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Abstract

Purpose: Photo-documentation is a critical component of care and an indispensable skill for forensic clinicians treating patients who have experienced
violence and trauma. This retrospective study examines the frequency and nature of anogenital injuries identified through colposcope digital imaging in
comparison to those detected using a high-resolution camera system.

Methods: This retrospective, before-and-after study evaluated genital injuries in all adult women (over 16 years old) who presented to a freestanding
Nurse Examiner Clinic (NEC) following sexual assault during a 3-year period. The clinic is supervised by forensic clinicians trained in conducting medical-
forensic examinations. In 2016-2017, all injuries were documented using the Cooper Surgical Leisegang© colposcope system, while in 2018, injuries were
recorded exclusively with a high-resolution camera system. The primary outcome was the frequency of genital findings documented in sexual assault
victims from each group.

Results: A total of 367 women were evaluated in the "before” period and 180 in the "after” period. Both groups were similar in terms of demographics,
assault history, time to examination, alcohol use, and the occurrence of genital injuries (76.1% vs. 74.9%, p = 0.76). However, patients examined with the
high-resolution camera system had a significantly higher number of documented anogenital injuries (2.4 vs. 1.8, p < 0.001). This group also had more
anogenital abrasions identified (51.1% vs. 27.0%, p < 0.001). The injury patterns between the two groups were not statistically different.

Conclusion: Accurate and reliable photo documentation are the key components of forensic medical documentation. Our findings indicate that the
detection of anogenital injuries may differ based on the imaging system used.

Introduction forensic examinations of sexual assault victims [2]. This
landmark study established that colposcopy outperformed
simple visual examination in identifying microtrauma
resulting from sexual assault. Subsequent studies confirmed
these initial findings, and by 2007, colposcopy had become the
standard of care in sexual assault examination throughout the

United States [3].

Colposcopy is a medical procedure that enables healthcare
providers to closely examine the internal and external
genitalia using magnification [1]. It allows the user to identify
and photograph microtrauma as well as larger lacerations,
abrasions, erythema, or bruising that occur during a sexual
assault. Colposcopy can aid forensic practitionersinidentifying
and describing injuries accurately, which can then be used
in legal proceedings to support the victim's testimony or as
evidence against the perpetrator. In 1981, Teixeira conducted
the first study that described the use of colposcopy during

The use of colposcopy during forensic examinations
presents various challenges and concerns. For example,
colposcope digital images have shown poor accuracy and
limited interobserver agreement for the classification and
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location of anogenital injuries [4-6]. Additionally, colposcopes
are expensive and difficult to learn and use [6]. In comparison,
newer high-resolution camera systems are designed to
capture forensic images and video with ultraviolet light
without a tripod/camera combination [7]. It captures images
of 7,813% higher resolution than the first video colposcope
and includes image management software with forensic tools
that allow examiners to obtain better images [7]. Although
SDFI (Secure Digital Forensic Imaging) camera systems have
been available for several years, no studies have compared this
camera system to standard colposcopy in the documentation
of anogenital injuries after sexual assault. This current study
will compare the frequency and type of injuries detected by
standard colposcopy versus injuries detected by the newer
SDFT high-resolution camera system.

Methods
Study design/setting

This was a retrospective, before-and-after trial to assess
anogenital injuries in consecutive adult (> 16 years old)
women presenting after sexual assault to a freestanding nurse
examiner clinic (NEC) during a 3-year study period (January
1, 2016-December 31, 2018). The clinic has a team of nine
forensic nurses who have received training in conducting
medical-forensic examinations using colposcopy with nuclear
staining and digital imaging [8]. These nurses have completed
a specialized program called Sexual Assault Nurse Examiner
(SANE), which consists of at least 40 hours of classroom
preparation and 40 hours of practical training. Before the start
of the study, each nurse had already conducted more than
200 sexual assault examinations. This retrospective study
was approved by the Corewell Institutional Review Board (#
2020-506) affiliated with the NEC.

