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Sexual assault prosecution incorporates forensic expert detection of AGI to support the 

forcible nature of suspected rape. Understanding how researchers are currently describing, 

detecting and measuring AGI after SA would help healthcare providers, SA researchers, law 

enforcement and the justice system communicate more consistently. An extensive literature 

review was performed which exposed the inconsistencies researchers are currently using to 

detect and describe AGI after SA. Next, the Vulvar Acute Genital Injury Score (VAGIS) tool 

was developed using a modified e-Delphi method in a panel of 15 SA forensic experts. After a 

set of 53 digital images were judged for quality, a panel of 14 forensic examiners validated the 

images for use with the VAGIS tool. To further develop the VAGIS tool, a group of SA forensic 

examiners were tested for consistency at scoring the digital image set on the VAGIS. This is a  
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call to all national forensic examiner organizations to come together with the common purpose of 

standardizing the language around acute genital injuries after SA. Standardizing communication 

in this area could improve services to individuals who suffer from sexual assault and increase 

confidence that the justice system designed to protect and defend victims is serving at its highest 

capacity.  
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Abstract 

Aim. This purpose of this narrative review was to understand how researchers are currently 

detecting, describing and measuring AGI after SA. 

Background. Sexual assault prosecution incorporates forensic expert detection of AGI to 

support the forcible nature of suspected rape. Understanding how researchers are currently 

describing, detecting and measuring AGI after SA would help healthcare providers, SA 

researchers, law enforcement and the justice system communicate more consistently. 

Method. The literature review was performed using PubMed, CINHAL Plus, and Web of 

Science with the following key terms: sexual assault and/or rape and female genital injury, 

within the last 30 years, in English and using only human subjects to identify all papers that 

would allow generation of a list of items and current clinical methods used to detect AGI after 

SA. 

Results. Of the 28 primary research studies reviewed, injury type was the most common way to 

describe an AGI and was used by all researchers. Twenty-one different terms for type were 

identified and most did not contain a definition. Location was next most common way to 

describe AGI, used by 24 researchers. Twenty-two anatomical locations were identified. 

Frequency was used in 16 studies. The least common way to describe injury was in utilizing a 

measurement strategy to determine size and/or a classification system to determine severity, used 

by 10 researchers. Five determined severity by size and five devised a severity classification 

scheme or scale. One study underwent rigorous scientific methodology to validate a severity 

scale; the genital injury severity scale (GISS).   

Conclusion. If quality evidence is the goal for the prosecution of any case, then developing a 

consistent language, method of detection, and measurement strategy would go a long way in 
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diminishing the irregularities currently being used by healthcare providers, SA researchers, law 

enforcement and the justice system. 
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Introduction 

Acute genital injuries (AGI) are those injuries incurred by the genitalia as a direct result 

of sexual assault (SA). The Sexual Assault Nurse Examiner Development and Operations Guide 

(1999) defines SA as “any unwanted contact of one person’s sexual organs by another regardless 

of sex, with or without penetration, and with or without resulting physical injury (p.17).” 

According to the National Intimate Partner and Sexual Violence Survey (CDC, 2011), 20 million 

people, or 1 in 5 U.S. citizens (19.7%), have been sexually assaulted at some point in their lives. 

The National Center for Injury Prevention and Control (2003) estimates sexual violence in 

America costs more than $858 million in lost productivity, more than $4 billion in health care 

and mental health services for victims and close to $6 billion to incarcerate convicted 

perpetrators.  

 The outcome of any case is directly related to how the evidence connects the victim with 

the suspect “beyond a reasonable doubt” (Cashman & Benak, 2007, p. 47). Sexual assault 

prosecution incorporates forensic expert detection of AGI to support the forcible nature of 

suspected rape and must be able to interpret injuries correctly and with a high degree of 

certainty. This literature review seeks to understand how researchers are currently detecting, 

describing and measuring AGI after SA. 

Methods  

The literature review was performed using PubMed, CINHAL Plus, and Web of Science 

with the following key terms: sexual assault and/or rape and female genital injury, within the 

last 30 years, in English and using only human subjects to identify all papers that would allow 

generation of a list of items and current clinical methods used to detect AGI after SA. A 30 year 

time frame was chosen because this allowed for the inclusion of the classic work by Slaughter et 
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al. (1987). PubMed produced 127 studies, CINAHL Plus 61studies, and Web of Science 67 

studies for a total of 255 articles. One hundred sixty four duplicate articles were discarded, 

leaving 91 for abstract review. Abstracts were reviewed and were excluded if they were not 

available to the research institution (n=5), those discussing only children and/or chronic sexual 

abuse (n=13), and those measuring only the anal area and not including the vulva (n=2). 

A total of 71 primary research articles were identified for full review. Articles were discarded if 

the study’s sole purpose was to measure prevalence or characteristics of SA victims (n= 21), and 

/or general bodily injury after SA (n= 14), as opposed to specifically measuring AGI, and those 

not describing any detection or measurement strategies within their methods (n=8). One article 

was discarded for reporting on the same data. Twenty-eight articles specific to identifying and/or 

measuring AGI after SA met the review criteria. Each of the 28 studies were reviewed with 

attention to how AGI is identified, described and measured.  

Results 

Two overarching themes emerged from the 28 studies reviewed, 1) terms that describe 

patterns of AGI after SA, and 2) the methods used to detect them. 

 Terms that describe patterns of AGI after SA. Researchers over the last 30 years have 

described AGI patterns after SA in terms of type, location, frequency and size and/or severity. 

There are reoccurring topics within the descriptions of type and location of AGI, but significantly 

more dissimilarities exist when describing frequency and size and/or severity. Table 1 presents 

data on the describing patterns found in the literature. While not exhaustive, the literature 

reviewed supplied an extensive list of terms. The terms are presented with the data related to 

how each is described below.  
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Type. AGI types are discussed in terms of blunt force injury. Blunt force trauma occurs 

when a more dense object comes in contact with a less dense area of the body with sufficient 

force to disrupt tissue and/or cellular integrity (McCance & Grey, 2010). All of the 28 studies 

reviewed included type as a way to describe an AGI with a total of 21 different descriptors. 

The early work of Slaughter, Brown, Crowley and Peck (1997) evaluated AGI patterns 

between consensual and non-consensual intercourse patients. Slaughter and colleagues 

developed the acronym TEARS, referring to tear, ecchymosis, abrasion, redness and swelling to 

describe the types of injuries commonly detected while performing an acute sexual assault exam. 

No definitions were provided by Slaughter et al. (1997). Seven studies have since used the 

acronym TEARS (Baker & Sommers, 2008; Baker, Fargo, Shambley-Ebron, Sommers, 2010; 

Jones, Rossman, Diegel, Van Order & Wynn, 2009; Jones, Rossman, Wynn & Ostevrar, 2010; 

Rossman, Jones, Dunnuck, Wynn & Bermingham, 2004; Sommers, Fargo, Baker, Fisher, 

Buschur, Zinc, 2009). Two additional studies, (Anderson et al, 2008; Sommers, Brown, Buschur, 

Everett, Fargo, Fisher, Hinkle, Zinc, 2012), used the five terms without using the acronym, 

listing them as tears, ecchymosis, abrasions, redness and swelling, in that particular order, but 

Sommers et al. (2012) added the additional terms petechia and purpura. 

Five investigators specifically excluded the terms redness and swelling for being 'too 

subjective' (Anderson, McClain & Riviello, 2006; Astrup, Ravn, Thomsen, Lauritsen, 2013; 

McLean et al., 2011; and Sachs & Chu; 2002; White, 2013). Anderson, McClain & Riviello, 

(2006) ‘eventually excluded redness and swelling’ because ‘data were not sufficient (p. 60).’ 

Astrup et al. (2013) excluded redness and swelling for being 'ambiguous' (p. 526). Sachs & Chu 

(2002) evaluated abrasions, tears and ecchymosis, excluding redness and swelling based on 

perceived reliability problems and additionally noted an ‘overall lack of reliability testing in any 
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population’ for the other terms (p. 149).  McLean, Roberts, White & Paul (2011) excluded 

redness and swelling, but also tenderness, as they felt all three injury types were too subjective. 

Four studies only evaluated for tears (or lacerations), abrasions and ecchymosis (or bruise), and 

stated that they excluded redness and swelling without giving a reason (Drocton, Sachs, Chu & 

Wheeler, 2008; Hagemann et al., 2011; Lincoln et al., 2013; Sachs and Chu, 2002). Zinc et al. 

(2010) evaluated for tears, ecchymosis, abrasion, and redness, but “swelling was rarely observed 

so data was not presented” (p.116). 

There were 16 other injury term descriptors. Adams, Botash & Kellogg (2004) evaluated 

for deep notches and complete clefts. Biggs, Stermac & Davinski (1998) included hymenal 

perforations. Four groups of investigators evaluated for petechiea (Hagemann et al., 2011; 

Erkkila et al., 2014; McCann, et al., 2007; Sommers et al., 2010). Two groups evaluated for 

submucosal hemorrhages (Erkkila, et al., 2014; McCann, Miyamoto et al., 2007) and two groups 

evaluated for contusions and hematomas (Astrup et al., 2013; McCann et al., 2007). Only one 

group evaluated for tenderness McGregor, Le, Marion & Wiebe (1999). Other descriptive AGI 

terms were fissures (Erkkila et al., 2014), edema and blood blister, (McCann et al., 2007), and 

purpura (Sommers et al., 2012). One group evaluated for injury based on the colors pink, red, 

and purple (Larkin et al., 2012).  

Hwa and colleagues (2010) included the fewest types of AGI descriptors, listing only 

lacerations and abrasions. McCann, Miyamoto, Boyle & Rogers (2007) incorporated the most, 

with 10 type descriptors, including, abrasions, contusions, lacerations, ecchymosis, blood 

blister, edema, erythema, hematoma, petechiae, and submucosal hemorrhages. Erkkila et al. 

(2014) included scars, which are normally defined as a visible mark after an acute wound has 
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healed, making it a chronic genital injury, not acute. The literature is also inconsistent when 

evaluating patterns by location. 

Location. Discussed in 24 studies, the second most common descriptor of AGI was 

location. There were 22 descriptive terms when evaluating location of AGI after SA. The most 

frequent sites of external genital injury described were the hymen (n=19), posterior fourchette 

(n=19), fossa navicularis (n=17), labia minora (n=15), labia majora (n=13), vagina or vaginal 

walls (n=13), perineum (n=10), and periurethra (n=8). Three investigators included the clitoris 

(Adams, Girardin & Faugno, 2001; Lincoln et al., 2013; White, 2013). Larkin et al. (2012) 

included the term introitus. In several studies by a group of researchers at University of 

Pennsylvania (Baker & Sommers, 2008; Baker et al., 2010; Sommers et al., 2009; Sommers et 

al., 2012; Zinc et al., 2010), pattern differentiation by location was subdivided into further 

categories, external genitalia including: thigh, mon pubis, labia majora, perineum, and internal 

genitalia including: labia minora, periurethral area, posterior fourchette, fossa navicularis, 

hymen, cervix, vagina, and anus & rectum. Other locations evaluated by investigators were the 

clitoral hood (Adams, Girardin & Faugno, 2001; Anderson, Parker & Bourguignon, 2008; 

Henry, 2010; Lincoln et al., 2013; White, 2013), the vestibule (Astrup et al., 2013; McCann et 

al., 2007; Erkkila et al., 2014; Hagemann et al., 2011), the vaginal walls (Anderson, McClain & 

Riviello, 2006; Anderson et al., 2008) and the urethra (McClean et al., 2011; White, 2013). 

Erkkila et al., (2014) included the region known as Harts Line (the line between keratinized and 

non-keratinized squamous epithelium located near the posterior fourchette).  

 One article contained a diagram of the standard anatomical locations commonly 

associated with SA (Henry, 2010). Three studies contained color photographs of both normal 

genitalia and AGI. Adams et al. (2004) presented five color photographs showing normal and 
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injured hymens and included a three-sentence descriptive paragraph for each type and location. 

Adams et al. (2004) evaluated patterns of location based on whether they were lateral, anterior or 

posterior. McCann et al. (2007) used arrows to direct the examiner to the site of injury; possibly 

due to the poor resolution of the photographs published but could be useful when examiners may 

not know where to look. Slaughter et al. (1997), included three black & white photographs of 

misinterpreted injuries, and White (2013) included a written description of where these specific 

landmarks could be found (yet did not include a diagram).  

Differences between left and right did not appear within the literature, while one 

researcher noted that the forensic examiner should evaluate vulvar injury as if looking 'at the face 

of a clock' with 12 o'clock being the most anterior aspect of the vulva (White, 2013). Adams et al 

(2004), also used a clock face approach and included lateral, anterior, and posterior when 

discussing injury locations. Five studies did not include location as part of AGI pattern 

description (Biggs et al, 1998; Drocton et al., 2008; McGregor et al, 1999; Sachs & Chu, 2002; 

Sachs et al, 2011). Just as researchers were undecided as whether or not to include location, 

describing AGI using frequency was also less common. 

Frequency. Sixteen of the 28 studies used frequency to describe AGI after SA. Three 

studies calculated it in relation to predictors such as age, ethnicity/race, income, education level, 

alcohol/drug facilitated rape, but in these cases what was measured and reported was prevalence 

(labeled as frequency) (Drocton et al., 2013; Lincoln, Perera, Jacobs & Ward, 201; Sachs & Chu, 

2002). Frequency is a numerical count of the number of times an incident occurs. The most 

common way frequency was measured was in relation to location, for example ‘two injuries 

were found on the posterior fourchette’ (Adams, Botash & Kellogg, 2004; Astrup et al., 2013; 

Baker & Sommers, 2008; Baker et al., 2010; Hagemann et al., 2011; Jones et al., 2010; Maguire 
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et al.; 2009; McMann et al., 2007, Rossman et al., 2004; Slaughter et al., 1997, Zinc et al., 2010). 

Four investigators described frequency in relation to type, for example, ‘two tears' (Erkkila et al, 

2014; Hagemann et al., 2011; Lincoln et al., 2013; McLean et al., 2011;). Four studies measured 

frequency in relation to whether or not the subject had consensual vs non-consensual intercourse 

(Anderson, Parker and Bourguignon, 2008; Larkin et al., 2012; Lincoln et al., 2013; McClean et 

al., 2011).  

Eleven articles reviewed did not include frequency when describing any pattern of AGI 

(Adams et al., 2001; Henry, 2010; Hwa et al., 2010; Jones, Rossman, Wynn & Ostevrar, 2010; 

Larkin et al., 2012; McGregor et al., 1999; Sachs & Chu, 2002; Sachs et al., 2011; Sommers et 

al., 2009; Sommers et al., 2012, White, 2013).  

Size and severity. Size and severity were the least consistent way of describing AGI after 

SA. Five investigators classified by size only (Adams, Botash & Kellogg, 2004; Anderson, 

Parker & Bourguignon, 2008; Henry, 2010; Lincoln, Perera, Jacobs & Ward, 2013; McLean, 

Roberts, White & Paul, 2011).  Three investigators devised classification schemes to determine 

severity only (Adams, Girardin & Faugno, 2001; Larkin, Cosby, Kelly, Paolinetti, 2012; 

McGregor, Le, Marion & Wiebe, 1999). Two investigators classified by determining both size 

and severity (McCann, Miyamoto, Boyle & Rogers, 2007; Sommers, Brown, Buscher, Everett, 

Fargo, Fisher, Hinkle, Zinc, 2012).  

Two studies used a numeric scale to show increases in severity (Adams et al., 2001; 

McGreggor et al., 1999), two used the terms mild, moderate, and severe (McGreggor et al, 1999; 

McMann et al, 2007), and one investigator described severity in terms of grades (Sommers et al., 

2012). Four studies used some type of measurement instrument (Adams, Botash & Kellogg, 

2004; Anderson, Parker & Bourgignon, 2008; Henry, 2013; Sommers et al., 2012). Two 
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investigators used the dimension of a known object such as a fingernail or cotton swab tip 

(McLean et al, 2011;  Lincoln et al, 2013), and two described lengthy methods for determining 

surface area (Adams et al, 2004; Anderson et al, 2008). Others discussed severity in terms of 

depth (Henry, 2010; Mc Cann et al., 2006). Sommers et al. (2012) argued severity should be 

measured based on type of injury and the treatment the patient would receive, with lacerations 

being the most severe. The earliest severity scale, devised by McGreggor et al. (1999) to assess 

for both bodily and genital injury is the 'Clinical Injury Extent Score' (CIES). The CIES 

describes a continuum of severity across physical functioning, injury location and type, and 

necessary treatment, and also includes other major injuries such as fractures, internal organ 

injury and head concussions. While the CIS is meant to evaluate the entire body, a portion of the 

scale does include the genitalia. The criteria are, 1) a score of “0” for no injury, 2) a score of “1” 

for redness or tenderness only or minor injuries with no expected impact on physical function, 3) 

a score of “2” for injury or injuries expected to have some impact on function and/or more 

redness or tenderness of the genitalia, e.g., lacerations, bruising, abrasions and or injuries 

requiring treatment (suturing, dressing changes) and, 4) a score of “3” for head injury with 

concussion and/or evidence of attempted strangulation and/or other major injuries, e.g., fractures, 

or internal organ contusion. 

 Adams et al. (2001), rated AGI severity using a 'degree of injury' continuum based on 

type only. Four ratings were given; 1) a rating of “0” (zero) was assigned if no injury was 

identified, 2) a rating of “1” was assigned for redness and swelling, 3) a rating of “2” was 

assigned for bruising and ecchymosis and  lastly, (4) a rating of “3” was assigned for tears.  

