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ABSTRACT 

In recent years, global homicide rates have increased in startling proportion. The 

influence of narcotrafficking has impacted Latin American homicide rates causing them 

to rise to epidemic levels. In particular, Costa Rica represents a prime example of where a 

distinguishable correlation between the presence of narcotrafficking and an increase in 

homicides can be observed. Costa Rica has become an epicenter for violent crimes due to 

the influence of illicit drugs traveling through their country’s permeable borders. With 

these growing rates of homicide, this study addresses a significant foundational research 

gap in understanding the modus operandi of narcotrafficking groups.  

The purpose of the study is to evaluate evidence of violence inflicted by 

narcotraffickers. Specifically, sharp force and ballistic trauma, such as dismemberment 

and gunshot trauma, found on skeletal remains were analyzed using an osteological 

sample of 6 individuals from the Medico-Legal Department in San Joaquín de Flores, 

Heredia, Costa Rica. Geographical location and narcotrafficking group association were 

assessed from the context of the reports. Using JMP Pro 12, Chi-square test models were 

performed correlating studied variables to the particular narcotrafficking group 

association and corresponding geographical location. The Chi-square test demonstrated 

that n Limon and Guanacaste, the predominant bone inflicted was the skull and in 

Heredia and San Jose, the femur and humerus were predominant with a statistical 

significance of p<0.0001*. It also demonstrated that the skull is a predominant area of 

infliction for suspected gang groups while the femur, humerus and skull are predominant 

areas of infliction for suspected narcotraffickers with a statistical significance of 

p<0.0001*. the Chi-square testing did not show a statistical difference between type of 
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bone and the corresponding length of the trauma observed. To date, no other 

investigation of this nature has been performed within a Costa Rican sampling 

population.  
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CHAPTER I 

RESEARCH OBJECTIVES/AIMS 

The study of human remains has been an evolving process for over one hundred 

years (Ubelaker, 2006; Dirkmaat & Cabo, 2012). The human skeleton has provided 

answers through its delicate and predictable development. Through these developments, 

forensic anthropologists and those alike have founded a scientific process in which 

identification and supplemental information can be produced. With these advancements, 

forensic anthropology has been able to assist in legal processes. Information found 

through forensic anthropological analysis assists in understanding death and its 

surrounding circumstances. Within the realm of the medicolegal system, forensic 

anthropology is likely as important as the legal system itself.  

With regards to the medicolegal field, for clarification, it is of upmost importance 

that each case be handled with certainty and care as to assist the legal process (Edwin, 

2006). Reoccurring patterns of homicidal acts can be used to further identify the way of 

narcotraffickers and seize their techniques as an understanding of their modus operandi. 

The direct impact of narcotrafficking-related homicide floods forensic anthropologists 

and pathologists with an overwhelming number of cases. For the year 2017, Costa Rica 

reached an all-time high of 603 homicides, reaching the highest in the country’s history 

(France-Presse, 2018).  Deputy director of the Judicial Investigation Organism, Michael 

Soto, stated that 48% of deaths were gang related and 25% from drug trafficking (France-

Presse, 2018). In 2015, the homicide rates were at 566 which was 20% higher than 2014 

(OSAC, 2016).  
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With the vast amount of cases, it is of imperative significance to provide an in-

depth data analysis of the skeletal remains in terms of observed bone trauma. Possible 

correlations between the narcotraffickers and their modus operandi could potentially 

assist the legal processes and also aid in the identification of persons involved with 

specific narcotrafficking groups. With the outstanding number of homicides and a 

prediction of even more in the future, there is a research gap correlating insurgent groups 

with bone trauma patterns from victims in this geographic region that needs to be 

attended in order to help advance criminal investigations in the country of Costa Rica.   

Statement of Problem  

Recently, homicide rates have grown in startling proportions globally. The 

influence of drug trafficking has impacted homicide rates to where they are now 

considered at epidemic levels. Costa Rica has become an epicenter for these violent 

crimes due to the influence of illicit drugs traveling in and out of their permeable borders 

(Overseas Security Advisory Council, 2016). The increasing number of homicides due to 

narcotic trafficking has stunned security officials and forensic anthropologists alike. 

Costa Rican Attorney General Jorge Chavarría stated that “the cartels are recruiting local 

criminals and bringing them to Mexico, where they are taught cartel strategies in order to 

apply them back home” (Goi, 2017). The effects of the cartel infiltration can be felt in 

startling proportions through the rise of the homicide rates. The aim of this research is to 

evaluate forensic anthropological samples in finding evidence of violence in skeletal 

material inflicted by narcotic traffickers. Patterns of bone trauma such as dismemberment 

and/or gunshot found on skeletal remains were evaluated using a population of samples 

(n = 6) from multiple provinces in Costa Rica.  
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This research effort could greatly assist forensic anthropologists in providing 

quick and quality answers to manners of death associated with specific groups of narcotic 

traffickers in this geographical region.  Associating violent crime with their perpetrators 

is essential, more so if specific modus operandi of illegal trafficking groups can be traced 

back to the trauma inflicted on the victims. This association between bone trauma and 

insurgent groups could potentially make the endeavor of forensic pathologists and 

anthropologists less of a challenge in routine criminal investigations.  

The objectives of this study are to: 

I. Perform osteological analysis of a sample size of n = 6 from a population of 

victims in provinces from Costa Rica from the Forensic Science Complex in San Joaquín 

de Flores, Heredia. These provinces include Limon, Heredia, San José, and Guanacaste. 

This analysis entailed a thorough inspection of the remains taking into consideration 

anatomical considerations such as: dismemberment patterns and gunshot patterns. Case 

studies used in this analysis dated from January of 2015 until September 15th of 2017. 

The sharp force trauma was analyzed with the following parameters: serrated, non-

serrated, kerf, angle, and depth. Gunshot patterns will be analyzed with the following 

parameters: entry and exit wounds, diameter, caliber, number of gunshots, position, and 

chronology. Perimortem and postmortem timelines were assessed to understand time in 

which these injuries occurred.  The bone or bone fragments were photographed to allow a 

visual record of the samples analyzed and aid in understanding bone trauma patterns from 

the region being studied.  

II. Correlations of Bone Trauma to Drug Traffic Groups: The final phase of this 

project entailed correlating the observed bone trauma patterns to the distribution of the 
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drug traffic groups in this geographical region. Both dismemberment and gunshot 

patterns were correlated as a function of drug groups present and observed crime rates. 

This was the first study to evaluate bone trauma patterns to criminal data in the country of 

Costa Rica. 

 This was exploratory research. No controls were used in this research due to the 

uncontrolled circumstances. This study tested two hypotheses that statistically analyze 

the homicides with respect to direct correlation with narcotrafficking:   

Ho1: The modus operandi of each cartel will be identifiably different from one 

another as observed from the bone trauma patterns of the victims therefore linking each 

case received to the cartel responsible. 

Ho2: Homicides related to narcotrafficking in the studied geographical regions 

vary as a function of the particular province under analysis. It is hypothesized that due to 

the increasing rates of homicide, permeable borders, and a higher level of 

narcotrafficking presence in the province of Limon, Costa Rica there will be a higher 

incidence of victims. 

 The rise to an epidemic level in homicide has prompted many reactions. In the 

Complex of Forensic Sciences in Heredia, Costa Rica, the forensic pathologists and 

anthropologists see first-hand the direct impact of the narcotraffickers. This study created 

a simplified understanding of the modus operandi of the narcotraffickers in Costa Rica. 

Since the homicide rate has only risen to an endemic level in the past two years, no 

studies have been aimed at understanding the modus operandi of the narcotraffickers. 

This study included an evaluation of skeletal material, supplemental information, and the 
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creation of a diagram of where homicides associated with narcotrafficking were focused 

on the subjects sampled.  
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CHAPTER II 

BACKGROUND 

 This chapter will cover the relationship between influence, location, and 

narcotrafficking in Costa Rica. It will also discuss the background of forensic 

anthropology in the United States and its novelty and application in Costa Rica. 

Furthermore, the basic biomechanical forces that impact trauma in human skeletal 

material will be discussed. Blunt force trauma, sharp force trauma, and penetrating 

trauma are also discussed in their relationship to dismemberment and gunshot wounds. 

There has been no research performed correlating human skeletal evidence to the effects 

of narcotrafficking. Research has been conducted on the number of homicides in direct 

correlation to narcotrafficking but none that offer any skeletal evidence to suggest so.  

 Forensic anthropology is an up and coming specialty in Costa Rica. One sole 

forensic anthropologist absorbs the workload of an entire country. With an up and rising 

level of homicide, it is urgent that research begins to develop an understanding of the 

modus operandi of the narcotrafficking groups.  The following chapter contains statistical 

evidence of the rising number of homicides, narcotrafficking, and necessity of these 

developments.  

Mexico/Central America  

 Central America includes the countries of Guatemala, Costa Rica, El Salvador, 

Honduras, Panama and Nicaragua (Rodríguez, 2010). These countries are the central 

point and bridge between North America and South America and share coastlines with 

the Pacific and Atlantic Oceans (Rodríguez, 2010). Approximately three or four thousand 

years ago, the isthmus of Central America was shaped, and an archipelago was formed 
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(Rodríguez, 2010). The region is painted with tropical rainforests, seismic fault lines, 

mountain ranges, and high levels of precipitation (Rodríguez, 2010). In present day, 

Central America serves as a platform for immigration through both its borders and its 

connection between North and South America (Rodríguez, 2010).  

Costa Rica 

 Costa Rica is located at the heart of the isthmus between Central America and 

South America (Rankin, 2012) (See Figure 1). With its borders only reaching 

approximately 32,000 square miles and its coastline at 800 miles, the country of Costa 

Rica is roughly around the size of West Virginia (Rankin, 2012; CIA, 2017). Costa Rica 

is bordered by Nicaragua and Panama while sharing its ocean borders with the Pacific 

Ocean and the Caribbean Sea (Rankin, 2012; CIA, 2017). Its border to the Pacific Ocean 

is approximately three times the size of twhe border to the Caribbean Sea (Rankin, 2012). 

Puerto Limón is a port to the Caribbean Sea that has largely supported agricultural 

exports, which fueled the population growth rapidly (Rankin, 2012). Half of the nation’s 

population lives in urban areas and one-fifth of the population lives in the capital, San 

Jose (CIA, 2017). Costa Rica contains seven provinces that include Limon, Heredia, San 

José, Guanacaste, Alajuela, Cartago, and Puntarenas. 

Climate here can be described as tropical or subtropical with a dry season labeled 

as “summer” and rainy season (Rankin, 2012). Around 25% of the territory in the nation 

is reserved for forest reserves, national parks, or protected-area designation (Rankin, 

2012). The terrain in Costa Rica is largely occupied by coastal plains, rugged mountains, 

and over one hundred volcanic cones (CIA, 2017). Many of these volcanoes are active 

and the most recent eruption was in 2010 when Arenal erupted (CIA, 2017). Four more 
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volcanoes surround the nation’s capital, San Jose. The activity of these volcanoes is 

usually nondestructive but is considered active.  

Costa Rica is a nation that has set itself apart from its Central American neighbors 

by its “political stability, high standard of living, and well-developed social benefits 

system” (CIA, 2017). Access to education, healthcare, clean water (for domestic, 

irrigation and industry use), sanitation and electricity comes very easily to Costa Ricans 

due to the governments sustained social spending (CIA, 2017). With the universal access 

of these amenities, the service sector of Costa Rica has expanded considerably (Rankin, 

2012). With a highly skilled and educated workforce, the expansion of the service has 

impacted the standards of Costa Rica, positively. Costa Rica’s poverty rate is lower than 

its surrounding Latin American countries at 20% (CIA, 2017). In 1949, Costa Rica 

completely dissolved of their military forces (CIA, 2012). 

