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Purpose: Patient positioning plays a crucial role in the field of radiology. Lateral knee X-rays are a type of image that often has 
incorrect positioning of the angle of knee flexion. The ideal range is between 20 and 30 degrees. The goal of this study was to assess 
the angle of knee flexion at two different locations in a single hospital system while determining if several variables influence the 
angle. 
Method: This study is a retrospective chart review that assessed the angle of knee flexion in patients 18 years or older that underwent 
a lateral-mediolateral knee X-ray taken at an urgent care center and a general diagnostic center of a hospital within the same system 
between March 1 and December 1, 2021. Variables including age, sex, BMI, technologist, and location were collected from these 
patients’ charts and evaluated. MRI information was gathered for patients who underwent an MRI within 30 days of a lateral knee 
X-ray. The research team assessed effusions reported on X-ray compared to effusions reported on MRI for these patients. 
Results: Among patients included in the study (n = 665) the average angle of knee flexion was 51.28 degrees. Age, sex, BMI, and 
location were not significantly associated with the mean angle of knee flexion with p-values of 0.63, 0.13, 0.55, and 0.15 respectively. 
The radiology technologist taking the image did have an association with the angle of knee flexion with a p-value of 0.001. Differences 
in the mean angle of knee flexion between the groups of X-rays with effusions reported compared to the groups of X-rays where 
effusions were not reported but found on MRI resulted in a p-value of 0.83.
Conclusions: The technologist taking the image was the only variable of this study that had a significant difference in mean angle of 
knee flexion. Additional studies are needed to determine what technologist factors are most important in determining the angle of 
knee flexion. Using MRI information to evaluate if effusions were not reported due to the angle of knee flexion was limited in this study 
due to small sample size. 

Keywords: radiological positioning; angle of knee flexion; radiology; X-ray interpretation

INTRODUCTION
adiology plays an important role in the care of 
patients. Physicians often turn to imaging for assis-

tance with diagnosis and treatment. There are many fac-
tors that go into the production and interpretation of a 
radiological study. The radiology technologists have a 
crucial part in the production of these images. These 
individuals are tasked with providing radiologists with 
the images to diagnose patients. Factors that need to be 
considered by the radiology technologist include type 
of image, body part being imaged, flexion, extension, 
rotation, comfort, ability of the patient, and much more. 
Some of the images, such as the lateral-mediolateral 
knee X-ray, can be difficult to obtain by the technolo-
gists. The difficulty with this particular image is position-
ing. The knee needs to be flexed, rotated, and aligned 
properly.1

When evaluating a lateral-mediolateral knee X-ray, 
the quality of the image is of high importance. 
Specifically, the angle of knee flexion should be between 
20 and 30 degrees.2,3 According to studies assessing dif-
ferent knee anatomy,4,5 lateral knee imaging rotated as 
little as 5 degrees off-axis from true lateral can have a 
significant effect including misreading important 
pathology. In addition to rotation, when the knee is 
hyperflexed, it can decrease the view of the suprapatel-
lar fat pads causing decreased visualization of effusions 
and possible missed pathology.6 

This project aimed to evaluate the lateral-mediolat-
eral knee X-rays at a healthcare center. The research 
team looked to assess the angles of knee flexion as well 
as the possible effects of age, sex, BMI, technologist tak-
ing the image, and location had on the angle of flexion. 
The team also attempted to compare X-ray and MRI 

Original Research
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reports to assess whether knee effusions could be 
underreported due to the angle of knee flexion.

METHODS
This study retrospectively collected data from patients’ 
charts who were 18 or older and underwent a lateral-me-
diolateral knee X-ray taken at Munson Medical Center 
and Foster Family Community Health Center in Traverse 
City, Michigan, between March 1, 2021 and December 1, 
2021. Patients with both knees imaged had information 
collected on both images and were then randomized 
with a random number generator to only include either 
their left or right knee. This prevented any ‘double count-
ing’ of any patient or variable. Only patients with BMI 
included in their chart were included for the BMI analysis. 
Only BMI measurements at the time of X-ray were 
included. The BMI variable was filtered and divided into 
categories BMI ≤ 18.5, 18.6–24.9, 25–29.9, 30–34.9, and 
≥35. These ranges were chosen because they are the 
standard BMI categories indicating underweight, normal 
weight, overweight, obese, and morbidly (extremely) 
obese. The age variable was filtered and divided into cat-
egories 18–29, 30–39, 40–49, 50–59, 60–69, 70–79, and 
80+. Information on the angle of knee flexion, age, sex, 
BMI, technologist, and location was collected. F-tests 
were used to determine if equal variances could be 
assumed for sex and location. Bartlett’s tests of equal 
variances were used to determine if equal variances 
could be assumed for age, BMI, and technologists. T-tests 
were used to assess differences of means for sex, loca-
tion, and effusions reported. ANOVA tests were used to 
determine mean differences for age and BMI. A Brown-
Forsythe test was used to determine mean differences 
for technologists. The angle of knee flexion was mea-
sured by a single medical student on the team who was 
instructed on proper technique by a radiologist in order 
to assure consistency in measurement. A radiology read-
ing application, Inteleconnect, was used to measure the 
angle of knee flexion as seen in Fig. (1). The angle shown 
in Fig. (1) was recorded and its supplementary angle was 
calculated by taking the measured angle and subtract-
ing it from 180 degrees. The supplementary angle was 
used for the purposes of this study. To decrease chance 
of bias in measurement, the document used to collect 
the angle of knee flexion data was separate from the 
document used to collect variable information. Any 
patient identifying information was kept on a separate, 
password-protected spreadsheet, and each patient was 
assigned a unique patient identifying number.

MRI information that followed a lateral-mediolateral 
knee X-ray within 30 days or less was also collected. The 
research team attempted to evaluate if effusions were 
underreported on X-rays due to improper angle of knee 
flexion by comparing them to the reports of MRIs on the 
same patient. The patients who had effusions reported 
on MRI but not X-ray were considered to have effusions 
‘missed’ on X-ray. The patients who had effusions 
reported on X-ray and MRI were considered to have the 
effusion properly reported. The patients who did not 
have effusions reported on either X-ray or MRI were con-
sidered to be effusion-free and excluded from further 
analysis. An F-test was used to determine if equal vari-
ances could be assumed for reported effusions. A T-test 
was used to assess differences of means between the 

Figure 1. Measuring the angle of knee flexion. Example of the 
radiology application measurement on a lateral knee X-ray. 
The green line indicates the angle of knee flexion with the 
value calculated through the application.

http://www.msrj.org
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categories of ‘missed’ effusions to the properly reported 
effusions. 

RESULTS
For this study, 665 patients were found to fit the inclu-
sion criteria. Of these 665 patients, 105 had both knees 
imaged. For these patients, only one knee was selected 
to be included by a random number generator as men-
tioned in the methods section. Summaries for the vari-
able’s demographics can be seen in the appendix 
Tables (A1–A3). 

Looking at the angle of knee flexion for all patients 
measured, there was a range of 12.54–89.79 degrees 
with a mean angle of 51.28 degrees and a median of 
51.27 degrees. The summary statistics for the angle of 
knee flexion can be seen in the appendix in Table A1. 
See Fig. (2) for the distribution of the angle of knee 
flexion.

For age, variance testing showed a p-value of 0.68 mean-
ing equal variance could be assumed. Statistical testing 
revealed that there was not a statistically significant 

difference in the mean angle of knee flexion between age 
groups p = 0.63. Refer to Table 1 for age group information.

For male sex versus female sex, variance testing 
showed a p-value of 0.05 meaning equal variances could 
not be assumed. Statistical testing resulted in a p-value 
of 0.13 meaning there was no statistically significant dif-
ference between sex and mean angle of  knee flexion. 
Refer to Table 2 for sex group information.

For BMI, 296 patients were included in the statisti-
cal analysis. There were 396 patients who did not have 
BMI included in their charts. Variance testing showed 
a p-value of 0.51 meaning equal variance  could be 
assumed. Statistical testing revealed that there was 
not a statistically significant difference in  the mean 
angle of knee flexion between BMI groups p = 0.76. 
Refer to Table 3 for BMI group information.

For analysis of technologists taking the image, there 
were 43 technologists that took images. For the purpose 
of this variable assessment, only the technologists with 10 
or more measurements were considered, resulting in anal-
ysis of 12 technologists. Variance testing showed a p-value 
of 0.00024 meaning equal variance could not be assumed. 
Statistical testing resulted in a p-value of 0.001 meaning 
that there was a statistically significant difference in the 
mean angle of knee flexion between technologists. Refer 
to Table 4 for technologist measurement information.

With respect to the location that the images were 
taken at, variance testing showed a p-value of 0.33 
meaning that equal variances could be assumed. 

Table 1. Age analysis. Variable analysis of age group on mean 
angle of knee flexion. Differences in mean p = 0.63

Age group Mean angle of knee 
flexion (in degrees)

Standard deviation

18–29 48.11 16.28
30–39 49.02 15.14
40–49 50.47 12.80
50–59 51.52 13.05
60–69 51.79 13.49
70–79 51.34 13.85
80+ 53.64 14.33

Table 2. Sex analysis. Variable analysis of sex on mean angle of 
knee flexion. Differences in mean p = 0.13.

Sex group Mean angle of knee 
flexion (in degrees)

Standard deviation

Male 50.36 14.55
Female 52.02 13.09

Table 3. BMI analysis. Variable analysis of BMI on mean angle 
of knee flexion. Differences in mean p = 0.55.

BMI group Mean angle of knee 
flexion (in degrees)

Standard deviation

<18.5 59.10 22.21
18.6–24.9 49.87 14.74
25–29.9 52.91 15.28
30–34.9 50.53 13.56
>35 51.90 13.45

Figure 2. Distribution of the angles of knee flexion. Histogram 
of the angle of knee flexion of all measured patients.

http://www.msrj.org
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Statistical testing revealed a p-value of 0.15 meaning 
there was no statistically significant difference between 
locations and mean angle of knee flexion. Refer to 
Table 5 for location information.

When comparing effusion reporting with MRI and 
X-ray, there were 13 patients who fit the criteria of ‘missed’ 
effusions and 21 patients who fit the criteria of reported 
effusions. Comparing the angle of knee flexion in groups 
of effusions reported on both X-ray and MRI (reported 
effusions) to effusions reported on MRI but not X-ray 
(‘missed’ effusions), variance testing showed a p-value of 
0.29 meaning that equal variances could be assumed. 
Statistical testing resulted in a p-value of 0.83 meaning 
there was no statistically significant difference between 
reported effusion groups and mean angle of knee flexion. 
Refer to Table 6 for reported effusion group information.

DISCUSSION
Overall, the angle of knee flexion in these patients 
showed a distribution along a standard curve with the 
mean falling well above the accepted angle 20–30 
degrees. This could be due to several factors, only some 
of which were measured in this study. Since this study 

found the radiology technologist measurements to have 
a statistically significant difference between mean angles 
measured, the variables involving the technologists are 
likely to have the largest impact. Some variables that 
were not included in this study that could be researched 
further include technologist age, training level, amount 
of work experience, and areas of imaging experience. 

None of the possible patient-centered variables (age, 
sex, and BMI) measured in this study were statistically sig-
nificant. One possible explanation for this is patient will-
ingness to participate in their care. Most patients will 
position themselves however the technologist asks them 
to do if they are able. Some of these variables were consid-
ering that the patient might not be able to flex their knee 
to the proper angle due to BMI or age, for example, but 
these did not seem to be a factor to a significant degree. 