Abrasions were not included. 
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 McCann et al. (2007) classified severity of abrasions and contusions first by size and 

color and then along the continuum of mild, moderate, and severe, although there is no 

description of these differences. Lacerations were divided into three categories by depth: 

superficial - does not extend into subcutaneous tissue, intermediate - subcutaneous tissue could 

be visualized and deep - injury penetrating into the underlying muscle. 

Seventeen of the 28 studies reviewed did not use severity to describe AGI patterns after 

sexual assault, only a presence (+) or absence (-) of injury related to type, location and/or 

frequency (Anderson, McCain & Riviello, 2006; Astrup et al., 2013; Baker & Sommers, 2008; 

Baker et al 2010; Drocton et al., 2008; Hagemann et al, 2011; Biggs, Stermac & Divinsky, 1998; 

Erkkila et al., 2014; Hwa et al, 2010; Jones et al, 2009; Jones et al, 2010; Maguire et al, 2009; 

Rossman et al, 2004; Sachs & Chu, 2002; Sachs et al, 2011; Slaughter et al., 1997; Sommers et 

al, 2009).  

Few investigators have developed instruments to evaluate AGI after SA. Four tools 

explicitly examine AGI. Table 2 displays the acute genital injury classification systems. The 

Injury Severity Score (Moore et al., 1995) is a broad system not useful for assessing discrete 

injuries to the vulva after SA and does not have testing for validity or reliability reported. Three 

classification systems, the CIES (McGregor et al., 1999), the Penn Injury Clinical Score (PICS) 

(Sommers et al., 2012), and the Genital Injury Severity Scale (GISS) (Kelly et al., 2013) were 

designed to assess severity of AGI after SA. The CIES does not have reported validity, but has 

been used by 1 investigator (Alempijevic, Savic, Pavlekic & Jecmenica, 2007 ), which attests to 

its usefulness. Inter-rater reliability of the CIES resulted in a multi-rater k score of 0.87 

(McGregor et al., 1999). The PICS (Sommers et al., 2012) does not have reported validity or 

reliability and has had no published research using its severity scheme by other investigators. 
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The GISS (Kelly et al., 2013) derived and performed initial psychometric testing on a tool 

designed to differentiate between consensual and non-consensual subjects. Type, location, and 

severity of AGI were descriptors included on the tool (Figure 1). Levels of severity were based 

on the amount of swelling, color of the tissue (pink, red and purple), integrity of the tissue, 

integrity of the hymen and introitus and the quality of TB dye uptake. Both colposcopy and TB 

dye were used as adjunct methods. The GISS was developed using an extensive literature review 

and expert panel review followed by a principal components analyses and a prospective study to 

evaluate its differential validity using known groups.  In an earlier study conducted by the same 

team, the GISS (Larkin, Kelly, Cosby, Paolinetti, 2012) was able to differentiate consensual 

subjects versus non-consensual subjects (2 = 15.87, degrees of freedom (df) =1; p<0.001). To 

date, there are no reports of reliability.  

Methods used to detect AGI after sexual assault. Studies reviewed described use of 

one of three methods to detect AGI, direct visualization, colposcopy/digital imaging, and/or 

toluidine blue (TB) dye (or other tissue staining adjunct). Initially, direct visualization is used 

along with manipulation of the tissues to obtain a gross interpretation of injury. Some examiners 

use a digital camera at normal settings to capture information at this initial stage of the exam. 

Next, in programs where colposcopy is available, examiners utilize a colposcope or digital 

camera with a macro lens attached along with an additional light source to enhance detection of 

less obvious injuries. Finally, in programs that utilize TB dye, it is applied after all DNA samples 

have been collected. This is done to ensure that the dye does not obstruct the samples and to 

assess for micro trauma undetectable with either direct visualization or colposcopy. The adjunct 

methods of colposcopy and TB dye enhance the ability to identify damaged tissues.  
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Direct visualization. All 28 studies evaluating AGI in SA victims used direct 

visualization (DV) as an examination technique. One study (McCann et al., 2007) was a 

retrospective review of photos taken with either a colposcope or 35mm camera with a macro lens 

attached. 

Colposcopy. A colposcope is a tool that can be used to enhance visualization of the ano-

genital structures with magnification and a light source. It can be attached to a video camera or 

still photographic equipment and is essential in evaluating microscopic injury as well as being a 

memory recall aid prior to performing expert testimony, allowing for peer review and as a 

method of storing analog video or images. Digital photographic equipment is also used as it is 

lighter and easier to handle, bears a significantly lower cost burden, and the capacity for storing 

digital versus analog data is significantly reduced. With respect to quality of reproduction, digital 

photography is considered an equivalent alternative. Seventeen of the 28 studies reviewed used 

colposcopy (Adams et al, 2001; Adams et al, 2004; Anderson et al, 2008; Astrup et al, 2013; 

Baker & Sommers, 2008; Baker et al., 2010; Drocton et al., 2008; Erkkila et al, 2014; Henry, 

2010; Jones et al., 2009; Maguire et al, 2009; McCann et al., 2007; Rossman et al, 2004; Sachs & 

Chu, 2002; Sachs et al, 2011; Slaughter et al, 1997; Sommers et al., 2009; Sommers et al., 2012). 

White (2013) states that colposcopy and TB dye are not considered standard practice in the UK. 

Also, investigators in Norway did not use either colposcopy or TB dye (Hagemann et al, 2011).  

McLean, Roberts, White & Paul (2011) used a magnifying glass.  

Toluidine Blue Dye. Toluidine blue dye is an acidophilic, metachromatic, nucleic stain. It 

was first described by Richart (1963) as a method for better visualizing cervical neoplasms 

(White, 2013). Thirteen of the 28 studies incorporated the use of TB dye in the data collection 

protocol (Adams, Girardin & Faugno, 2001; Anderson, McClain & Riviello, 2006; Anderson, 
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Parker & Bourguignon, 2008; Astrup et al., 2013; Drocton et al., 2008Henry, 2010; Jones et al., 

2010; Larkin, et al., 2012; Sachs & Chu, 2002; Sachs et al., 2011; Sommers et al., 2009; 

Sommers et al., 2012; Zinc, et al., 2010). One study specifically evaluated TB dye efficacy to 

enhance microscopic injuries and increase the examiner’s ability at detecting AGI (Zinc et al., 

2010).   

Other detection methods. A recent study designed to test the effectiveness of ultraviolet 

(UV) light against DV was performed in Finland by Erkkila et al. (2014). One gynecologist 

examined 88 female subjects after consensual intercourse using both white and UV light. Results 

indicated that 53% of submucosal hemorrhages would have been missed if UV light had not 

been used. The use of UV light was found to have no increase in the detection of tears, abrasions 

or swelling 

Discussion 

 Of the 28 primary research studies reviewed, injury type was the most common way to 

describe an AGI and was used by all researchers. Twenty-one different terms for type were 

identified and most did not contain a definition. Location was next most common way to 

describe AGI, used by 24 researchers. Twenty-two anatomical locations were identified. 

Frequency was used in 16 studies. The least common way to describe injury was in utilizing a 

measurement strategy to determine size and/or a classification system to determine severity, used 

by 10 researchers. Five determined severity by size and five devised a severity classification 

scheme or scale. One study underwent rigorous scientific methodology to validate a severity 

scale; the genital injury severity scale (GISS).   

 Several significant contributions were made by this severity scale. The GISS is the first 

known attempt at devising a tool or scale to specifically measure AGI after SA along a 
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continuum using standardized methods of injury detection. The scale was developed according to 

methodological tool development research procedures for developing instruments and created a 

starting point for expert panel discussion on the topic of how AGI should be measured and why 

it should be measured.  

 One of the limitations of the GISS is that the tool has not been used by any researchers 

outside the research group that developed the tool.  Another limitation is that it claims to predict 

consensual sexual intercourse. Most researchers are cautious in the interpretation of  genital 

injury as indicative of nonconsensual sexual activity, as studies have shown that 11 to 75 percent 

of non-consensual participants may not have injury (Anderson, McClain, & Riviello, 2006; 

Baker et al., 2010; Biggs, Stermac, & Divinsky, 1998; Jones et al., 2009; Jones et al., 2010) and 

conversely tears and abrasions have been found in women who consented to sexual activity 

(Larkin et al., 2012; Kelly et al., 2013, Zinc et al. 2010). Additional weaknesses in the GISS 

relate to lack of clear definitions, subjective use of color and an inconsistent format. Even with 

the limitations discussed above, the GISS was developed using scientific methodology and is a 

reasonable place to start when describing AGI after SA. But given the lack of a community of 

sexual assault forensic expert input and no reliability testing, the question of how to detect, 

describe and measure these types of injuries remains. 

  Researchers detected AGI's using direct visualization, colposcopy or a digital camera with 

a macro lens attached, and less than half of researchers used Toluidine Blue dye. A new detection 

method is the use of UV light. Erkkila et al. (2014) was the first study of its kind to utilize UV 

light as an adjunct method of evaluating AGI that appears promising. Limitations to this study 

were the small sample size, the use of only one examiner without peer review and the 

heterogeneous Caucasian skin population. 
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 If sexual assault prosecution incorporates forensic expert detection of acute genital injury 

(AGI) to support the forcible nature of suspected rape (Sommers, 2007), then expert forensic 

examiners must be able to interpret injuries correctly and with a high degree of certainty. There 

is currently no standard methodology of, 1) what AGI’s to look for, 2) what to call these AGI’s , 

3) which anatomical locations should be evaluated for an AGI, 4) how to detect an AGI and 

lastly , 5) how to determine severity of an AGI after SA. 

Summary and recommendations  

 If quality evidence is the goal for the prosecution of any case, then developing a consistent 

language, method of detection, and measurement strategy would go a long way in diminishing 

the irregularities currently being used by healthcare providers, SA researchers, law enforcement 

and the justice system. The scientific forensic community could utilize a qualitative approach on 

this topic to help elucidate the rationale for the varying methods.  

 SA is both a personal and societal crime. Given the difficulties of bringing perpetrators to 

trial and their low successful prosecution rates, it is more important than ever that we ensure 

victims are receiving the highest quality of justice available. Therefore, it is critical that sexual 

assault forensic examiners are utilizing the highest quality examining techniques and 

interpretation methods. The review of literature shows that while sexual assault forensic 

examiner research has taken painstaking efforts to identify, describe and measure AGI after SA 

over the last 30 years,  inconsistencies emerge when describing the types, locations, frequency 

and severity that occur and the methodologies (use of colposcopy and Toluidine Blue dye) with 

which to detect them. This means the U.S. Justice system is basing its legal decisions on expert 

testimony with its foundations rooted in director biased mentorship, peer discussion and chart 

review; none of which are rigorous scientific methods.  
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Developing a consensus of opinion among experts about what AGI's look like,  as well as 

how to detect, describe and measure them would standardize clinical SA forensic examiner 

practice. Standardization increases consistency. Consistency increases the quality of evidence 

used by experts during testimony and is vital to preserving the just and trustworthy legal system 

that a society should demand. Qualitative research on this topic may also help explain varying 

perspectives. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



19 

 

Table No. 1 - Patterns of AGI & Detection Methods 

Author Country Type Location Frequency Size/Severity Detection 

Methods 

Adams, 

Botash & 

Kellogg 

(2004) 

USA Deep notch – V-shaped 

defect extending through 

more than 50% of the width of the hymen  

Complete cleft – a defect 
that extends through the 

entire rim of the hymen, all 

the way to the fossa or vestibular wall  p. 8  

Hymen 

 

Face of clock 

 

Noted lateral, 

anterior & 

posterior in 

location 

Frequency in 

r/t type and 

location 

 

 

SIZE -Took 

measurements of 

the hymenal rim 

using a calibrated 

measuring device. 

Slides of a mm 

ruler taken at X6 

and X10 

magnification 

were each 

projected in the 

same way, and a 

cardboard ruler 

was made to 

match the 

projected image 

of each ruler. 

 

DV/CO 

 

***Used 5 

color photo- 

graphs to 

describe 

hymenal injury 

type & location 

Adams, 

Girardin & 

Faugno 

(2001) 

USA Re, Sw, Br (Ec), Te 

 

Definitions: no 

LMaj, LMin, Cl, 

CLHd, Hy,  PF, 

FN, Perin 

none 

 

SEVERITY 

0- none 

1-redness or 

swelling 

2- bruising 

3 – tears 

DV/CO/TB 

Anderson, 

McClain & 

Riviello(2006

) 

USA TEARS (redness and swelling 

were eventually excluded as 

data were not sufficient) 

Lmin, Lmaj, PF, 

FN, Hy, vaginal 

walls, and Cx 

Reported as  or  or more  

None DV/CO/TB 

Anderson, 

Parker & 

Bourguignon 

(2008) 

USA Tears, ecchymosis, abrasion, 

redness & swelling 

ClHd, FN, PF, Cx, 

Hy, LMaj, LMin, 

Vag walls 

Frequency in 

r/t consensual 

& 

nonconsensua

l 

 

 

 

 

 

 

SIZE - "Surface 

area was 

measured during 

the examination 

and confirmed by 

recalculating the 

surface area at 

each site directly 

from the digital 

photographs taken 

with a scale. 

Injuries that 

[were] irregularly 

shaped were 

copied from the 

photographs using 

a plastic overlay. 

The plastic 

overlay was 

placed over graph 

paper with 

markings every 

centimeter so that 

blocks could be 

counted. The 

counted blocks 

were converted 

into centimeters 

squared using the 

measurement 

from the scale in 

DV/CO/TB/DP 

(digital 

photography) 
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the photographs to 

account for actual 

size of injury. 

Surface area 

calculations were 

verified by two 

investigators" (p. 

308) 

Astrup, Ravn, 

Thomsen, 

Lauritsen 

(2013) 

Denmar

k 

Te, Ab, 

Contusion/hematoma/bruis

e 

 

Re,Sw – too ambiguous 

6 o clock 
position, Labia, 

vestibule, CLHd, 

hymen,  

Frequency in 

relation to 

location 

none DV/CO/TB 

Baker, Fargo, 

Shambley-

Ebron, 

Sommers 

(2010) 

USA TEARS 

 

Definition: no 

External 

genitalia 

Thigh, 

mons, LMaj, 

Perin 

Internal 

genitalia 

LMin, 

periurethral

, PF, FN, Hy, 

Cx, Vag 

Frequency in 

relation to 

location and 

statistical 

mean 

 

none DV/CO 

Baker & 

Sommers 

(2008) 

USA TEARS 

 

Definition: no 

External 

genitalia 

Thigh, 

mons, LMaj, 

Perin 

Internal 

genitalia 

LMin, 

periurethral

, PF, FN, Hy, 

Cx, Vag 

Anus 

 

 

 

 

 

Frequency in 

relation to 

location and 

age 

none DV/CO 

 

Patterns of AGI & Detection Methods 

 

Author Country Type Location Frequency Size/Severity Detection 

Methods 

Biggs, 

Stermac & 

Davinski 

(1998) 

USA 1) non-perforating soft-tissue 

injuries (bruises, bites, 

redness, swelling),  

2) lacerations (tears, cuts and 

abrasions), and 

3) current bleeding (per 

history or on physical exam, 

hymenal perforations were 

noted in this area).  

LMaj, LMin, PF 

& Introitus, Vag, 

Cx Anus 

Frequency r/t 

type 

none DV 

Drocton, 

Sachs, Chu & 

Wheeler 

(2013) 

USA Abrasion, tear or ecchymosis 

 

Definitions: no 

None Presence or 

absence r/t 

patient 

personal 

attributes and 

assault 

characteristics 

none DV/CO/TB 
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(prevalence) 

Erkkila, 

Rainio, 

Huhtala, 

Salonen & 

Karhunen  

(2014) 

 

Finland Submucosal hemorrhages, 

Lac, Br, Ec, Pe, Ab, fissures, 

scars 

 

Definitions: yes 

Harts Line (line 

between 

keratinized and 

non-keritanized 

squamous 

epithelium) 

 

Vestibule - area 

between hymen 

and Harts Line 

Frequency in 

relationship to 

type and 

detection 

method 

none DV/CO/UV 

light 

*utilized 3 

before and 

after color 

photographs 

to show injury 

detected under 

UV light 

Hagemann, 

Stene, Myhre, 

Ormstad & 

Schei 

(2011) 

Norway Te, Ab, Br 

(echhymosis/petecchiea) 

 

Redness and/or swelling 

was excluded. No reason 

given. 