Access to healthcare has made a significant difference in life expectancy in Costa 

Rica. Since the 1970s, a decline in infant mortality, increase in life expectancy at birth, 

and birth rate has declined (CIA, 2017). “The average number of children born per 

women has fallen from about 7 in the 1960s to 3.5 in the early 1980s to below 

replacement level today” (CIA, 2017). Life expectancy from birth is 75.9 years for males, 

81.4 years for females, and for the total population is 78.6 years (CIA, 2017). This 

compares significantly higher than the universal life expectancy rate, which is 58 years 

(CIA, 2017). Infant mortality rate is low as well with the total deaths averaging 8.3 deaths 

with 1,000 live births (CIA, 2017). The correlation between universal access to these 

amenities is visible in the life expectancies in Costa Rica. It has become one of the most 

popular immigration destinations due to the availability of these amenities (CIA, 2017). 
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Figure 1: Image of Costa Rica from Geology.com 

Forensic Anthropology  

Forensic anthropology is a discipline that is ever evolving. Numerous definitions 

have been offered in attempt to encompass all of what the field of forensic anthropology 

is. The American Board of Forensic Anthropology defines it as “the application of the 

science of physical or biological anthropology to the legal process. Physical or biological 

anthropologist who specialize in forensics primarily focus their studies on the human 

skeleton” (ABFA 2016).  
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Iścan & Steyn, 2013, offer that forensic anthropology is also “human variation, 

adaptability, growth and development…molecular genetics”. Combining these two 

definitions encompasses what forensic anthropologists can and may accomplish with 

their analysis. Osteological features are assessed through visual observations along with 

metric measurements to estimate sex, age, stature, ethnicity, and ultimately identification.  

 With a professional understanding of osteological features, forensic 

anthropologists can create anthropological profiles to identify individuals (White et al., 

2012; Iścan & Steyn, 2013). Creating a biological profile assists in the identification of 

the individual that can then guide the legal process. Perimortem, antemortem and 

postmortem trauma are also assessed. Metric measurements and subjective visual 

observations are analyzed and compared to standards created by numerous past 

anthropologists. A crucial portion of the biological profile is identity if it can be 

determined. In cases of fully skeletonized persons, “identity depends solely on 

osteological examination and measurements and the recognition of any pathological or 

anatomical abnormalities in bone” (Saukko & Knight, 2004).  

 In academia, forensic anthropology can be traced back to around the 18th century 

(Ubelaker, 2006). Skeletal stature estimation techniques were published by Jean-Joseph 

Sue, Matthieu-Joseph-Boaventure Orfila, Paul Broca, Paul Topinard, Étienne Rollet, 

Leonce Manouvrier, and Karl Pearson (Ubelaker, 2006). Between 1843 and 1911, 

Thomas Dwight was bestowed as the “Father of Forensic Anthropology” (Ubelaker, 

2006). Forensic anthropology first emerged as a science around the 1930’s with Wilton 

Krogman being the first known forensic anthropologist (Dirkmaat & Cabo, 2012). 

Krogman began assisting police with creating biological profiles and aiding with 
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identification of skeletal remains (Dirkmaat & Cabo, 2012). Around the 1930’s, other 

anthropologists were assisting in identification as well, but these were physical 

anthropologists (Dirkmaat & Cabo, 2012). Thomas Dwight, Aleš Hrdlička, T. D. Stewart, 

Mildred Trotter, and as aforementioned Wilton Krogman, were all pioneers of forensic 

anthropology in North America (Ubelaker, 2006; Dirkmaat & Cabo, 2012).  

 In 1962, Krogman yielded yet another publication that assisted in the emergence 

of forensic anthropology The Human Skeleton in Forensic Medicine (Dirkmaat & Cabo, 

2012). After this time, police enforcement began relying more so on forensic 

anthropologists to assist in biological profiles. In 1972, the physical anthropology section 

of the American Academy of Forensic Sciences was created (Ubelaker, 2006; Dirkmaat 

& Cabo, 2012). Shortly following, in 1977 the American Board of Forensic 

Anthropology was created (Ubelaker, 2006; Dirkmaat & Cabo, 2012). The University of 

Kansas led one of the first coursework’s evolving around skeletal biology, the legal 

system and casework (Dirkmaat & Cabo, 2012). Professors and graduate students there 

included William Bass, Kerley, McKern, Walter Birkby, Ted Rathbun, Richard Jantz, 

George Gill, Judy Suchey, and Doug Ubelaker (Dirkmaat & Cabo, 2012).  

 During the 1980’s and 1990’s, the modernization of forensic anthropology began 

to come into action. The reevaluation of chronological age markers, cranial sutures, 

auricular surface and rib ends all came from various names that are widely cited into 

modern forensic anthropological work (Dirkmaat & Cabo, 2012). From evolving from an 

“on the side” job to more focused discipline, forensic anthropology has grown immensely 

over the past hundred years. By the end of the twentieth century, forensic anthropology 
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contains the correct nomenclature, definitions, analytical methods, and focused science 

that has made it into the discipline it is today (Dirkmaat & Cabo, 2012).   

Forensic Anthropology in Costa Rica 

Forensic anthropologists examine skeletal trauma to assist in the diagnosis of 

cause and manner of death (Kroman & Symes, 2014; Symes et al., 2012). The same is 

true in the Forensic Science Complex in San Joaquin de Flores, Heredia. The sole 

forensic anthropologist assists in the analysis of the skeletal trauma to identify manner 

and cause of death along with identifying sex, age, stature and other trauma. Both the 

anthropologist and pathologists can reach such conclusions through metrics and 

subjective analysis. The expansion of the anthropological field has assisted practicing 

anthropologists through developed methodologies from scientists depredations wide. In 

Costa Rica, the Latin American Association of Forensic Anthropology provides a guide 

to the practices used in the application of forensic anthropology.  

It was in 2016 that the only forensic anthropologist became a full- time employee 

at the Complex of Forensic Sciences. This provides a small glimpse into the novelty of 

forensic anthropology in Costa Rica. From 1999 until 2010, physical anthropologists 

were utilized in the identification process of skeletal remains only when necessary. 

Roxanna Ferllini was the initial forensic anthropologist who consulted on cases within 

Costa Rica. It was only in 2010 when a forensic anthropologist was regularly employed 

to assist forensic pathologist in cases at the Complex of Forensic Science in San Joaquín 

de Flores. Georgina Pacheco took under consultations for the complex from 2010 until 

2011. In 2014, Pacheco became a part time employee of the complex. In 2016, Pacheco 

became a full time forensic anthropologist at the Complex of Forensic Science.  
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Skeletal Analysis  

Within forensic anthropology, bone trauma is a vital component of analysis. 

While working with skeletal remains, bone biology is only a small fraction of knowledge 

necessary to analyze bone trauma (Kroman & Symes, 2014). Bone is described as a 

"heterogenous material composed of collagen fibers (organic matrix) embedded with 

crystals of calcium hydroxyapatite (inorganic matrix)" (Symes et al. 2012). This 

combination offers elasticity, flexibility, rigidity, hardness and strength (Symes et al, 

2012). Bones are viscoelastic (Kromer & Symes, 2014; Spatola, 2015). A knowledge of 

basic biomechanics assists in the analysis of trauma in bones. Biomechanics assists by 

providing background into the biological science of forces and energy (Kroman & 

Symes, 2014). With an understanding of bone biomechanics, an anthropologist would be 

able to more easily assess whether trauma occurred perimortem or postmortem. This is 

essential in a forensic anthropological context to identify a timeline in which the injuries 

occurred.  

Physical and contextual evidence of trauma should be examined cautiously before 

an opinion is developed (Spatola, 2015). Injuries involved could appear to be by one such 

mechanism of force but could be caused by another. Misclassification may occur due to 

the abnormality in magnitude and scale enforced by extrinsic factors. The coupled act of 

these deviations must be accounted for and meticulously assessed. Misclassification is an 

imperative mistake to avoid. “Over-reliance on weapon-centric classification, with its 

occasional misclassification or over-reaching interpretation, can introduce legal concerns 

affecting the pathologist’s ruling of cause and manner of death” (Spatola, 2015). With the 
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role of forensics in the legal process, forensic anthropologist must ensure their 

understanding of biomechanical forces and their implications on human skeletal material.  

In some instances, it might be impossible to disassociate a fracture pattern from a 

specific type of tool that is commonly associated with that pattern. For example, blunt 

fracture characteristics may be found in some sharp trauma and low-velocity gunshot exit 

wounds and radiating and concentric fractures can be associated with gunshot and blunt 

force trauma (Symes et al., 2012; Spatola, 2015). Therefore, it is imperative to gain 

significant knowledge of biomechanical factors that play roles in fracture patterns of 

bones. Extrinsic and intrinsic forces play a vital role in fracture patterns of wet or green 

bone and dry bone. Numerous anthropologists like DiMaio, 2016, and Symes et al., 2012, 

have established ways in which to separate the fracture patterns of some traumas in 

relation to others. These aids are essential to the analysis of these marks left on the 

human skeleton but must be coupled with a biomechanical understanding of how 

fractures occur. Biomechanics dealing with fractures assists with the understanding of 

postmortem versus perimortem trauma and what tool was used to create the fracture.  

Biomechanics in Forensic Anthropology  

Bone biomechanics in relation to bone trauma is extremely apropos. Newton’s 

second law of motion states that the acceleration of an object as produced by a net force 

is directly proportional to the magnitude of the net force, in the same direction as the net 

force, and inversely proportional to the mass of the object. Applying Newton’s second 

law of motion and an understanding of biomechanics, one may be able to accurately 

assess bone trauma. Since bone reacts in a predictable manner to stress, coupling these 

two ideas has led to some common standards.  
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Outside forces acting on bones will create a fracture or a pattern that will be in 

line with the magnitude, direction and position of the bone (Hart, 2005).  The production 

of these fractures will occur on a biomechanical continuum with their regards to force, 

surface area, and acceleration or deceleration (Spatola, 2015). Furthermore, as Spatola, 

2015, describes “under the laws of physics, combinations of the primary intrinsic and 

extrinsic factors contribute variously to the three typological classifications of mechanical 

injury based primarily on weapon or object type, usual mode of delivery, and associated 

loading rate”.  

Extrinsic and intrinsic factors are two types of biomechanic factors that affect 

bone injury. Extrinsic factors are factors that "include all variables involved how injuries 

occur" (Kroman & Symes, 2014). Extrinsic includes factors that are outside of the body 

that cause trauma. These include load and force. "A load is a force, or combination of 

forces that is sustained by an object”(Low and Reed, 1996; Frost, 1967). Force is an 

action or influence that is applied to a free body or that alters the state of motion of an 

object (Low and Reed, 1996; Symes et al, 2012; Turner and Burr, 1993). A bone will 

most likely obtain an injury when the bone is not able to absorb the traumatic energy and 

when the magnitude of stress exceeds the elastic limits, which causes a failure in ductile 

response (Wheatley, 2008; Spatola, 2015).   

Intrinsic factors include the way the body and bone respond to these forces 

creating injury (Kroman & Symes, 2014). Specifically, these deal with "material 

properties of bones and other tissues of the body" (Kroman & Symes, 2014). These 

influence the fractures and include "bone geometry, bone mineralization and bone 

remodeling" (Kroman & Symes, 2014). Other variables may include "bone mass and 



	 Texas	Tech	University.	Kashmiere	N.	McGee,	May	2018	 	 	

 16	
 

bone architecture that includes things such as cortical bone thickness, and diaphysis like 

diameter, the percentage of compact and spongy bone, porosity, presence of non-osseous 

tissues, age and epiphyseal union, and mineral to collagen ratios..." (Wheatley, 2008). 