The final variable assessed in this study was location. 
This did not appear to have a significant association to 
the angle of knee flexion either. Possible explanations 
for this would be that both the urgent care and hospi-
tal are in the same hospital network within the same 
city. They use the same training systems for technolo-
gists. In addition to this, some technologists had 
recorded images at both locations. Though this may 
introduce some bias, this variable was mainly intended 
to assess differences in equipment and procedure at 
each location. It would be useful for future studies to 
assess these variables at different facilities in several 
different hospital systems and cities. It is likely that the 
results will be similar to this study with the technolo-
gist having the largest impact on angle of knee flexion 
with other variables having minimal, if any, signifi-
cance. This study is generalizable because it includes a 
large sample size, has a variety of ages and BMIs with a 
ratio of sexes being 1.33/1. Though ethnicity was not 
included in this study, it is unlikely that it would impact 
measurements.

Table 5. Location analysis. Variable analysis of location on 
mean angle of knee flexion. Differences in mean p = 0.15.

Location Mean angle of knee 
flexion (in degrees)

Standard deviation

Hospital 52.20 13.31
Urgent care 50.63 14.04

Table 4. Technologist analysis. Analysis of technologists on 
mean angle of knee flexion. Differences in mean p = 0.001.

Technologist Mean angle of knee 
flexion (in degrees)

Standard deviation

Tech 1 60.43 11.90
Tech 2 50.47 13.08
Tech 3 62.50 10.96
Tech 5 38.49 10.74
Tech 7 53.84 15.55
Tech 9 54.29 14.72
Tech 11 51.27 9.63
Tech 13 49.79 13.05
Tech 14 41.30 9.90
Tech 15 51.67 15.91
Tech 18 46.32 8.07
Tech 19 51.39 10.19

Table 6. Effusion analysis. Effusions reported on MRI but not 
X-ray considered ‘missed’ while effusions reported on both 
X-ray and MRI were reported appropriately. Differences in 
mean p = 0.83.

Effusion report Mean angle of knee 
flexion (in degrees)

Standard deviation

Effusion ‘Missed’ on 
X-ray

52.00 15.41

Effusion reported on 
X-ray

51.00 11.88

http://www.msrj.org
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There are several limitations to consider for this study. 
Firstly, errors could have been made in measurement of 
the angles of knee flexion. This error was limited by having 
a single researcher measure all of the angles and to have 
this researcher trained on measurements of this angle by 
a radiologist. Secondly, BMI was not recorded in all the 
patient’s charts, so some of the information regarding this 
variable could be biased to patients who were hospital-
ized at one point in time resulting in this measurement 
being in the chart. There are two primary limitations to 
the evaluation of effusions between X-ray and MRI. There 
was a small number of patients who had an MRI follow-up 
within 30 days with reported effusions – a total of 21 in 
the group where effusions were reported on both X-ray 
and MRI and 13 in the group where it was not reported on 
X-ray but was reported on MRI. This is a very small sample 
size, and it does not have the power to determine signifi-
cance. In addition to this, effusions reported on X-ray can 
be very subjective to the radiologist dictating the report 
and may not be reported if the radiologist does not deter-
mine the effusion to be of significance. 

Some considerations to take away from this study are 
that the angle of knee flexion varied from technologist to 
technologist, but overall, the knee joint was hyperflexed. 
A question that needs to be researched further is ‘Does 
the angle of knee flexion matter clinically?’ Theoretically, 
it has been taught that the angle of flexion is important to 
fully visualize certain anatomy and pathologies. However, 
further research needs to be conducted as to if knee flex-
ion influences a radiologist’s interpretation of these 
images, and if so, to what degree. Other future research 
can be directed toward correcting the discrepancies in 
knee flexion angles. Creating a tool that technologists can 
use to quickly and effectively position the patient’s knee 
to the appropriate angle could be implemented. In addi-
tion to this, refresher courses could be implemented into 
continuing education training for radiologic technolo-
gists to remind them on important positioning as well as 
common positioning errors. 

CONCLUSION
According to prior research and radiology literature, 
patient positioning plays a crucial part of producing 
quality images for radiologists to read. Errors in posi-
tioning can lead to images of poor quality and possibly 
missed pathologies. In lateral knee X-rays, rotation and 
flexion of the knee are two critical components in pro-
ducing the image. The research team set out to assess 

the angle of knee flexion in images produced at two 
locations in a large rural health system. After analysis, it 
was found that the angle of knee flexion was signifi-
cantly different from the ideal range of 20–30 degrees. 
Several variables were measured to evaluate possible 
correlations for this discrepancy in angles. Of these 
variables, the radiology technologist taking the image 
was the only variable that had a significant difference 
in the mean angle of knee flexion. Further research 
looking into whether the angle of knee flexion influ-
ences  the report generated by the  radiologist, possi-
bly with ‘missed diagnoses’, such as effusions, needs to 
be performed. In addition to this, a tool to allow 
radiology technologists quick and accurate measure-
ments of knee flexion angle could be explored along 
with a refresher course on positioning. 
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APPENDIX

Table A1. Study demographics. Highlighting the summary statistics of angle of knee flexion and variables patient age and BMI.

Statistical measurment Angle of knee flexion (in 
degrees)

Patient age BMI

Mean 51.28 61.06 30.84
Median 51.27 64 29.7
Standard deviation 13.73 14.82 7.17
Range 12.53–89.79 18–95 15.2–67.6

Table A2. Patient sex demographics. Study demographics of 
patient population regarding the variable of sex.

Sex Number of patients

Male 378
Female 285
Male:Female ratio 1.33/1

Table A3. Location demographics. Study demographics 
regarding the variable of location.

Location Number of patients

Hospital 286
Urgent care 377
Hospital: Urgent care ratio 0.76/1
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Introduction: This study aims to assess the impact of various teaching methods including role play, didactic lectures, and case studies 
on the history taking and communication skills of second-year Bachelor of Medicine and Surgery (MBBS) students. The goal is to help 
students become better doctors by arriving at diagnoses quicker by asking relevant questions in their history taking. A secondary goal 
is to improve the doctor–patient relationship through better communication skills.
Methods: The students were assessed on their history taking and communication skills before and after the application of specific 
teaching methods. The teaching methods were chosen according to efficacy and impact as shown by other research articles, in 
addition to the convenience of applying them to our study and the curriculum of similar schools. The improvement was scored by the 
faculty at KEM Hospital in Mumbai, India, where the study was conducted, using a checklist that includes the main aspects of 
communication and general history taking. We tested the students on their communication skills, completeness of their history taking 
with regard to the history of the presenting illness, history of past illnesses, personal history, family history, and mental status report. 
The results of the pre- and post-intervention scores were analyzed using paired t-tests.
Results: Fifteen students were assessed in this study. The results showed improvement in their mean scores after the teaching methods were 
applied. Using the student t-test, we statistically analyzed the students pre- and post-intervention. The p-value was found to be statistically 
significant (<0.05) in communication skills, completeness of their history taking with regard to the history of the presenting illness, history of 
past illnesses, family history, and mental status report. It was found to be non-significant with regard to personal history taking.
Conclusions: The students benefited from the teaching sessions conducted during their surgical rotations. Applying these teaching 
tools helped students come to diagnoses better through history taking alone. Their communication skills were also found to be 
significantly improved, which has shown to positively impact physician–patient rapport and treatment compliance. We have concluded 
that it would be meaningful to incorporate these teaching tools in the curriculum of second-year undergraduate students with the 
goal of making them better physicians in the future.
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INTRODUCTION
istory taking involves listening to patients’ con-
cerns and asking patients relevant questions with 

the purpose of coming to a diagnosis. Many diseases 
can be diagnosed solely through history taking and clin-
ical examination alone.1,2 Hence, it is vital to hone stu-
dents’ history taking skills before they become practicing 
doctors. This can avoid unnecessary tests, which are 
often costly and sometimes risky.3,4 Taking a good his-
tory is an important skill for all medical students to learn; 
however, teaching methods are sometimes lacking due 
to the sparsity of time or resources. In this research 
study, we aim to quantify student improvement in his-
tory taking skills after the implementation of specific 
teaching methods chosen through a literature review. 

Communication skills are also very important and are 
often overlooked.5 Connecting with the patient and 
establishing a rapport is vital in eliciting key history 
elements.6 Studies show that good communication can 
positively impact the patient’s outcome, adherence to 
treatment, and overall satisfaction.7 The learning curve 
of these soft skills can be steep, and some doctors 
remain poor communicators throughout their career. 
This can lead to poor patient outcomes that may 
otherwise be preventable.8 We hypothesise that this can 
be avoided by incorporating certain teaching tools in 
the medical curriculum of undergraduate students. 

In KEM Hospital, Mumbai, where we have conducted 
our study, second-year students are posted in various 
departments including Surgery, Medicine, Pediatrics 
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Table 1. Checklist against which the students were graded.

Communication skills Skills expected to be demonstrated Total marks

Introducing yourself and the purpose of 
examination

Stating your name, title, and purpose fluently and not missing details. 1

Building a rapport with patient Putting the patient at ease, smiling, respectful conduct. 1

Eye contact Ensuring eye contact with the patient and not only the history taking sheet 
or the body part being examined.

1

Listening to the patient’s complaints Not interrupting the patient, letting him speak without directing him in a 
certain way

1

Asking correct open-ended questions 
(question style)

Not asking specific questions that will lead to a definite diagnosis and 
letting the patient speak for himself.

1

Empathy Not acting too proud or dealing roughly with the patients. 1

Communicating in patient’s language Establishing a fluent conversation in the language that the patient is most 
comfortable in, that is, the regional language

1

Confidence, fluency, comfort to the 
patient

Being confident in the procedures and executing them with ease and 
providing comfort to the patient in letting him know that the examiner is 
aware of exactly what needs to be done.

1

Continued

and Obstetrics and Gynecology. During this time, the 
role of the student is to observe patients while attending 
rounds with the senior doctor and residents, which is 
the practice in most hospitals in Mumbai. Students are 
encouraged to take patient histories, perform clinical 
examinations, and ask the residents any questions they 
might have. However, they are not required to gather 
information by rote or to demonstrate hypothesis 
generation and testing. In this study, we plan to 
implement specific teaching tools during the surgical 
postings of second-year students to aim to improve 
student history taking and communication skills. 

METHODS
Study Design
The study was a prospective cohort study in a group of 
15 students who were attending their second MBBS 
surgical clinical postings at KEM Hospital, Mumbai, 
from September 2019 to November 2019. The students 
were assessed on their history taking and 
communication skills by the faculty members after 
2  weeks and 8 weeks of their surgical posting. The 
2-week observation served as the ‘before’ measure. 
During the 2 weeks before the intervention, the 
students attended normal ward rounds, a practice that 
is followed during postings in all schools in Mumbai. 

At the 2-week mark, students were tested according to 
a checklist to evaluate their communication and 
history taking skills. After this, the teaching methods 
selected based on research and the convenience of 
incorporating them into the curriculum were used, and 
the students were assessed at the 8-week mark of their 
postings. The checklist used to assess students, shown 
in Table 1, was derived using sources including the 
‘Simplified Checklist of Calgary Cambridge Guide’ for 
assessment of communication, and guidebooks like 
the ‘PCM Guidebook for History taking and Physical 
Exams’ for history taking.