 

Definitions: none 

Vestibulum, PF, 

FN, Vag, LMin, 

LMaj 

Frequency r/t 

type & 

location 

none DV 

Henry 

(2010) 

USA Br, Ab, Lac Mons, LMaj, 

LMin, Cl Hd, 

PeriUr, Hy, FN, 

PF, Perin, Vag, 

Cx, Anus 

None SIZE in terms of 

length and depth 

(these were 

postmortem pts) 

DV/CO/TB 

Hwa, Chen, 

Wu, Shun, Liu, 

Lee & Chen 

(2010) 

 

Taiwan Lac, Ab 

 

Definition: no 

Hy, vulva, anus None none Not stated 

Jones, 

Rossman, 

Diegel, Van 

Order & Wynn 

(2010) 

 

USA TEARS 

 

Definition: yes 

Labia, FN,PF, 

Anus, Vag, Cx, 

Hy 

In relation to 

location 

none Not stated 

Jones, 

Rossman, 

Wynn & 

Ostevrar 

(2010) 

USA TEARS 

 

Definition: yes 

LMaj, LMin, FN, 

PF, Perin, Vag, 

Cx, Perianal 

None none DV/CO/TB 

Lincoln, 

Perera, Jacobs 

& Ward 

(2013) 

Australia Br, Ab, Lac 

 

Definition: yes 

 

Re, Sw - no reason 

Mons, outer 

LMaj, inner 

LMaj, LMin, Cl, 

CLHd, 

periurethral 

area, FN, PF, Hy, 

Vag, Cx, Perin 

 

In relation to 

Type & 

consent vs 

non-consent 

(prevalence) 

Shape and SIZE 

to the nearest 

0.5cm based on a 

known 

dimension of a 

swab or 

fingernail 

DV only 

 

Patterns of AGI & Detection Methods 

  

Author Country Type Location Frequency Size/Severity Detection 

Methods 

Larkin, Cosby, 

Kelly, 

Paolinetti 

(2012) 

 

USA Te, Ab, Erythema, pink, red, 

purple, Sw 

Hy, Introitus None  SEVERITY – 

Genital Injury 

Severity Score 

(GISS) 

Superficial 

Mild 

Moderate 

Severe  

DV/CO/TB 
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Maguire, 

Goodall & 

Moore  

(2009) 

 

UK 

(Belfast) 

Br, Ab, Lac 

 

Definition: no 

Hy, LMin, FN, PF Frequency in 

relation to 

location 

 

none (DV)/CO 

McCann, 

Miyamoto, 

Boyle & 

Rogers 

(2007) 

 

 

USA Ab, Contusions, Lac, Ec, 

bloodblister, edema, 

erythema, hematoma, Pe, 

submucosal hemorrhages 

 

Definitions: yes 

 

**contained within 1 case set 

(3) photo examples of 

resolution of injury at 72hrs 

and 24 days. 1 color photo of 

blood blister to midline 

vestibule 

Labia, Vestibule, 

FN, PF, Perin 

Frequency in 

r/t location 

SIZE & SEVERITY 

Abrasions and 

contusions were 

classified by size 

and color and 

then as: 

Mild 

Moderate 

Severe 

Lacerations 

Superficial-

does not 

extend into 

subcutaneou

s tissue 

Intermediate

-

subcutaneou

s tissue could 

be visualized 

Deep- when 

the injury 

penetrated 

into the 

underlying 

muscle 

 

 

CO - photo 

review 

without DV 

McGregor, Le, 

Marion & 

Wiebe 

(1999) 

 

Also cited in 

Alempijevick, 

Savic, Pavlicik 

& Jecmenica 

(2007) 

Serbia & 

Montenegro 

and 

Sampsel, 

Szobota, 

Joyce, Graham 

& Pickett 

(2009) 

Canada 

Canada Te, Br, Ab, Re, Sw, 

tenderness 

None None SEVERITY 

 

Clinical Injury 

Score (CIS) 

 

0 (no injury) – 

no documented 

signs or 

symptoms of 

injury 

1(mild injury) – 

redness or 

tenderness only 

or minor injuries 

with no expected 

impact on 

physical function 

2 (Moderate 

injury) – injury 

or injuries 

expected to have 

some impact on 

physical function 

and/or more 

than redness & 

swelling of the 

genitalia, i.e Lac,  

Br, Ab, and/or 

injuries 

Not stated 
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requiring 

treatment 

and/or bruising 

of the head and 

neck expected to 

result in a 

significant HA 

3 (severe 

injury) head 

injury with 

concussion 

and/or evidence 

of attempted 

strangulation 

and/or other 

major injuries (ie 

-Fx, internal 

organ damage) 

 

McLean, 

Roberts, 

White & Paul 

(2011) 

UK Br, Ab, Lac 

 

Definition: no 

 

Re, Sw, Tenderness too 

subjective 

 

Labia, Hy, PF, 

Vag, Urethra, Cx 

In relation to 

Type & 

consent vs 

non-consent 

SIZE - Measured 

against a known 

dimension finger nail width  

Size in mm  

DV/magnifyin

g glass 

 

Patterns of AGI & Detection Methods 

 

Author Country Type Location Frequency Size/Severity Detection 

Methods 

Sachs, Benson, 

Schriger & 

Wheeler 

(2011) 

USA Te, Ab, Ec 

 

Definition: yes 

Re, Sw excluded – no reason 

given 

 

None None none DV/CO/TB 

Sachs & Chu 

(2002) 

USA Te, Ab, Ec 

 

Re, Sw - poor reliability 

None R/T victim 

attributes and 

assault 

characteristics 

(prevalence) 

none DV/CO/TB 

Slaughter, 

Brown, 

Crowley & 

Peck 

(1997) 

 

USA TEARS 

 

Definition: no 

**Color photo- graphs 

showing misidentified types 

of injury 

 

PF, LMin, Hy, 

FN, LMaj, Vag, 

Cx, Periurethral 

Frequency in 

relation to 

location & 

time 

 

none DV/CO 

 

Sommers, 

Brown, 

Buscher, 

Everett, 

Fargo, Fisher, 

Hinkle, Zinc 

(2012) 

USA T(Lac), Ec(Br), Ab, Re, Sw, 

Pe, Pu 

 

Definition: yes 

External 

genitalia 

L Maj, LMin, 

periurethral 

area, perin, 

FN, PF 

Internal 

genitalia 

Hymen, 

vagina, cx 

Anus 

Anus, 

rectum  

None SIZE & 

SEVERITY 

Grade I 

Re/Sw  

Br/Ab  <5 mm 

Superficial skin 

injury any type 

<5mm 

Grade II 

Lac < 25mm not 

requiring 

suturing  

Br/Ab 

DV/CO/TB 
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Table 2.1 abbreviations – Ab – abrasion, Cl – clitoris, ClHd – clitoral hood, Cx – cervix, Br – bruising, Ec – 
ecchymosis, FN – fossa navicularis, Hy – hymen, Lac – laceration, LMaj – labia majora, Lmin – labia minora, PF – 
posterior fourchette, Pe –petechiea, perin – perineum, Re – redness, Sw – swelling, Te – tear, Vag –vagina. 

>5mm<25mm 

Superficial skin 

injury >5mm 

Grade III 

Lac >25mm 

requiring 

suturing 

Br/Ab >20mm 

 

Sommers, 

Fargo, Baker, 

Fisher, 

Buschur, Zinc 

(2009) 

USA TEARS 

 

Definition: yes 

External 

genitalia 

LMaj, LMin, 

periurethral 

area, perin, 

FN, PF 

Internal 

genitalia 

Hymen, 

vagina, cx 

Anus 

Anus, 

rectum 

 

None none DV/CO/TB 

White 

(2013) 

UK TEARS 

 

Definitions: yes 

 

Re,Sw - discussion regarding 

too subjective (but included) 

 

Also included discussion of 

injury healing 

LMaj, LMin, Hy, 

Cl, CLHd, Ur, FN, 

PF,  

 

***Described 

anatomical 

locations*** 

None none DV 

 

* CO/TB not 

standard 

practice in UK 

Zinc, Fargo, 

Baker, 

Buschur, 

Fisher and 

Sommers 

(2010) 

USA Tears, Ecchymosis, Abrasion, Redness. Swelling was 
rarely observed so data was not presented p. 6 .  

External 

genitalia 

Thigh, mons, 

LMaj, Perin 

Internal 

genitalia 

LMin, 

periurethral, PF, 

FN, Hy, Cx, Vag 

Anus 

Frequency in 

r/t location 

None DV/CO/TB 
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Table 2 – Acute Genital Injury Classification Systems 

Name of tool Reference Tool 

Purpose 

Scoring Validity Reliability Comments 

Injury Scoring 

Scale (ISS) – 

originally the 

Organ Injury 

Scaleing (OIS); 

used by The 

Amer. Assoc. 

for the Surgery 

of Trauma 

Moore, E., Jurkovich, 

G., Knusdon, M., 

Cogbill, T., & 

Malangoni, M., 

Champion, H., 

Shackford, S. (1995). 

Scaling systems for 

organ specific 

injuries. J Trauma, 39 

(6), 1069-1070. 

To grade 

severity of 

injury to the 

vulva in trauma 

patients 

Grade I - Contusion or 

hematoma 

Grade II - Laceration, 

superficial (skin only) 

Grade III - Laceration, deep 

(into fat or muscle) 

Grade IV - Avulsion; skin, 

fat or muscle 

Grade V - Injury into 

adjacent organs (anus, 

rectum, urethra, bladder) 

Grade VI – organ 

unsalvageable 

None found None found Grade I-VI  - No score for 

‘no injury’ 
 

Not useful for the more 

discrete vulvar injuries that 

occur in SA 

 

Injury types- 

Contusion, hematoma, 

laceration, avulsion 

 

Location - no specific vulvar 

locations 

 

Frequency - none 

 

Severity in r/t depth 

 

Detection methods - none 

stated 
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Clinical Injury 

Extent Score 

(CIES) 

McGregor M, Le G, 

Marion S, Wiebe E. 

(1999). 

Examination for 

sexual assault: Is 

the documentation 

of physical injury 

associated with the 

laying of charges? 

A retrospective 

cohort 

study. CMAJ. 

160(11):1565–1569 

Grade severity 

of injury to 

Vulva, vagina, 

anus, rectum  

and general 

body organs 

0 (no injury) No 

documented signs or 

symptoms of injury 

1 (mild injury) Redness or 

tenderness only or minor 

injuries with no expected 

impact on physical function 

2 (moderate injury) Injury 

or injuries expected to have 

some impact on function 

and/or more redness or 

tenderness of the genatalia 

(including anal and rectal 

areas), e.g., lacerations, 

bruising, abrasions, and/or 

injuries requiring treatment 

3 (severe injury) Head 

injury with concussion 

and/or evidence of 

attempted strangulation 

and/or other major injuries, 

e.g., fracture, internal organ 

contusion 

 

Cited by 2 

articles on 

PubMed central, 

while none 

performed 

specific 

validation 

studies, speaks to 

the usefulness of 

the tool 

(enhancing its 

validity) 

A clinical injury score was 

designed by 4 of the 

physicians from the Sexual 

Assault Service (including 

Drs. McGregor and Wiebe), 

according to the clinical 

rating of medico-legal reports 

with respect to extent of 

injury (Table 1). The 

physicians discussed the 

criteria, independently rated 

20 reports, discussed their 

disagreements and then rated 

20 more reports. The 

combined multi-rater k 

score10for the second trial 

was 0.87, which represents a 

high level of clinical 

agreement. A clinical injury 

score was then assigned for 

each case by one physician 

(Dr. McGregor). A 

quantitative injury score, 

which was simply the number 

of documented injuries at all 

sites, was determined for 

each case; this score 

correlated well with the 

clinical injury score (Pearson 

correlation coefficient 0.64, p 

< 0.001). Data were managed 

and analyzed with SPSS 7.5. 

Scored 0-4, categories are 

no injury, mild, 

moderate, severe 

 

Injury types-  

Redness, tenderness, 

lacerations, bruising, 

abrasions, non genital 

injuries 

 

Location - no specific 

vulvar locations 

 

Frequency - none 

 

Severity r/t impact on 

vulvar functions and 

treatment plan 

 

Detection methods - none 

stated 
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 Penn Injury   

Classification 

System 

(PICS) 

Sommers, M. S., et 

al. (2012). Injuries 

from Intimate 

Partner and Sexual 

Violence: 

Significance and 

Classification 

Systems. Journal of 

Forensic and Legal 

Medicine, 19(5), 

250–263.  

 Genital Injury (external, 

internal, anus and rectum) 

Grade I –  

 Redness, swelling 

 Bruising and/or 

abrasions < 5mm 

in size 

 Superficial skin 

injury of any type 

( < 5mm in size 

Grade II –  

 Lacerations < 

25mm in size that 

do not require 

suturing 

 Bruising and/or 

abrasions >5mm 

and < 25mm 

 Superficial skin 

injury of any type 

> 5mm or more 

in size 

Grade III –  

 Lacerations that 

require suturing 

or are > 25mm in 

size 

 Bruising and or 

abrasions > 

20mm 

Not performed Not performed Grade I-III, no category 

for 'no injury' 

 

Developed by a single 

group of examiners 

 

Injury types- Redness, 

swelling, bruising, 

abrasions, lacerations 

 

Locations - none 

 

Frequency - none 

 

 Severity r/t size and 

treatment plan 

No locations mentioned 

 

Detection methods - none 

stated 
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Genital Injury 

Severity Scale 

(GISS) 

Kelly, D.L., Larkin, 

H. Cosby, C. D. & 

Paolinetti, L.A. 

(2013). Derivation 

of the genital injury 

severity scale 

(GISS): a concise 

instrument for 

description and 

measurement of 

external female 

genital injury after 

sexual intercourse. 

Journal of Forensic 

Legal Medicine,  

20(6), 724-731. 

To 

differentiate 

AGI between 

consensual 

and non-

consensual 

intercourse 

patients 

Used swelling, color 

change, tissue break, 

hymen and introitus, and 

TB dye uptake to 

differentiate between 

Class A and Class B 

AGI’s. Severity is 
described from Type 1 

(no injury) to Type 5 

(severe injury). For more 

detail see Figure 2.2 

developed 

according to 

methodological 

tool 

development 

research 

procedures 

within a single 

forensic 

examiner group 

 

Not performed Type 1-5; Class A 'tissue 

integrity intact', Class B 

'tissue integrity disrupted' 

 

Injury types -  

Swelling, erythema, 

contusion, tear, abrasion 

 

 Locations- hymen, 

introitus 

 

Frequency - none 

 

Severity - 

None, superficial, mild, 

moderate, severe 

 

Detection methods - 

Utilizes TB dye, 

colposcopy and direct 

visualization 
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Figure 1 - Genital Injury Severity Score (GISS)- Kelly et al., (2013) 

 

Figure 1 legend:  The GISS determines injury based on five classifications, swelling, color change, 

tissue break, hymen and introitus and TB dye uptake. Type 1 and Type 2 injuries are scored as Class 

A - tissue integrity intact. Type 3, Type 4 and Type 5 injuries are scored as Class B - tissue integrity 

disrupted. 
 

 

 

 Type 1 Type 2 Type 3 Type 4 Type 5 

 

Swelling 

 

(-) 

       

        
       +Mild 

 

++ Significant 

Color Change (erythema to 

contusion) 
 

(-) 

       

       + Pink 

    

     ++ Red 

 

+++ Purple 

 

Tissue Break 
(tear to abrasion) 

 

(-) 

Superficial: seen 

only with colpo 

and/or TB 

Mild: linear 

tears into 

epidermis 

visible with 

eye 

Moderate: 

deeper and 

wider into 

dermis 

Severe: tear into the 

subcutaneous or deeper 

 

         Hymen and Introitus 

 

(-) 

Partial 

transection 
Complete 

transection 

Complete transection 

and disruption into 

introitus 

 

Toluidine Blue dye uptake 

 

(-) 

-/+ 

Flat/punctuate 

TB uptake 

 

+ Specific uptake 

 

 

  

Tissue integrity intact 

Class A 

 

Tissue integrity disrupted 

Class B 
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Abstract 

 

Aim. This purpose of this study was to develop the Vulvar Acute Genital Injury Score (VAGIS) 

instrument with a panel of experts using a modified e-Delphi approach. 

Background. While there are scales that attempt to grade acute genital injury, very few attempt 

to describe and measure acute genital injury that is useful for sexual assault forensic examiners. 

This study focused on development of a new instrument, the VAGIS, in an attempt to 

standardize the way sexual assault forensic examiners communicate injury severity to other 

healthcare professionals, law enforcement and the justice department. 

Method. After extensive review of the literature a prototype VAGIS instrument with four injury 

items and five severity categories was developed. An expert panel participated in an e-Delphi 

process, with an a priori consensus threshold of 75%, to establish the validity of the prototype 

VAGIS instrument. Modifications were made to the instrument based on achievement of the 

consensus threshold and content analysis of open comments. Quantitative and qualitative data 

were reported at the beginning of each round until the 75% consensus was achieved.  

Results. After three rounds and modification to four items, one item ‘Redness’ was removed and 

the item ‘Tear/abrasion’ was separated into two individual items, ‘Tear’ and ‘Abrasion’. Two 

injury severity categories ‘No injury’ and ‘Non-specific injury’ were combined into one category 

‘No or non-specific injury’. Consensus was obtained for validation of content and face validity 

of the VAGIS and on the final four items in all severity categories. 

Conclusion. The Vulvar Acute Genital Injury Score (VAGIS) is valid for describing acute 

genital injury after sexual assault along a continuum of severity from ‘No injury/non-specific 

injury’ to ‘Severe Injury’. Injury descriptor terminology, the use of numbers as a measure of 

severity and the use of Toluidine blue dye were a major points of contention. Qualitative 
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research in these areas could elucidate discordances of opinion. 

Introduction  

 Acute genital injuries are those injuries incurred by the genitalia as a direct result of 

sexual assault. The Sexual Assault Nurse Examiner Development and Operations Guide (1999) 

defines sexual assault as “any unwanted contact of one person’s sexual organs by another 

regardless of sex, with or without penetration, and with or without resulting physical injury 

(p.17).” According to the National Intimate Partner and Sexual Violence Survey (CDC, 2011), 

20 million people, or 1 in 5 U.S. citizens (19.7%), have been sexually assaulted at some point in 

their lives. The National Center for Injury Prevention and Control (2003) estimates sexual 

violence in America costs more than $858 million in lost productivity, more than $4 billion in 

health care and mental health services for victims and close to $6 billion to incarcerate convicted 

perpetrators. The terms and measures used to describe and detect acute genital injury AGI after 

sexual assault (SA) have differed widely from researcher to researcher over the last 20 years. The 

lack of consistency highlights the need for research that seeks to develop a common language 

and increased level of diagnostic accuracy within the field of SA forensic nursing. Creating a 

universal language that utilizes common terms and strict methodologies to measure these unique 

injuries will standardize professional practice. It will also standardize the communication with 

peers, other medical professionals and the justice system. This study focused on development of 

a tool to detect and describe AGI after SA within the field of forensic nursing.  