Bone is known to be strong against compression but weaker against tension before failure 

(Kroman & Symes, 2014; Wheatley, 2008).  
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Table 1: Terminology Used in Explaining Bone Biomechanics and Fracture Patterns. 
 Data obtained from Krogman & İşcan, 2013 

Table 9.1  

Terminology Used in Explaining Bone Biomechanics and 
Fracture Patterns  

Term  Description  

Loading  The application of a force to an object  

Stress  Force per unit of area  

Strain  
Relative deformation in response to 
loading  

Compression  
When force is applied towards the bone, it 
becomes shorter in the direction of the 
force; axial loading  

Tension  
Force directed away from the bone, which 
then becomes longer or is pulled apart  

Shear  
Force is applied parallel to the surface, in 
opposite directions. Causes sideway 
sliding  

Magnitude  Relative size or extent  

Elastic deformation  
Bone can return to its original shape after 
load is removed  

Plastic deformation  
Bone is permanently deformed and cannot 
return to its original shape  

 

Some factors that influence the bone’s reaction to these strains and stresses are 

elasticity, ductility, and stiffness of a bone (Evans, 1973; Hart, 2005). Elasticity will 

allow the bone to return to its original size and shape of bone after the load is removed 
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while stiffness allows for the bone to reject deformation of the load (Hart, 2005). 

Ductility allows bones to absorb the stress of the force applied within a larger range 

before deforming and failure (Hart, 2005).   

Stress and strain are defined as “phenomena occurring within a body to which 

force has been applied” (Evans, 1973). Following the failure of the absorption of stress, 

bone acquires injury. However, while they acquire injury, they are also able to respond to 

injury and chronic stress. Musculoskeletal markers of stress (MSM) are the physical 

reactions to stress placed on bones (Kroman & Symes, 2014). Anthropologists investigate 

activity patterns to then assess these markers. Through these patterns, the anthropologists 

might be able to estimate a time frame in which this injury occurred. This estimation is an 

imperative part of the investigation.  

Age and sex also influence the mechanical properties of the bones therefore 

influencing the type of force necessary leading to the failure of a bone (Evans, 1973). 

Composition and decomposition of the bone tissue is a large deciding factor along with 

the fracture patterns present to determine whether the bone was wet or dry when it 

sustained trauma. Wet or "green" bone contains moisture and fresh marrow that may 

increase its ability to pass an electric phase before failing (Evans, 1973; Symes et al, 

2012; Wheatley, 2008). Dry bone is more stiff and brittle and may fracture immediately if 

stress exceeds strain (Evans, 1973; Symes et al, 2012; Wheatley, 2008).   

Defining Skeletal Injuries 

In assessing skeletal injuries, anthropology and pathology have become 

supplemental to one another through their specific expertise. Both disciplines provide 

thorough and comprehensive knowledge of reconstruction techniques for time 
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surrounding death. Through the integration of these two specialties, analysis becomes 

more detailed. In forensic anthropology, description of a skeletal wound begins “with a 

description of the location, type and number of fractures or abnormal changes for bone, 

as well as for the specific aspects of  each bone examined” (Kimmerle & Baraybar, 

2008).  

 Once an abnormal observation is established, one must follow a methodological 

approach to assess and properly document the abnormality. Kimmerle & Baraybar, 2008, 

provide an example of a differential diagnosis of skeletal trauma through eight diagnoses 

which is summarized in Table 2 below: 
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Table 2: Diagnosis of Skeletal Trauma 

1. Inventory of all affected bones   

2. List the location of specific affected 

areas on bone, including the 

side/region/aspect 

 

3. Provide a description of The number and types of fractures or 
defects 
The presence of any abnormal bone shape, 
growth, or loss 
The severity, state, and distribution of 
abnormal bone changes 

4. Documentation of any radiographic 

evidence 

Fractures or Weaponry 

5. Estimation of timing of fractures based 

on:  

Presence of bone reaction (remodeling) 
Color of fractured edges  
Shape of defect or cut mark 
Size of affected area 
Defect or cut mark 
Appearance of tissue bending 
Location of affected area 
Number of fractures or cut marks  

8. Estimation of the mechanism of injury, 
class of weapon, distance of fire or blast, 
and victim’s position relevant to the 
direction of the force in relation to the point 
of impact 

 

 

Antemortem, Perimortem, Postmortem Trauma  

Perimortem, antemortem and postmortem are three commonly used terms in 

forensic pathology and forensic anthropology. Perimortem is a time in which the injury 

has occurred while the bone is wet or green (Symes et al., 2012). Perimortem injuries 

occur surrounding the time of death of an individual. Postmortem is when the bone has 

lost moisture and is referred to as dry bone. The differences between the perimortem and 
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postmortem injuries are crucial in an anthropological analysis. The differences between 

perimortem trauma and postmortem trauma can make the difference between the injuries 

happening during the time surrounding the incident of death or afterward. In essence, 

bone trauma is a “moment frozen in time” (Krogman & İşcan, 2013).  

Injuries sustained antemortem commonly show signs of healing. Bone healing in 

antemortem injuries suggest the individual would have been alive at least a week after 

sustaining an injury (Krogman & İşcan, 2013). Events that normally ensue once an injury 

is sustained are hematomas that form near are of injury; fluid is generated at the site by 

plasma, and within days of the injury, fibrous matrix form within a clot (Sauer, 1998). 

Eventually, the callus that has been formed will be remodeled and replaced by lamellar 

bone (Sauer, 1998; Krogman & İşcan, 2013). Factors influencing this process include 

location, health, and genetic variations (Sauer, 1998). Although these factors may 

influence the process, it is usually safe to assume that evidence of healing is indicative of 

an injury sustained approximately a week before death (Sauer, 1998).  

 If an injury is labeled antemortem or postmortem, it does not mean that the injury 

strictly was inflicted while the individual was alive or deceased, but that the injury 

occurred around the time of death (Sauer, 1998). Three commonly used characteristics 

have been used to form an estimation of whether the injury was sustained perimortem or 

postmortem: “color variation, fracture morphology (outline, surface appearance, and 

angle), and microscopic characteristics (Wieberg & Wescott, 2008). However, the 

distinction between perimortem and postmortem injuries are much less straightforward 

than antemortem (Sauer, 1998). Since no osteogenic formations are present, it is certain 
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that the injuries are perimortem or postmortem but the difference between the two are 

difficult to differentiate.  

Postmortem fractures can be attributed to weathering or drying of bone and will 

have rough surfaces and fewer fracture lines when injured postmortem (Wheatley, 2008). 

When bones are dry, they are more likely to shatter into small fragments (Sauer, 1998). 

Two unique characteristics of fractures on dry bones are also transverse fractures, right-

angled edges, or jagged edges (Wheatley, 2008; Krogman & İşcan, 2013). Flaking may 

also occur in the cortical bone layers along with longitudinal cracks (Symes et al., 2012). 

These longitudinal fractures may be confused with a perimortem fracture unless it is 

important to recognize that these fractures follow the grain of the bone and a color 

difference can be noted between the outside and the inside of the bone (Symes et al., 

2012).  

Color change or staining may also be seen on dry bone fractures from “fluids 

from decomposition, blood, soil, water and other organic materials” (Wieberg & Wescott, 

2008). The point of distinction between perimortem and postmortem trauma is the stake 

of the case. If the case is a homicide case, it is imperative that a distinction be made and 

be made with confidence. Understanding the differences between the biomechanics and 

the types of fractures created assists the medicolegal field perform to its highest standard. 

Although, it is crucial to understand such distinctions cannot always be made.  
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Perimortem trauma happens in wet or green bones. These are injuries that are 

directly associated with the manner of death (Sauer, 1998).  These fractures can be 

noticeably different than postmortem fractures through appearance. Color change may 

also occur in the wet bones, but this might be due to a hemorrhage near or at the fracture 

location (Sauer, 1998; Wieberg & Wescott, 2008). These traumas may also contain 

smoother surfaces, higher amounts of fracture lines, sharp edges, curved endings of the 

fracture and diagonal angles (Wheatley 2008). 

As shown in Figures 2-3 above, the fracture in Figure 2 shows right-angled edges 

along with rough surfaces on the left proximal femur (Wheatley, 2008). Figure 3 shoes 

curved fracture patterns with sharp edges but a smooth surface on a wet/green proximal 

femur (Wheatley, 2008). These are two of many identifying factors in perimortem versus 

postmortem fractures. Applying the knowledge of basic biomechanics and 

Figure 3—A curved fracture outline with 
sharp edges and a smooth surface morphology 
on a wet left proximal femur, broken less than 
4 days since death. 
 

Figure 2- A transverse fracture outline 
with right-angled edges and a rough 
surface morphology on a dry left proximal 
femur, broken 44 days since death. 
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perimortem/postmortem fractures, forensic anthropologists can estimate what type of tool 

or weapon was used to inflict the injury. This may assist legal investigations, linking 

evidence, persecution and ultimately justice.  

Skeletal trauma is defined as the “modification of bone based on a slow- or rapid-

loaded impact with an object” (Symes et al., 2012). Blunt force trauma, sharp force 

trauma and penetrating trauma are three terms used for categorizing trauma in the human 

skeleton. Blunt force trauma is used in trauma that is from “slower loading force applied 

to tissue” (Kroman & Symes, 2014; Symes et al., 2012). Ballistic trauma is referred to as 

projectile trauma or penetrating trauma  (Kroman & Symes, 2014; Symes et al, 2012). 

Sharp trauma can be subcategorized in blunt force trauma but is different due to the 

surface area of the weapon used to inflict injury on the tissue or the skeleton (Kroman & 

Symes, 2014; Symes et al., 2012). These categories of trauma are useful when identifying 

the type of trauma inflicted on the human skeleton assisting with perimortem trauma 

analysis.  

Blunt Force Trauma  

Blunt force trauma can be analyzed utilizing characteristics such as fracture 

angles by analyzing the angle between the fracture surface and the cortical bone 

(Wieberg & Wescott, 2008). Obtuse and acute angles are usually associated with blunt 

force trauma (Wieberg & Wescott, 2008). These types of trauma can also be described as 

“abrasions, contusions, lacerations, and/or bone fractures” (Symes et al, 2012). Blunt 

force trauma involves “low-velocity mechanical forces from broad and blunt surfaces”  

(Spatola, 2015). Humans, tools or transportation can cause this type of trauma. Examples 

of blunt force trauma may include “punches, kicks, blows with objects, falls, 
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transportation, accidents, shrapnel, blast pressure waves, and crushing injuries” (Spatola, 

2015).  

 Regarding certain blunt force traumas, practiced forensic anthropologists will 

also be able to tell sequence of impacts, offensive or defensive wounds, or whether the 

injury was self-inflicted or by someone else (Thompson, 2008). The first impact site will 

contain radiating fractures that ripple in multiple directions until kinetic energy is lost 

(Symes et al, 2012). Puppe’s law of sequence assists anthropologists in determining the 

fracture order by the radiating fractures created by a second impact until they intersect 

with a previous fracture (Symes et al, 2012).  

Linear fractures caused by blunt force trauma may be single or multilinear and 

may be defined as radiating, curvilinear, and stellate along with depressed fractures being 

defined as comminuted, mosaic (spider-web), and terraced (Hart, 2005; Saukko & 

Knight, 2004; Spatola, 2015). Surface area of a tool used to inflict blunt force trauma is 

also a factor that influences fracture and fracture patterns (Spatola, 2015). The number of 

fractures may be an implication of the velocity of the projectile or object used to inflict 

injury (Hart, 2005).  