Ten faculty members assessed the 15 students. To 
assure the faculty members assessed the students in a 
similar way, there were different assessors for each 
student. No student was assessed by the same assessor 
twice. The assessment was carried out by asking the 
student to take the history of a patient with faculty 
present. This patient would have already been examined, 
and the history would have already been taken by the 
doctor assessing the student, so the examiner knew 
what history to expect out of the student. The patient 
complaints and presentations were not similar pre- and 
post-intervention and were not similar between the 
students. As students were not assessed on their physical 
exam, problem solving or clinical decision-making skills, 
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Table 1. Checklist against which the students were graded. 

Communication skills Skills expected to be demonstrated Total marks

Patient’s particulars (name, age, 
occupation, religion, residence)

Asking about all these necessary personal details and taking note of them. 2

Chief complaints 

  1.� Interpretation of patient’s 
complaints

Knowing what is important to highlight in the chief complaints and asking 
the correct open-ended questions regarding them

4

  2. Chronology in reporting Following a specific order of questioning (particulars, chief complaints, 
history of presenting illness, associated diseases, history, drug history, 
history of allergy, personal history, family history, history of immunisation)

1

History of present illness

  1. Onset Ask when the symptoms started to occur and the mode of onset – sudden 
or gradual – and if there was any causative factor involved.

2

  2. Duration Ask for how long did they occur for and if they subsided and why did they 
subside

2

  3. Progress Ask about the evolution of symptoms and the exact order in which they 
occurred.

2

  4. Negative history Ask about possible other symptoms and receive a proper negative history 
regarding them.

2

History of past illness

  1. Previous occurrence of the disease Ask whether the disease occurred earlier or if this is the first time 1

  2. Previous operations/accidents Ask about previous operations/accidents irrespective of whether they are 
related to the current disease or not.

1

  3. Tuberculosis, diabetes, hypertension Ask about the previous history of tuberculosis, diabetes and hypertension. 2

Personal history

  1. Addictions Ask if he is addicted to any drugs or other things 2

  2. Bowel habits Ask about regularity, pain and consistency and if blood or any other 
abnormalities are present.

2

  3. Bladder habits Ask about regularity, pain and consistency and if blood or any other 
abnormalities are present.

2

4. Menstrual history (if patient is female) 
  a) Length of cycle
  b) Length of menses
  c) Previous pregnancies

3

Family history 

  1. History of similar illness Ask if it has occurred and the relation of the patient to this family member. 1

  2. Diabetes, hypertension Ask if these chronic diseases are present in the family 1

Mental state and intelligence Ask about the level of consciousness and grade him according to the five 
stages of consciousness if not fully conscious. 

1
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we assumed that communication and history taking 
would not differ significantly based on the presenting 
complaints of the patient.

Teaching Methods
We performed a literature review to investigate which 
teaching tools have been shown to be effective in prior 
studies.5,9–19 Additionally, the teaching tools needed to be 
convenient to perform in the hospital setting and be in 
accordance with the guidelines of our hospital and college. 
The six teaching tools used by the faculty included: 

1. � Focus scripts and literature – Literature was provided 
by the investigators, which was to be read by the stu-
dents before they attended the teaching sessions. 
The literature contained papers on how to improve 
one’s communication skills and its importance and 
implications on patient–physician relationship. It also 
included literature on the basic steps of history tak-
ing and the important questions to be asked to 
achieve a well-rounded history of the disease. We 
included the ‘Simplified Checklist of Calgary 
Cambridge Guide’ for assessment of communication, 
and guidebooks like the ‘PCM Guidebook for History 
taking and Physical Exams’ for history taking. Reading 
before attending lectures has been found to be 
impactful in students’ learning.20 We gave the stu-
dents their reading assignments every weekend 
before discussing that topic with them in the other 
five teaching methods.

2. � Video demonstrations – We showed the students vid-
eos of experienced doctors taking the history of patients 
presenting with various illnesses. We introduced com-
munication skills for eliciting history and then showed 
the students videos that showed the various compo-
nents of a patient history and contrasted them with 
poor examples so they can learn which path to take. The 
better, more effective history was shown as more holis-
tic and effective in arriving at the diagnosis. The various 
scenarios that were used in videos helped students 

identify the proper communication skills that they are 
required to use when eliciting history.

3. � Online course – An online course to teach the history 
taking skills was emailed to the students as stream-
ing videos on the skills they were supposed to 
demonstrate. This was prepared by the authors 
themselves. Streaming the online course provided 
the opportunity for the students to access this infor-
mation repeatedly. An online discussion platform to 
discuss questions was also provided. This collabora-
tive e-learning using streaming videos and discus-
sion boards was found beneficial in previously done 
research. The authors addressed questions on the 
techniques, recognition of cues, how to recognise 
crucial features of a symptom, and stages and tech-
niques of asking the history of presenting illness, 
among other queries that the students had. 

4. � Small group roleplay and feedback – Students acted 
as patients with various illnesses that were not known 
to the other students. Each student had to ask perti-
nent questions and correctly examine the acting 
patient to arrive at a correct diagnosis. 

5. � Didactic lectures – Faculty members conducted lectures 
on how to take histories and arrive at correct diagnoses. 
This focused on the importance of non-verbal skills like 
eye contact and confidence. We used mental rehearsal 
methods as they were found to be useful to improve the 
retention of information according to research.

6. � Mock round with patients from the ward – We con-
ducted a round of history taking with patients from 
the ward. During this mock round students were 
asked to take the history of the patient and were 
evaluated using an Objective Structured Clinical 
Examination (OSCE) examination pattern. We used 
OSCE, as it is a commonly used method of clinical skill 
evaluation and is an effective method of judging clin-
ical skills and knowledge.20,21

Time devoted by students to learning methods is given in 
Table 2, where the hours per day required for each 

Table 2.  Time and frequency of teaching methods used on the students.

Lit. Videos Course Role play Lectures Mocks

Hours/day 2 1 2 2 2 2

Times/week 1 2 1 3 3 2

Total time (hours) 2×1×5=10 1×2×5=10 2×1×5=10 2×3×5=30 2×3×5=30 2×2×5=20
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Table 3. Scores of the students before and after the intervention.

Before intervention CS CC HOPI HOaI PH FH MS

1 5 3 5 3 5 2 0
2 4 4 4 3 7 3 0
3 4 4 4 4 4 2 0
4 0 3 5 2 6 2 0
5 1 4 4 2 6 1 1
6 2 0 3 2 6 1 0
7 9 1 2 2 6 0 1
8 3 4 4 3 7 3 0
9 9 4 0 1 1 0 0
10 8 0 4 4 4 2 0
11 5 0 2 4 4 2 0
12 5 0 3 2 6 2 0
13 5 3 5 2 6 2 1
14 0 4 4 2 6 3 0
15 9 2 1 1 1 1 1

After intervention

1 8 4 6 3 5 2 0
2 9 5 7 7 9 4 1
3 4 4 5 4 5 2 0
4 5 3 6 3 4 3 1
5 5 4 5 3 6 1 1
6 5 4 5 3 6 1 1
7 10 5 5 3 6 1 1
8 5 3 6 3 4 4 0
9 10 5 1 6 6 1 0
10 5 3 6 3 4 4 0
11 7 3 6 3 4 4 1
12 6 3 6 3 4 4 0
13 7 4 6 3 7 1 1
14 9 4 5 3 4 4 1
15 10 5 6 4 6 3 1

teaching method has been provided, and the frequency 
per week of practicing these tools during the interval 
between the pre- and post-intervention period has also 
been mentioned. The interval period between pre- and 
post-intervention was 5 weeks, and the total time devoted 
by each student (hours/day × times/week × 5 weeks) for 
each activity in total has also been calculated in Table 2.

Sample Size and Eligibility Criteria
The inclusion criteria were all second-year MBBS 
students who are attending surgery postings under the 
PI’s unit at KEM Hospital. Out of 20 students posted, 15 
had agreed to participate in our research and completed 
all the teaching methods required in this study. 

Data Collection and Statistical Analysis
We compared the performance in each category of the 
checklist (e.g. Introduction of self, Eye Contact) of the 
student with his earlier performance (e.g. before the 
teaching tools were applied). We used the student t-test 
to analyze the students’ pre- and post-intervention scores.

RESULTS
The scores of students before and after the intervention 
are shown in Table 3. The pre- and post-intervention 
comparison is shown in Table 4. This data is depicted in 
Figure 1 to serve as a visual comparison of the means of 
the test values pre- and post-intervention. Overall, the 
results showed improvement in the mean scores after 
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the teaching methods were applied. Using the student 
t-test, we statistically analyzed the students pre- and 
post-intervention. The p-value was found to be 
statistically significant (<0.05) in communication skills, 
completeness of their history taking with regard to the 
history of the presenting illness, history of past illnesses, 
family history, and mental status report. It was found to 
be non-significant with regard to personal history 
taking. The completeness of asking the patient’s 
personal history (patients’ addictions, bowel and bladder 
habits and menstrual history) needs to be emphasised 
separately for an improvement in this aspect, which was 
not done in the teaching tools we had used. 

DISCUSSION
The usual method of conducting postings for 
undergraduate students is to assign them to a patient 
and observe them throughout the course of their 
postings and have discussions with their teachers or the 
resident of the ward. The methodology of history taking 
and being able to arrive at a differential diagnosis is very 
often overlooked, and professors concentrate more on 
explaining the pathophysiology and treatment of 
diseases, rather than the method of coming at the 
particular diagnosis. As learning to diagnose is as 
important as knowing how to treat a disease, it should 
be included as a cornerstone of medical education. 

According to our study, if the teaching tools that we 
have applied are used regularly on undergraduate 
students, it could help students improve in eliciting the 
chief complaints and the history of the disease. The 
students showed a significant improvement in skills 
required for eliciting history from the patient. The 
students’ communication skills improved by a third, the 
manner of eliciting the history of presenting illness, past 
illness and the patient’s personal and family history 
improved by more than half. The most improvement 
was shown in the manner of eliciting chief complaints 
and asking further relevant questions to arrive at a 
provisional diagnosis. Students in the preclinical stage 
will benefit from creative methods of teaching in the 
form of the above-mentioned tools, which would make 
them focus on history taking skills and its importance. 

Table 4. Comparison between pre- and post-intervention 
values using student t-test.

Pre-
intervention 

Post-
intervention

Change p

Mean SD Mean SD

CS 4.6 3.1 7.0 2.2 2.4 0.004

CC 2.4 1.7 3.9 0.8 1.5 0.003

HOPI 3.3 1.5 5.4 1.4 2.1 <0.001

HOaI 2.5 1.0 3.6 1.2 1.1 0.021

PH 5.0 1.9 5.3 1.4 0.3 0.587

FH 1.7 1.0 2.6 1.4 0.9 0.003

MS 0.3 0.5 0.6 0.5 0.3 0.019

Figure 1. Box diagram of the comparison students’ mean scores pre- and post-intervention.
CS = Communication Skills, CC = Chief Complaint, HOPI = History of presenting illness, HOaI = History of past illness, PH = Personal history, 
FH = Family history, MS = Mental status report
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Future aims of our study include incorporating these 
teaching methods into the regular curriculum for 
second-year students. Learning a systematic and logical 
order to elicit a proper history from patients is imperative 
in coming to a correct diagnosis. Strong communication 
skills, which are normally not emphasised enough while 
teaching medical students, will also help them connect 
to the patient in a holistic way and put them at ease so 
they do not hold back information that could be crucial 
to the diagnosis.22 The completeness of asking the 
patient’s personal history (patients’ addictions, bowel 
and bladder habits, and menstrual history) needs to be 
emphasised separately for an improvement in this 
aspect, which was not done in the teaching tools we had 
used.