Population

Most patients were referred by crisis line contacts and
law enforcement dispatch. Sexual assault victims presenting
to the five downtown Emergency Departments (ED) were
transported to the NEC for assessment after triage and
initial evaluation. Sexual assault survivors were eligible for
inclusion in the study if they were older than 16 years of age
and consented to a genital examination. For this study, sexual
assault was defined as vaginal penetration involving force or
the threat of force or incapacity and no consent [4,6]. Exclusion
criteria included victims who had missing or incomplete
documentation, declined forensic examination, had a vague or
unclear patient history (e.g., intoxication), or had a prolonged
time from assault to evaluation (greater than 72 hours).

Data collection

Each patient underwent a forensic examination consisting
of direct visual inspection, toluidine blue contrast application,
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and colposcopy [5]. The examiner checks the sharpness of the
photographs and ensures that any injury seen during direct
colposcopy is included in the photographs. Photographs that
are out of focus or poor quality are retaken. The number, angle,
and magnification of photographs are decided by the forensic
examiner. Patients evaluated during2016-2017 had all injuries
documented using a Cooper Surgical Leisegang® colposcope
system; those seen in 2018 had injuries documented using
the high-resolution SDFI camera system. The following sites
are routinely evaluated and photographed for the presence of
injury: external genitalia (thigh, perineum, and labia majora),
internal genitalia (periurethral area, posterior fourchette, labia
minora, hymen, vagina, cervix, and fossa navicularis) and anus
[5]- Anoscopy was performed at the discretion of the examiner.
Examiners used the TEARS (Tear, Ecchymosis, Abrasion,
Redness, Swelling) classification system to record injuries
[3,9]. The injury frequency refers to the specific number of
genital or non-genital injuries each patient experienced [10].
Three nurse examiners, who received training in research
methodology, reviewed the medical records. The research
staff was trained in data abstraction using a set of simulated
cases. To ensure consistency, one of the researchers regularly
met with the abstractors to address any queries and ensure
that definitions were consistently applied. A standardized
classification system was used to document patient histories,
demographics, assault characteristics, and injuries [9].

Imaging systems

Until 2018, the SANE program at our nurse examiner clinic
used the Leisegang® colposcope system, manufactured by
Cooper Surgical. This colposcope is a binocular microscope
that offers magnification levels ranging from 4x to 40x.
Imaging features allow clinicians to record and review digital
photographs for forensic documentation. This binocular
magnification device is used to view genital or nongenital
injuries in many sexual assault programs [4]. Since 2018,
the nurse examiner clinic has used the SDFI high-resolution
camera system for capturing accurate and high-quality images
of digital displays essential for evidentiary or investigative
purposes [7]. The SDFI captures images that are 7,813%
higher resolution than the first video colposcope and includes
image management software with forensic tools that allow
examiners to obtain better images [7].

Sample size

The primary outcome was the frequency of genital
findings documented in sexual assault victims using each
camera system. Based on prior research in this population,
we predicted that approximately 67% of the colposcope
group would have documented anogenital injuries [4,6,10].
We hypothesized that the SDFI camera system would identify
13% more injuries. A total of 354 patients (177 in each group)
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were then required for our study population, assuming an
alpha of 5% and a beta of 20%.

Statistical analysis

Secondary outcomes included the frequency of non-
genital injuries identified as well as the types and locations
of anogenital injuries. The collected data was entered into
a Microsoft Excel (Microsoft Corp, Redmond, WA). All the
analyses were conducted using SAS statistical software (SAS
Institute, Cary, NC). To ensure data reliability, one investigator
critically reviewed an arbitrary sample of 15% of the charts
and assessed the consistency using the Kappa reliability test.
Descriptive statistics provided information on the frequency,
type, and location of anogenital injuries, classified according to
the TEARS system. Student's t-test and Chi-square tests were
utilized to compare injuries among the examined survivors.
The level of significance for all tests was p <.05.

Results

Of 619 patients evaluated in the NEC during the 3-year
study period, 72 were excluded, leaving 547 charts for
analysis. Patients were excluded because they declined
forensic examination (52.8%), were under age 17 (43.1%), or
had a prolonged time interval to examination (4.2%). Overall,
367 women (67.1%) were evaluated during the “before”
period (2016-2017) using standard colposcopy; 180 women
(32.9%) were enrolled during the “after” period (2018) using
high-resolution colposcopy. The two groups were comparable
in demographics, alcohol and drug use, assault characteristics,
and the time interval to examination (Table 1).