Background  

 Few researchers have developed tools to measure AGI. Given that most AGI’s incurred 

from SA are relatively minor, both the Injury Scoring Scale (ISS) by Moore et al., (1995) and the 

Clinical Injury Extent Score (CIES) by McGreggor et al. (1999), which include injuries to other 

organs and body parts, do not have the capacity to measure the more nuanced injury types that 
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are incurred after SA. For example, neither the ISS nor CIES direct the examiner how to score 

the common ‘non-specific’ AGI findings that examiners need to interpret everyday. The Penn 

Injury Classification System (PICS) developed for both AGI and acute non-genital injury by 

Sommers et al. (2012) includes objective measurements and treatment as part the severity 

scoring strategy, but it does not pair injuries of equal severity within the same severity 

categories.  For example, isolated swelling or redness is within the same severity category as a 5 

mm or less tear or bruise, while lacerations 25mm or less are placed in the same category as 

superficial skin injuries 5mm or greater. Further, bruising and/or abrasions greater than 20mm 

are in the same category as a lacerations of 25mm that require suture repair. Also, the operational 

definitions do not allow for lacerations less than 25mm that require suturing and lacerations 

greater than 25mm that do not require suturing. The PICS made significant contributions by 

quantifying size and using treatment outcome as a basis for determining severity. The Genital 

Injury Severity Score (GISS) developed by Kelly, Larkin, Cosby & Paolinetti (2013) was an 

initial attempt at devising a tool or scale to specifically measure AGI after SA along a continuum 

using standardized methods of injury detection. The authors examined validity of the GISS and 

created a starting point for expert panel discussion on the topic of how and why AGI should be 

measured. The GISS uses common detection methods including direct visualization, colposcopy 

and toluidine blue dye to measure injury severity by type and depth. Limitations to the GISS tool 

are claims of differentiation between consensual and nonconsensual intercourse subjects, 

subjectivity of colors for injury descriptions, and overlapping operational definitions for several 

items. Several authors discuss the case of ‘no injury’ in relation to what it means to the sexually 

assaulted victim. Limitations to the GISS include claims that scores on the tool can differentiate 

between consensual and nonconsensual intercourse subjects. Most researchers have agreed to be 

cautious in the interpretation of the 'absence of genital injury', as 11% to 75% of non-consensual 



40 

 

participants may not have AGI (Anderson, McClain, & Riviello, 2006; Baker et al., 2010; Biggs, 

Stermac, & Divinsky, 1998; Jones et al., 2008; Jones et al., 2010). Additional limitations of the 

GISS include use of subjective terms such as colors (pink, red and purple), mixing common 

terms with medical terms (swelling, tears, erythema, contusion, abrasion), inadequate 

differentiation between mild and significant swelling, the suggestion that injuries seen only with 

colposcopy be graded as ‘skin integrity intact’, and complex scoring. The GISS has not been 

used outside of the group that developed it since it was published in 2013. The vulvar acute 

genital injury score (VAGIS) was developed to overcome the limitations of the existing 

instruments. 

The Delphi technique 

The basic assumption of the Delphi method is that” a group opinion is more valid than an 

individual opinion” (Keeney, Hasson, & Mc Kenna, p. 3, 2011). The Delphi is a multi-staged 

survey method used to quantify the judgment of experts, assess priorities or to make long range 

forecasts (Watlz, Strickland & Lenz, 2010) on a new or subjective topic that lacks high quality 

evidence (Miert, Abbott, Verhoff, Lane, Carter & McNamara, 2015). The Delphi method is 

appropriate 1) when no prior agreement between a group of experts exists on a certain issue, 2) 

when input is needed for more persons than can effectively interact in a face-to-face exchange, 3) 

if the time and cost to attend frequent group meetings is not practical, and 4) if the heterogeneity 

of the participants must be preserved to assure validity of the results, or if the investigator wants 

to avoid dominance by a single person in the communication process (Keeney et al., 2011). 

Studies have utilized the Delphi method in order to develop a scale or tool as it supports a 

broader use of the tool in a range of practice settings and cultures of care (Harris, Bates-Jensen, 

Parslow, Raizman, Singh, & Ketchen, 2010; Schultz, Kozell, Biondo, Stiles, Tonkin & Hogin, 

2009).   
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The Delphi method is performed using a standardized process. The first step is to form an 

expert panel and usually consists of three or four repeated surveys or rounds. In Round 1 of the 

Delphi method, a survey is sent to participants using broad, open-ended questions to illicit an 

exhaustive list of items that pertain to the topic (item generation). The second step is to analyze 

data descriptively and using content analysis procedures. A summary of the analyses and 

responses from Round 1 are resent to the same participants in Round 2. Summarizing the 

responses is important because panel members start to use reported information to determine 

how far their responses lie from the group mean which helps to develop consensus. The process 

of summarizing responses and resending to participants is repeated, performing a Round 3 and a 

Round 4 as necessary, until the predetermined consensus level is reached within the group. 

Typically three rounds are sufficient (Keeny et al., 2011). 

A modified Delphi is used when the open item generation round is replaced by opening 

statements developed after a rigorous review of the literature (Keeney et al., 2011). The process 

of summarizing responses and sending to participants is the same as in the Delphi method. A 

modified Delphi panel typically reaches consensus in two rounds (Keeney et al., 2011). The e-

Delphi employs internet technology through online surveys such as Survey Monkey or RedCap, 

which allows for faster turnaround time for participant responses as well as containing overall 

cost (Keeney et al., 2011). The e-Delphi typically reaches consensus in two rounds (Keeney et 

al., 2011). 

The advantages of the Delphi method are the ability to develop consensus from a diverse 

panel of experts, ability to adapt format depending of the needs of the research, and increased 

access to experts as it does not require all participants to be in the same room at the same time.  

Determining the size of the expert panel is not clear in the Delphi. In a systematic review 

of use of the Delphi method, Keeley and colleagues (2011) reported expert panels of 8-1000 
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members with 15 to 40 participants most common. Whichever number is chosen, Keeley 

cautions “the number must be justified and reflective of the genuine population” (Keeley et al., p. 

117, 2011).  

Similarly to size of the expert panel, no specific consensus figure has been set for the 

Delphi method. Keeney and colleagues (2011) report consensus ranged from 51 percent to 100 

percent in their literature review.  Three cases studies selected by Keeney and colleagues (2011) 

for intensive critique set consensus thresholds at 70 percent (McKenna, Hanson & Smith, 2002), 

51 percent (McKenna, Keeney & Bradley, 2004) and 70 percent (Mc Ilrath, Keeney, McKenna 

& Mc Laughlin, 2009).  

The response rate is the number of participants who return as a participant in subsequent 

rounds of the Delphi surveys. It is usually reported as both a number and percent. Keeney and 

colleagues (2011) reviewed 15 studies and noted response rates were between 8 percent and 100 

percent. Subject attrition is always a concern in any type of research and given the demanding 

nature of the Delphi method, attrition rates are often greater (Keeny et al., 2011). Bork (1993), 

Sumsion (1998) and Walker & Selfe (1996) advise that a “70% response rate is necessary for 

each round to maintain rigor. However, achieving this [a 70% response rate] requires 

considerable effort” (cited in Keeley et al., p.53, 2011). Ways of reducing attrition include being 

clear to participants about the demanding nature and what to expect and having them sign a 

contract (Keeny et al., 2011). In summary, panel size, consensus level and an acceptable 

response rate need to be determined prior to commencement of the Delphi process. 

Use of the modified e-Delphi method is appropriate in the proposed study because 1) 

describing AGI after SA is a subjective topic that lacks high quality evidence, 2) it was not 

financially feasible to construct a face-to-face meeting of experts to obtain a consensus on the 

topic, and 3) the investigator wanted to avoid dominance by any single person or familiar group 
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of researchers in the communication process.  

Methods 

 Specific Aim. The specific aim was to determine the content and face validity of the 

VAGIS using a modified electronic Delphi (e-Delphi) method in a national panel of SA forensic 

experts.  

Ethical considerations. The study was approved by The Office of the Human Research 

and Protection Program at the University of California, Los Angeles in 2016. Informed consent 

was obtained from each participant within the RedCAP website prior to the commencement of 

the study.  

Design. A methodological approach was used to develop the tool using a Delphi method. 

Tool development. A prototype of the VAGIS instrument was developed using item 

generation and reduction techniques which were derived from an extensive literature review. The 

literature review was performed using PubMed, CINHAL Plus, and Web of Science with the 

following key terms: sexual assault and/or rape and female genital injury, within the last 30 

years, in English and using only human subjects to identify all papers that would allow 

generation of a list of items and current clinical methods used to detect AGI after SA. A 30 year 

time frame was chosen because this allowed for the inclusion of the classic work by Slaughter et 

al. (1987). A table of evidence was generated for all articles reviewed and included how injuries 

were characterized and the methods used to detect them. Specific findings from the literature 

review were previously reported (Benson & Bates-Jensen, 2017). 

Tool development. A modified e-Delphi method was used to determine the content 

validity on each of the four VAGIS injury items in each of the five severity categories. Panelists 

rated the relevance, clarity, and appropriateness of the seven content areas of each injury item: 



44 

 

1. Does the general theoretical framework research support inclusion of the 

item on the tool? 

2. Does the measurement framework support how the item is measured on 

the VAGIS? 

3. Is the operational definition for each of the item choices correct? 

4. Are the choices for each of the item scores appropriate? 

5. Is the format appropriate? 

6. Is the level of language appropriate? 

7. Overall do you affirm that this item is appropriate? 

Panelists used a Likert type scale (‘strongly agree', 'agree', 'disagree', and 'strongly 

disagree') to respond to each question on the tool. The consensus level set for the study was 

75%. 

Data collection. Study data were collected and managed using REDCap (Research 

Electronic Data Capture) electronic data capture tools hosted at the University of California, Los 

Angeles (Harris, Taylor, Thielke, Payne, Gonzalez, & Conde; 2009). REDCap is a secure, web-

based application designed to support data capture for research studies, providing 1) an intuitive 

interface for validated data entry; 2) audit trails for tracking data manipulation and export 

procedures; 3) automated export procedures for seamless data downloads to common statistical 

packages; and 4) procedures for importing data from external sources (Harris et al., 2009).  

Those interested in being on the Delphi panel were sent a link to enter the REDCap 

online survey system. Informed consent was obtained in the form of an electronic Informed 

Consent explanation with a signature on the study website. All rounds were performed using an 

online survey method. Panelists had seven days to complete the survey in each round. Those not 

completing the questionnaire within one week were contacted three times one week apart by e-
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mail in an attempt to increase the response rate. Panelists were able to exit and return at a later 

time as often as needed. The acceptable response rate was 50% between all rounds. A summary 

of data analyses from the previous round was given at the introduction of each subsequent round. 

A pilot test was performed using three lay forensic examiners to correct any malfunction within 

the online survey site, any instructional issues, questions that might be confusing and to get an 

approximate time of survey completion to inform the expert panelists in advance. The online 

survey software RedCap was used to collect data for the purpose of research. The tools 

physically reside on a network server and can be accessed by a link and passcode that is unique 

to each respondent. This method is commonly used to achieve increased response times while 

maintaining a low cost to the researcher.  

Subject sample. The sample for the Delphi panel were those experts who have published 

research on AGI after SA measurement strategies within the U.S. Publications may have 

occurred in the last 30 years, but must have been focused on female adolescents and adults.  An 

initial panel of 75 members was identified through the literature. A Google search was 

performed to eliminate those who were obviously not sexual assault experts (ie social workers, 

statisticians, only specializing in political science). Simultaneously, contact information for those 

whose qualifications were nursing or medical profession related was recorded and an initial 37 

persons were identified and sent the initial invitation to participate. Figure 1 presents the flow of 

participants for this study. Inclusion criteria were those individuals who have published in a peer 

review journal on the measurement and/or evaluation of AGI after SA. Panelists may also be 

identified as experts as direct referrals from leaders within the field of SA forensics, primarily 

reside/work within the U.S., Speak/understand English and over 21 years of age. Exclusion 

criteria were those who identify their primary residence/work as outside of the U.S., who do not 

speak/understand English and under 21 years of age. 
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Data analyses. Continuous variables such as age, years in forensics, and number of cases 

peer reviewed per month were analyzed with mode, mean, median, standard deviation, and 

range. Categorical variables such as gender, type of facility, and certification, were analyzed 

using percent agreement, frequency and proportions. General descriptive statistics were 

performed for each survey item choice on each VAGIS item. Frequency and percentage 

agreement were calculated for each question choice of 'strongly agree', 'agree', 'di sagree', and 

'strongly disagree', and then collapsed into a dichotomous rating of agree (strongly agree and 

agree responses combined) and disagree (strongly disagree and disagree responses combined) for 

reporting data back to panelists on the subsequent survey round.  

Content analysis was performed on all free response questions using  a four step process 

as recommended by Waltz, Strickland and Lenz (2010). The process involved: 1) developing a 

coding schema, 2) determining explicit definitions, 3) determining coding rules and, 4) providing 

an example of how to code. An example of the four step process for the Delphi survey questions 

related to Theoretical Framework underpinning each tool item is presented in Table 1.  

Results 

 An extensive narrative literature review has been previously reported (Benson & Bates-

Jensen, 2017). Briefly, PubMed produced 127 studies, CINAHL Plus 61studies, and Web of 

Science 67 studies for a total of 255 articles. One hundred sixty four duplicate articles were 

discarded, leaving 91 for abstract review. Abstracts were reviewed and were excluded if they 

were not available to the research institution (n=5), those discussing only children and/or chronic 

sexual abuse (n=13), and those measuring only the anal area and not including the vulva (n=2). 

 A total of 71 primary research articles were identified for full review. Articles were 

discarded if the study’s sole purpose was to measure prevalence or characteristics of SA victims 

(n= 21), and /or general bodily injury after SA (n= 14), as opposed to specifically measuring 
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AGI, and those not describing any detection or measurement strategies within their methods 

(n=8). One article was discarded for reporting on the same data. Twenty-eight articles specific to 

identifying and/or measuring AGI after SA met the review criteria. Each of the 28 studies were 

reviewed with attention to how AGI is identified, described and measured. 

Item generation. Based on the literature review, a table of evidence was created to 

organize the list of characteristics of AGI and the current clinical methods to detect them were 

four characteristics of AGI emerged from the review: type, location, frequency and severity. The 

literature review identified 21 descriptors of type for possible inclusion on the VAGIS. The 

descriptors were tear, laceration, notches, deep notches, clefts complete clefts, abrasion, bruise, 

ecchymosis, contusion, petechia, hematoma, blood blister, redness, erythema, swelling, edema, 

hymenal perforations, submucosal hemorrhages, tenderness, and scars. Although 22 descriptors 

relating to location were identified (e.g. hymen, labia majora, posterior fourchette), no 

investigator used location to describe severity.  Researchers that described frequency 

predominantly offered a count of a particular injury type in relation to location, but not as a 

measure of severity. Two descriptors, size and depth of injury, were identified in the literature 

related to severity. No clear consensus exists currently for examining characteristics of AGI, thus 

the VAGIS uses multiple characteristics including: type, location and frequency.  

The most common methods identified in the literature to detect AGI were direct 

visualization (n=25), colposcopy n=19), and toluidine blue dye (n=11). Direct visualization, 

colposcopy and toluidine blue dye have each been identified by the US Department of Justice 

guidelines as the most current clinical practice methods to detect AGI after SA (U.S. Department 

of Justice, 2013).  
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Item reduction. The 21 descriptors of injury types were grouped together according to 

alignment of standard medical definitions as follows: 

 tear, laceration, notch, deep notch, cleft, deep cleft, hymenal perforations 

 abrasion 

 bruise, ecchymosis, contusion, petechia, hematoma, blood blister, submucosal 

hemorrhages 

 redness, erythema  

 swelling, edema 

 tenderness 

 scars  

The injury descriptors tear and laceration refer to the same type of injury. Common 

medical terms are not always understood by the prosecution, the jury, law enforcement or 

victims (patients). Simple or lay terms were prioritized when possible. The term tear was chosen 

over laceration for its common understanding as well as its prevalent use in 22 out of the 28 

studies reviewed in the literature review. The location descriptor items related to notches, clefts 

and perforations of the hymen were uncommon in the literature relating to adolescents or adults. 

Since the target population for the VAGIS is adolescents and adults, the items related to notches, 

clefts and perforations were eliminated. The injury descriptor type abrasion remained in the item 

reduction pool. 

From the group of injuries relating to broken vessels beneath the skin surface, ecchymosis 

(n=16) and bruise (n=9) were the most commonly used descriptors of injury type by researchers, 

while contusion (n=2), submucosal hemorrhages (n=1) and blood blister (n=1), the least 

commonly used terms. The descriptor bruise was chosen over ecchymosis because bruise is more 

commonly understood.  
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The injury descriptors redness and erythema, and swelling and edema describe the same 

type of injury, so the descriptors redness and swelling remained in the item reduction pool for 

their common understanding. Tenderness was discarded for lack of use (n=1) and scar was 

discarded for not being an acute injury. After review of all items derived from the literature a 

total of 5 descriptor items remained. These were tear, abrasion, bruise, redness and swelling. 

Tool development. A prototype of the VAGIS tool was developed that included all 5 

items from the review of literature categorized by severity based on previous classification 

schemes and empirical clinical experience. Two items tear and abrasion were grouped together 

because both describe epidermal disruption although of differing proportions (tear has greater 

depth than surface area, abrasion greater surface area than depth) (McCance, & Grey, 2010) and 

both may require an adjunct method such as TB dye to be detected. The 4 injury types remained 

in the final item pool for use within the VAGIS included 1) tear/abrasion, 2) bruise, 3) redness, 

and 4) swelling. 