As the sample size of this pilot study was quite small, 
we have intentions of doing a follow-up study with a 
larger sample size in the future, over a longer time 
period, to look at retention. As the teaching tools we 
used in our study are convenient to implement and 
have been found impactful, and there are no barriers to 
include the teaching tools we have used in our study in 
the medical school curriculum in Mumbai, we believe 
doing so will shorten the learning curve of students 
across similar schools. 

LIMITATIONS
The first limitation is that this study was done only at 
one university. Secondly, as this study was limited to one 
batch of students posted under the PI, the sample size is 
small at 15 students. We hope our study can serve as a 
model for further studies to be conducted on a larger 
scale, which would further prove the benefits of adding 
the specified teaching tools to the curriculum at an 
earlier stage, so that students can acquire good history 
taking and clinical examination skills earlier than what is 
the current norm.

CONCLUSION
In this study, we have concluded that the introduction 
of teaching sessions focused on communication skills 
and history taking was beneficial to student learning. 
Students showed significant improvement in 
communication skills, completeness of their history 
taking with regard to the history of the presenting 
illness, history of past illnesses, family history, and 
mental status report. The student’s completeness of 
asking the patient’s personal history (patients’ 
addictions, bowel and bladder habits, and menstrual 

history) did not improve drastically and hence needs to 
be emphasised using other teaching methods that we 
had not chosen for our study. We believe that it would 
be meaningful to include these teaching tools into the 
curriculum for undergraduate students.
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Background: Incoming emergency medicine (EM) residents may feel unsure of their ability to handle common emergency department 
scenarios, even if they are well educated on the proper steps to take in those scenarios. This may not stem from a lack of skill so much 
as a lack of confidence in their ability to perform with skills they have. 
Objective: We look to establish a link between completion of simulation-based training in common EM scenarios and learner self-
reported confidence in their ability to perform competently in those scenarios. 
Methods: Fourth-year medical students who matched into an EM residency program participated in a Transitional Educational 
Program (TEP) at the Interprofessional Immersive Simulation Center at the University of Toledo in April 2021. Simulations of 16 
procedural skills and clinical judgement cases were carried out using high-fidelity mannequins and real medical equipment in a 
hospital-based setting. Subjects were given pre- and post-TEP survey questionnaires assessing their self-reported confidence to 
competently perform in common EM clinical scenarios, using a 5-grade Likert scale. Data were analyzed using a one-tailed Wilcoxon 
signed-rank matched-pairs test. 
Results: Of 19 participating subjects, 16 (84.2%) consented and responded to the pre-survey. Of those 16 subjects, 10 (62.5%) 
completed the surveys at the correct time and order. The pre- and post-surveys consisted of the same 14 questions. In 11 of 14 survey 
questions, there was a significant increase in subject self-reported confidence (p < 0.05) between pre- and post-survey. 
Conclusions: Simulation-based training in the setting of high-fidelity equipment and faculty guidance improved the self-reported 
confidence of incoming EM residents to perform in common EM scenarios.

Keywords: Simulation; medical education; emergency medicine; technology; confidence

INTRODUCTION
eal-world clinical situations can be daunting for 
both medical students and residents. While clinical 

experience is a vital part of medical school and residency 
curricula, beginning learners of both levels may not feel 
confident in their ability to manage the clinical scenarios 
that they will face on these rotations.1 Most medical stu-
dents entering clinical education will have just completed 
several years of preclinical work, in which they learned 
about the foundations of medicine mostly through read-
ing and attending lectures. Though incoming first-year 
residents have completed their medical school clinical 
rotations, they are quickly transitioning from those 
curated, supervised clinical experiences to real-world 
clinical scenarios in which they will be the primary deci-
sion makers in patients’ medical care. While the preclinical 
and pre-residency education undertaken by these learn-
ers provides the groundwork for clinical competency, it 

does not always directly translate to  
clinical ability. For example, even though a first-year resi-
dent might know the proper steps for many various pro-
cedures or exams indicated in a trauma patient, they may 
lack confidence in their ability to adequately perform 
these steps in a real clinical setting, and thus can still 
‘freeze up’ and find themselves unable to perform when 
needed. One way that medical education has evolved to 
help learners better navigate the transition to real-world 
clinical practice is through the use of simulations. 

Several studies cited here have shown proof of concept 
for the ability of simulation-based educational  
programs to increase the self-reported confidence of 
medical students and incoming residents in their ability to 
perform emergency medicine (EM) procedures and make 
clinical decisions. However, available literature did not 
provide a standardized version of simulation-based edu-
cation; variations in simulation programs include the use 

Note: Appendix A and Appendix B can be found at DOI: 10.15404/msrj/03.2023.237
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of mannequins, standardized patients, computer-based 
scenarios, replica equipment, and more. Several studies 
identified advantages of using the most lifelike equip-
ment available, while also eliminating any risk to real or 
standardized patients as learners complete the simulated 
procedures.2–4 Therefore, our investigation explores spe-
cifically the use of a transitional education program (TEP) 
consisting of high-fidelity mannequin human patient sim-
ulators and real clinical equipment, taking place in a hos-
pital-based simulation setting. The TEP was led by faculty 
in the Department of Emergency Medicine at the 
University of Toledo College of Medicine and Life Sciences 
(UTCOMLS) and was aided by other trained medical staff 
employed by the university. As the focus of this study is 
EM procedures, we restricted our subject population to 
graduating fourth-year medical students who had 
matched into an EM residency program that same year. 

Our study investigates the use of simulation-based 
education for fourth-year medical students and assesses 
their self-reported confidence levels through scaled sur-
veys both before and after they perform in the role of a 
first-year EM resident in several simulated clinical sce-
narios. Our primary outcome measure is the change in 
self-reported confidence measured by the Likert scale 
described here, with higher scores indicating higher 
confidence in each respective clinical scenario. We 
hypothesize that the use of simulation-based training 
will have a positive effect on self-reported confidence 
levels in this cohort’s ability to perform the simulated 
procedures in real-world clinical practice. We hope to 
add to the available body of literature regarding simula-
tion use in medical education, with an emphasis on 
self-reported confidence levels as an important factor 
alongside competence in evaluating medical learners’ 
ability to perform in clinical scenarios.

METHODS
Settings and Participants
The TEP was held in April 2021 at the Interprofessional 
Immersive Simulation Center, a state-of-the-art facility at 
the University of Toledo Health Science Campus with 
capabilities including high-fidelity mannequins, 
advanced clinical simulations, virtual reality, and anat-
omy/surgical skills training. The TEP was designed by 
teaching and clinical faculty of both the Department of 
Graduate Medical Education and the Department of 
Emergency Medicine at the UTCOMLS. All designing and 
participating faculty had at least 5 years of experience, 
with most eclipsing 10 years. Participants in the TEP 

consisted of 19 fourth year medical students (M4s) who 
matched into an EM residency program and planned to 
enroll as a first-year resident upon graduation from medi-
cal school. The subjects volunteered to participate in the 
TEP by responding to an email sent to them several weeks 
prior to the event. The faculty and staff that conducted 
the TEP were all involved with the Department of 
Emergency Medicine or the Department of Graduate 
Medical Education at UTCOMLS. Each subject received 
the intervention (attended the TEP) and self-reported 
confidence in the ability to perform each procedure was 
assessed before and after the intervention. 

Interventions
To better prepare graduating medical students for their 
intern year in the EM setting, the TEP was designed with 
10 simulations of common EM skills, six simulations of 
common patient cases requiring rapid clinical judg-
ment, and several structured and unstructured discus-
sions with EM faculty and residents (Fig. 1) (Appendix A). 
The schedule of events was assembled after discussions 
with many medical students, residents, and faculty at 
UTCOMLS, who collectively identified the listed topics as 
areas in which first-year residents had a high potential to 
feel underprepared or unsure of their abilities. 

Before the program started at 8:00 am, subjects were 
asked to complete the pre-survey individually. Subjects 
were then put into small groups of two to four and were 
randomly placed into one of the six morning session 
activities (three skill simulations and three case simula-
tions). Subject groups spent 30 min at each station, 
including a briefing and debriefing before and after each 
simulation. After the station time had elapsed, subject 
groups rotated to the next station. This process repeated 

Figure 1. TEP Schedule.
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until all morning session stations were completed. There 
was a 1-h lunch break between the morning sessions 
and the afternoon sessions. The afternoon session was 
completed in the same manner as the morning session. 
After the TEP was finished, subjects who completed the 
pre-survey were asked to complete the post-survey.

Outcomes Measured
To assess the impact of the TEP on M4 self-reported con-
fidence in the EM setting, this study used a descriptive 
pre/post survey design, with the pre-survey given 
immediately prior to the simulations program and the 
post-survey given immediately after the program was 
completed. The study survey consisted of 14 statements 
asserting confidence in various EM procedures (all of 
which would later be topics covered in a simulation 
during the TEP), and subjects were asked to indicate 
their level of agreement with each statement on a stan-
dard 5-grade Likert scale (1 = strongly disagree, 2 = dis-
agree, 3 = undecided, 4 = agree, 5 = strongly agree) 
(Appendix B). These survey questions were designed 
according to guidelines proposed by Nemoto and 
Beglar.5 The pre-survey included the informed consent 
agreement, three demographic questions, the study 
survey, and a field for the entry of a unique 4-digit PIN 
that would be used to link pre- and post-survey 
responses to an individual without the need to collect 
any other identifiers. The post-survey included the PIN 
field, the study survey, and another 8-item survey (the 
secondary survey). The secondary survey asked the sub-
jects to indicate their level of agreement, on the same 
5-grade Likert scale used in the primary survey, with 
statements about the usefulness of simulations as an 
education tool, their perception of how closely the sim-
ulations matched real clinical scenarios that they had 
experienced, and their satisfaction with the TEP.

The pre-survey was made available at 9:30 pm the 
night before the start of the TEP, and submissions were 
accepted until the program started at 8:05 am. The 
post-survey was made available at completion of the 
TEP, and submissions were accepted for 10 days; this 
longer window was used to allow subjects adequate 
time for survey completion during a very busy time at 
the end of their medical school careers. Both surveys 
were administered with Microsoft Office Forms and sent 
to the subjects’ personal email addresses. Likert scale 
data from each survey was exported from Office Forms, 
linked by PIN, and analyzed using Microsoft Excel. Data 
were only accepted for analysis if: (1) the pre-survey was 

completed before the start of the TEP (8:05 am on 
4/6/2021) and (2) there was both a pre- and post-survey 
linked to the same PIN.

The primary outcome of this study is the measured 
change in self-reported confidence in subjects’ ability to 
adequately perform in each situation that was covered 
in the TEP simulations, with a secondary outcome of the 
measure of participants’ opinions on the effectiveness of 
simulations in medical education.