Sharp Force Trauma  

Sharp force trauma is known as an incised wound in the bone that forms an 

incision or a puncture (Thompson & Inglis, 2008; Delabarde & Ludes, 2010; Krogman & 

İşcan, 2013). Tools used to inflict sharp force trauma include “machetes, box cutters, 

razor blades axes, knives, bush hogs, augers, tree chippers, swords” etc. (Delabarde & 

Ludes, 2010; Symes et al., 2012; Spatola, 2015). These tools may be used to cut tissue or 

bone. However, in order cut through bone the tool must contain a beveled edge. If these 
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instruments do not contain a beveled edge, the injury inflicted is different. The injuries 

could be scraping, chiseling, shaving, scratching or crushing since they are not able to 

inflict a true cut mark (Symes et al., 2012). Knives, saws, and other sharp tools are able to 

make impressions on bones that are identifiable. The angle and way the trauma to the 

bone is inflicted, allows a forensic anthropologist to be able to draw conclusions of what 

tools were used (Hart, 2005; Thompson & Inglis, 2008). However, sharp force trauma 

will greatly differ due to biomechanical factors (Delabarde & Ludes, 2010). Krogman 

and İşcan, 2013, categorize sharp force trauma wounds in three categories (Table 3). 

Table 3: Sharp Force Trauma Categories 

Stab or Puncture Wound These are produced by narrowly focused, sharp instruments in a 
stabbing, penetrating motion. These lesions can be divided into 
puncture wounds and clefts (notches), depending on the instrument 
used. 

Incised Wound  These are narrow, linear cuts that are longer than what they are deep 

Chop Wound These are lesions caused by heavy instruments with a cutting edge. 
They can also be described as being blunt force trauma applied with 
a sharp object  

  

Knives exhibit a beveled edge when creating an injury on the human skeleton. 

Different features on knives create different marks on bones. Some general characteristics 

of knives could be beveled, two-sided beveling, edge beveling, serrated blades, or 

straight-edge blades (Symes et al., 2012). Non-serrated knives leave a “T” shaped or 

triangular shaped deformation in the bone while serrated knives leave a “Y” shaped 

deformation. (Thompson & Inglis, 2008). Non-serrated knives also create beveling to the 

bone that is lateral to the blade while serrated knives leave a single bevel superior to the 
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blade (Thompson & Inglis, 2008). In a sawing motion, knives create “V” shaped kerf 

floors whether they are serrated or non-serrated (Symes et al., 2012).  

Hinge fractures are fractures that are described as if the bone is peeling and are 

commonly seen in sharp force trauma (Krogman & İşcan, 2013). These fractures are 

caused due to the elastic nature of the bone (Krogman & İşcan, 2013). The bone will 

curve away from the inflicted force on the bone but will stay attached to the bone 

(Krogman & İşcan, 2013). In the following figure, evidence of sharp force trauma can be 

seen through a hinge fracture. Figure 4 shows the “peeling” of the bone from the injury 

while the bone is still green.  

  
 

 

 

 

 

 

 

 

Figure 4: A hinge fracture seen in sharp force trauma. The wet bone is curled away from 
the surface (photo: M Loots)” From The Human Skeleton in Forensic Medicine by 
Krogman & İşcan, 2013. 

Saw cuts to a bone reflect much of their manufacturing. The saws contain chisel-

like teeth to produce slicing or shaving actions (Symes et al, 2012). Stroking the saw 

through a bone creates “a chiseling action that creates a broad incision in the outer 

cortical bone and then compresses and removes bone from in front of the teeth in the 
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direction of the blade moving (i.e. the stroke direction)” (Saville, et al., 2006; Symes et 

al., 2012). The number of striae in a lesion correlates with the number of teeth on a saw 

used in dismemberment (Delabarde & Ludes, 2010). These marks can be utilized to 

“determine general class characteristics (size, shape, width, and set of teeth) as well as 

the sawing action of the user” (Delabarde & Ludes, 2010; Capuani et al., 2014). Power 

saws that have smaller teeth will leave fine striations (Delabarde & Ludes, 2010). 

Handsaws have fewer teeth than power saws but leave more pronounced striae 

(Delabarde & Ludes, 2010; Capuani et al., 2014).  

 A saw will also create a “W” shaped kerf floor and will contain deep furrows and 

striations (Saville et al., 2006; Symes et al., 2012). The numbers of striations correlate to 

the number of teeth used in the stroke, which is usually two thirds of the total number of 

teeth but also might impact width of the kerfs (Saville et al., 2006; Symes et al., 2012). 

The minimum width of the kerf is of the upmost importance when identifying saws 

(Noguiera et al., 2016). Shape of the walls of the kerf may also give key features of a 

saws teeth set (Noguiera et al., 2016). Saw marks are important to consider in forensic 

anthropology while especially dealing with cases of dismemberment (Nogueira et al., 

2016). 

Dismemberment  

Dismemberment is defined by Konopka et al, 2007, as “the perpetrator’s 

fragmenting the corpse or severing a part of a body in an act that is performed in bad 

faith”. In Costa Rica, cases of dismemberment are received more often than in most 

countries. Dismemberment’s most common motive is to conceal or hide a crime or the 

identification of an individual who has been murdered (Konopka et al., 2007; Delabarde 
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& Ludes, 2010). Commonly, dismemberment is associated with homicide (Delabarde & 

Ludes, 2010). Sequence of events in dismemberment is crucial when deciding the 

intention of dismemberment. Perimortem or postmortem dismemberment have different 

implication of action. It is crucial to identify in which moment of life or death did the 

dismemberment occur as it may reveal the perpetrators intentions (Delabarde & Ludes, 

2010).   

Typically, in cases of dismemberment, axes, saws, and knives are used (Saville et 

al., 2007). In describing dismemberment in human bone, terms such as kerf floor, kerf 

wall, direction, false start, exit chipping, break-away spur, initial corner of kerf, complete 

bone section, direction of blade kerf, and direction of saw kerf are used. Kerf floor and 

kerf wall describe the type of weapon that was used to inflict the sharp force trauma 

(Saville et al., 2007; Capuani et al., 2014). The kerf wall is “the vertical part of the cut 

and consists of a number of deep furrows and fine striations” (Saville et al., 2007). Each 

tooth of a saw creates furrows during the pulling action of sawing (Saville et al., 2007). 

Fine striations are created during the push stroke action of sawing (Saville et al., 2007). 

Counting the number of furrows may calculate the number of teeth present on the 

weapon. Typically, the number of furrows presents typically two thirds of the number of 

teeth on the weapon (Saville et al., 2007). Kerf floors are “commonly found where a 

partial cut has been made, or in the spur of bone that is produced at the final fracture” 

(Saville et al. 2007).  



	 Texas	Tech	University.	Kashmiere	N.	McGee,	May	2018	 	 	

 30	
 

  
Figure 5: The common features of a saw mark on bone from Uniqueness of Saw Marks 
on Bones  Saville et al., 2007 
 

Complete sectioning of the bone is a complete cut through the cortical bone 

(Nogueria et al., 2016). False starts kerfs are “superficial nicks in the bone due to the face 

that the blade bites the bone superficially” (Noguiera et al., 2016). Each false start 

contains two kerf walls and one kerf floor (Nogueira et al., 2016). Within false starts, the 

tool used to inflict the nick will create a profile in the bone described as a concave or 

convex (Noguira et al., 2016). These profiles can provide information regarding the 

shape, type, and force used in dismemberment.   
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Figure 6: Concave profiles versus convex profiles of a kerf wall from Saw marks in 
bones: A study of 170 experimental false start lesions. Nogueira et al., 2016 
 

 There are two types of dismemberment: offensive and defensive. Offensive 

dismemberment includes taking pleasure or aggression out in dismembering an individual 

(Konopka et al., 2007). Defensive dismemberment includes attempting to hide or conceal 

the body and is not done for desire (Konopka et al., 2007). Tools used in dismemberment 

may be identified utilizing the methods mentioned beforehand. It is crucial to be able to 

identify offensive or defensive dismemberment to understand the gravity of the case. Due 

to the accessibility and affordability of saws, they are preferably used in dismemberment 

cases (Delabarde & Ludes, 2010).  
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Figure 7: False-start kerfs (top) and kerf floors (lower) from trials in pig femur 
 from Uniqueness of Saw Marks on Bones  Saville et al., 2007 
 
Penetrating Trauma  

Penetrating or ballistic trauma is a trauma from any fast-loaded force and may 

also be known as projectile trauma (Kroman & Symes, 2014; Symes et al, 2012). The 

speed of this trauma is what distinguishes it from blunt force trauma. Firearms are the 

most common tools used to create ballistic trauma in a human skeleton. “When a high-

velocity object such as a bullet impacts on bone, it has no time to undergo elastic 

deformation” (Krogman & İşcan, 2013). The ballistic trauma automatically creates a 

fracture within the bone due to the bone biomechanics (Krogman & İşcan, 2013). 

Determining caliber of the firearm is possible and mostly focused on by anthropologist 

with skeletal material but it is not as candid as one would hope.  

Bullets strike at an angle, which may produce “tangential bullet defects” (Kroman 

& Symes, 2014). Entrance and exit wounds can be distinguished from firearm ballistic 
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trauma due to the fracture pattern of the bones (Kroman & Symes, 2014). Beveling also 

plays a role in identification of the entry and exit wounds but plastic deformation is less 

in ballistic trauma than is seen in blunt force trauma (although blunt force trauma is seen 

in some ballistic trauma cases) (Kroman & Symes, 2014). Internal and external beveling 

are indicators of entry or exit wounds. “Keyhole” defects are unique fracture patterns 

created by ballistics. These keyhole defects are created by the bullet entering the bone 

and creating a round hole but radiating fractures are created towards the greatest 

resistance of the bone (Kroman & Symes, 2014). However, these keyhole defects are 

found in the skull. Ballistic trauma to the postcranial skeleton is much more destructive 

and less defined. Destruction of the postcranial skeleton from ballistic trauma is seen 

through false butterfly fractures and shattering. Postcranial skeletal ballistic injuries are 

more difficult to trace back to the source.  

Although entry wounds from ballistic wounds enforce no elastic deformation, exit 

wounds may show elastic deformation (Krogman & İşcan, 2013). This is due to the loss 

of kinetic energy once the projectile has entered the body. Once inside a body cavity, 

bullets do not stay on a straight path (commonly). The bullet will change course, tumble 

or break (Krogman & İşcan, 2013). Eventually, the bullet will lose all its kinetic energy 

through either exiting the body cavity or through absorption from inside the body 

(Krogman & İşcan, 2013). However, the exit wound from a projectile will create a larger 

deformation due to the loss of kinetic energy thus stimulated elastic deformation 

(Krogman İşcan, 2013).  

Beveling (internal and external) is caused by a gunshot wound (Quatrehomme & 

İşcan, 1998). Different types of beveling can occur. Symmetrical and asymmetrical 
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beveling can be used to describe the wounds in which a gunshot makes. Symmetrical is 

beveling that “ is evenly distributed around the wound” while asymmetrical beveling is 

“diagnosed when one side of the hole was more pronounced” (Quatrehomme & İşcan, 

1998). In most entry wounds, asymmetrical internal beveling can be diagnosed even 

when the entrance wounds are round (Quatrehomme & İşcan, 1998). However, 

anatomical structure of the bone impacts the symmetrical or asymmetrical beveling and 

should be taken into account (Quatrehomme & İşcan, 1998).  

 

 

Figure 8:  Typical ovoid entrance hole in left frontal bone (C13). Sharp-edged, punched-
out, clean appearance of the external wound in (A). Asymmetry of internal beveling in 
(B). C12 shows odd bullet-shaped entry wound in parietal. External surface in (C). 
Asymmetry of beveling in (D) (internal surface).” (Quatrehomme & İşcan, 1998). 
 