Each of the four injury types was operationally defined and categorized along a continuum of 

severity based on clinical experience and prior work by others (Kelly et al., 2013; McGreggor et 

al., 1999; Moore et al., 1995; Sommers et al., 2012). Figure 2 presents the VAGIS prototype.  

Round 1 results. Demographics for participants in Round 1 are in Table 1. A majority of 

the respondents were female (86.6%), from the Western region of the US (61.5%), have 

performed expert testimony (92.3%), with over half testifying on 100-500 cases (54.5%). The 

professional make-up of the panel were registered nurses (30.8%), nurse practitioners (23.1%), 

physician’s assistants (15.4%), and medical doctors (30.8%). The mean years in SA forensics 

was 23 years (SD 10.70), with a majority of participants performing 100-500 cases (30.8%) and 

1000 or more cases (46.2%) in their lifetime. Most panel members were associated with a SART 

facility (76.9%) that peer reviews monthly (72.7%), quarterly (18.2%) or annually (9.1%). Eight 
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programs (61.5%) use TB dye, and eleven use colposcopy or a digital camera with a macro lens 

attached (84.6%). Four were both SANE- A and SANE-P certified (33.3%). 

Thirteen of the sixteen participants responded to Round 1 for a response rate of 81%. One 

participant who initially agreed dropped out due to not understanding the utility for such a tool 

and two participants who initially agreed did not respond to 3 e-mail requests.  

 Three of the four VAGIS items achieved consensus at over 75% or greater agreement for 

theoretical framework, measurement framework, language and item format (see Table 3). One 

item, Redness, did not achieve 75% agreement in any of the survey questions. One item, 

Swelling, achieved 75% agreement in all survey questions. The survey question with the least 

agreement was ‘is the operational definition correct?” This question did not achieve consensus 

most often related to term definitions and TB dye strategies. One panelist did not agree with the 

methodology, terminology or purpose of the study and disagreed with every question on the 

survey. Table 3 displays the percent agreement of 'strongly agree/agree' on each content validity 

question. 

 
A content analysis was performed on all comments and five themes emerged, 1) removal 

of terms/items for example the item ‘Redness’, term ‘hymen intact’ and most of the macroscopy 

definitions, 2) combining terms/items such as the severity categories of ‘No injury’ and the ‘non-

specific’ injury category, 3) separating terms/items such as the severity category tear/abrasion, 

4) Use of numbers as a measure of severity, and  lastly, 5) modification to the operational 

definitions of the Bruise item and TB dye description. Table 4 provides exemplars of content 

analysis themes during round 1. 

Based on the panelist comments, 6 changes were made to the tool, 1) the term 'hymen 

intact' was removed, 2) the two severity categories 'No injury' and 'Non-specific injury' were 



51 

 

combined into one category 'No or non-specific injury', 3) the method of macroscopy as a means 

for injury detection was removed from the tool, 4) all concepts/terms related to bleeding were 

removed, 5) the use of numbers (<25% and >25% surface area) within the bruise category was 

removed, and 6) the operational definition of bruise was modified to: 

Mild = bruise to one structure 

Moderate = bruise to 2 vulvar structures, and  

Severe = labial hematoma or involving 3 structure’s.  

 After careful review of the panel comments, the use of TB dye as a detection strategy 

remained. 

Round 2 results. Thirteen of the thirteen Round 1 panelists returned to participate in 

Round 2, for a response rate of 100%. One panelist was unable to complete the entire survey. 

Two panelists requested to be removed from the study after completing the survey. 

The Round 2 survey asked 1) if the item Redness should be deleted from the tool, 2) if 

the item ‘tear/abrasion’ should be separated, 3) and three questions about the modified 

operational definitions of the remaining VAGIS items because of the content analysis findings in 

Round 1. This survey also included an open-ended question about TB dye use to help clarify 

opposing viewpoints described in Round 1.  

The item ‘bruise’ and ‘swelling’ both achieved consensus, 80% and 75% agreement 

respectively, on the revised operational definition questions. The item tear/abrasion failed to 

achieve consensus on both the revised operational definition question (58.3% agreement) and 

whether the pairing of the items ‘tear/abrasion’ should be maintained (66.7% agreement). Fifty 

eight percent of the panelists agreed with deleting the redness item.  

A content analysis was performed on all panelist comments and 4 themes emerged, 1) the 

inconsistent application, removal and interpretation processes around TB dye, 2) the use of 
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numbers to quantify severity, 3) removal of item ‘Redness’, and 4) modification of the 

operational definitions of the item ‘Swelling’. Table 5 displays exemplars of the content analysis 

themes from Round 2. 

Based on the panelist comments, 5 changes were made to the tool, 1) the item ‘Redness’ 

was removed, 2) the use of numbers within the tear/abrasion category was removed, 3) the item 

‘tear/abrasion’ was separated into two distinct categories, ‘tear’ and ‘abrasion’, 4)  operational 

definition of TB dye was modified to include ‘fills wound surface’, 5) the use of numbers within 

the operational definitions for the Bruise item were removed.  

After review of the separation of items tear and abrasion, a new term avulsion was added 

to the severe category of this item to reflect the severity of genital injury that might warrant an 

‘emergent medical evaluation’.  

Round 3 results. Ten of the eleven panelists that remained after Round 2 completed the 

Round 3 survey, for a response rate of 91%.  The Round 3 survey contained two questions on the 

operational definitions of the separated items ‘Tear’ and ‘Abrasion’. The survey also included a 

question as to whether they preferred the look (face validity) of the separated ‘tear’ and 

‘abrasion’ VAGIS version or the paired ‘tear/abrasion’ version. 

The operational definitions for the items ‘Tear’ and ‘Abrasion’ achieved consensus at 

80% agreement. Panelists preferred the look of the VAGIS that separated the items ‘tear’ and 

‘abrasion’ at 60% over those that preferred the items ‘tear’ and ‘abrasion’ paired.  

Round 3 themes continued to revolve around the use of TB dye, follow-up of non-specific 

injuries and the need for emergent medical evaluation in any of the severe categories. Two new 

and opposing perspectives emerged regarding the use of the terms mild, moderate and severe. 

Table 6 displays content analysis themes from Round 3. After review of all panelist comments 

the VAGIS was finalized and Round 3 results and comments were sent to each panelist. Figure 3 
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displays the final version of the VAGIS. 

Discussion 

This paper reports the development of the VAGIS, a tool that measures and describes 

AGI after SA, using a modified e-Delphi approach in a national panel of expert sexual assault 

forensic examiners. After a systematic review of the literature, many inconsistencies in the way 

researchers described and measured AGI's after SA were discovered. Despite the irregularities in 

the use of terms, common themes were identified. The common themes along with the authors 

clinical experience allowed for the development of a protype tool. The modified e-Delphi 

method was an appropriate survey strategy in order to illicit specific feedback and allow for a 

convergence of opinion on a subjective topic where no consensus had yet been achieved.   

In Round 1, the item Swelling achieved 75% consensus in every content category.  The 

items 'Tear/abrasion' and 'Bruise' achieved consensus in most categories with changes requests 

to the operational definitions and scoring respectively. The item 'Redness' was the only item that 

did not achieve consensus in any content category.  

Round 2, The items 'Bruise' and 'Swelling' achieved consensus. The operational 

definitions to the 'Tear/abrasion' category did achieve consensus, with requests for separation. 

The removal of the item 'Redness' was requested by a majority of panelists. Four items remained, 

'Tear', 'Abrasion', 'Bruise' and 'Swelling'. In Round 3, all four items achieved 75% consensus. 

Face validity for the VAGIS was established. 

It is important to know that the panelists participated in this study without a set of 

standard definitions. It became clear through the process that there were differences in opinion 

on how terms were both defined and used. Panelists comments on the term Bruise varied widely,  

 "petechiae from blunt trauma are better called micro hemorrhages".  

 " I prefer 'ecchymosis' and 'purple'",  
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 " petechia are NOT blunt trauma injuries",  

 "prefer the term contusion over bruise".  

 “consider petechia and diffuse minor bruising".  

 The use of numbers as a quantitative measure of severity also displayed wide variation, 

for example, “what is the research base for <25% hymen hematoma vs. >25%? This seems 

arbitrary and not helpful", while another recommended it's use, “consider [injury] covering a 

specific area... such as <25% of tissue. Try to quantify for clarity.” 

Interestingly, despite the research on increased injury detection with TB dye use, many 

experts felt that the overcalling of injury left them having to explain the discrepancies of SA 

forensic practice during testimony:  

 “Don't like t blue dye. Consider its use a waste of time and effort” 

 "I disagree with the [panelists] that say we should not be using colpo or TB." 

 It is my job as the supervisor and trainer to TRAIN the novice on dye application 

and removal. During peer review we amend the "over-calls" 

The variation of opinion on terms and methodology within the expert panel of this project 

substantiates the fact that this gap continues to exist despite advances within other areas of 

sexual assault forensic research.  

The VAGIS prototype assessed by the expert panelists did not include any instructions 

for use and this may have influenced participation. A section called ‘Instruction for Use’ will be 

developed to address the following panelists concerns, 1) the recommendation for a follow-up to 

examine the patient with only swelling, 2) a description for proper application and ‘vigorous’ 

removal of TB dye, and 3) an explanation to forensic examiners about what the terminology 

‘requires emergent medical evaluation’ means. Panelists were concerned that some severe 

injuries as stated, such as a large hematoma, do not require any intervention other than cold 
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packs. This terminology was placed specifically within the operational definitions because there 

are inexperienced examiners that should call a supervisor or seek a qualified medical opinion 

from an Emergency Department provider for a severe injury despite the need to treat as they 

could be missing a deeper bodily injury if not trained to do so.  The following statement was 

placed within the Instructions for Use "Emergent medical evaluation can be in the form of an e-

mail, text or verbal consult with the overseeing physician or clearing the patient yourself if it is 

within your scope of practice." This was meant to cover NP's who have independent practice 

authority in many states. A validated set of digital images for use with the tool will provide more 

visual information regarding which injuries fit into these categories. 

Comments about the tools utility were mentioned. Three panelists requested to be 

removed from the study for not agreeing with the study's premise, while several panelists made 

suggestions for its use. Panelists were told that the VAGIS project was attempting to create a 

standardized way healthcare providers communicate about the general picture of a genital injury 

after sexual assault and that it was not meant to duplicate the detailed forensic medical exam 

documentation. 

Determining AGI severity is often subjective and comes with personal experience. It is 

this subjectivity about AGI that the VAGIS sought to decrease. A novice should find the VAGIS 

just as useful as an expert. For now, the VAGIS is a starting point that is meant to evolve and 

become more accurate over time as users continue to test it, thereby increasing its validity. The 

tool begins as an approach geared more towards clinical significance, that will move towards 

more forensic significance as it is applied to specific SA subject groups. 

Limitations of this study relate to limitations of the Delphi process and include that the 

results represent the opinions of a small number (n=10) of expert forensic researchers and may 

not reflect those of the general population of experts within this specialty field (Waltz, Strickland 
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& Lenz, 2010). However, given the wide variety of responses to the surveys the data offered 

much insight into several opposing viewpoints. While using an internet based approach speeds 

up data collection, data analysis and decreases costs of postage and paper by using e-mail, the 

nature of e-mail is that there may have been a greater than expected response drop-out rate as 

participants had a decreased sense of responsibility due to the lack of personal contact. Despite 

these limitations, the panel comments offered insight into several opposing viewpoints and we 

were still able to achieve 75% agreement on all 4 items on the tool.  

Conclusion 

 After more than 30 years of varying terminology, detection and measuring strategies used 

by researchers and clinicians of SA forensics, a panel of experts came to consensus on a set of 

four injury types that should be measured (tear, abrasion, bruise, and swelling) and operational 

definitions for four severity categories for tear, abrasion, and bruise and two injury severity 

categories for the injury type swelling. This research exposed philosophical differences that exist 

between SA researchers on basic terminology and identification strategies within everyday 

clinical practice as well as the difference of opinion on the usefulness of TB dye. Through the 

Delphi process opinions eventually converged. For now, the VAGIS is a starting point where 

researchers and clinicians can communicate in a standardized way with other healthcare 

professionals, law enforcement and the justice department about the severity of AGI after SA. 

The tool will likely evolve over time as users integrate it into research and clinical practice. 
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Table 1. Demographics of Delphi panel participants 

 

Participants (N=13) 

Mean (+ SD) or 

Number (%) 

Age 56.92 (9.06)  

Female  11 (84.6%)  

Region of Residence*  

   Northeast Region 1(7.7%) 

   Midwest Region 2 (15.4%) 

   South Region 2 (15.4%) 

   Western Region 8 (61.5%) 

Professional Title  

   Registered Nurse 4 (30.8%) 

   Nurse Practitioner 3 (23.1%) 

   Physicians Assistant 

   Medical Doctor 

2 (15.4%) 

4 (30.8%) 

Highest Level of Education 

    Bachelor of Science  

    Master of Science 

    Doctor of Philosophy  

    Clinical Doctor 

 

2 (15.4%) 

4 (30.8%) 

3 (23.1%) 

4 (30.8%) 

Years in sexual assault forensics 23.23(+10.70) 

Performed Expert Testimony 12 (92.3%) 

    Less than 10 cases  1 (9.1%) 

     20-100 cases  

 

4(36.4%) 
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     100-500 cases  6(54.5%) 

 

Cases performed in lifetime 

     10-20 cases 7.7%     1 (7.7%) 

     20-100 cases 7.7%    1(7.7%) 

     100-500 cases 30.8%    4(30.8%) 

     500 - 1000 cases 7.7%    1(7.7%) 

     1000+ cases    6 (46.2%) 

Cases performed in last 12 months  12.08(17.41) 

Number cases peer reviewed per year 369.42 (379.96) 

Certifications 

     Sexual assault nurse examiner (Adult) 4 (33.3%) 

     Sexual assault nurse examiner (Pediatric) 4 (33.3%) 

Sexual Assault Response Team  10(76.9%) 

 

facility association 

   

     Hospital based    5(55.6%) 

     Private business    4(44.4%) 

Program peer reviews    12 (92.3%) 

     Monthly     8(72.7%) 

     Quarterly     2(18.2%) 

     Annually     1(9.1%) 

Adjunct Methods 

     Toluidine Blue Dye   8(61.5%) 

     Colposcopy or digital camera  11(84.6%) 

     with macro lens attached 
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    *Northeast region - Connecticut, Maine, Massachusetts, New Hampshire, Rhode Island and 

Vermont, New Jersey, New York and Pennsylvania; Midwest Region -Illinois, Indiana, 

Michigan, Ohio, Wisconsin, Iowa, Kansas, Minnesota, Missouri, Nebraska, North Dakota and 

South Dakota; Southern Region -Delaware, District of Columbia, Florida, Georgia, Maryland, 

North Carolina, South Carolina, Virginia, West Virginia, Alabama, Kentucky, Mississippi, 

Tennessee, Arkansas, Louisiana, Oklahoma and Texas; Western Region -Arizona, Colorado, 

Idaho, Montana, Nevada, New Mexico, Utah, Wyoming, Alaska, California, Hawaii, Oregon and 

Washington. 
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Table 2 – Example of comment coding for the question related to Theoretical Framework  

Coding 

Schemas for 

comments 

Explicit definition Coding rules Example 

Knowledge 

related 

Comments related to not 

fully developed, 

incorrect, limited or no 

existing knowledge 

*Phrases will be coded 

*Words will be searched and 

coded 

*Comments may be coded into 

more than one schema 

“The use of TB dye 

is controversial” 

Combination of 

terms 

Comments suggesting 

that the item should or 

should not be combined 

in the current manner 

*Phrases will be coded 

*Words will be searched and 

coded 

*Comments may be coded into 

more than one schema 

“The item 

tear/abrasion should 

be separated into 

two individual 

items" 

Terminology 

related 

Comments related to 

term semantics or 

suggestions for 

substitution 

*Phrases will be coded 

*Words will be searched and 

coded 

*Comments may be coded into 

more than one schema 

“The term bruise 

should be changed 

to ecchymosis” 

 

Deletion of 

items/terms 

Comments suggesting 

that the item should or 

should not be combined 

in a different manner 

*Phrases will be coded 

*Words will be searched and 

coded 

*Comments may be coded into 

more than one schema 

"The item redness 

should be removed" 
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Table 3. Round 1 - Percent strongly agree/agree on each content validity question  

 Q1  

(TF) 

Q2 

(MEAS) 

Q3 

 (OD) 

Q4 

(SCORE) 

Q5  

(FORMAT) 

Q6  

(LANG) 

Q7  

(OVER-

ALL) 

Tear/ 

abrasion 

84.7 DV 92.3 

CO 84.7 

TB 69.2 

DV 69.2 

CO 69.2 

TB 76.9 

76.9 92.3 76.9 69.2 

Bruise 84.7 DV 92.3 

CO 

DV 92.3 

CO 

69.2 76.9 76.9 69.2 

Redness 30.8 69.2 61.5 46.2 46.2 69.2 46.2 

Swelling 76.9 76.9 76.9 76.9 76.9 92.3 76.9 

 

(DV) use of direct visualization to detect AGI, (CO) use of colposcopy/macroscopy to detect AGI, (TB) use of TB 

dye to detect AGI. Survey questions - (TF) Does the general theoretical framework research support inclusion of the 

item on the tool? (MEAS) Does the measurement framework support how the item is measured on the VAGIS? 

(OD) Is the operational definition for each of the item choices correct? (SCORE) Are the choices for each of the 

item scores appropriate? (FORMAT) Is the format appropriate? (LANG) Is the level of language appropriate? 

(OVERALL) Overall do you affirm that this item is appropriate? 