Analysis of Outcomes
Pre-TEP and post-TEP survey responses (n = 10) were 
analyzed using a one-tailed Wilcoxon signed-rank 
matched-pairs test.6 Statistical significance was deter-
mined with a p-value of 0.05 and a critical value of 10, 
as per the critical value table computed by McCornack.7 
The secondary survey regarding simulation effective-
ness in medical education was assessed for general 
positive or negative responses to each question by 
assigning numerical values to the Likert scale 
responses (−2 = strongly disagree, −1 = disagree,  
0 = undecided, 1 = agree, 2 = strongly agree) and cal-
culating average values for each question and each 
subject response.

IRB Statement
This study was approved as an institutional review 
board  (IRB)-exempt study by the University of Toledo 
Institutional Review Board.

RESULTS
The study population was composed of fourth-year 
medical students at the University of Toledo who had 
matched into an EM residency program beginning after 
graduation. The TEP was advertised to all EM residen-
cy-matched students via email, and 19 signed up to 
attend the program. Of these 19 participants, 16 
responded to the pre-survey and informed consent 
(84.2%). Of those 16 consenting subjects, 10 (62.5%) 
completed surveys at the correct times and used a PIN 
that linked a pre-survey response to a post-survey 
response, for a final study sample of 52.6% (10/19) of the 
available population. These 10 primary survey pairs 
comprised the analyzed data set (Tables 1 and 2).

Of the 14 questions on the primary survey, 11 showed 
a significant increase in subject self-reported confidence 
after the TEP (Fig. 2). Notably, the pre-survey had four 
total ‘strongly agree’ responses, and the post-survey had 
29, an increase of over sevenfold. Similarly, the 
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pre-survey had eight total ‘strongly disagree’ responses, 
where the post-survey did not have any. 

The secondary survey yielded generally positive sub-
ject responses for each question (range 0.92–1.76) as 
well as generally positive responses by each subject 
across the survey (range 0–2), indicating the subjects 
generally supported the effectiveness of simulations as 
an educational tool (average overall score 1.52) (Table 3). 
Secondary survey responses for all 13 subjects who 
completed the post-survey were included, regardless of 

pre-survey completion status or PIN linking the post- 
survey to a completed pre-survey, because the second-
ary survey was only present on the post-survey and thus 
did not require comparison to pre-survey responses.

DISCUSSION
This study found a statistically significant increase in 
subject self-reported confidence to competently per-
form procedures and make clinical decisions common 
to EM after participating in simulated versions of those 

Table 2. Primary survey questions and responses, grouped by question and timing (whether pre- or post-survey).

Survey Question Q# Survey Strongly 
Disagree

Disagree Undecided Agree Strongly 
Agree

I feel confident in my ability to manage an 
emergent airway, e.g. performing a cricothyrotomy

Q1 Pre 1 4 3 2 0
Post 0 1 0 7 2

I feel confident in my ability to manage a urgent 
airway, e.g. intubation

Q2 Pre 0 2 1 7 0
Post 0 1 0 3 6

I feel confident in my ability to provide ACLS care Q3 Pre 0 1 2 7 0
Post 0 1 0 4 5

I feel confident in my ability to place a splint Q4 Pre 0 4 3 3 0
Post 0 2 1 7 0

I feel confident in my ability to place an 
intraosseus line

Q5 Pre 0 3 3 3 1
Post 0 1 1 6 2

I feel confident in my ability to effectively 
manage patient situations involving opioids

Q6 Pre 0 5 3 2 0
Post 0 1 2 7 0

I feel confident in my ability to place a chest tube Q7 Pre 2 5 3 0 0
Post 0 1 1 7 1

I feel confident in my ability to place a 
pigtail catheter

Q8 Pre 1 6 3 0 0
Post 0 1 4 5 0

I feel confident in my ability to suture a wound Q9 Pre 0 1 1 6 2
Post 0 1 0 2 7

I feel confident in my ability to perform a 
lumbar puncture

Q10 Pre 1 8 1 0 0
Post 0 1 2 7 0

I feel confident in my ability to effectively 
manage a patient with an altered mental status

Q11 Pre 0 2 6 2 0
Post 0 1 0 7 2

I feel confident in my ability to effectively 
manage a patient with a GI bleed

Q12 Pre 1 1 5 3 0
Post 0 2 0 8 0

I feel confident in my ability to manage a 
stroke patient

Q13 Pre 1 1 4 4 0
Post 0 2 0 7 1

I feel confident in my ability to identify patients 
that are truly sick in the ED setting

Q14 Pre 1 1 4 3 1
Post 0 2 0 5 3

GI, gastrointestinal; ED, emergency department.

Table 1. Demographic questions and responses given by the 10 study subjects.

Demographics

What Is your level of training? M4 (10) Other (0)
What gender do you Identify with? Man (6) Woman (4) Other (0)
What Is your age? 21–25 (3) 26–30 (6) 31–35 (0) 36–40 (0) 40+ (1)
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Figure 2. Results grouped by question. Pre-survey responses are on the left and post-survey responses are on the right; a star above 
a question column indicates a statistically significant increase in subject self-reported confidence from the pre-survey to the 
post-survey. The y-axis depicts the total responses, and each color band represents the percentage of total responses comprised by 
the corresponding response choice for each question. TEP, transitional education program. *: statistically significant, p < 0.05.

Table 3. Secondary survey questions and responses, grouped by question.

Secondary Survey Question Q# Strongly 
Disagree

Disagree Neutral Agree Strongly 
Agree

Simulations are an effective method of training in general 1 0 0 1 2 10
Simulations are a productive way of learning how to respond to 
common patient presentations in emergency medicine

2 0 0 1 3 9

I was able to work with colleagues successfully during the 
simulations

3 0 0 1 1 11

I was able to practice the technique of each skill during the 
simulations

4 0 1 1 5 6

In my experience, these simulations were similar to responding to 
these patient presentations in a clinical setting

5 0 0 3 8 2

I was given ample opportunity for questions during the 
simulations

6 0 0 1 3 9

I felt that feedback given during the simulations was constructive 
and meaningful

7 0 0 1 3 9

Overall, I personally feel more confident in my ability to respond to 
these patient presentations after simulation training

8 0 0 1 2 10
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procedures and cases. These simulations closely mirror 
real-world procedures and require many technical and 
management skills that first year residents are expected 
to perform. The results from this study support the 
growing trend found in medical education literature 
indicating some modality of simulation is beneficial in 
the training of medical students and residents – espe-
cially for those transitioning into real world clinical prac-
tice.8–16 This study focused on those about to enter an 
EM residency program, but there are several other doc-
umented studies where the use of simulation has posi-
tively impacted the confidence of a broader range of 
students.3,4,17–20 

Simulation has been established as a successful, 
evidence-based tool in medical education for several 
decades.8,21 Simulation use in EM education – both in 
medical schools and residency programs – has become 
widespread in the last 20 years. Okuda et al22 found that 
91% of U.S. EM residency programs reported using some 
form of simulation in 2008, and other studies show even 
more ‘boot camp’-style (defined as an early preparatory 
course or orientation sessions for learners undergoing a 
transition in medical education) simulation sessions are 
being developed at schools and residency programs 
across North America each year.9–11,22,23

The efficacy of simulation in medical education as a 
tool to facilitate competency in clinical skills is well 
supported in current literature.8–11,21 However, studies 
assessing subject confidence in one’s ability to per-
form procedures or make decisions in real-world clin-
ical settings are substantially less prevalent in the 
current available literature. Okuda et al extensively 
aggregated evidence for the usefulness of simula-
tions in several specific medical specialties, though 
their findings for EM focused more on competence in 
crew resource management and acute care team pro-
tocols, rather than self-reported confidence in the 
ability to independently perform procedures or make 
clinical decisions.2 Gottleib thoroughly investigated 
the link between self-reported confidence and com-
petence in learners and advocated for evaluation 
methods that consider both qualities simultaneously 
when assessing medical professionals’ ability to per-
form tasks.24 

Literature covering the correlation between subject 
confidence and simulation-based education in EM sce-
narios was severely lacking; however, several published 
studies supported a positive relationship between 
simulation-based education and subject confidence in 

specific medical skills or in other areas of healthcare. 
Bowers et al found that the comfort and confidence 
level of third and fourth year medical students increased 
after they participated in an advanced cardiac life sup-
port simulation training.17 In a multi-specialty simula-
tion-based course, Dermody et al observed that a 
majority of a cohort of 30 medical students had an 
increased confidence in their skills.18 Biron et al observed 
that knowledge, skill, and confidence level increased 
between pre-session and post-session questionnaires 
and assessments in a cohort of 120 medical students 
participating in a multi-sensory cricothyrotomy educa-
tional experience.12 Morgan and Cleave-Hogg demon-
strated an increase in subject confidence in a population 
of 144 final-year medical students upon participation in 
several simulated anesthesia procedures.25 Sattler et al 
found an increase in self-reported confidence in a popu-
lation of internal medicine residents upon completion 
of a simulation course covering six invasive bedside 
procedures.13

Several studies, including this one, have used mainly 
self-reported perceived changes in their studied out-
comes. Therefore, the role of simulations as an objective 
improvement tool in medical education is still unclear. A 
proposed solution to this limitation is a longitudinal 
approach assessing both competence and confidence, 
where students perform in these simulated scenarios 
across several sessions, studying both long-term reten-
tion and self-reported confidence in these skills, as well as 
objective measures of performance improvement in 
these skills. Other potential sources of bias in this study 
are the possibilities of central tendency bias in survey 
responses and observer bias during simulation sessions. 
The subjects were aware that they were part of a study 
investigating the effectiveness of simulations in educa-
tion, creating some degree of bias in their responses. 
Central tendency bias is the tendency for subjects to 
avoid the extremes of a rating scale, for example, subjects 
avoiding the ‘strongly agree’ and ‘strongly disagree’ 
choices on the Likert scale in the study survey used here. 
Though this bias was likely present, its effect was unlikely 
to significantly sway results, and it has been argued to be 
closer to a data pattern than a bias.26 Furthermore, simu-
lations in general may be prone to some degree of inher-
ent observer effect; participants are aware that there are 
likely no real consequences to failure, or at least none as 
severe as would be present in real-world scenarios, and 
therefore might not make the same decisions or actions 
in a simulation that they would in the real world. As the 
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technology underlying simulations advances, future 
studies might be able to simulate real-world scenarios 
even more accurately through the addition of virtual real-
ity or related innovations, thus providing a more immer-
sive experience and potentially an observer bias.

The secondary survey was included to gather general 
feedback about the TEP to identify subject perceived 
areas of strength and weakness in the TEP, which will 
serve to refine its implementation for future classes. 
Secondary survey responses indicated a generally posi-
tive perception of the use of simulation in medical edu-
cation, which is consistent with prior studies.2 The 
non-simulation sessions in the TEP, consisting of 3rd 
year clinical horror stories and Q&A sessions with resi-
dents and faculty, may have affected subject self-
reported confidence as well. While these sessions were 
not focused on directly practicing a specific skill in a sim-
ulated scenario and thus were not addressed in the 
study surveys, they may have served to ease subject 
anxiety by establishing a sense of rapport and camara-
derie between students and residents or faculty. The 
designers of the TEP wanted to include these sessions 
for student benefit but there is no good way to test the 
impact these sessions may have had on primary and 
secondary survey data, and thus we want to acknowl-
edge these sessions as potential confounders.

One limitation in our study is the small sample size of 
10 subjects – a result of sampling only UTCOMLS students 
who had already matched into EM residency programs. 
Additionally, not every student in the study population 
participated or followed study procedures properly, 
which invalidated several survey responses and reduced 
our study sample. One way to increase the statistical 
power of this study would be to replicate the TEP annually 
with students in each year’s graduating class and aggre-
gate data to generate a larger sample size. We plan to 
employ this plan for the next several years and incorpo-
rate more measurable outcomes in future manuscripts.