Ballistic trauma is one of the most common traumas investigated by forensic 

pathologist and anthropologist. However, along with ballistic trauma in Costa Rica, 
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dismemberment is a mean of disposing and hiding evidence of homicide. However, 

dismemberment also plays a role in the infiltration of cartels on local gangs. It has been 

an initiation process between Cartels and local gangs or even entry into local gangs. In 

Costa Rica, the infiltration of the cartels has been seen in its rising homicide rates. The 

association between narcotic trafficking and homicide has been linked to many cases 

from the Forensic Science Complex.  

Narcotrafficking Violence in Costa Rica  

In Costa Rica, according to the Overseas Security Advisory Council (2016), crime 

rate is at an all-time high reaching approximately 566 homicides in the year 2015, which 

is an increase of twenty percent from the recent year (Dennis, 2017; Fallas, 2017). This 

significant number of increased homicides quickly turned the heads of security officials 

and forensic analysts alike. According to the World Health Organization, the level of 

growth in homicides lead this to an outstanding level of 10 homicides per 100,000 

inhabitants which is an endemic level of homicide (OSAC, 2016). Doggett, 2011, 

reported that in the year 2011, Costa Rica was one of the countries not on this endemic 

level. In only four years, Costa Rican homicide numbers have grown far more 

significantly than anticipated creating this problem. Costa Rica now has the highest 

number of homicides in its history (Fallas, 2017).  

In 2016, the homicide levels reached an astounding number of 578 homicides 

with a number of 11.8 homicides per 100,000 inhabitants (Fallas, 2017). The year 2017 is 

already on track to reaching an even higher number of approximately 600 homicides and 

12 homicides per 100,000 inhabitants (Fallas, 2017). By 2026, the projection of 

homicides by the Judicial Investigation Organization (OIJ) shows an increase up to 854 
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homicides and 15.8 homicides per 100,000 inhabitants. From the beginning of the year 

2017 until June 30th, 2017, there has been a recorded 278 homicides which is higher than 

this point within the previous  year (Fallas, 2017). These projections show a massive 

increase in homicides and it can be inferred that the influence of drug trafficking into 

Costa Rica is the source of this problem.  

The government and citizens of Costa Rica have focused their attention on the 

astounding presence of illicit drugs (OSAC, 2016). Costa Rica’s security minister aids 

that these homicides are directly linked to drug trafficking (Lohmuller, 2016). Drug 

trafficking impacts the increase of supply of guns in circulation and violence as an outlet 

for conflict resolution (Demombynes, 2011). In 2015, the security minister called for a 

creation of a new unit to fight this illicit drug crime that would investigate every 

homicide that was suspected of being related to the trafficking of drugs (Lohmuller, 

2016). The U.S Department of State also called for action in three ways; one including 

“using advanced investigative techniques aimed at organized crime;…” (U.S. Department 

of State, 2016). This research could assist in this call to action by the security minister 

and by the U.S. Department of State by creating a better understanding of how violence 

proceeds to homicide in narcotraffickers.  

The negative influence that the narcotraffickers have on violence has had a 

palpable effect on society, which has made counter-narcotic efforts a top political issue 

(U.S. Department of State, 2016). Attorney General Jorge Chavarŕia noted that this 

increase in violence is attributed to the “ “Mexicanization” of Costa Rican criminal 

groups” (Dennis, 2017). Foreign crime groups and cartels have infiltrated and influences 

small crime groups in Costa Rica to assist in the drug trade which then ensue to violence. 
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Attorney General Chavarŕia also warned that these groups are training and recruiting 

local gangs. The Sinaloa Cartel, Zetas, and Gulf cartel are three major Mexican cartels 

that have created a violent influence. These three cartels have originated in Mexico. 

These Mexican cartels have infiltrated and begun to recruit drug traffickers in Costa Rica. 

Intense narcotrafficking into Costa Rica has been cited as the root cause of these 

high levels of violence (Demombynes, 2011). The United States of America’s Central 

Intelligence Agency also noted that the illicit drugs transported into and out of Costa Rica 

are “cocaine and heroin from South America; illicit production of cannabis in remote 

areas; domestic cocaine consumption, particularity crack cocaine. . .; significant 

consumption of amphetamines; seizures of smuggled cash in Costa Rica and at the main 

border crossing to enter Costa Rica from Nicaragua . . .” (CIA, 2008).  

Bone trauma patterns and correlations with war conflict and abuse  

 The significant number of homicides associated with narcotrafficking violence 

has reached numbers that can no longer be ignored. The rise of homicide rates has 

impacted the security of the nation and the future of it as well. Research into the modus 

operandi of these narcotraffickers could shed light on their tactics and intentions which 

could greatly increase the knowledge of the forensic pathologists, forensic 

anthropologists, and police tasks force. Along with this knowledge, there is a growing 

need for further development in forensic anthropology in Costa Rica. The development of 

forensic anthropological methods aimed at identifying sharp force trauma and penetrating 

trauma in association with narcotrafficking will assist in the development of more 

simplified methods.  
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 Forensic anthropology being a multidisciplinary field has assisted in the 

development of understand past war crimes, conflicts, missing persons cases, and other 

unknown identifications of individuals. In cases of war, forensic anthropologists have 

been able to positively identify remains in mass graves, clandestine graves, and even 

tombs from the Neolithic times. In the 1991 war between Croatia and Serbia massive 

destruction and loss caused for individuals from war to go missing and later become 

unidentified bodies (Šlaus et al., 2007). Civilians and military personnel were both 

massively executed and comingled graves with no distinction between the two. In the site 

from Croatia, 61 individuals were found in 13 different wells (Šlaus et al., 2007).  

Cranial and pelvic landmarks were observed to identify sex of the unidentified 

individuals (Šlaus et al., 2007). Analysis of the perimortem trauma was evaluated 

utilizing standards commonly used in forensic anthropology. “This included the types of 

perimortem traumas (one or multiple gunshot wounds, shrapnel traumas, blunt force 

trauma, etc.), the number and distribution of traumas on the body or skeleton, and the 

location and pathways of the gunshot wounds as determined by the locations of entrance 

and exit gunshot wounds defined by the criteria of Di Maio, Smith et al., and 

Quatrehomme and İşcan” (Šlaus et al., 2007).  

Another war in Dubrovnik, Croatia in 1944 ended with mass executions with 

mass graves (Borić et al., 2011). Forensic anthropologists located approximately 10,000 

bone and bone fragments from the mass grave (Borić et al., 2011). Anthropologists were 

able to identify gunshot wounds in multiple individuals even after fifty years of being 

buried. Some fragments were identified as partial skull fragments that were thought to 
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have been fragments through gunshot wounds but most wounds were not found (Borić et 

al., 2011).  

 With the utilization of standards imposed by past forensic anthropologist, present 

forensic anthropologists can ensure quality identifications, analysis and biological 

profiles of individuals from all stages of time. Analysis of age, sex, stature, ethnicity, 

pathologies and much more can be uncovered while using methods put forth by the 

scientists who have performed these studies. It is necessary to cross apply these standards 

throughout any forensic anthropological practice as they were utilized in this research. 

From past war crimes to present day narcotraffickers, forensic anthropology assists in the 

understanding of time surrounding death.  
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CHAPTER III 

MATERIALS AND METHODS 

Materials  

Skeletal material used in this study was from a population of victims in provinces 

from Costa Rica from the Forensic Science Complex in San Joaquín de Flores, Heredia 

between January 2015 and September 2017. Photographs and reports were utilized to 

analyze skeletal material from January 2015 until July 2017. Characteristics from each of 

these cases were assessed by variables. These cases were analyzed and categorized by the 

contexts in the reports from forensic anthropologist Georgina Pacheco. Contexts that 

presented circumstances that were possibly associated with narcotrafficking were then 

chosen as a part of the study. The subjects assessed by Georgina Pacheco were from the 

forensic pathology department in the Medico-Legal Department. If any skeletal 

abnormalities were observed, a consultation was necessary from the forensic 

anthropologist.  This consultation was only on the bones containing abnormalities and not 

always the entire skeleton.  

 The overall assessment contained metric measurements, classifications, and 

comparisons between bone fracture patterns. The characteristics of the bones were 

assessed and categorized according to their specifications. Context pertaining to the 

victim and its surroundings were also analyzed.  Reports from 2015 until 2016 were 

performed and signed off by Georgina Pacheco and were further assessed by a forensic 

pathologist in the Medico-Legal Department.  

Subjects brought to the Forensic Science Complex were not always skeletonized. 

Certain remains underwent skeletonizing processes. This process may either be through 
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using water and detergent or through utilization of the forensic entomology section of the 

Forensic Science Complex known as Dermestidae. Using a population of skeletal 

remains from victims in the nation of Costa Rica (n=6), patterns of bone trauma such as 

dismemberment and/or gunshot were be measured and photographically recorded. 

Concurrently, insurgent group and crime data were obtained for this specific region 

noting homicidal rates, and other drug-crime related information. This information was 

used for interpretation of context and evidence surrounding these homicides. 

Furthermore, it was used to measure the rates of homicides related to narcotrafficking in 

the seven provinces of Costa Rica.  

The three tables were utilized to categorize and organize data collected from the 

bones analyzed. Statistical evaluation of the collected datat were applied using the 

software JP Pro 12.2.1 (SAS Institute Inc. 2016). Chi-Squared tests were performed, 

since the datat was nomial, to determine if any statistically significant relationship was 

present between bone types, bone trauma dimension and location of victims. No names, 

case numbers or identifiers of any individuals studied in this research were disclosed in 

the process of this research in respect to the families. Some of the cases utilized in this 

research are still pending analysis but have been linked through context to 

narcotraffickers.  

Methods 

  This study focuses on dismemberment patterns and gunshot wounds associated 

with individuals associated with narcotrafficking in Costa Rica. Before analysis, each 

case was put into anatomical order and cleaned, if necessary. In some cases, only the 

specific bones containing pathologies were analyzed while the rest of the subject was 
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kept separately. Case studies from January of 2015 until June of 2017 were analyzed 

through photographs, context, and final reports. The final reports contained 

measurements from the analysis performed by forensic anthropologist Georgina Pacheco.  

Each bone containing pathologies was numbered. The individuals were sorted in 

chronological order from the first case in 2015 until the last case in 2017. Each case was 

labeled as “subject X” as to provide anonymity to the individuals. Each bone that 

belonged to the subject was then labeled with a number in numerical order along with 

each pathology on the bone. For example, “Subject_1_2_1” where the first number 

identifies the subject, the second identifies the bone, and the third number identifies the 

pathology on the bone. Photographs of each bone and pathology were taken and labeled 

in accordance to the number.  

Measurements and photographs from case studies were gathered through final 

reports written by Georgina Pacheco. Case numbers, identifiers, and any possible 

connection were omitted from the analysis for anonymity. Cases were chosen according 

to context surrounding the death found in the beginning of each report. If the case was 

not directly associated with narcotrafficking, it was omitted from this study. Some 

pathologies were not mentioned in the reports and were therefore not recorded in this 

study.   

Analysis of each pathology on the bones of the subjects followed the table below 

in regards to the process of analysis.  
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Table 4: Diagnosis of Skeletal Trauma 

 

Trauma type, observation, kerf, concave, convex, measurement, serrated/non-

serrated, surface texture, superficial/deep, geographical location, bone location, direction, 

antemortem/perimortem/postmortem, and photo number were all recorded to run 

analysis. Photographs were taken of each pathology from bones from each subject. Final 

reports of some cases were not completed at time of analysis.  

