identifi cation of vic-
tims in mass graves, such as those discussed above, have real sci-
entifi c potential, it has also been noted that the realities of the fi eld 
may inhibit their use and application. In her refl ection of the iden-
tifi cation process in Bosnia, Komar notes that the scale of bodies 
to be examined combined with time pressures may negate the use 
of more labour-intensive methods.  75   Klonowski implies this for the 
same country in a later work.  76   She also adds that there are issues 
with the experience and training of the anthropologists in the fi eld, 
and we could extend her conclusion with regard to the methods dis-
cussed here. In this situation, osteometric approaches may be pref-
erable since they are easier and less expensive to apply,  77   yet there 
are times when these methods will struggle to resolve mass grave 
issues – which explains the more recent exploration of more technical 
approaches. We also acknowledge that there are other approaches to 
resolving these issues in mass graves than the ones discussed above, 
but our focus here is on more technical and quantitative methods. 
Nonetheless, the availability of expertise, equipment, and the neces-
sary standards are real limiting factors in the wide-spread applica-
tion of advanced analytical methods in forensic anthropology. And 
of course, despite the methodological developments within the dis-
cipline, there are times when complete reassociation of remains will 
still be impossible.  78   
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 Good local knowledge and witness testimony is key to a high 
identifi cation rate. Although technological solutions have assisted in 
these eff orts, eff ective ethnographic investigation is still the crux of 
any mass grave investigation. Yet this raises many questions. From 
an ethical perspective, is it always appropriate to investigate mass 
graves? We could think of this from the perspective of the local com-
munity (whose support for exhumation should not be assumed, and 
is discussed further below) or from that of the forensic practitioners, 
where the investigating bodies have an ethical duty to ensure the 
safety of their personnel.  79   Is there a strategy in place to deal with 
the remains once they are exhumed? Is the DNA-led identifi cation 
process targeted correctly? Th e work by Ferr á ndiz in Spain dem-
onstrates the problems that can occur further down the line of the 
investigation if this is not thoroughly considered at the start.  80   Is the 
solution a traditional approach corroborated by DNA or a DNA-led 
process that uses traditional techniques if necessary? Naturally, the 
answers to these questions entirely depend on the context and the 
legal authority of the country involved and the resources available. 
Further, the application of more technical identifi cation methods 
in commingling contexts may be welcomed, but should balance the 
needs of the families as well as those of the scientists and politicians. 
Th is is more complicated than it seems, since the evidential needs of 
each group will vary and shift .  81   In some contexts, family members 
and next of kin are actively involved in the application and man-
agement of the identifi cation methods and processes.  82   Th ese new 
technical methods can be complicated and rather abstract to explain 
to non-experts, without the additional diffi  culties of applying them 
in the fi eld. 

 We should also note, as alluded to above, that identifi cation of the 
victims of mass graves is not always supported or desired. Examples 
exist of pressures to keep mass graves undisturbed (such as dis-
played in Crossland’s 2002 work in Argentina) or to emphasize the 
broader political or community-based identities of the victims over 
their individual ones.  83   Th ere are also examples of families opting to 
rebury their identifi ed loved ones in a communal mass grave with 
the other victims with whom they were originally buried (such as in 
Chile).  84   In extreme cases the perpetrator of the crime may still live 
in the village or town. When this occurs the grave may be tampered 
with or ‘disappeared’, and the family threatened if they insist on pur-
suing an exhumation. One such case in Guatemala resulted in the 
double tragedy of the family losing their loved ones twice. 
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 It is imperative to identify the missing for many worthy reasons, 
including the right to a dignifi ed burial being a basic human con-
dition that transcends cultures, and the will to prosecute the guilty 
in order to create a better future for those communities that have 
suff ered as a result of armed confl ict. However, we conclude with a 
note of caution which should be borne in mind before embarking on 
a mass grave exhumation. An identifi cation strategy that is achiev-
able and aff ordable must be in place before any soil is removed. 
Misidentifi cations must not happen, and any combination of trad-
itional and technological techniques must work when applied in the 
fi eld in order to achieve the best possible outcome and the maximum 
number of correct identifi cations.  
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