CONCLUSION
Despite the small number of subjects in this study, we 
found a significant correlation between participation in 
simulated EM procedures and cases and student self-re-
ported confidence in performing competently in those 
scenarios. The study also found a strongly positive opin-
ion held by subjects regarding the effectiveness of sim-
ulations as an educational tool. This study supports 
current literature citing the educational and self- 
reported confidence benefits of participating in 

simulated medical procedures, particularly when using 
advanced high-fidelity simulation technology. We advo-
cate for the use of simulations in medical education and 
training, especially for graduating students transition-
ing into the first year of EM residency programs. 
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Background: The medical literature on vulvovaginal lacerations following consensual versus nonconsensual sexual intercourse is 
sparse and conflicting.
Objectives: To compare the predisposing factors, injury location and severity, as well as treatment of vulvovaginal lacerations 
sustained during consensual versus nonconsensual sexual intercourse, in adult women within a community-based cohort.
Methods: This is a retrospective comparative analysis of adult women presenting to the emergency departments of five hospitals and 
a free-standing nurse examiner clinic during a 7-year study period. All patients had documented vulvovaginal lacerations and reported 
vaginal penetration via consensual sexual intercourse (CSI) or nonconsensual sexual intercourse (NCSI) within 72 h of presentation. 
Results: A total of 598 cases were identified: 81 (14%) reported CSI, and 517 (87%) reported NCSI. CSI patients were younger (21.3 vs. 
25.7, p < 0.001) and reported a greater incidence of penile penetration (97.5% vs. 75.9%, p < 0.001). While NCSI subjects had a higher 
incidence of vulvovaginal lacerations overall (1.7 vs. 1.0, p < 0.001), their injuries were smaller (1.1 cm vs. 4.3 cm, p < 0.001) and more 
likely to be located on the posterior vulva (83% vs. 69%, p = 0.003) when compared with the CSI group. In addition, all the lacerations 
in the NCSI group were superficial. In contrast, 27 (33%) of CSI subjects had lacerations sutured in the ED; 6 (7%) required aggressive 
fluid resuscitation and 10 (12%) required surgical intervention.
Conclusions: In this community-based population, more severe vulvovaginal lacerations were noticed in women following CSI. The 
predisposing factors, injury location, and subsequent treatment in this group were significantly different when compared with women 
reporting NCSI.

Keywords: consensual; nonconsensual; sexual assault; sexual intercourse; treatment outcomes; vaginal penetration; 
vulvovaginal lacerations

 INTRODUCTION
n females, the spectrum of vulvovaginal injuries 
from vaginal sexual intercourse, also known as 

coitus, can range from superficial lacerations to 
life-threatening lacerations or perforation. Research has 
shown that most female vulvovaginal injuries resulting 
from coitus are minor and often occur during the first 
sexual experience.1,2 These vulvovaginal injuries resolve 
spontaneously or with minor treatment.2 However, 
coitus may result in more severe lacerations of the vul-
vovaginal area causing life-threatening hemorrhage, 
thus requiring immediate surgical repair.3 It has been 
reported that vulvovaginal injuries occur more fre-
quently and with more severity in sexually assaulted 
women.2–4 However, data on vulvovaginal lacerations 
following consensual intercourse are sparse and 

conflicting.4–7 In one of the few studies that compare 
injuries from CSI and NCSI, it was found that while inju-
ries are more common in NCSI, there is no difference in 
the number of vulvovaginal lacerations and was limited 
by study number.6 In another study, genital injuries were 
three times more likely in NCSI but there was no differ-
ence in location, size or type of injury from CSI.5 A third 
shows a localized pattern in NCSI victims with injuries 
more likely in the posterior fourchette, labia minora, 
hymen and fossa navicularis. However, the study does 
not specify lacerations versus abrasions or whether a 
pattern was found in the CSI group.4 In this study, we 
focus solely on vulvovaginal lacerations because of the 
possible need for emergency resuscitation and surgery. 
The purpose of our study is to compare the injury loca-
tion, injury severity, predisposing factors, and treatment 

Original Research

http://www.msrj.org
mailto:Jeffrey.Jones@spectrumhealth.org


Vulvovaginal LacerationsErin Leach et al.

MSRJ  2023 VOL: 10. Issue: Spring 
epub March 2023; www.msrj.org

Medical Student Research Journal 025

of vulvovaginal lacerations sustained during vaginal 
penetration via CSI versus NCSI in adult women within a 
community-based cohort. By identifying differences or 
trends in presentations of vulvovaginal lacerations sus-
tained by CSI and NCSI, clinicians can have a higher 
index of suspicion on presentation, ultimately leading to 
better patient outcomes.

METHODS
Study Design and Setting
We conducted a retrospective cohort analysis of adult 
women (> 16 years old) presenting to the emergency 
departments (ED) of three urban medical centers, two 
rural community hospitals, and a free-standing nurse 
examiner clinic during a 7-year study period (2013–
2019). The study was reviewed and approved by the 
local institutional review board.

Patients
Patients were selected for inclusion in the study if they 
had documented vulvovaginal lacerations (ICD-9 codes 
878 and 867; ICD-10 code S31.41) and reported vaginal 
penetration via consensual (CSI) or nonconsensual sex-
ual intercourse (NCSI) within 72 h. For the purposes of 
this study, we defined CSI as vaginal penetration by a 
penis, fingers, or foreign object in a woman who was a 
willing and cooperative participant in the sexual activ-
ity. Nonconsensual sexual intercourse was defined as 
vaginal penetration involving force or the threat of force, 
incapacity, or no consent. Exclusion criteria included vic-
tims who declined forensic examination, had missing or 
incomplete documentation, vague or unclear patient 
history (e.g., intoxication), or prolonged time (greater 
than 72 h) following vaginal penetration. 

Intervention
All patients were examined by board-certified emer-
gency physicians or forensic nurses trained to perform 
medical forensic examinations. After each examination, 
clinicians documented the number and types of all vul-
vovaginal injuries visualized using a standardized classi-
fication system.4 For the purposes of this study, we 
defined vulvovaginal laceration as any break in tissue 
(skin and mucous membranes) including fissures, tears, 
cuts, gashes, or rips.4 The following nine anatomic sites 
were routinely evaluated for the presence and type of 
injury: the labia minora, labia majora, posterior four-
chette, fossa navicularis, hymen, vagina, cervix, 
perineum, and perianal area. When labial traction was 

insufficient for visualization of the entire hymen, clini-
cians used the foley catheter technique to document 
tears to the hymen.8

Data Collection
Patient demographics, characteristics of the sexual 
encounter, predisposing factors, time to presentation 
and injury location(s) were recorded using a standard-
ized abstraction form. Procedure or operative notes 
were reviewed to define the extent of vulvovaginal inju-
ries and timing and type of definitive treatment. Derived 
from previous literature, the predisposing variables 
listed in Tables 3 and 4 are characteristics found to be 
associated with genital trauma and thus may predis-
pose women to vulvovaginal lacerations.9,10,11,12,13 These 
variables were chosen prospectively for analysis. All data 
were collected by four research associates who were 
blinded to the study objective. The research staff were 
trained in data abstraction using a set of mock case 
records. Another investigator supervised data abstrac-
tion and ensured that data variable definitions were uni-
formly applied. 

Statistical Analyses
The primary outcome of interest was the location and 
severity of vulvovaginal lacerations in women following 
consensual versus nonconsensual sexual intercourse. 
Data were entered into an encrypted Microsoft Excel 
database (Microsoft Corp, Redmond, WA, USA). All anal-
yses were performed using SAS statistical software (SAS 
Institute, Cary, NC, USA). One investigator performed a 
blinded critical review of a random sample of 10% of the 
medical records to determine inter-rater reliability in the 
identification, classification, and location of vulvovagi-
nal injuries using the Kappa reliability test. Descriptive 
statistics (mean, standard deviation) were used to 
describe the frequency of vulvovaginal laceration, loca-
tion, and severity of injury. Discrete variables were ana-
lyzed with the use of chi-squared tests; unpaired t-tests 
were used for comparisons of two means. 

RESULTS
During the 7-year study period, 1545 women were 
found to have been evaluated for vulvovaginal trauma 
due to penetration by penis, fingers, or foreign object as 
pulled by ICD-9&10 codes listed in methods. Of these 
1545, 108 (7.0%) had a documented history of CSI while 
1437 (93.0%) reported NCSI. A total of 598 of these 
women sustained macroscopic vulvovaginal lacerations 
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and were entered into the study. Macroscopic lacera-
tions were defined as those visualized directly without 
magnification. Eighty-one (13.5%) reported CSI and 517 
(86.5%) reported NCSI. The mean age of the patients 
was 25.1 ± 9 years; the age range was 17–79 years. 
Seventy-one women (11.9%) were postmenopausal; 54 
(9.0%) had no prior history of sexual intercourse. 
Consensual sexual intercourse and NCSI patients were 
comparable in terms of ethnicity, marital status, prior 
history of sexual intercourse, and the frequency of alco-
hol/drug use (Table 1). Consensual sexual intercourse 
patients were younger (21.3 vs. 25.7), had a shorter time 
interval from penetration to examination, and a greater 
incidence of penile penetration (97.5% vs. 75.9%). 
Overall, 66.6% (54) of CSI patients presented to the ED 
with marked vaginal bleeding, while 28.4% (23) reported 
perineal pain. 

A total of 1034 macroscopic vulvovaginal lacerations 
were documented in the 598 patients included in the 
study (Table 2). Nonconsensual sexual intercourse vic-
tims had a greater mean number of lacerations (1.7 vs. 
1.1, p < 0.001), injuries tended to be smaller (1.1 cm vs. 
4.1 cm, p < 0.001), and more likely to be located on the 
fossa navicularis and posterior fourchette (49.3%). All 
lacerations in the NCSI population were superficial; 
none were severe enough to require surgical treatment 
or resuscitation (95% confidence interval, 0% to 0.6%). 
In contrast, CSI patients had more extensive lacerations, 
which were commonly located on the posterior vaginal 
wall and labia (56.7%). Overall, 27 (33.3%) of CSI subjects 
had vulvovaginal lacerations repaired in the ED; 10 
(12.3%) were taken to the operating room (OR) for repair 
under anesthesia. A total of 37 CSI patients (45.7%) had 
lacerations requiring repair in the ED or the OR with a 

Table 1. Patient demographics in adult women after consensual (CSI) and nonconsensual sexual intercourse (NCSI).

CSI (n = 81) NCSI (n = 517) p-value

Age 21.3 ± 7.1 25.7 ± 9.4 < 0.001
Ethnicity (% white) 59 (72.8%) 361 (69.8%) 0.583
Marital status (% single) 63 (77.8%) 351 (67.9%) 0.073
No prior history of sexual intercourse 11 (13.6%) 46 (8.9%) 0.181
Alcohol or drug use < 24 h 37 (45.7%) 227 (43.9%) 0.762
Time interval to exam, mean hours (SD) 9.6 ± 5.5 17.2 ± 7.4 < 0.001
Time interval to exam < 24 h 62 (76.5%) 308 (68.1%) 0.128
Vaginal penetration

Penile 79 (97.5%) 392 (75.9%) < 0.001
Digital 11 (13.6%) 156 (30.2%) 0.002

Foreign body 3 (3.7%) 28 (5.4%) 0.521

Table 2. Injury characteristics (N = 598).