1. Inventory of all affected bones   

2. List the location of specific affected 

areas on bone, including the 

side/region/aspect 

 

3. Provide a description of The number and types of fractures or 
defects 
The presence of any abnormal bone shape, 
growth, or loss 
The severity, state, and distribution of 
abnormal bone changes 

4. Documentation of any radiographic 

evidence 

Fractures or Weaponry 

5. Estimation of timing of fractures based 

on:  

Presence of bone reaction (remodeling) 
Color of fractured edges  
Shape of defect or cut mark 
Size of affected area 
Defect or cut mark 
Appearance of tissue bending 
Location of affected area 
Number of fractures or cut marks  

6. Estimation of the mechanism of injury, 
class of weapon, distance of fire or blast, 
and victim’s position releveant to the 
direction of the force in relation to the point 
of impact 
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The geographical location of each subject found was also recorded to create a 

distribution of location. The context surrounding the deaths was also reviewed for 

insights into narcotrafficking activity.  
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CHAPTER IV 

RESULTS 

 An anthropological assessment was performed on the skull, mandible, humerus, 

ulna, carpal, vertebrae, femur, and tibia on 6 subjects from Costa Rica. Not all bones 

were available for each subject. The focus of this project was to identify a modus 

operandi specific to narcotrafficking groups in Costa Rica that would be identifiably 

distinctive from local gangs. Subjects were assessed using metric analysis, identification 

of kerf, false starts, position, depth, and trauma type. Inventory was taken, list of the 

location of the specific affected areas on the bone, including the side/region/aspect, 

description of bone abnormalities, documentation of evidence, estimation of fractures 

based on association, and estimation of mechanism of injury from an application of 

Kimmerle & Baraybar’s table of identification (2008).    

 It is critical to note that data from 2015 until 2016 were not fully utilized. Many 

pathologies photographed were not described in the report. Although photographed, 

metric analysis was not described therefore the data was significantly lower than 

anticipated. Data was also truncated due to the inconsistency of a controlled variable.  

  All six subjects analyzed were males. Three out of the six subjects were analyzed 

in person while the other three were assessed through photographs, context, and reports. 

Five out of six individuals contained sharp force trauma. One out of six subjects 

contained penetrating trauma.  Three out of the six individuals were found in a province 

that is not land locked. Table 5 summarizes the bone samples available for each 

individual in this study.  

 



	 Texas	Tech	University.	Kashmiere	N.	McGee,	May	2018	 	 	

 46	
 

Table 5: Bone Distribution from Subject 1-6 

Bone Distribution 
 Skull Mandible Vertebrae Carpal Humerus Ulna Femur Tibia 
Subject 1 X     X   
Subject 2 X        
Subject 3 X X       
Subject 4  X   X  X X 
Subject 5   X X X  X  
Subject 6     X  X  
 

Subject 1 

 Subject 1 was recovered near a farm, covered in mud by a farm hand near Caño 

Sirena in Limon, Costa Rica in 2015. The area in which the individual was found was a 

heavily forested area which made discovery of skeletal inventory difficult. Two recovery 

attempts then collected all of the skeletal inventory. The skeletal inventory was then 

passed from a forensic pathologist to forensic anthropologist, Georgina Pacheco. 

Inventory included one skull and two ulnae as shown in Table 6. Table 6 represents a 

summary of all skull trauma injury dimensions measured for subject 1.  
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Table 6: Metric Analysis from Subject 1: Impacted Skull 
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 The skull exhibited areas of impact critical to skeletal analysis. The occipital 

bone exhibited penetrating trauma that was deep and inflicted by a non-serrated object 

which penetrated the inner table. This impact was a perimortem injury.  

 A perimortem injury was observed on the right parietal eminence. This 

evidence of sharp force trauma was exhibited near the sagittal suture. The injury was 5 

centimeters in length, 0.1 centimeters in width and 0.2 centimeters in depth. The internal 

and external boarders were extended due to the sharp force trauma. The frontal bone also 

contained perimortem sharp force trauma that extended from the right orbital surface, the 

metopic suture, the left frontal eminence, diagonal to the bregma extending to the right 

parietal bone. This was a radiating fracture resulting from an impact that sent kinetic 

energy radiating through the skull. The full length of the radiating fracture was 18 

centimeters. The kerf of the initial impact resembled a “V” convex which is usually 

associated with a sharp knife, and in this instance, a machete.   

 

 Figure 9: Sharp force trauma lesion to 
the occipital bone showing a “V” kerf 



	 Texas	Tech	University.	Kashmiere	N.	McGee,	May	2018	 	 	

 48	
 

 

  

 

 

 

 

 

 

  

 

 

 

  

 Subject 1 was found in alarming circumstances but was still considered to be 

associated with a suspected gang instead of a narcotrafficking group. There was no 

evidence of drug trade through the context of the report or the whereabouts that the 

remains were found. These conclusions revealed that this individual’s homicide was not 

associated with a suspected narcotrafficking group.  

Subject 2 

 Subject 2 was a missing male from Mexico that went missing in Costa Rica in 

2015. This subject was of Mexican decent and had been reported missing to the police in 

Costa Rica. Subject 2 was found in Guanacaste, Costa Rica which is on the North-West 

Figure 10: Sharp force trauma and 
radiating fracture on frontal bone of 
Subject 1 
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portion of Costa Rica. Guanacaste is bordered by the Pacific Ocean. Table 7 represents 

the skull measurements on subject 2.  

 

 

 

 Subject 2 contained evidence of blunt force trauma and penetrating force 

trauma, both to the skull. All inflicted wounds on subject 2 were determined to be 

perimortem trauma.  A concentric fracture was located on the frontal bone which 

indicated blunt force trauma. The length of the fracture was 1.5 centimeters and 1.3 

centimeters deep. The second inflicted wound was found on the parieto-occipital bone. 

Internal beveling suggests that this was an entrance wound from a penetrating object. The 

length of the entrance wound was 2 centimeters.  
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Table 7: Metric Analysis from Subject 2: Impacted Skull 
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Subject 2 was a suspect of a local gang affiliation due to the nature of his 

homicide. He was of Mexican decent but provided no evidence towards the association 

with drugs. The presentation of the subject also indicated that extended drug use was not 

a factor in the death of the individual due to the quality of the teeth of the subject.  

Therefore, subject 2 was categorized as a subject involved with a suspected gang.  

Figure 11: Entrance wound to the parieto-occipital bone on subject 2. 
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Subject 3 

 Subject 3 was located in San Jose, Costa Rica in 2016. Subject 3 was buried 1.37 

meters in the ground and was required to be exhumed.  Subject 3 was male. Subject 3 

contained a penetrating trauma to the skull that caused radiating fractures due to a high 

velocity impact from the penetrating object. The following figure outlines the entrance 

wound along with the radiating trauma due to the gunshot wound. The figure has been 

cropped to ensure anonymity.  

 

Figure 12: Dentition of subject 3 was in quality condition excluding possibility of extended drug use 
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Figure 13: Subject 3 entrance wound and radiating fractures along the skull 
and mandible with six-skull views 
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Table 8: Metric Analysis from Subject 3: Impacted Skull 
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The wound on the nuchal line showed delamination and internal beveling 

suggesting an entrance wound. The entrance wound was a length of 1 centimeter. The 

radiating fractures were then detailed into three different fracture patterns. The first was 

to the occipital bone, second to the scaphoid fossa, and third on the right mandibular 

condyle. No measurements were reported in the official report. Due to the difference in 

time, the skull was not available for further evaluation.   

 Due to the context of the report, it was determined that subject 3 was associated 

with a suspected narcotrafficking group. It was known by both law enforcement and 

forensic pathologists that this individual was involved in narcotrafficking. Subject 3 was 

the first of 6 subjects to be named a suspected narcotrafficking victim.  

Subject 4 

 Subject 4 was found under suspicious circumstances in May of 2017 in Heredia, 

Costa Rica. An informant provided information on a homicide investigation. The 

Figure 14: Penetrating trauma on the occipital bone of subject 3 
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information was the whereabouts of an individual who was murdered. After conducting a 

search, sector of earth appeared to be muddled with and there a burned body in a state of 

decomposition. The subject had been suspected missing for approximately nine days.  

 Subject 4 was in a state of decomposition but was found burned. 36 wounds were 

identified on subject 4. The subject presented obvious signs of attempted dismemberment 

through sharp force trauma impacting the limbs.  

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 9: Metric Analysis from Subject 4: Impacted Left Humerus  
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Figure 15: False start lesions on left humeral head 
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 The humerus was dismembered at the proximal humerus. The total length of the 

humerus was 10.3 centimeters. Three out of the five inflicted lesions were found on the 

proximal anterior head. The first impacted lesion was a horizontal cut mark on the 

anterior head of the humerus. The length was 3.4 centimeters, width was 0.6 centimeters, 

and the depth was 0.1 centimeters. The kerf resembled a “Y” convex indicating a sharp 

object used. The second lesion was directly below the first lesion on the anterior head of 

the humerus. Its length was 3.5 centimeters, width was 0.6 centimeters, and depth was 0.1 

centimeters. The kerf resembled a “Y” convex. The third lesions on the anterior humeral 

head was 3.5 centimeters in length, 1.4 centimeters in width, and 0.5 centimeters in 

depth. This kerf also resembled a “Y” convex. All three lesions were inflicted with a non-

serrated object.  

 

 

 

 

 

 

 

 

 

 

Subject 4 contained multiple perimortem injuries to the femur. The total length of 

the femur measured at 17.6 centimeters. The most proximal cut mark on the anterior 

Table 10: Metric Analysis from Subject 4: Impacted Left Femur  
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distal lateral shaft was a superficial false start that measured 2 centimeters in length, 0.01 

centimeters in width and 0.01 centimeters in depth. It is critical to be noted that the 

measurement of this lesion could be interrupted by the burning found on the bone. The 

next cut mark on the anterior distal lateral shaft was another superficial false start that 

measured 2.4 centimeters in length, 0.05 centimeters in width, and 0.05 centimeters in 

depth. One more false start was observed on the anterior distal lateral shaft that measured 

4.3 centimeters in length, 0.05 centimeters in width, and 0.05 centimeters in depth. This 

cut had a “V” convex. All three false starts were horizontal and inflicted by non-serrated 

tools.  

 

 

 

 

 

 

 

 

 

 

 

The fourth cut mark observed on the left femur was located on the anterior distal 

condyle. This cut mark was a complete sectioning of the condyle. It measured 6.5 in total 

length, 2.4 centimeters in width and 0.7 centimeters in depth. This was a transverse cut 

Figure 16: False start lesions on left femur 
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mark that severed the distal portion of the condyle on the distal femur. This sectioning 

was inflicted with a non-serrated tool. The kerf on the femur was also a “V” shaped 

convex that was shallow and wide.  

Due to the circumstances of the homicide and surrounding context, it was 

determined this individual could have been involved with a suspected narcotrafficking 

group.  

Subject 5  

 Subject 5 and 6 were found in conjunction with one another. An informant 

notified the local homicide unit of possible murdered persons in Heredia, Costa Rica on 

Route 32. Five plastic bags with apparent human remains were then located in a wooded 

area. The bodies were then received at the medico-legal department in black plastic bags. 

Skeletal inventory passed from the pathology to anthropology included the right humerus 

and both femora.  
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Subject 5 exhibited multiple lesions on the left humerus. The left humerus was not 

complete and exhibited signs of dismemberment. The total length was 11.5 centimeters. 

Twelve total cut marks were located on the left humerus. Figure X, shown above, shows 

the comparative lengths, widths, and depths of the lesions on the left humerus for subject 

5.  