The total number of injuries in patients examined with
standard digital colposcopy was 2.3 + 1.9. In comparison,

Table 1: Demographics and Assault Characteristics (N = 547).
Standard Digital High-Resolution
Colposcopy Colposcopy p - values®
Total # 367 (67.1%) 180 (32.9%)
Age of victim, mean (SD) 23.8+11.3 years  23.6+10.3 years 0.841
Ethnicity (% white) 263 (71.7%) 134 (74.4%) 0.506
Marital status (% single) 275 (74.9%) 129 (71.7%) 0.424
Time interval to exam, mean (SD) | 19.8 + 22.1 hours 21.0 + 20.5 hours 0.542
Alcohol or drug use <24 h 181 (49.3%) 82 (45.6%) 0.416
No prior hx sexual intercourse 24 (6.5%) 8 (4.4%) 0.324
Nulliparous 341 (92.9%) 171 (95.0%) 0.347
Hx previous sexual assault 145 (39.5%) 73 (40.6%) 0.805
Location: victim’s home 128 (34.9%) 56 (30.0%) 0.254
Police report filed 286 (77.9%) 134 (74.4%) 0.363
Known assailant 308 (83.9%) 156 (86.7%) 0.392
Multiple assailants 43 (11.7%) 26 (14.4%) 0.372
Type of sexual assault
- Vaginal 284 (77.4%) 142 (78.9%) 0.692
- Oral 101 (27.5%) 52 (28.9%) 0.732
- Anal 37 (10.1%) 21 (11.7%) 0.569
- Digital 105 (28.6%) 48 (26.7%) 0.642
* None of the group differences were significant at the p < 0.05 level.

patients examined using the high-resolution camera system
had a total of 3.2 + 2.5 injuries documented (p < 0.001). The
frequency of anogenital and non-anogenital injuries in each
group is listed in Table 2. Patients examined with standard
digital colposcopy had significantly fewer anogenital injuries
(1.9 vs. 2.4, p = 0.014). Figure 1 demonstrates the types of
traumatic injuries documented. The high-resolution camera
identified more abrasions (51.1% vs. 27.0%, p < 0.001).
However, most of these abrasions were microtrauma, i.e.,
superficial injuries not visible to the naked eye. The injury
pattern was not statistically different (p = 0.21); common
injury sites in both groups were posterior, including the
fourchette, labia minora, and fossa navicularis (Figure 2).
None of the observed injuries were serious enough to need
transport to a hospital for further medical care. The reliability
of the data collection was excellent, with a median kappa
statistic of 0.89.

Discussion

With advancements in technology and examination
techniques, clinicians are better able to identify genital
injuries following sexual assault. Due to the use of colposcopy
in combination with digital photography and nuclear staining,
such as toluidine blue, genital injuries are identified in 65% -
87% of cases involving nonconsensual sexual intercourse [4].
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Figure 1: Types of anogenital trauma, classified according to the TEARS system.
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Numerous studies have replicated these findings, consistently
identifying the labia minora, posterior fourchette, fossa
navicularis, and hymen as the most common sites for genital
injury [4-6].

In addition to providing information on injury prevalence
and location, the forensic examination plays a clear role
in criminal justice proceedings. Documentation of injuries
following sexual assault can provide valuable assistance
to the victim, as well as the police, prosecutor, and jury in
their individual capacities when making decisions related to
the case. For instance, Rambow and colleagues found that
photographic evidence of nongenital or genital trauma was
associated with the filing of charges and conviction in sexual
assault cases [11]. In a similarly designed study, Gray-Eurom,
et al. found that the presence of trauma was associated with
successful prosecution (odds ratio, 1.93) [12]. This scientific
examination can potentially encourage victims to file a police
report, persuade law enforcement to pursue charges and
motivate prosecutors to seek a conviction [13].