CSI (n = 81) NCSI (n = 517) p-value

Mean no. of lacerations 1.1 ± 0.2 1.7 ± 1.3 < 0.001
Mean laceration length (cm) 4.1 ± 1.8 1.1 ± 0.9 < 0.001
Total lacerations 155 879
Location of lacerations

Vaginal wall 54 (34.8%) 71 (8.1%) 0.008
Labia 34 (21.9%) 179 (20.3%) 0.098
Hymen 32 (20.7%) 144 (16.4%) 0.032
Fossa navicularis 20 (12.9%) 239 (27.2%) 0.018
Posterior fourchette 13 (8.4%) 194 (22.1%) 0.013
Perineum 2 (1.3%) 52 (5.9%) 0.018

Lacerations requiring sutures 27 (33.3%)  0 < 0.001
Hemorrhagic shock 6 (7.4%)  0 < 0.001
OR repair 10 (12.3%)  0 < 0.001
Returned with rebleeding 3 (3.7%)  0 < 0.001
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95% confidence interval of 34.6% to 57.1%. Lacerations 
that required repair were generally > 3 cm in length and 
located on the posterior vagina walls, vaginal vault and 
posterior fourchette. One patient had a laceration that 
extended into the peritoneal cavity. Hemorrhagic shock 
was present in six (7.4%) of the CSI patients. Variables 
that increased the need for operative intervention 
included uncontrolled bleeding despite gauze packing, 
a falling hematocrit, or a combined injury to the vagina 
and vulva. All patients had an uneventful postoperative 
course. 

Known predisposing and etiologic factors for vulvo-
vaginal lacerations were documented in 69 (85.2%) CSI 
patients (Table 3). This included alcohol intoxication, 
‘rough or aggressive’ intercourse, awkward positioning, 
insertion of foreign bodies, and first coitus. Seventeen 
women (24.6%) had more than one predisposing factor 
documented. In comparison, the predisposing factors 
for vulvovaginal injury in NCSI victims are listed in 
Table 4. Overall, 410 (90.7%) patients had more than one 
predisposing factor documented; 239 (52.9%) had more 
than two factors documented; and 191 (42.3%) had 
more than three factors documented. Interrater reliabil-
ity of the data abstraction was excellent with a median 
kappa statistic of 0.87.

DISCUSSION
Vulvovaginal trauma can span a continuum of severity 
from minor injuries to major lacerations. The actual 
prevalence of these injuries is difficult to discover, 
especially if the patient is reluctant to disclose the nature 

of the injury. In our community-based population, we 
found that women reporting consensual sexual inter-
course had more severe vulvovaginal lacerations than 
victims of sexual assault, which is in alignment with pre-
vious studies.5–7,14 Injuries from vaginal penetration may 
include lacerations, ecchymosis, abrasions, erythema, 
and edema. The vagina and vulva are vulnerable to 
hemorrhage due to their rich blood supply. The result-
ing bleeding from lacerations can be considerable and 
progress to hypovolemic shock and death if not 
promptly managed emergently and or operatively.14 
Further complications of severe vulvovaginal injuries 
include hemoperitoneum, pneumoperitoneum, retro-
peritoneal hematoma, and vaginal perforation.7,14 
Peritonitis from rupture of the posterior fornix of the 
vagina has also been reported, though very rare.2

Vulvovaginal lacerations may be isolated or multiple. 
Most lacerations will require only symptomatic therapy, 
but deeper wounds may require surgical care. One study 
reported that most women who presented to the emer-
gency department with vulvovaginal lacerations 
required repair.9 Women may delay presenting for emer-
gent care resulting in significant blood loss. This delay 
may be due to fear, social stigma or simply embarrass-
ment. The diagnosis of vulvovaginal laceration is often 
straightforward since most women present with signifi-
cant bleeding and perineal pain. However, because 

Table 3. Known predisposing factors for vulvovaginal 
laceration in consensual sexual intercourse patients (n = 69).

No. of 
patients*

Alcohol intoxication 25 (36.2%)
‘Rough or aggressive’ intercourse 15 (21.7%)
Pre-existing vaginal infection 10 (14.4%)
Awkward positioning during intercourse 8 (11.6%)
Atrophic vagina in postmenopausal women 8 (11.6%)
First coitus 8 (11.6%)
Previous surgery 7 (10.1%)
Disproportion of male and female genitalia 3 (4.4%)
Insertion of foreign bodies 3 (4.4%)
Penile ornamentation 1 (1.5%)
Hx of pelvic radiation therapy 1 (1.5%)

*A total of17 patients (24.6%) had more than one predisposing factor 
documented.

Table 4. Known predisposing factors for genital trauma in 
nonconsensual sexual intercourse patients (N = 452).

No. of patients*

Assailant known to victim 372 (82.3%)
Presence of nongenital injuries 239 (52.9%)
Alcohol or drug use by assailant 185 (40.9%)
Physical coercion 182 (40.3%)
Digital penetration 156 (30.2%)
Use of weapons 121 (26.8%)
Age between 17–19 years 104 (23.0%)
Postmenopausal women 63 (13.9%)
Multiple assailants 62 (13.7%)
Location of assault outdoors 53 (11.7%)
No prior sexual intercourse 46 (10.2%)
Pre-existing vaginal infection 37 (8.2%)
Insertion of foreign bodies 28 (6.2%)
Previous anogenital surgery 21 (4.6%)

*A total of 410 (90.7%) patients had more than one predisposing 
factor documented; 239 (52.9%) had more than two factors 
documented; and 191 (42.3%) had more than three factors 
documented.
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severe lacerations are infrequently seen by clinicians, 
many centers do not have an organized treatment pro-
tocol.14 Another important consideration is the poor 
visual estimation of blood loss, including the need for 
serial hemoglobin and hematocrit levels.9 In our study, a 
falling hematocrit, uncontrolled bleeding, or a com-
bined injury to the vulva and vagina increased the need 
for emergency surgery. Although rare, an expanding 
vulvar hematoma must be drained under anesthesia in 
order to prevent secondary infection and necrosis. 10,15

In our initial population of adult NCSI victims, macro-
scopic lacerations were documented in 36.0% 
(517/1437). None of these lacerations in the NSCI group 
were severe enough to cause extensive bleeding or 
require surgical repair. However, the upper limits of the 
95% confidence interval for this outcome were 0.6. This 
means that the true incidence of severe lacerations in 
our NCSI population could be as high as 0.6%. This is 
comparable to that reported by Geist who found vulvo-
vaginal injuries in almost 50% of sexual assault cases, 
but only 1% needed surgical repair.9 Similarly, in a retro-
spective study of more than 11 000 pediatric patients 
who were suspected of having been sexually abused or 
assaulted, only 11 cases requiring surgical repair were 
identified over a 20-year period at a tertiary care pediat-
ric hospital.16 One case-control study of 249 sexually 
assaulted women found that while 32% sustained ano-
genital injury, none required operative repair. 
Investigators concluded that the severity of the sexual 
assault was a poor predictor of injury.17 A similar study of 
sexual assault in postmenopausal rape victims found 
that vulvovaginal lacerations occurred in 18.6%, with 
one in four severe enough to require suturing.18 In sum-
mation of the literature on this subject, severe vulvovag-
inal lacerations following sexual assault are more 
uncommon than expected, but they can and do occur.19 
To postulate this may be due to CSI victims being more 
likely to present with more severe lacerations compared 
with NSCI due to the voluntary nature of CSI versus the 
added trauma and need for forensic examination associ-
ated with NCSI patients. 

The location of vulvovaginal injuries in our NCSI 
patients were significantly different when compared 
with CSI patient (Table 2). Approximately half of the lac-
erations due to sexual assault were located on the fossa 
navicularis and posterior fourchette. This indicates that 
tears in the posterior fourchette, fossa, or along the long 
axis of the vagina may be more specific for forced vagi-
nal intercourse.11,20 In contrast, CSI patients had 

lacerations that were commonly located on the poste-
rior vaginal wall, labia, and hymen. Injuries that required 
repair were generally located on the vagina walls, vagi-
nal vault or posterior fourchette. Lacerations to the 
hymen are associated with younger sexual assault vic-
tims as well as those lacking prior sexual intercourse 
experience.1 Both characteristics were more common 
among our CSI patients. Hymenal lacerations tend to be 
posterior (between the 5 o’clock and 7 o’clock positions) 
and to cause only minor bleeding and pain.2 On rare 
occasions, hymenal lacerations may extend into the 
walls of the vagina, the perineal tendon or rectum, 
resulting in significant hemorrhage.9 

Several known risk factors for vulvovaginal lacera-
tions were present in our CSI population. In addition to 
those listed in Table 3, other studies have suggested pre-
vious anogenital surgery, congenital abnormalities of 
the vagina, friability of tissues, vaginal spasm, retrover-
sion of the uterus, and clumsiness as etiologic fac-
tors.1–3,6,14 Our study design prevents analysis of the 
contribution of each predisposing factor to the risk of 
developing vulvovaginal laceration. Details pertaining 
to the use of foreign bodies, coital positions, drug or 
alcohol use, and unusual activities during sexual inter-
course should be elicited from the patient or from their 
partner. A patient might refer to a sexual act by its street 
name or use a euphemism to refer to a particular sex act. 
The clinician should clarify the meaning with the patient 
to accurately assess the possibility of injury. Even with a 
history of consensual intercourse, domestic abuse 
should be considered as a possible cause for anogenital 
injury and investigated. 

Predisposing or etiologic factors specific for vulvo-
vaginal lacerations following sexual assault in adult 
women are also not well defined in the literature. The 
variables listed in Tables 3 and 4 are characteristics asso-
ciated with genital trauma in general and thus may pre-
dispose women to vulvovaginal lacerations.9,10,11,12,13 The 
most consistently documented risk factors associated 
with genital injury are victim age (adolescent and post-
menopausal), virginal status, the presence of a general 
body injury, foreign body, and multiple assailants. Pre-
existing vaginal infection and digital penetration were 
found to be associated with the presence of genital 
injury in one previously documented analysis.6 
Interestingly, sedative use or alcohol intoxication within 
hours of the sexual assault have been shown to be pro-
tective of anogenital injury.21,22 It is prudent to notice 
that this broad assortment of risk factors is likely affected 
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by examiner training and experience, differences in 
injury definitions, patient population, as well as exam-
ination technique. 