The first lesion on the anterior shaft measured at 0.3 centimeters in length. The 

second lesion on the anterior shaft measured at 0.4 centimeters in length. The third lesion 

on the anterior shaft measured at 0.2 centimeters in length. The fourth lesion on the 

anterior shaft  measured at 0.1 centimeters in length. The fifth on the anterior shaft 

measurement measured at 0.9 centimeters in length. The most proximal five lesions were 

all superficial horizontal false starts. No kerf was observed in the first five lesions.  
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The sixth cut mark exhibited more force being used from the tool used to inflict 

the cut marks by the width and depth of the cut marks. The sixth transverse lesion on the 

anterior shaft measured at 0.8 centimeters in length, 0.7 centimeters in width and 0.7 

centimeters in depth. A “W” convex was observed. The seventh horizontal lesion on the 

anterior medial shaft was 1 centimeter in length 0.8 centimeters in width and 0.7 

centimeters in depth. A “W” convex was observed. Lesion six and seven were both 

superficial false starts. The kerfs on lesion six and seven were serrated and indicated a 

saw being used a tool.  

Lesion eight was a deep false start on the anterior medial shaft that measured at 

0.1 centimeters in length, 0.6 centimeters in width, and 0.6 centimeters in depth. Lesion 

nine on the anterior medial shaft measured 0.3 centimeters in length, 0.6 centimeters in 

width, and 0.6 centimeters in depth. Lesion ten on the midline of the anterior shaft 

indicated a more forceful use of the tool being used as the length and depth began to get 

significantly larger. The tenth lesion measured at 1.3 centimeters in length, 1 centimeters 

in width, and 0.1 centimeters in depth. A “W” convex was observed.  The eleventh lesion 

on the anterior shaft measured at 1 centimeter in length, 0.7 centimeter in width, and 0.7 

centimeters in depth. A “W” convex was observed. The twelfth lesion on the midline of 

the anterior shaft measured at 1.3 centimeters in length, 0.5 centimeters in width and 0.7 

centimeters in depth. At 11.5 centimeters, the humerus was completely severed.  

The humeral lesions all were indicative of attempts at dismembering subject five. 

Twelve lesions were observed while the thirteenth lesion was the only complete section. 

The majority of the lesions contained serrated cut marks indicative of a saw-like tool 

used.  
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 Subject 5 exhibited multiple lesions on the left femur. Five different lesions were 

observed on the femur. The total length of the sectioned femur measured at 21.9 

centimeters. The first was a horizontal superficial false start on the superior femoral head 

measured at 1.3 in length. The kerf of the lesion was serrated. The second lesion was a 

horizontal superficial false start on the superior femoral head which measured at 1.8 

centimeters in length. The kerf of this lesion was serrated.  The third lesion was a 

transverse superficial false start on the superior femoral head which measured at 2.5 

centimeters in length. The kerf of this lesion was serrated.  

 The fourth lesion on the left femur was a transverse false start on the posterior 

femoral head that measured at 1.2 centimeters in length, 1 centimeter in width, and 0.2 

centimeters in depth. This lesion’s kerf was serrated. The fifth lesion on the was a 

transverse false start on the posterior femoral head that measured 1.4 centimeters in 

length, 0.9 centimeters in width and 0.3 centimeters in depth. The final lesion on the was 
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Table 12: Metric Analysis from Subject 5: Impacted Left Femur 
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a complete section at 21.9 centimeters on the femoral shaft. All lesions on the left femur 

were serrated.  

 

 

 

 Subject 5 contained multiple lesions on the right femur. Six different lesions were 

observed on the right femur. The total length of the sectioned femur was 20.7 centimeters 

in length. The first lesion was a vertical superficial false start on the anterior femoral head 

which measured at 1.8 centimeters in length and 0.9 centimeters in width. The second 

lesion was a vertical superficial false start on the anterior femoral head that measured at 

0.6 centimeters in length.  

 The most lateral cut mark on the superior femoral head was a vertical deep false 

start measuring at 1.3 centimeters in length and 0.5 centimeters in width. The next lesion 

was a vertical deep false start on the superior femoral head that measured at 2.1 

centimeters in length, 1 centimeter in width, and 1 centimeter in depth. The next lesion 

was a vertical deep false start on the superior femoral head that measured at 1.4 
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Table 13: Metric Analysis from Subject 5: Impacted Right Femur 
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centimeters in length, 0.1 centimeters in width and 0.05 in depth. The last lesion was a 

vertical deep false start on the superior femoral head that measured at 1.5 centimeters in 

length, 0.1 centimeters in width and 0.1 centimeters in depth. The next lesion was a 

complete section at 20.7 centimeters on the femoral shaft.  All lesions resembled the kerf 

of a serrated tool.  

 The lesions presented on the femora get significantly deeper from the most 

proximal cut to the most distal cut mark. The false starts are indicative of trial and error. 

The individuals attempting to dismember subject 5 attempted six times before making a 

complete section on the bone. The load of stress on the bone was too little until a final 

load of stress that caused plastic deformation in the bone.  

Subject 6  

 Subject 5 and 6 were found in conjunction with one another. An informant 

notified the local homicide unit of possible murdered persons in Heredia, Costa Rica on 

Route 32. Five plastic bags with apparent human remains were then located in a wooded 

area. The bodies were then received at the medico-legal department in black plastic bags. 

Skeletal inventory passed from the pathology to anthropology included both humeri and 

both femora.   
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 Subject 6 exhibited multiple lesions on the right humerus. Three different lesions 

were found on the humerus. The total length of the sectioned humerus was 7.2 

centimeters in length. The first lesion was a transverse deep false start on the lateral 

humeral shaft that measured at 0.3 centimeters in length, 0.8 centimeters in width, and 

0.2 centimeters in width. The second lesion was a transverse deep false start on the lateral 

humeral shaft that measured at 0.7 centimeters in length, 0.7 centimeters in width and 0.7 

centimeters in depth. the third lesion was a transverse deep false start on the lateral 

humeral shaft that measured at 0.5 centimeters in length, 0.7 centimeters in width and 0.7 

centimeters in depth.  

 

 

 

 

 

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9

2

3

4

Subject	6:	Right	Humeral	
Measurements	

Depth	(cm) Width	(cm) Length	(cm)

Table 14: Metric Analysis from Subject 6: Impacted Right Humerus 
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 Subject 6 exhibited one lesion on the left humerus. The left humerus was a 

complete sectioned bone that contained one lesion. The total length of the sectioned 

humerus was 4.7 centimeters in length. The lesion was a deep serrated false start the 

humeral shaft that measured at 0.3 centimeters in length, 0.9 centimeters in width and 0.2 

centimeters in depth. The lesion’s kerf resembled a serrated kerf.  
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Subject 6 exhibited multiple lesions on the right femur in two fragments. The 

femur was completely sectioned 17.5 centimeters and 16.3 centimeters in length. The 

proximal fragment contained one transverse deep lesion with 1 centimeter in length, 0.1 

centimeter in width, and 0.7 centimeters in depth.  A “W” convex was observed.  

The second fragment of the femur contained six lesions. The most proximal was a 

transverse deep lesion on the posterior femoral shaft that measured at 0.2 centimeters in 

length, 0.9 centimeters in width, and 0.1 centimeters in depth. The lesion’s kerf 

resembled a serrated tool. The second lesion was a deep horizontal lesion on the posterior 

lateral femoral shaft measured at 0.5 centimeters in length, 0.5 centimeters in width and 

0.2 centimeters in width. The third lesion was a deep false start on the posterior, lateral 

femoral shaft that measured at 0.7 centimeters in length, 0.9 centimeters in width, and 0.4 

centimeters in depth. The fourth lesion was a deep false start on the anterior lateral 

femoral shaft that measured at 0.5 centimeters in length, 0.7 centimeters in width, and 0.2 

centimeters in depth. The fifth lesion was a deep false start on the anterior lateral femoral 

shaft that measured at 0.4 centimeters in length, 0.2 centimeters in width, and 0.2 

centimeters in depth. the sixth lesion was a deep false start on the anterior lateral femoral 

shaft that measured at 0.4 centimeters in length, 0.2 in width, and 0.2 centimeters in 

depth. The final lesion was a complete section at 16.3 centimeters.  

Both subject 5 and 6’s “W” kerfs and a serrated edge support the assumption of a 

serrated tool used to inflict the impacted wounds. ”W” convex were found in multiple 

lesions found on the bones of subject 6.  Context found in evidence assisted in 

understanding the tools used to impact the wounds found on the bones. Two saws were 
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both submitted with the evidence and were compared to the wound. One was a match and 

therefore was considered the weapon in which was used to dismember the individuals.  

 

 

 

 

 

 

 

 

 

 

 

 

Geographic Location  

The final phase of this project was to evaluate any possible correlation of the 

observed bone trauma patterns to the distribution of the drug traffic groups in the 

geographical region. Both dismemberment and gunshot patterns were correlated as a 

function to the crime rates and location. As per national news, Limon was found to be the 

highest state of narcotrafficking influence in Costa Rica. Due to its permeable border, 

Limon is directly influenced by the narcotrafficking from the Caribbean islands and seas.  

This study analyzed six victims over a 3-year reporting period through the country 

of Costa Rica. Within those three years, many homicides occurred but due to the 

Figure 17: Subject 6: Right Femora. Arrow points to “W” convex profile and serrated striations  
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overwhelming amount of homicides, many cases were absolved by the forensic 

pathologists. However, due to certain skeletal analysis and its complexity, many cases 

flowed towards the forensic anthropologists. In this case, the six cases were skeletal 

specific cases. Of these six cases, four were considered to victims of narcotrafficking 

groups through their specific modus operandi. The following map reveals that although 

the recent data suggest that the permeable borders allow for an increase in 

narcotrafficking, the most homicides committed are in Heredia, Costa Rica. Two subjects 

were found in Guanacaste and Limon which equvilate to approximately one third of the 

entire population of victims.  

Although Heredia is close to the Caribbean Sea boarder, it is not directly bordered 

by the coast line. Heredia is bordered by Nicaragua and Limon, Costa Rica. However, 

being a direct connection between Limon and Nicaragua, it is a possibility that this is a 

direct correlation between the influence of narcotrafficking and the influence of 

permeable borders.  
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Figure 18: Province Map of Costa Rica 
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Statistical Testing 

 Due to truncated data, analysis of the six subjects were broken into two categories 

according to bone differentiation. Subjects 1-3 were grouped together as they all shared 

the bone collected for analysis. Subjects 4-6 were grouped by sharing humeri and femora 

bone trauma patterns. The analysis of these individual bones allowed for more 

differential analysis of the metric analysis. 

Subject 1-3 

 Subjects 1-3 were analyzed comparatively due to the impacted skull. The three 

impacted skulls were analyzed comparatively. Subject 1 and 2 contained sharp force 

trauma while subject 3 exhibited penetrating trauma. Subject 1 and 2 were victims from 

2015. Subject 3 was a victim from 2016. All three skulls were collected along with other 

skeletal inventory but due to the lack of data, the three skulls were collaborated for data. 

The average length for all three of the subject’s skull trauma was 3.67 cm in length. The 

averages of the width and depth were not plausibly calculated due to missing data from 

the reports. The largest trauma was observed by length measurement on subject 1. The 

skull contained a large length but small depth and width. The smallest trauma was 

observed on subject 3 due to the type of trauma being penetrating trauma.  
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Subject 4-6 

 Subject 4-6 were analyzed comparatively due to the impacted humeri and femora. 