 

 

 

 

 

 

 

 

 

 



63 

 

 

Table 4 – Round 1 exemplars of content analysis themes  

Theme Exemplars 

Removal of 

terms/ 

items 

* “Please do not use the term "intact" for the hymen! "Hymen without injury" is much 

more specific and objective. 

 * “Redness is much too subjective a finding, and there is no evidence that it is always 

caused by trauma.” 

Combining of 

terms/items 

* "Why not combine the no injury/non-specific items? What factor besides direct 

visualization would an examiner use to choose between the two? 

Separating 

terms 

/items 

* “A tear and an abrasion are not the same thing. A deep, bleeding laceration is on one 

end of the spectrum of trauma, and a superficial abrasion is on the other end.” 

* “Mechanism of injury is different for lacerations and abrasions...they should be used 

separately. A fundamental forensic task is to compare the history or description of what 

happened (mechanism of injury) with the resultant finding(s) and assess the consistency 

of the association.” 

Use of numbers * “Where is the data informing the use of number of injuries as a way of measuring 

severity? Disruption of the epidermis vs. the dermis is a better clinical indication of 

injury severity. If you take out the numbers, and only use tears into the epidermis vs. 

into the dermis, vs. into deep fascia exposing muscle, that makes sense anatomically.” 

* “What is the research base for <25% hymen hematoma vs. >25%? This seems 

arbitrary and not helpful. It makes more sense to have Mild = bruise to one structure, 

Moderate = bruise to 2 vulvar structures, and Severe = labial hematoma or involving 3  

structures” 

Toluidine Blue * “TB dye uptake is dependent on the skill of the examiner to correctly apply the dye, 
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dye as a 

detection 

strategy 

correctly remove the excess dye, and correctly interpret the significance of uptake (i.e. 

diffuse, non-specific or localized). Use of TB dye is not universal among examiners.” 

* Removal of TB must be vigorous and seldom is adequate. I review many cases every 

year (for both defense and prosecution) and over-calling TB residual as injury is a 

HUGE problem and is widespread.” 
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Table 5. Round 2 exemplars of content analysis themes 

Theme Exemplar 

TB dye * "In my experience of hiring, training and mentoring many new examiners, I have 

found the dye to be is a fast, vital, and reliable tool for teaching new examiners where 

injuries are found and what they look like. " 

* "I do not believe that the use of TB is difficult having trained many people over the 

last 20 yrs, that should not be the obstacle to its use." 

Use of numbers * “I am not clear why there is quantity, you should be grading the number of injuries 

OR the severity.” 

* “For lacerations, depth is the only scientifically acceptable method of determining 

severity.”(regarding the use of numbers as a measure of severity) 

Redness * “Let's be practical. How many programs are able to have the patient return in 3 to 7 

days to see if the redness has resolved? Also, redness from some cause other than 

trauma could also resolve, so that still doesn't prove the initial redness was a sign of 

trauma.” 

* “Even though it is still included on forms, I personally do not include it in exams. 

When reviewing cases where they emphasize redness as an injury finding, I explain 

the controversy” 

Swelling * "Swelling should have a follow up exam for comparison to ensure it is not being 

misinterpreted. Recommend adding a follow up recommendation to the [operational] 

definition of injury." 

* "Unless you are bringing them back in for a re-check swelling is difficult to state. 

Severe swelling is apparent but the rest is difficult." 
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Tear/abrasion 

Pairing 

 * “Lacerations and abrasions are certainly not interchangeable and the mechanism of 

injury are different for each of them. However, for what you are trying to accomplish 

with VAGIS, I think it will be okay to pair them.” 

* “I’d suggest size and depth and if treatment is required. I get this is hard, however 

mechanism of injury is different and our job is to relate every injury to mechanism of 

injury. You could actually use same/similar scale with number for tears and size for 

abrasions?” 
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Table 6. Round 3 exemplars of content analysis themes 

Theme Exemplar 

Follow-up * "I continue to disagree with the need for follow up. If a program is not 

set up to do f/u it nullifies the interpretation, and is a set up for any defense 

attorney." 

Toluidine 

Blue  Dye 

* "I do not believe that the TBU should be embedded. I have seen tears 

that were obvious but did not stain w/ TB. I do not agree with including 

clinical treatment/plan in the operational definitions." 

* "Nonspecific injury can have no Tb dye uptake OR diffuse uptake" 

Emergent 

medical 

evaluation 

* "The abrasion that reaches the fascia is an avulsion... and again rarely 

require medical intervention in emergent circumstance b/c you don't want 

to stitch up a contaminated wound." 

Use of mild, 

moderate, 

severe 

* "avulsion adds a different perspective....e.g. tearing away of tissues from 

their attachments…which may be minor, moderate, or severe and may 

depend upon if the injury is local and/or spread across larger areas of the 

body surface." 

*"we used this nomenclature (no/non-specific, mild, moderate, and severe) 

since the 1980s. The qualifying elements included injury descriptions. 

What that says to me is that the nomenclature is validated from your 

research." 
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Figure 1. Flow of Participants 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Legend- Displays the flow of participants by identification from the literature review and by 

expert referral, then by those that accepted participation and those that completed each round. 
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Abstract 

 

 

Aim. The purpose of this study was to 1) determine the validity of a set of acute genital injury (AGI) 

digital images for use with the Vulvar Acute Genital Injury Score (VAGIS) tool, and to 2) assess the 

consistency of sexual assault (SA) forensic examiners at scoring a validated set of digital images using the 

VAGIS tool. 

Background. The VAGIS tool contains four injury items that describe and measure AGI along a 

continuum (Benson, Bates-Jensen, Pavlish, Niemann & Hodge, 201x). A validated set of digital images 

would assist users of the VAGIS in the correct identification of each item severity category and 

standardize the way sexual assault forensic examiners communicate injury severity to other healthcare 

professionals, law enforcement and the justice department. This study focused on development of a digital 

image library and consistency of SA forensic examiners at using the VAGIS with the digital images.  

Method. This methodological study involved development of a digital image library of AGI and assessed 

consistency of SA forensic examiners at using the VAGIS with the digital images. After judging image 

quality, a set of digital images reflecting the items and item choices on the VAGIS tool was assessed for 

validity using an expert panel of SA forensic examiners. Consistency of SA examiners in using the 

VAGIS tool was evaluated with the digital images.  

Results. The initial 53 digital images were reduced to 42 images after judging for image quality. Of the 

42 images, 34 remained after judgment by 14 SA forensic examiner panelists as reflecting items on the 

VAGIS tool.  SA forensic examiners were evaluated for consistency in scoring the 34 digital images 

using the VAGIS tool across three rounds. Inter-rater reliability for Round 1 was 51% agreement and the 

Multirater Kfree = 0.38, Round 2 was 60% agreement and the Multirater Kfree = 0.502 and Round 3 was 66% 

agreement and the Multirater Kfree = 0.655. Intra-rater reliability for 12 participants completing both Round 

1 and Round 2 was 72%. A 3rd round of inter-rater reliability was performed after a 30-minute training. 

Scores improved slightly. After three rounds, participants had the highest reliability, almost 100%, on 
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images within all of the 'severe' categories. The lowest scores were within the 'bruise - moderate' and 

'bruise - mild' categories, the 'abrasion - mild' category and the 'tear - moderate' category.  The 'no 

injury/non-specific injury' and 'tear - mild' categories, which both utilized TB dye, showed the greatest 

improvement.   

Conclusion. A panel of SA forensic examiners affirmed a set of 34 digital images of acute genital injury 

after sexual assault for use with the Vulvar Acute Genital Injury Score (VAGIS) tool. Inter-rater 

agreement of scoring the 34 digital images using the VAGIS tool by less experienced SA forensic 

examiners was lower than expected in rounds 1 and 2. Reasons were explored and it was determined that 

participants may not have been given enough instruction in the use of the VAGIS tool. While testing the 

validity and reliability of a set of digital images of AGI after SA is not meant to replace the live forensic 

exam, it is a reasonable approach to decrease the subjectivity of these unique injuries before testing the 

VAGIS tool on actual rape victims. Continual validation of images using qualitative methods may 

elucidate the reasons for variation in practice. 
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Introduction 

 While the legal definitions of sexual assault in the United States (US) vary from state to 

state, The Sexual Assault Nurse Examiner Development and Operations Guide (1999) defines it 

as “any unwanted contact of one person’s sexual organs by another regardless of sex, with or 

without penetration, and with or without resulting physical injury” (p.17). Similarly, just as the 

legal definitions of sexual assault vary, the terms used to describe and measure acute genital 

injury (AGI) after sexual assault (SA) have differed widely from researcher to researcher over 

the last 30 years (Benson & Bates-Jensen, 2017). Accurate and consistent identification is an 

essential step in AGI detection (Sachs, Benson, Schriger & Wheeler, 2011). In prior work, the 

vulvar acute genital injury score (VAGIS), a tool to assist clinicians with AGI severity 

measurement, was developed and reviewed for validity by a national panel of forensic experts 

using a modified e-Delphi method (Benson, Bates-Jensen, et al 2017). In this study, we expand 

upon the testing of the VAGIS tool.  To complete the VAGIS tool development and to enable use 

by clinicians we validated a digital image set that reflects each item on the tool and then tested 

forensic examiners for their inter and intra rater reliability at scoring the images on the VAGIS. 

This paper reports on 1) validation of the digital image set, and 2) the reliability testing of SA 

forensic examiners at scoring the validated digital image set using the VAGIS tool. 
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Background  

 

Validation. Validation of a set of images for use with a tool is commonly a two to three 

step process. While there have been no known studies published on the validation of an image 

set of AGIs, a few have validated images sets in other fields related to the skin.  Harris, Bates-

Jensen, Parslow, Raizman, Singh & Ketchen, (2010) sought to validate a set of digital images 

that would reflect 11 of the 13 wound characteristics on the Bates-Jensen Wound Assessment 

Tool (BWAT). Phase I began with three wound ostomy nurses selecting 75 digitalized images 

that were validated for photographic quality. The digital images were then sent to the author of 

the BWAT, who either agreed or disagreed with the original research panels’ decision. Phase II 

utilized 15 wound ostomy nurses to review 106 photographs. Nurses had the choice of ‘yes’ or 

‘no’ when asked whether the digital image represented the item on the BWAT. Consensus was 

set at 75%. In Phase III, new digitized images were selected for items that did not reach 

consensus and were sent for validation via an online survey method. This phase resulted in at 

least one digital image representing all 65 wound characteristics, for a total of 103 images.  

Werschler et al. (2015) validated a set of digital images for use with the four-point 

Allergan Lip Fullness Scale (LFS). Initially, 200 photographs of various skin colorations were 

taken and evaluated for photographic quality by a board certified dermatologist. Ninety-five 

photographic sets were chosen to represent each item on the 4-point LFS and sent to a panel of 

three specialists who convened to determine how the scale suitability and descriptors were 

assigned by the initial reviewer. Twelve sets of 3-4 digital images were validated. The set of 

digital images has not yet been tested for reliability. While a validated digital image set has never 

been formally tested for reliability, groups of sexual assault forensic examiners have used digital 

images to test the reliability of a group of forensic examiners at determining acute or chronic 
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genital injury after sexual assault and/or child abuse. In summary, validating a set of images for 

use with a tool is a two-step process that consists of an initial stage of image selection followed 

by validation with a panel of experts.  

Reliability. In a cross-sectional observational study designed to determine the inter-rater 

reliability of forensic examiners at detecting AGI after SA in digital images, Sachs, Benson, 

Schriger and Wheeler (2011) used a convenience sample of eight forensic examiners, two 

physicians, two nurse practitioners and four registered nurses to rate 50 consecutive cases of AGI  

using digital images. Raters judged images as:  1) 'yes' injury is present in the image, 2) 'no' 

injury is not present in the image, or 3) 'unsure' if there is injury present in the image. Each case 

consisted of two to four digital images showing before and after toluidine blue application. Not 

all examiners rated all cases. Inter-rater reliability was reported as 82% agreement (kappa= 0.66). 

Intra-rater reliability was not tested. 

Starling and colleagues (2013) conducted an inter-rater reliability study of expert SA 

examiners assessment of digital images of pre-pubescent females with AGI. Starling et al. (2013) 

recruited 12 volunteer experts within a peer review network to evaluate 33 acute and non-acute 

prepubescent cases using a secure web based server with uploaded digital images. Each expert 

reviewer received specific details of the case, including, demographics, history of case, physical 

exam findings, genital exam findings, photo documentation and physician diagnosis. Each rater 

rated all 33 cases, with 2-9 digital images for each case. Raters were asked whether they agreed 

with one of three original diagnoses, positive, negative, or indeterminate. Inter-rater reliability 

was examined using Fleiss’ Kappa statistic which allows for multiple raters assigning categorical 

ratings of data. Starling et al (2013) report Fleiss' Kappa of  0.623. 

 Determining reliability of the VAGIS tool in clinical practice would be difficult and not 

ethical. It is difficult to conceive of subjecting a victim of SA to multiple SA forensic examiners 
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to test the reliability of an instrument. As demonstrated by Sachs et al. (2011) and Starling et al. 

(2013) inter-rater reliability of SA forensic examiners assessments can be determined using 

digital images. As discussed, digital image sets can be validated by expert panels for use with an 

assessment instrument (Harris et al., 2010; Werschler et al., 2015). Therefore, the specific aims 

of this study were to 1) determine the validity of a set of AGI digital images for use with the 

VAGIS tool, and to 2) determine the reliability of SA forensic examiners at scoring a validated 

set of digital images using the VAGIS tool. 
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Methods 

 Ethical considerations. This study was approved by the Office of the Human Research 

and Protection Program at the University of California, Los Angeles in 2017. Informed consent 

was obtained from each participant prior to the commencement of the study. As a standard 

protocol, the California Emergency Management Agency (CalEMA) sexual assault 923 form 

requires that all victims requesting a forensic exam for the purposes of obtaining evidence for a 

SA sign the form. The form explains that digital images may be taken during the exam and saved 

for purposes of use as evidence in court, as a means of memory recall by the examiner, peer 

review by individual groups, and research. A copy of each form is retained with the victim’s file 

in the office of a forensic nurse company. 

 Design. This methodological study included validation and reliability testing of the 

VAGIS tool. After judging image quality, a set of digital images which reflected the items and 

item choices on the VAGIS tool was assessed for validity using an expert panel. Reliability of 

the VAGIS tool was examined using the validated digital images with SA forensic examiners.  

Figure 1 presents the flow of the study. 

 Data Collection.  Validation of the digital image set. A digital image database of all SA 

cases is maintained by the owner of a privately owned forensic nurse company (FNC). The FNC 

contracts with registered nurses and nurse practitioners to perform SA forensic examinations 

within the Los Angeles and Orange County, and the PI was granted access to the database for 

study purposes. The database includes age, gender, race, injury type and any outstanding details 

of the case. All digital images were taken by employees of the FNC during actual cases reported 

to law enforcement using a Canon Rebel SLR 8 or Sony Mavica 4 or 5 megabyte camera, or an 

Olympus digital camera attached to a colposcope. Digital images were copied onto a CD disk at 
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the time of the exam for viewing and storage. A range of 6 -90 photos were taken during any one 

exam. Initially, a list of all cases performed that identified any type of injury from years 2002-

2015 on females 16 years and older, starting with the month of January was generated. Cases 

were reviewed and images selected by the PI to represent each specific injury item on the 

VAGIS scale. The VAGIS contains 4 items, tear, abrasion, bruise, & swelling and each item has 

two to four possible severity score choices. Photos were chosen to represent each severity score 

for each of the 4 items to allow for elimination of images as recommended by the validation 

panel. Twenty-five percent of the total digital images were from women of color. A total of 53 

digital images were identified by the PI. Each image was de-identified and reissued a random 

number using an online number randomizer in order to insure anonymity as well as maintain 

accurate record-keeping.  

Next, a convenience sample of three SA forensic clinicians known to the PI judged the 

quality of the digital images. Choices;/ were 'excellent’, ‘acceptable’ or ‘not acceptable’ based 

on ability to identify tissue landmarks within the vulva, sufficient lighting in the image, and 

adequate focus. Responses were recorded in real time by the PI using a pencil and paper tool. 

Images where not all structures were easily identifiable, where lighting was judged either 

insufficient or overexposed and/or those where sharp borders were not present, were discarded 

(Ernst, Speck & Fitzpatrick, 2012).  

 Validation of the digital image set. All images remaining in the image pool from Phase I 

were loaded onto the Research Electronic Data Capture (REDCap) survey site. Phase II study 

data were collected and managed using REDCap electronic data capture tools hosted at the 

University of California, Los Angeles (Harris, Taylor, Thielke, Payne, Gonzalez, & Conde; 

2009). REDCap is a secure, web-based application designed to support data capture for research 

studies, providing 1) an intuitive interface for validated data entry; 2) audit trails for tracking 
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data manipulation and export procedures; 3) automated export procedures for seamless data 

downloads to common statistical packages; and 4) procedures for importing data from external 

sources (Harris et al., 2009). A REDCap software system test by 3 lay examiners known to the 

researcher was conducted prior to the commencement of the study in order to determine any 

potential wording issues, and technical problems within the on-line survey system.  

Participants were sent a link to enter the REDCap online survey system. Study 

information provided and informed consent obtained electronically with a signature on the study 

website. Participants had seven days to complete the survey. Those not completing the 

questionnaire within one week were contacted three times one week apart by e-mail in an 

attempt to increase the response rate. Participants were able to exit and return at a later time as 

often as needed. Participants were given an injury severity category such as 'Tear - severe', 

'Bruise - moderate' or 'Abrasion - mild' and were asked if they 'strongly agreed', 'agreed', 

'disagreed' or 'strongly disagreed' that the preselected digital image accurately represented the 

severity category on the VAGIS tool to which it was assigned. Validation participants were 

given a free response space within each question to discuss their decision making process. An a 

priori level of agreement was set at 80%, higher than the 75% used in other studies (Harris et al., 

2010) because of the potential use within the justice system, a higher level of consensus might be 

indicated.. 