The results of this community-based study suggest that the
identification of anogenital injuries following sexual assault
varies depending on the type ofimaging system utilized. Sexual
assault patients examined in 2018 using this high-resolution
camera system had a significantly greater mean number
of anogenital injuries documented (2.4 vs. 1.9, p = 0.013).
However, there were no differences between the two camera
systems for identifying non-genital trauma (Table 2). In
addition, most of the additional anogenital injuries identified
by the high-resolution camera were superficial abrasions to
the genitalia not visible to the naked eye (i.e., microtrauma).
This microtrauma is unlikely to have any clinical significance
or was relevant for the filing of charges or prosecution [12-
14]. Figure 3 shows a side-by-side comparison of the two
camera methods used.

From a criminal justice standpoint, the more severe the
injury the victim sustains, the more likely criminal prosecution
will be pursued [1,12-14]. McGregor and associates found that
evidence of moderate to severe genital traumawas significantly
associated with the filing of charges after a sexual assault
(odds ratio, 3.3). In addition, these researchers found that

Table 2: Anogenital and Non-Anogenital Injuries.
Standard Digital High-Resolution
Colposcopy Colposcopy p - values*
Total # 367 (67.1%) 180 (32.9%)
Nongenital trauma 149 (40.6%) 77 (42.8%) 0.624
Nongenital injuries, total 330 144
Nongenital injuries, mean (SD) 0.9 +0.7 0.8+0.5 0.087
Anogenital injuries 275 (74.9%) 137 (76.1%) 0.76
Anogenital injuries, total 697 432
Anogenital injuries, mean (SD) 1.9+2.0 24+26 0.014**
*The level of significance for all tests was p <.05.
**Statistically significant using the Student’s t-test (t = 2.48).
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Figure 3: Side-by-side comparison of the two methods used. The photo on the left was
taken using standard colonoscopy and toluidine staining: right minora laceration 1.5
cm. The photo on the right was taken using high resolution camera or SDFI: laceration
in the fossa navicularis extending to the posterior fourchette 2.0 cm.

moderate injury alone (e.g., anogenital tears) was significantly
related to the filing of charges (odds ratio, 4.00) [13,14]. These
investigators concluded that the time spent documenting
microtrauma using colposcopy may not be worthwhile. It is
important to note that the legal system should take a survivor-
centered approach, acknowledging that the absence of visible
anogenital injury does not invalidate a victim's experience or
ability to provide a credible account of sexual assault. While
moderate to severe genital trauma can be a factor in the
decision to file charges following a sexual assault, it is not the
sole determining factor. Filing charges in sexual assault cases
involves a complex evaluation of various pieces of evidence,
including victim testimony, medical documentation, forensic
evidence, witness statements, and other contextual factors

[1].

This study has several limitations. We had to depend on
recorded information, including the demographics, assault
history, and recent alcohol or drug use. Unfortunately, we
were unable to verify the accuracy of this information,
which introduces the possibility of response bias. However,
the information reported here is similar to previous sexual
assault studies completed at our NEC [4,6,8,10]. We could
not control potential reporting bias due to variations in
clinical evaluations by different examiners. While the nine
nurse examiners involved in the study had similar levels of
training and experience, it could be that documentation was
not uniform. Nevertheless, examiners’ findings were detailed
using state reporting documents, which guided examiners
through a consistent methodical examination of patients.
Lastly, it is important to note that the women in our study
were only those who consented to undergo a gynecologic
examination and evidence collection. This introduces the
possibility of selection bias since many sexual assaults in the
United States go unreported. Our study may reflect a higher
incidence of sexual assault-related injuries compared to
what occurs among the general population of sexual assault
survivors.

Conclusion
The ability to obtain high-quality photo documentation of

traumatic injuries is an essential skill in forensic medicine.
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This is the first clinical study to compare the documentation
of genital and non-genital injuries detected by standard
colposcopy versus injuries detected by a new high-resolution
camera system. Forensic examiners consistently documented
more anogenital injuries using the high-resolution camera
system. However, there were no significant differences
between the two camera systems for identifying non-genital
trauma. In addition, most of the additional anogenital injuries
identified by the high-resolution camera were superficial
abrasions to the genitalia not visible to the naked eye (i.e.,
microtrauma). It is unlikely that this microtrauma had any
clinical significance or was relevant for criminal prosecution.
Further research is needed to provide insight into how
environmental, camera, and viewing computer characteristics
affect the accuracy of anogenital injury interpretation or
criminal prosecution.
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