The three impacted subjected were compared through averages. Listed in Figure X 

below, subject 4 showed significant differences in the length of the lesions. The lesions 

inflicted on the impacted humeri were approximately 2 inches longer than the lesions on 

subject 5 and 6. However, depth and width of lesions on subject 5 and 6 were 

significantly larger than those presented on subject 4.  
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	 Texas	Tech	University.	Kashmiere	N.	McGee,	May	2018	 	 	

 72	
 

 

 

 

 

0 1 2 3 4 5 6 7

4.3
4.4
4.5
4.6
5.2
5.3
5.4
5.5
5.6
6.2
6.4

Comparison	of	Impacted	Femora	

Depth	(cm) Width	(cm) Length	(cm)

0 0.5 1 1.5 2 2.5 3 3.5 4

4.2

5.2

5.4

5.6

5.8

5.1

5.12

6.2

6.4

Comparisons	of	Dimensions	of	Impacted	
Humeri		

Depth	(cm) Width	(cm) Length	(cm)

Table 19: Comparison of Dimensions of Impacted Humeri: Subject 4-6 
 

Table 20: Comparison of Dimensions of Impacted Femora: Subject 4-6 
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CHI-SQUARE TESTS 

 Three Chi-square test were ran in JMP 12 Pro to establish significance amongst 

variables. Chi-squared tests were used to test whether the observed frequencies 

accumulated significant differences from the expected frequencies. To reiterate, the 

hypothesis were as followed: 

Ho1: The modus operandi of each cartel will be identifiably different from one 

another as observed from the bone trauma patterns of the victims therefore linking each 

case received to the cartel responsible. 

Ho2: Homicides related to narcotrafficking in the studied geographical regions 

vary as a function of the particular province under analysis. It is hypothesized that due to 

the increasing rates of homicide, permeable borders, and a higher level of 

narcotrafficking presence in the province of Limon, Costa Rica there will be a higher 

incidence of victims. 

 A chi-squared statistic was calculated to identify any significant relationship 

between the location, bone type, and length. The test was found to be statistically 

significant (df-6, n=6) =33.412, p<0.0001*. 

 The results suggest that the categorical variable location directly correlates to the 

type and extent of bone trauma. With this chi-square test significance, we reject the null 

hypothesis. In Limon and Guanacaste, the predominant bone inflicted was the skull. In 

Heredia and San Jose, the femur and humerus were predominant. In Heredia, 34.39% of 

femur inflictions, 20.21% of humeri inflictions, and 0% of skull inflictions were 

observed. In Limon, only 34.06% of skull inflictions were observed. In San Jose, 4.12% 
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of skull inflictions were observed. The following table reviews the chi-squared results for 

the relationship between the location, bone type, and length.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

A second chi-squared test was conducted to assess the relationship between the 

violent group, bone type and length. This chi-squared test was assessed to find the 

significance of the first hypothesis. The test was found to be statistically significant (df-2, 

n=24) =12.086050, p<.0001*.  

Test ChiSquare Prob>ChiSq 

Likelihood Ratio 33.412 <.0001* 

Table 21: Chi Square Contingency Plot: Location, Bone type and Length  



	 Texas	Tech	University.	Kashmiere	N.	McGee,	May	2018	 	 	

 75	
 

 The results suggest that the skull is a predominant area of infliction for suspected 

gang groups. The femur, humerus and skull are predominant areas of infliction for 

suspected cartels. The results suggest that the hypothesis can be accepted and that there is 

a significant difference in the modus operandi of narcotrafficking groups as compared to 

suspected gangs. The suspected narcotrafficking groups inflicted wounds on 34.39% of 

femora, 20.21% of humeri, and only 4.12% of skulls. The suspected gangs inflicted 

wounds on 41.38% of skulls. The following table represents the chi-squared results for 

the relationship between violent groups, bone type and length.  
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Table 22: Chi Square Contingency Plot: Violent Group, Bone type and Length   
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A third chi-squared test was calculated to assess the relationship between bone 

type and wound length between subjects 4, 5, and 6. The test was found to not be 

statistically significant (df-2, n=26) =1.0536180, p<0.3487.  

 The results suggest that even though femur bone length trauma dimensions are 

somewhat increased for this bone type, the Chi-square testing did not show a statistical 

difference between type of bone and the corresponding length of the trauma observed. 

The narcotrafficking groups target the femur as a significant location for dismemberment. 

Of the inflicted wounds on subject 4,5, and 6, 62.99% were located on the femur. All 

three subjects were suspected victims of narcotrafficking groups. Of the inflicted wound 

 on subject 4, 5, and 6, 37.01% were located on the humerus. The following table 

represents the results from the chi-squared test for relationship between the bone type and 

length from subjects 4,5, and 6.  
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Table 23: Chi Square Contingency Plot:  Subject 4-6 – Bone type and Length  
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CHAPTER V 

DISCUSSION 

Modus Operandi of Narcotrafficking groups 

 Since 2015, the infiltration of narcotrafficking groups to Costa Rica has made a 

significant impact on the homicide rates. Costa Rica is currently at an epidemic level of 

homicide according to the World Health Organization of more than 10 homicides per 

100,000 inhabitants. Currently, Costa Rica’s levels are at 12.1 homicides per 100,000 

inhabitants reaching the country’s highest in history. In 2017, the homicide rates reached 

603 homicides which averaged to approximately 1.65 homicides a day.  

 Through analysis of six different subjects, patterns were observed to represent a 

modus operandi of a narcotrafficking group. Of the six subjects, 66% found were 

suspected to be associated with narcotraffickers. Of those 66%, all were male. Of those 

66%, all contained evidence of dismemberment. The dismemberment location primarily 

was concentrated on the extremities. Lesions on the humerus and femur combined 

represented 54.6% of the total lesions. Of those total lesions, 45.4% were concentrated on 

the skull. However, the only skull associated with narcotraffickers was found in San Jose 

and was 4.12% of the total lesions. A total of 58.72% of the subjects were associated with 

a suspected narcotrafficking group. Of all lesions, 100% were inflicted perimortem.  

 The modus operandi of the narcotraffickers gears particularly towards the outer 

extremities. Saws were the tool of choice by the narcotraffickers when dismembering 

subject 5 and 6 which, combined, represent the majority of the injuries on the humeri and 

femora. The development of these methods can be seen through the lesions found on the 
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bones. The process of dismemberment was a trial and error process. However, almost in a 

progression, the lesions seem to get more accurate in location on the bone.  

 The “W” convex found on subject 5 and 6 were indicative of a tool resembling a 

saw. These lesions were deeper than subject 4 which was a “V” convex. This “V” convex 

resembled a sharp object similar to a machete. The cuts on subject 5 and 6 were deeper, 

which indicated a development of technique from the narcotraffickers.  

 During the analysis of the context, the information pertinent specific 

narcotrafficking groups was unattainable. The context was limited due to the processing 

of the subjects. In Costa Rica, the sole forensic anthropologist does not assist in the 

recovery of all remains. Once the remains are delivered to the medico-legal department, 

the forensic pathologist request for a consultation from the forensic anthropologist. In the 

final report from the forensic anthropologist, the context is not always known. The case 

studies performed from 2015 to 2016 were plentiful but due to the lack of context, only 

three subjects could be determined as possible cartel or gang affiliation. This hindered the 

data available for specifying affiliation with specific narcotrafficking groups.  

Geographic Location of Narcotrafficking Group  

The second hypothesis of “Homicides related to narcotrafficking in the studied 

geographical regions vary as a function of the particular province under analysis. It is 

hypothesized that due to the increasing rates of homicide, permeable borders, and a 

higher level of narcotrafficking presence in the province of Limon, Costa Rica there will 

be a higher incidence of victims” was found to be incorrect. The geographical location of 

the subjects associated with narcotrafficking groups were in Heredia and San José, Costa 

Rica. As per the chi-square testing of subjects x-y, there was a statistical significance 
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(p<0.0001*) between the bone type, geographical location, and length. The length 

frequency compared against the categorical variables of geographical location and bone 

type rejected the null hypothesis. This significance showed a differentiation between the 

categorical variables.  

Heredia is a north central province in Costa Rica with a population of 433,677 

people. San José is in the central valley of Costa Rica with a population of 333,980 

people. San José is the capital of Costa Rica. Both San José and Heredia are landlocked 

provinces without direct access to the coastline. Heredia is bordered by Nicaragua, San 

José, Limon, and Alajuela. San José is bordered by Heredia, Alajuela, Limon, and 

Puntarenas.  

Out of the six subjects, three were located in Heredia. One was located in San 

José. These subjects were determined to be associated with narcotrafficking. This is a 

direct negation of the hypothesis aforementioned.  
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CHAPTER VI 

CONCLUSION 

 Costa Rica was recently voted the twelfth happiest place to live on earth. while 

from 2009-2012 it was voted number one (Gilchrist, 2017). With factors such as life 

expectancy, mortality rate, well-being, and environmental awareness, the expectancy for 

the country of Costa Rica is high. However, recently narcotrafficking has influenced 

Latin America in ways that could not have been predicted before. From the infiltration of 

multiple countries to its influence on local communities, the trafficking of narcotics has 

dealt a deadly hand on many countries. In 2017, Costa Rica was blinded with 603 

homicides reaching its highest level of homicide in its history (France-Presse, 2018).  

 Homicide rates in Costa Rica reached an epidemic level in 2015. A direct 

correlation can be seen from the infiltration of narcotraffickers and the homicide rates. 

This study was to attempt to create statistical analysis of the homicide rates and their 

impact on geographical areas in Costa Rica. A longitudinal study was conducted to assess 

cases from January of 2015 until September of 2017 from cases associated with 

narcotrafficking. From this longitudinal study, statistically significant results were 

gathered from Chi-squared statistics.  

 Due to truncated data, the skeletal evidence was sorted into two groups. The first 

group contained evidence from three subjects whom all contained trauma to the skull. 

The first group was subject 1-3. The second group contained evidence from three subjects 

whom all contained trauma to the femur and the humerus. The second group was subject 

4-6. Evidence from 2015 until June of 2017 was collected by sole forensic 

anthropologist, Georgina Pacheco from the medico-legal department in Costa Rica.  
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 A correlation between the presence of narcotraffickers and homicide rates can be 

seen directly through the epidemic level of homicides. However, the presence of these 

groups directly impacts the sole forensic anthropologist in Costa Rica. The work load 

gathered every day creates a significant gap in allocation of time to research on this topic. 

With this study, the aim was to create a series of understandings of the modus operandi of 

the narcotraffickers to more easily differentiate between local gang members and 

narcotraffickers.  

The Chi-square test demonstrated that in Limon and Guanacaste, the predominant 

bone inflicted was the skull and in Heredia and San Jose, the femur and humerus were 

predominant with a statistical significance of p<0.0001*. This result suggests that in 

Limon and Guanacaste, the modus operandi is significantly different than that of Heredia 

and San Jose. Another Chi-square test demonstrated that the skull is a predominant area 

of infliction for suspected gang groups while the femur, humerus and skull are 

predominant areas of infliction for suspected narcotraffickers with a statistical 

significance of p<0.0001*.  

Coupling these two Chi-square test results leads to a modus operandi of 

narcotraffickers could be in Heredia and San Jose inflicting the femur and the humerus 

with sharp force trauma. Dismemberment was another significant portion of the modus 

operandi for these narcotrafficking groups. On the other hand, the modus operandi of the 

local gangs was more focused on the skull and in Guanacaste and Limon.  

The Chi-square testing did not show a statistical difference between type of bone 

and the corresponding length of the trauma observed. To date, an of this nature has still 

not been performed within a Costa Rican sampling population.  
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Future Studies  

 The evidence gathered from this study could significantly impact the ease of 

gathering context data from anthropological reports. If a modus operandi is known, 

understanding group descriptions could become an easier task within the busy field. If 

more research is performed on this topic and throughout Latin America, a database of 

modus operandi of more specific narcotrafficking groups could greatly assist not only 

Costa Rica but Latin America in their war against narcotic trafficking and homicide.  

 Furthermore, the allocation of resources, time and education to the development 

of Forensic Anthropology in Costa Rica is crucial. At this juncture, the importance of 

forensic anthropology and its supplementary knowledge to the forensic science world can 

greatly assist and elevate the status quo. It is time to implement the strength of forensic 

anthropology into the medico-legal system through belief in its system and knowledge.  

 

 

Pura Vida.  
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