 Reliability study. Similar to the digital image validation, the online survey tool REDCap 

was used to examine reliability. All images that achieved 80% agreement or greater during the 

validation study were numbered, randomized using the online randomizer www.randomizer.com, 

and uploaded onto the study site. Prior to study commencement, the REDCap software system 

was tested by three forensic examiners to determine potential wording issues (e.g., typographical 



81 

 

errors, misspellings, and incomplete statements) technical problems (e.g., image upload failure, 

ability to interrupt the survey), and to calculate time needed to complete the survey.  

Image validation participants were sent a link via e-mail to open the initial survey page. 

Informed consent was obtained in the form of an electronic Informed Consent explanation sheet 

with a signature on the study website. Participants were reviewed an initial set of written 

instructions on how to use the VAGIS to score a digital image and provided with two digital 

images scored with the VAGIS tool along with a narrative rationale for scoring as examples. For 

the study, each participant viewed a single digital image without any case details and asked to 

score the injuries of greatest severity using the VAGIS tool. See Figure 3 for a sample question. 

All participants rated images in the same order.  

 To establish intra-rater reliability, a second data collection episode for a subset of 

participants took place 7 to 12 days after the initial scoring. The same procedures were 

performed as for the first data collection episode. The digital images were re-randomized. All 

participants rated images in the same order. Participants were sent a private link to access the 

online survey. In order to increase response rates, participants were reminded daily by e-mail. 

Participant access was restricted after four weeks. 

Participants.  First, a convenience sample of two high volume clinicians known to the 

investigator were recruited to judge image quality with the investigator (Figure 1). 'High volume' 

was defined as self-report of having performed either 500+ SA forensic examinations, or 

performed 10+ cases and peer reviewed 1000+ cases. All 

Participants for the validation study were recruited from the list of potential participants 

for the VAGIS Delphi study (Benson, et al, 201X), forensic examiners known to the researcher, 

direct referrals of other forensic examiners, and the New York Department of Justice listserv.  

Inclusion criteria was age 21 years or older, English as a primary language, and residing in the 
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US.  Inclusion as a participant required performance of a minimum of 500 SA forensic 

examinations, or ten or greater female SA forensic examinations and a minimum of 1,000 peer 

reviewed cases, or a past participant on the Delphi panel to validate the VAGIS tool.  

Reliability study. Participants for the reliability study were recruited from the initial list of 

potential panel members for the VAGIS Delphi study (Benson et al., 2017), forensic examiners 

known to the researcher, referrals of forensic examiners, and the New York Department of 

Justice listserv. Figure 2 shows the consort diagram for the reliability study. Inclusion criteria for 

participation was age 21 years or older, English as a primary language, and residing in the U.S. 

and performance of 10 or more SA forensic examinations.  

Data Analysis. Demographic data for judges of image quality, image validation and 

reliability participants were analyzed using descriptive statistics. Age, years in forensics, and 

number of cases peer reviewed per month, were analyzed with mode, mean, median, standard 

deviation, and range. Categorical variables such as gender, type of facility, and certification, 

were analyzed using frequency and proportions.  

Digital images that received a 100% 'excellent' rating (affirmation by all three judges) 

were retained for use in the validation phase of the study (n=39). If an item on the VAGIS could 

not be represented by a digital image judged as ‘excellent’, then an image judged as ‘acceptable’ 

was substituted (n=2). If there were no images available in either category, then the item was 

labeled as ‘unable to capture on digital image’. 

Image validation. Percent agreement between participants was calculated by determining 

the number of participants in agreement divided by the total number of participants responding 

and multiplying by 100. Only those images achieving 80% agreement or greater remained in the 

image set used in the reliability study. 
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Reliability study. Both inter-rater reliability and intra-rater reliability underwent testing in 

this study. All quantitative data were analyzed using raw percent agreement (for different 

raters—inter-rater and for different times—intra-rater) using Microsoft 12.0, free- marginal 

multirater Kappa (multirater Kfree) using the Online Kappa Calculator 

(http://justusrandolph.net/kappa/). Multirater Kfree, a variant of Fleiss’ Kappa, allows for multiple 

raters to rate cases without the constraint of assigning a set number of cases to each particular 

category (Randolph, 2009). Marginal data are considered fixed when "raters know a priori the 

quantity of cases that should be distributed into each category" and considered free when "a rater 

is free to assign to categories with no limits on how many cases must go into each category" 

(Randolph, 2009, P#).  

 

Results 

 Image quality. Participants judging quality of the digital images were experienced SA 

forensic examiners. One of examiners judging image quality examined 830 cases, peer reviewed 

1000 cases, and had 6 years of SA forensic experience. The second experienced examiner had 

performed 900 cases, peer reviewed 10,000 cases and had 24 years of SA forensic experience, 

and the third experienced examiner had performed 200 cases, peer reviewed 1,000 cases and had 

13 years of SA forensic experience. Table 1 reports on the demographic characteristics for 

participants in the study.  

 The initial image pool consisted of 53 digital images. Thirty-nine (74%) digital images 

were judged as 'excellent' and 13 (25%) images were judged as 'acceptable' by all clinicians. All 

39 images rated as ‘excellent’ remained in the image validation pool. Two images of 'acceptable' 

quality were returned to the pool to fulfill image deficiencies within the bruise and tear 

categories, 12 images were discarded, leaving 41 images in the digital image set for validity 

http://justusrandolph.net/kappa/
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testing. Table 2 presents the frequency and percent agreement ratings of the quality of digital 

images within each severity category on the VAGIS.   

 Image validation. Table 1 presents the demographic characteristics of the participants. 

Of the 14 persons agreeing to participate, 13 completed the survey in its entirety for a response 

rate of 93%.  A majority of the respondents were female (93%), from the Western region of the 

US (50%), with a mean age of 51 years. Most had performed expert testimony (93%), with over 

half testifying on 100-500 cases (54.5%). The professional make-up of the panel were registered 

nurses (28.6%), nurse practitioners (35.7%), physician’s assistants (14.3%), and medical doctors 

(21.4%). The mean number of years in SA forensics was 19 years (SD 10.20). Of the 14 

participants, nine worked in programs that used TB dye, and eleven worked in programs that 

used colposcopy or a digital camera with a macro lens attached. National sexual assault 

certification was held by 10 participants.  

 Participants were asked to affirm if the digital image reflected the assigned VAGIS item 

choice for 42 images. One image was reviewed in both the ‘bruise’ and ‘swelling’ categories and 

one was reviewed in both the ‘tear’ and ‘abrasion’ categories as the images had been validated 

for both categories. Of the 42 images reviewed six achieved 100% agreement, 19 achieved 92% 

agreement, and 11 achieved 86%. Seven images did not achieve 80% agreement, with the lowest 

score being 69%. The most frequent comments on images not achieving agreement were related 

to depth. For example, “appears to be deeper than the dermis”, “tear not deep enough”, or 

“injuries are superficial”. One of the seven images was removed based on participants’ 

comments related to ‘image failure’.  Table 3 presents the percent agreement by the expert panel 

for each digital image by VAGIS item severity category. A final set of 34 digital images was 

validated for use in reliability testing.  
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  Reliability. Twenty-nine people agreed to participate in the reliability study and were 

sent a link to the online survey (Figure 1).  Twenty-eight began the survey and twenty-four 

completed the survey for a response rate of 83%. Demographic characteristics of participants are 

shown in Table 1. In contrast to the validation participants, those participating in reliability 

testing were predominantly nurses, had lower education levels with 30% with bachelor’s degrees 

and no participants with doctoral degrees, and less experience as a SA forensic examiner with 

most performing less than 500 SA cases. All but two of the participants used TB dye within their 

clinical practice, 18 used colposcopy or a digital camera with a macro lens attached. Ten were 

nationally certified SA nurse examiners. 

 The reliability study included three rounds and began with 34 images. Figure 2 presents 

an example of a reliability study question. Two images were used as examples within the 

instructions and one image was accidentally left off the survey, therefore, 31 images remained 

for reliability testing. While the VAGIS contains 4 injury types, only the results for the injury in 

which the image was validated for are being reported. For example, if the image was validated as 

a 'severe tear', then only the category 'tear' was analyzed for reliability among all raters. There 

were eight unique cases. The six images validated for ‘No injury or non-specific injury’ were 

analyzed using all four VAGIS categories with a possible 180 permutations. One image was 

validated for BOTH a ‘severe bruise’ and ‘swelling’ and both categories were analyzed as a pair. 

One case was an image that was validated in two separate categories ‘tear –mild’ and ‘abrasion-

mild’, where a response by the rater in either box was correct. Three different surveys were 

completed to evaluate reliability. Round 1 involved 29 participants, round 2 involved 12 

participants and was also used to examine intra-rater reliability, and round 3 involved 9 

participants after completing a 30-minute training in-service. Participants were allowed 10 days 

to complete each survey with email reminders sent daily. Fourteen days elapsed between 
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participant completion of round 1 and round 2 surveys (intra-rater time frame) and there was 

seven days between round 2 and round 3 surveys. Table 4 displays the Multirater Kfree  inter-rater 

reliability of participants’ ratings of digital images for each individual image by injury severity 

category. Round 1 agreement was 51% and the Multirater Kfree = 0.38.  

The 24 participants completing the inter-rater reliability study received a link to the intra-

rater reliability study. Twelve participants responded and completed the round 2 survey for a 

response rate of 50%. Most were female (92%) with a mean age of 46 years and 6 years forensic 

experience. One third of participants performed less than 100 cases (33%), one third performed 

100-500 cases (33%) and one third performed 500 or more (33%) sexual assault forensic cases in 

their lifetime. Agreement achieved %. Round 2 agreement was 60% and the Multirater Kfree = 

0.502. Seven images in Round 2 achieved 100% agreement and a Multirater Kfree = 1.0. The 

lowest agreement was 29%. Table 4 displays the Multirater Kfree  inter-rater reliability of 

participants’ ratings of digital images for each individual image by injury severity category in 

Round 2. Table 5 displays the inter-rater reliability, the range, and the percent of Kappas above 

the study threshold of 0.40 of the digital images across injury categories. The intra-rater percent 

agreement was 72%. Table 5 presents the intra-rater reliability of the 12 particpants completing 

both Round 1 and Round 2.  

A third round of reliability testing conducted due to the poor reliability obtained on 

several VAGIS items. A 20-minute training session was provided with an experienced SA nurse 

examiner using digital images of SA to demonstrate use of the VAGIS tool.  A convenience 

sample of 15 participants chosen by the PI were asked to participate and nine agreed for a 

response rate of 60 percent. Round 3 agreement was 66% and the Multirater Kfree = 0.655. 
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Discussion 

 This paper reports the validation of a set of digital images for use with the VAGIS, and 

the reliability of forensic examiners in scoring the validated set of digital images using the 

VAGIS. An initial set of 53 digital images of post sexual assault victims were judged by two 

high volume examiners for visual quality based on ability to identify tissue landmarks within the 

vulva, sufficient lighting in the image, and adequate focus. Of the 53 initial set, 75% (n=40) were 

rated as visually ‘excellent’, and 25% (n=13) as ‘adequate’ by both clinicians. All 40 images 

rated as ‘excellent’ and two images rated as ‘acceptable’ remained in the digital image set 

validated by participants, for a total of 41 images.  

 Participants achieved 80% agreement on 41 digital images of AGI after SA.  Six images 

achieved 100% agreement. Interestingly, two of these images were at the opposite ends of the 

continuum for the item ‘tear’, the other images were in the moderate and severe ‘bruise’ 

categories. Six of the seven (86%) images in various ‘tear ‘severity categories achieved the least 

agreement Thirty-four digital images remained in the final set for reliability testing.  Similar to 

Harris et al. (2013) and Werschler et al. (2015), this study discarded approximately 15-20% of its 

initial digital image pool based on feedback that either the item of interest was not clearly visible 

or that it should be considered in a different injury category. In clinical practice, a digital image 

library available would be a useful aid for individual chart review, group peer review, and 

education programs for all types of forensic examiners (not only those associated with SA) and 

those working in the justice system. Now that this digital image library exists, it is an opportunity 

to test the consistency of novice to experienced SA forensic examiner groups at scoring the 

images using the VAGIS tool. 

 Using a commonly published table to interpret amount of interrater Kappa agreement, our 

scores ranged from 0.09 – 1.0, therefore, agreement ranged from slight to almost perfect 
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agreement. The Kappa scores for both the inter-rater and intra-rater reliability were considerably 

lower than expected. Reasons for poor agreement were explored. Hallgren (2012) states, "IRR 

may be low due to restricted range, poor psychometric properties of a scale, poorly trained 

coders, difficulty in observing or quantifying the construct of interest, or other reasons (p5)."A 

fundamental premise of reliability testing is based on the assumption of adequate training of the 

subjects to use the tool being testing. Based on the methodological development of the VAGIS 

tool, poor psychometric properties are unlikely. Further, given the severity continuum for each 

item, restricted range is also unlikely. However, reflecting on the instructions given to 

participants, it is likely that a tool as complex as the VAGIS requires more than two examples 

and a few short statements on how to score the images. Participants did not practice scoring 

examples with an immediate feedback system. Another reason is that it may be difficult to 

determine depth within a two dimensional image. The construct that the VAGIS instrument is 

purporting to measure, AGI, is highly subjective and without any current gold standard (Benson 

& Bates-Jensen, 2017).  

Prior to Round 3, participants were given a 20-minute instruction on how to score images 

using the VAGIS along with 5 non-validated digital images and immediate feedback for any 

questions. Digital images containing residual TB dye improved after training, with 2 images 

reaching kappa = 1.0 (perfect agreement). Scoring digital images within the injury type Bruise, 

appeared to have the lowest inter-rater reliability overall. Similar to Sachs et al. (2011) the 

participants in this study initially achieved the highest reliability on the most severe injuries and 

the lowest reliability on those digital images that contained residual TB dye. Interestingly, inter-

rater reliability for images in the no injury/non-specific injury and mild tear category contained 

TB dye, showed the greatest improvement. The participants that were evaluated for consistency 

on use of the VAGIS in scoring the digital images were less experienced SA forensic examiners. 
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This may explain the less desirable consistency in rating on all 3 rounds. While reliability 

improved after the 20-minute education training session, consistency was still not optimal.  This 

suggests that 20-minutes may be insufficient education time. Alternatively, it is unknown how 

long retention of the training remained with participants as survey completion occurred 24-72 

hours after training. Perhaps the next step would be to test expert examiners at scoring the digital 

images using the VAGIS. 

Systematically removing any one examiner or group of examiners based on education, 

years within SA forensics or number of SA cases performed, did not significantly affect the 

overall reliability scores. Participants achieved the highest scores on images where the injuries 

were most severe, in fact, all images containing either a ‘severe’ tear or ‘severe’ bruise reached 

perfect agreement in Round 2. One image of a mild abrasion also achieved perfect agreement 

(100%). Further evaluation of matrix responses revealed that about one fourth of the participants 

identified an injury as a ‘mild abrasion’ when it was validated as a ‘mild tear’. Our team 

anticipated this might be an issue when Delphi panelists separated the “Tear/abrasion’ item. 

Clinical experience shows that of all the injuries that new examiners encounter, discriminating 

between a ‘mild tear’ and a ‘mild abrasion’ is extremely difficult because they are superficial and 

assessment is subjective. Even practitioners who had performed 5,000 or more SA cases did not 

accurately identify these injuries as validated by the expert panel. Within the image affirmation 

phase there were no images reflecting the moderate and severity injury categories for abrasion 

available, it is still possible that these types of injuries exist, but that we have not experienced 

them within our group. Conversely, these types of injuries may not exist and the category on the 

VAGIS may need to be reexamined. 

Only two participants reported not using TB dye in their practice. This did not appear to 

affect their consistency any more than any other factor. Residual TB dye could have been a 
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factor for any of the participants. Only the two subjects who participated in the validation study 

were privy to fact that there were no images in the moderate of severe categories of ‘abrasion’, 

yet both marked the moderate ‘abrasion’ box at least once during the reliability study. It appears 

as if participants had difficulty differentiating between a severe ‘tear’ and ‘abrasion’, this would 

mean that examiners were unable to differentiate between a deep tear into fascia possibly 

requiring emergent repair versus a large avulsion. Almost 60% of images had respondents 

identifying swelling when there was only one image of 31 validated for this injury. Again, 

Delphi panelists validating the VAGIS were very concerned about this common 

misidentification. A follow-up focus group could elucidate more information on all of the above 

factors.  

In terms of practice implications, while consistency was not as high as one would like, 

overall reliability did reach kappa = 0.655 which means that the VAGIS and the digital image 

library would be a useful tool to train new examiners and begin to standardize communication on 

AGIs with other healthcare professions, law enforcement and the justice system. It could also be 

useful to examine if some mechanisms of injury cause more damage or specific types of injury 

(e.g. digital versus penile penetration) and the role skin color plays on detection and 

interpretation strategies. 

 

 Limitations 

 The primary limitation of this validation study is that the VAGIS is meant to be used by a 

SA forensic examiner in real time on an actual SA patient. It is not feasible to get 15-20 

examiners in one room for 15-20 independent exams on one victim, nor is it ethical to submit 

one rape victim to this many exams. Also, direct visualization (DV) is the first step of the clinical 

exam that the forensic examiner performs prior to the use of the colposcope or macro lens 
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attached to a digital camera. This study did not perform this vital step. Furthermore, there is no 

formal protocol on how to evaluate AGI’s after SA in digital images. This study suggests that the 

first step include an evaluation of the quality of photographic image prior to injury 

determination. Lastly, while these images will likely become a ‘type’ of gold standard within the 

forensic community, it is by no means meant to replace the validation of the VAGIS during a 

live forensic exam. Still, evaluating a set of digital images is our best method to date for 

developing a consensus of opinion on AGI after SA and merely the beginning of a series of 

potential research questions that need to be answered within forensic nursing research. Many of 

the images validated contained TB dye as an injury detection method. Nine of the 14 participants 

reported using TB dye within their practice. Fallout between Round 1 and 2 was 50%, but the 

investigators felt 12 raters were sufficient to determine intra-rater reliability. Round was an 

additional test of reproducibility to examine whether providing additional education would 

increase consistency of findings. 

 Except for two digital images, all other digital images were validated for only a single 

injury. This does not mean there were no other injuries within the image, only that they were not 

validated by the panel. Reliability was based only on the category for which it was validated for, 

considered the 'gold standard'. Also, TB dye was used to help elucidate images within the 

validation images and many examiners may not use TB dye within their own groups.  

 

Conclusion 

 A set of acute digital images for use with the VAGIS has been validated and undergone 

initial reliability testing in a group of forensic examiners. The VAGIS Pictorial Guide is a set of 

images to assist both novice and expert SA forensic examiners in the interpretation of AGI 

across a continuum. Participants will be given a more complete training with practice questions 
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that provide immediate feedback and repeat the reliability study. With a range of consistency 

from slight agreement to perfect agreement, researchers are beginning to understand the extent of 

the subjectivity that goes into determining severity of acute genital images after sexual assault. 

Qualitative research in this area will help explain discordances between groups of examiners. 

Continuous validation of digital images would help create a rich database that examiners could 

use to decrease the subjectivity that currently occurs.  

This investigator began with the understanding that there was a lack of consistency in SA 

research but did not realize how wide the philosophical differences were on terms and 

methodology currently being employed by experts in the field. This research substantiates the 

fact that this gap continues to exist despite advances within other areas of sexual assault forensic 

research. Determining AGI severity is often subjective and comes with personal experience. If 

most forensic exams are being performed by RNs, this also means that nurses are being called to 

testify as expert witnesses on their cases. If there is really such a wide variation in interpretation 

methods then the justice system is basing its decisions on inconsistent standards. This puts SA 

Forensic Nursing in the awkward position of needing to defend its profession when no one has 

made any attempts at reconciling the gap in practice.  The VAGIS and the validated image set 

provide a foundation in standardizing the communication between providers. While the VAGIS 

is in its early stages of development, it could still be used as a tool for training novice examiners 

on how to tell the difference in depth and type of skin injury.  

Grant funding or policy that directs and/or encourages greater participation from the 

forensic community in the standardization process would go a long way to alleviating this 

problem. For example, the system needs to put higher standards on examiner training, create a 

national standard on licensure (similar to that of state level oversight on the profession of nursing 
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and medicine). The digital image library and the VAGIS provide a vehicle for education and 

training for forensic examiners in both the nursing and medical professions.  

This is a call to all national forensic examiner organizations to come together with the 

common purpose of standardizing the language around acute genital injuries after SA. 

Standardizing communication in this area could improve services to individuals who suffer from 

sexual assault and increase confidence that the justice system designed to protect and defend 

victims is serving at its highest capacity.  
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  Table 1. Characteristics of Validation and Reliability Participants 

 

Demographic 

characteristic 

Initial image quality 

judgement participants 

(n=3) 

Mean(SD) or 

Number (%) 

Image validation 

participants  

(n=14) 

Mean (SD) or 

Number (%) 

Reliability  

participants 

(n=29) 

Mean (SD) or 

Number (%) 

Age  51 (8.93)  45(13.64) 

Female  3 (100) 13 (92.9%) 27(93.1%) 

Region of Residence*    

   Northeast Region n/a 1 (7.1%) 1 (3.4%) 

   Midwest Region n/a 3 (21.4%) 2 (6.9%) 

   South Region n/a 3 (21.4%) 1 (3.4%) 

   Western Region 3 (100%) 7 (50%) 25 (86.2%) 

Profession    

   Registered Nurse 1 (33%) 4 (28.6%) 19 (65.5%) 

   Nurse Practitioner 2 (66%) 

 

5 (35.7%) 7 (24.1%) 

   Physicians Assistant n/a 2 (14.3%) 2 (6.9%) 

   Medical Doctor n/a 3 (21.4%) 1 (3.4%) 

Highest Level of 

Education 

   

    Associate of Science     n/a n/a 5 (13.6) 

    Bachelor of Science 1 (33) n/a 9 (30.6) 

    Master of Science 2 (66) 7 (55.9)                     13 (28.7) 

    Doctoral Degree** n/a 7(49.7) 1 (4.1) 

Years in sexual assault 13.67 (8.02) 19 (10.20) 8 (7.89) 
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forensics  

Performed Expert 

Testimony 

3 (100) 13 (92.9) 23 (79.3) 

    Less than 10 cases  1 (33) 4 (28.4) 17 (58.6) 

     11-100 cases  1 (33) 5 (35.5) 5 (17.2% 

    100-500 cases  1 (33) 5 (35.5) 1 (3.4%) 

Cases performed in lifetime 

     10-100 cases   n/a 5 (35.7) 7 (24.1) 

     100-500 cases  1(33) 5 (35.7) 10 (34.5) 

     500+ 2(66) 4 (28.5) 11 (55) 

Sexual Assault Response  

Team facility association         

3 (100%) 11 (78.1) 28 (96.6) 

Program peer reviews*** 3 (100) 12 (92.3) 29 (100) 

Number lifetime cases peer 

reviewed *** 

n/a 1,833(2876) 926.55  

(1,482.67) 

      0-99 n/a n/a 11 (37.9%) 

     100-999 n/a n/a 6 (20.7%) 

     1, 000 – 10,000 cases 3 (100%)        n/a 8 (27.6%) 

Adjunct Methods    

     Toluidine Blue Dye 3 (100%) 9(64.3%) 27 (93.1%) 

     Colposcopy or digital 

camera with macro lens 

attached 

3 (100%) 12(85.7%) 20 (69%) 

Certifications    

      National Certification - 

Adult 

2 (66%) 5(17.2%) 5(17.2%) 

      National Certification - 

Pediatric 

2 (66%) 6(42.9%) 5(17.2%) 

 

 

* Northeast Region = Connecticut, Maine, Massachusetts, New Hampshire, Rhode Island, Vermont, New 

Jersey, New York, Pennsylvania; Midwest Region = Illinois, Indiana ,Michigan, Ohio, Wisconsin, Iowa, 

Kansas, Minnesota, Missouri, Nebraska, North Dakota, South Dakota; South Region = Delaware, District 

of Columbia, Florida, Georgia, Maryland, North Carolina, South Carolina, Virginia, West Virginia, 

Alabama, Kentucky, Mississippi, Tennessee, Arkansas, Louisiana, Oklahoma, Texas; West Region = 
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Arizona, Colorado, Idaho, Montana, Nevada, New Mexico, Utah, Wyoming, Alaska, California, Hawaii, 

Oregon, Washington 

** Doctoral Degree = Medical Doctor, Doctor of Philosophy, Doctor of Nurse Practitioner 

*** Image validation study (n=13) 
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Table 2. Digital image quality ratings 

 

Injury type – severity (n) Rated Excellent 

n (%) 

Rated Adequate 

n (%) 

Final images 

for validation 

Tear – severe (6) 4 (67) 3 (33) 5* 

Tear - moderate 9) 9 (100) 0 9 

Tear - mild (10) 7 (70) 3 (30) 7
 

Abrasion- mild (3) 3 (100) 0 3
 

Bruise - severe (1) 1 (100) 0 1
 

Bruise - moderate (5) 4 (80) 1 (20) 4 

Bruise - mild (7) 4 (71) 3 (29) 5* 

Swelling - injury (2) 1 (50) 1(5) 1
 

No Injury or Non Specific (10) 6 (60) 4 (40) 6 

TOTALs 39 (74) 15 (25) 41(77) 

  

*One image rated as 'adequate’ in quality but remained in the image pool to fulfill category needs.  
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Table 3 – Digital Image Validation by Expert Panel 

Images for VAGIS categories 

(Mean % agreement across all images in category) 

% agreement  

(n=14)* 

Severe Tear (91%) 

1 100 

2 100 

3 92 

4 92 

5 71.6 

Moderate Tear (73%) 

1 85.8 

2 92 

3 92 

4 92 

5 71.6 

6 85.8 

7 78.8 

8 78.8 

9 71.6 

Mild Tear (91%) 

1 92 

2 85.5 

3 92 

4 78.8 

5* 100 

6* 100 

7* 85 

Severe Bruise (100%) 

1* 100 

Moderate Bruise (87%) 

1* 71.6 

2* 92 

3* 100 

4* 85 

Mild Bruise (87%) 

1* 85 

2* 85 

3* 85 

4* 85 

5* 85 

6* 92 

Swelling (92%) 

1* 92 

Mild Abrasion (90%) 

1* 85 

2* 92 

3* 92 

4* 92 

No Injury or Non-specific Injury (92%) 

1* 92 

2* 92 

3* 92 
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* Analyzed based on 13 participants 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

4* 92 

5* 92 

6* 92 
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Table 4. Inter-rater reliability of participants’ ratings of digital images with the 
VAGIS across three rounds 

Images for VAGIS 

categories  

(n=32) 

Round 1 (n=29)** 

Kappa*  

(% agreement) 

Round 2 (n=12) 

Kappa 

(% agreement) 

Round 3 (n=9) 

Kappa 

(% agreement) 

Severe Tear 

1 0.783 (92) 1.0 (100)  0.703 (78) 

2 0.512 (79) 1.0 (100) 1.0 (100) 

3 0.686 (86) 1.0 (100) 1.0 (100) 

Moderate Tear 

1 0.251(63) 0.596 (70) 0.444 (58) 

2* 0.106 (46) 0.414 (56) 0.259 (44) 

3 0.251(63) 0.293 (47) 0.703 (78) 

4 0.246 (33) 0.596 (70) 0.259 (44) 

Mild Tear 

1 0.208 (50%) 0.576 (68) 1.0 (100) 

2* 0.28/ (58) 0.596 (70) 1.0 (100) 

3 0.348 (67%) 0.414 (56) 0.48 (61) 

4* 0.324 (42%) 0.353 (51) 0.111 (33) 

5 0.439 (75%) 0.78 (83) 1.0 (100) 

6 0.348 (36%) 0.272 (45) 0.48 (61) 

Severe Bruise 

1 0.833 (92) 1.0 (100) 1.0 (100) 

Moderate Bruise 

1* 0.15(33) 0.111 (33) 0.259 (44) 

2 0.280 (58) 0.091 (32) 0.48 (61) 

3 0.159 (754) 0.091 (32) 0.148 (36) 

Mild Bruise  

1 0.522 (79) 1.0 (100) 1.0 (100) 

2* 0.324 (28) 0.354 (52) 0.259 (44) 

3* 0.367 (71) 0.273 (46) 0.11 (33) 

4 0.174 (54) 0.090 (32) 0.259 (44) 

5 0.304 (67) 0.596 (70) 0.703 (78) 

6* 0.454 (75) 0.354 (52) 0.259 (44) 

Swelling 

1 0.833 (92) 1.0 (100) 1.0 (100) 

Mild Abrasion  

1* 0.478 (75) 0.353 (51) 0.259 (44) 

2* 0.454 (75) 0.78 (83) 0.48 (61) 
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*Mu

ltirater Kfree a variant of Fleiss’ Kappa allows for multiple raters to rate cases without the constraint of 
assigning a set number of cases to each particular category. 

**Indicates n=24 as 5 participants did not complete reliability of all images. 

*** Analysis based on 180 possible permutations 

**** Left off of Round 1 inter-rater reliability 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

3 0.382 (67) 0. 354 (55) 0.259 (44) 

4* 0.79 (92) 1.0 (100) 0.48 (61) 

No Injury or Non-specific Injury *** 

1 0.201 (45) 0.467 (47) 0.609 (61%) 

2 0.259 (63) 0.454 (59) 1.0 (100) 

3 0.3109 (54) 0.421 (42) 1.0 (100) 

4* 0.380 (42) 0.375 (38) 0.497 (50) 

5** 0.22 (33) 0.223 (23) 0.223 (42) 

6 **** 0.284 (29) 0.609 (61) 
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*Multirater Kfree a variant of Fleiss’ Kappa allows for multiple raters to rate cases without the constraint 

of assigning a set number of cases to each particular category. 

     

  

Table 5. Inter-rater reliability, range and percent of Kappas above the 0.40 threshold by 

injury category 

 

VAGIS severity 

category 

 

Round 2 Kappa* (% 

agreement) 

 

Range 

Percent of 

Kappas above 

threshold 0.40 

Tear - Severe 1.0 (100) 1.0 (100) 100 

Tear – Moderate  0.65 (74%) 0.293 (47) - 0.596 (70) 75 

Tear - Mild 0.5 (62%) 0.272 (45) - 0.78 (80) 66 

Abrasion - Mild 0.72 (80) 0.353 (51) - 1.0 (100) 50 

Bruise - Severe                1.0 (100) 1.0 (100) 100 

Bruise – Moderate 0.10 (32) 0.091 (32) - 0.111 (33)  0 

Bruise - Mild 0.57 (67) 0.09 (32) - 1.0 (100) 33 

Swelling 1.0 (100) 1.0 (100) 100 

No Injury or Non-

specific  

0.37 (38) 0.223 (23) - 0.454 (59) 50 
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Table 6. Intra rater reliability of participants who 

completed Round 1 and Round 2 

Participant %INTRA rater agreement 

1 68 

2 71 

3 81 

4 71 

5 71 

6 61 

7 58 

8 71 

9 65 

10 74 

11 81 

12 90 

Total 72 
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Figure 1 – Flow of study 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Affirming digital images as 

reflective of the item on 

VAGIS tool 

14 SA forensic examiners 

41 digital images 

Judging image quality 

3 SA forensic examiners  

53 images 

Assessing consistency of SA 

forensic examiners at scoring digital  

41 digital images 

Round 3 – inter-rater 

reliability after training 

9 participants 

REDCap Software system testing  

3 SA forensic examiners 

REDCap Software system testing  

3 SA forensic examiners 

Round 1 – inter-rater  

reliability 

29 participants 

Round 2 – intra-rater  

Reliability (10-14 days later) 

14 participants 
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Figure 2 – Flow of participants in reliability study  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

Legend - This figure shows the flow of participants for the reliability study. Initially, a convenience 

sample of 51 were identified, 18 did not respond, and 2 declined. Of the 30 participants that consented, 29 

completed the Round 1 survey and 12 participants completed the round 2 survey. 

 

 

 

 

Participated in Round 1  

inter-rater reliability (n=29) 

Declined  

(n=2) 

Withdrew prior to 

data collection (n=1) 

No response  

(n=18) 

Completed Round 2 Inter-

rater reliability study 

(n=12) 

Convenience sample (n=51) 

Persons having published in the sexual assault literature (n=17) 

Sexual assault examiners (n=34) 

Consented 

(n=30) 
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Figure 3. Example of a survey question for the reliability study 

 

Legend - Displays the format of a question for an item on the RedCAP survey. One digital image was 

presented and participants were asked to score the item of greatest severity using the VAGIS tool. 

 



108 

 

References 

Ernst, E., Speck, P., & Fitzpatrick, J. (2012). The element of naturalness when evaluating image 

quality of digital photo documentation after SA. Advanced Emergency Nursing Journal, 

34(3), 250-8. doi:10.1097/TME.0b013e3182616eb2 

Hallgren, K. A. (2012). Computing Inter-Rater Reliability for Observational Data: An Overview    

and Tutorial. Tutorials in Quantitative Methods for Psychology, 8(1), 23–34. 

Harris, C., Bates-Jensen, B., Parslow, N., Raizman, R., Singh, M., & Ketchen, R. (2010). Bates-

Jensen wound assessment tool: pictorial guide validation project. Journal of Wound 

Ostomy & Continence Nursing, 37(3), 253-259, doi:10.1097/WON.0b013e3181d73aab. 

PubMed PMID: 20386331. 

Randolph, J. (n.d.). Online Kappa Calculator retrieved from: http://justusrandolph.net/kappa/ . 

Sachs, C., Benson, A., Schriger, D., & Wheeler, M. (2011). Reliability of female genital injury 

detection after SA. Journal of Forensic Nursing, 7(4), 190-194. doi: 10.1111/j.1939-

3938.2011.01117.x. pg 28 

Starling, S., Frasier, L., Jarvis, K., & Mc Donald, A. (2013). Inter-rater reliability in child sexual 

abuse diagnosis among expert reviewers.  Child Abuse & Neglect, 37(7), 456-464. doi: 

10.1016/j.chiabu.2013.01.002. 

U.S. Department of Justice, Office on Violence Against Women. (2013). A National Protocol for 

SA Medical Forensic Examinations: Adults/Adolescents (NCJ 228119). Retrieved from 

https://www.ncjrs.gov/App/Publications/abstract.aspx?ID=250131 

Werschler, W., Fagien, S., Thomas, J., Paradkar-Mitragotri, D., Rotunda, A. & Beddingfield, F. 

(2015). Development and validation of a photographic scale for assessment of lip fullness, 

Aesthetic Surgery Journal, 35(3), 294-307. doi: 10.1093/asj/sju025 pg 28. 

http://www.ncbi.nlm.nih.gov/pubmed/20386331
http://www.ncbi.nlm.nih.gov/pubmed/20386331
http://justusrandolph.net/kappa/
https://www.ncjrs.gov/App/Publications/abstract.aspx?ID=250131
http://dx.doi.org/10.1093%2Fasj%2Fsju025