There is scant data in the current literature regarding 
risk factors for requiring surgical intervention after vul-
vovaginal laceration.10 Women with lacerations less than 
3 cm can be conservatively treated in the emergency 
department or clinic with local wound care, analgesia, 
suturing if needed, and antibiotics. In our study, clinical 
red flags that increased the need for operative interven-
tion included uncontrolled bleeding, a falling hemato-
crit, or a combined injury to the vagina and vulva. All 
patients should undergo a rectal examination to ensure 
that the rectal mucosa is undamaged. A cystoscopic 
examination of the bladder and urethra may be neces-
sary to rule out urinary tract injury. Sloin et al. created a 
guideline that provides a systemic approach to treating 
women with vulvovaginal lacerations.14 According to 
these investigators, ‘preparation for these uncommon 
emergencies may circumvent dangerous delays and 
inadequate examination and treatment.’14

LIMITATIONS
This study has several potential limitations that warrant 
consideration. Firstly, the sample population was drawn 
from emergency departments (EDs) of three urban 
medical centers, two rural community hospitals, and a 
free-standing nurse examiner clinic located in a single 
state of the Midwest United States. It is unknown how 
patient demographics and injury characteristics might 
differ in other settings or locations. Secondly, in this ret-
rospective study we could not control for the differences 
in documentation or evaluations by different examiners. 
Five of the CSI patients had such profuse bleeding that a 
complete evaluation was not possible in the ED and the 
location and severity of vulvovaginal lacerations was 
determined in the operating room by gynecologic sur-
geons. Thirdly, although our examiners routinely use 
colposcopy with nuclear staining to document genital 
injuries including lacerations, we chose to count only 
macroscopic lacerations (those visualized directly with-
out magnification). This made the clinical evaluation of 
the two groups (CSI vs. NCSI) more consistent. It is 
unlikely that that any microtrauma detected using the 
colposcope had any clinical significance.22,23 

CONCLUSIONS
The assumption that genital injuries such as vulvovagi-
nal lacerations are more severe in sexual assault cases is 

antiquated. It is important for the forensic clinician to 
recognize that physical findings in adult women who 
sustain vulvovaginal lacerations from consensual inter-
course significantly differ from the findings in women 
who report sexual assault. In this community-based 
population, almost half of the women who presented to 
the ED and were found to have sustained a macroscopic 
vulvovaginal laceration following consensual inter-
course required laceration repair in the ED or operating 
room. In contrast, while vulvovaginal lacerations were 
documented in over one-third of the women evaluated 
within 72 h after a sexual assault, none of these lacera-
tions were severe enough to cause extensive bleeding 
or require repair. The predisposing factors and location 
of injury in victims of sexual assault were significantly 
different when compared with women presenting with 
lacerations due to consensual sexual intercourse. With 
an improved understanding of the types and severity of 
injuries sustained by NCSI and CSI, specifically vulvovag-
inal lacerations, clinicians can better anticipate clinical 
course, expedite diagnosis, and direct definitive 
management.
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Background: Optic neuritis (ON) is inflammation of the optic nerve that can occur in both adults and children. This disease is marked 
by a heterogeneous presentation in children and has clinical and epidemiologic characteristics that differ greatly from those found in 
adults. The purpose of this report is to illustrate the clinical features of ON that occur during childhood and to highlight the differences 
of ON in children versus adults. In doing so, we aim to add to the sparse current literature on this topic and help prevent the future 
misdiagnosis of ON in pediatric patients.
Case Presentations: An 11-year-old female presented with bilateral decreased visual acuity and significant ocular pain. The ophthalmic 
presentation and diagnostic workup led to the diagnosis of acute disseminated encephalomyelitis with ON. A second patient, a 
12-year-old male, presented with decreased visual acuity and bilateral papilledema. Alongside a diagnosis of bilateral ON, a muscle 
biopsy confirmed mitochondrial cytopathy as the etiology of his presenting symptoms.
Conclusions: ON in children may be related to specific infections, autoimmune disorders, diseases of adjacent anatomical structures, 
or demyelinating disorders. Attacks may be acute or subacute with signs of reduced visual acuity, abnormal pupillary response, loss 
of color vision, impaired contrast sensitivity, and decreased peripheral vision. Awareness of this complex disease allows the clinician 
to initiate specific treatment and follow-up care that may reduce subsequent morbidity and the rate of recurrence.

Keywords: optic neuritis; diagnosis; clinical features; pediatric; case report

INTRODUCTION
ptic neuritis (ON) is inflammation of the optic nerve 
that can affect patients at any age, including infancy. 

The disease is more common in adults with an incidence 
estimate of 1–2 per 100,000 people.1 In contrast, the annual 
incidence of pediatric ON is only 0.15–0.57 per 100,000 peo-
ple.2–4 Although relatively rare in children, pediatricians and 
primary care clinicians should be aware of the specific fea-
tures of pediatric ON in order to facilitate diagnostic testing 
and avoid misdiagnoses. Pediatric ON is usually associated 
with a good prognosis. However, a minority of children 
(22% in one study) will have persistent visual loss.4 
Knowledge regarding the clinical features, treatment, prog-
nosis, and future neurologic implications of ON in children 
has grown significantly over the past decade.5 These studies 
have shown that pediatric ON is a distinct clinical entity 
when compared to ON in adults.3 Bilateral involvement, 
optic disc edema, and vision loss are more commonly seen 
in pediatric cases of ON when compared with adult cases of 

ON. Furthermore, orbital pain is less frequently reported in 
pediatric cases than in adult cases.1 Since ON is a clinical 
diagnosis based on the history and physical examination 
findings, it is crucial for clinicians to be aware of these 
important clinical differences. This article presents two 
cases of ON in children with very different etiologies and 
highlights recent studies focused on the epidemiology and 
clinical features of pediatric ON.

CASE PRESENTATIONS
Case 1: An 11-year-old female in good general health 
presented to the emergency department (ED) with a 
complaint of viral symptoms that began 1 month earlier. 
There was no significant family history, chronic illness, or 
recent vaccinations. Her symptoms included headache, 
body aches, decreased visual acuity, eye pain, and 
fatigue. Gradually, most of her symptoms resolved, 
except for the eye pain and decreased visual acuity. Her 
ocular examination displayed hippus, blurred optic discs 
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bilaterally, and enlarged retinal vessels. Visual acuity was 
20/800 in her right eye and 20/200 in her left. A relative 
afferent pupillary defect (RAPD) was observed in the 
right eye. On hospital admission, color vision (ishihara) 
was severely impaired in both eyes. Ocular movements 
were full range but associated with pain. Visual fields 
were intact. No conjunctival congestion or lid swelling 
was noticed. The anterior segments of both eyes was 
normal. The remaining sections of systemic and neuro-
logical examination were normal. Magnetic resonance 
imaging (MRI) of the orbits showed normal fibers within 
the orbits and in the optic nerves, but it also revealed 
abnormal fibers outside the orbits. A lumbar puncture 
was performed, which had a normal opening pressure of 
22 cm. Cerebrospinal fluid (CSF) studies were negative, 
including bacterial and viral cultures, mycoplasma and 
viral serologies, antistreptolysin O titer, antinuclear anti-
body panel, C-reactive protein, and rheumatoid factor. 
The diagnosis of bilateral ON was made. The patient’s 
symptoms improved over 5 days of intravenous methyl-
prednisolone (30 mg/kg per day), and she was dis-
charged home with the diagnosis of acute disseminated 
encephalomyelitis with ON. At her three-month follow 
up, she had full visual recovery. One year later, the patient 
again developed symptoms of eye pain and decreased 
visual acuity. Repeat MRI indicated persistent areas of 
demyelination of the optic chiasm and pre-chiasmic 
optic nerves. This was consistent with recurrent ON, 
which responded to steroids again. Due to the recur-
rence of the ON, the patient was referred for evaluation 
for multiple sclerosis (MS).

Case 2: A 12-year-old male presented to the ED with a 
history of 1 week of decreased vision in his right eye fol-
lowed by decreasing vision in his left eye. There were no 
similar complaints in his past medical history. He also 
had no history of fever, symptoms of upper respiratory 
tract infection, recent vaccinations, bleeding tendencies, 
or trauma. His physical examination was significant for 
pain with lateral eye movements. The patient was unable 
to visualize symbols that were greater than 3 inches 
away. Color vision and red desaturation were reduced in 
both eyes. Visual field assessment was not performed 
because the patient grew restless. RAPDs were docu-
mented in both eyes. Fundoscopic examination with 
dilation revealed a loss of the optic discs in both eyes 
with 1- 2+ edema bilaterally. No conjunctival congestion 
or lid swelling was noticed. The anterior segments of 
both eyes were normal. The remainder of the systemic 
and neurological examination was normal. A  lumbar 

puncture was performed, and it showed a normal open-
ing pressure of 18 cm. Inpatient CSF studies (IgE, glu-
cose, lactic acid, and electrophoresis for oligoclonal 
bands), CSF cultures, and Complete Blood Count (CBC) 
were all found to be normal. An MRI was obtained and 
found to be unremarkable. Amino acid studies revealed 
elevations of alanine and proline, which was concerning 
for primary lactic acidemia. The patient was started on 
intravenous methylprednisolone for 5  days (30 mg/kg 
per day) for presumed ON. This was followed by an oral 
corticosteroid taper over 2 weeks. A subsequent muscle 
biopsy showed significantly reduced activity of complex 
I and mildly reduced activity of complexes III and IV of 
the electron transport chain. This was consistent with 
Leber Hereditary Optic Neuropathy with associated 
bilateral ON. The patient was discharged on a mitochon-
drial cocktail of coenzyme Q10, thiamine, riboflavin, and 
carnitine. At his one-year follow-up, the patient had 
maintained his vision and his neurological examination 
was normal.

DISCUSSION
ON is a relatively rare condition in children, which can 
cause mild to severe vison loss. As demonstrated in 
these two cases, early recognition is important for diag-
nosis and prompt treatment. The diagnosis includes a 
wide range of inflammatory and demyelinating condi-
tions associated with optic neuropathy (Table 1). ON can 
present in isolation or be the first manifestation of a 
chronic demyelinating illness, such as MS or neuromyeli-
tis optica.5 Secondary causes of ON are protean and 
include infections, diseases of the adjacent sinuses or 
orbital structures, trauma, vascular insufficiency, metas-
tases, toxins, or nutritional deficiencies.6–11 The exact 
pathogenesis of ON is not well understood. It is likely 
due to a delayed type IV hypersensitivity reaction 
induced by cytokines and other inflammatory mediators 
released from activated peripheral T-cells, which cross 
the blood–brain barrier and cause an autoimmune reac-
tion.4–7,13 However, the specific mechanism and target 
antigen(s) remain unknown. In many cases, direct injury 
to the axon may also play a role in the pathophysiol-
ogy.13 Emerging case reports indicate that COVID-19 is a 
rare, but potential cause of ON in both children and 
adults.11,14,15 While the exact link between COVID-19 and 
ON is still under study, proposed mechanisms behind its 
pathogenesis include direct viral invasion, blood–brain 
barrier disruption, cytokine storm, autoimmunity, and 
coagulopathy.16–18
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Rapid determination of the underlying cause of ON is 
vital for implementing both timely and appropriate 
treatment in a child with acute vision loss. As seen in 
both cases described in this report, a diagnostic workup 
may require laboratory investigations and neuroimag-
ing that extend beyond a simple history and ophthal-
mologic examination. Differentiating between various 
causes of ON may require serologic testing, CSF analysis 
and cultures, visual field perimetry, muscle biopsy, opti-
cal coherence tomography, or gadolinium-enhanced 
MRI of the brain and orbits.6 Although MRI is not required 
to diagnose ON in children, it is the best imaging tech-
nique to confirm the diagnosis of acute demyelinating 
ON. One investigator has recommended that ‘all chil-
dren with ON should undergo neuroimaging not only to 
evaluate for other signs of demyelinating disease, but 
also to exclude the possibility of an intracranial lesion’.4 
Recent research in biomarkers, such as aquaporin-4 and 
myelin oligodendrocyte glycoprotein, may also be help-
ful in differentiating between infectious and autoim-
mune disease.9,19 This information can then be used in 
counseling patients and their families about the disease, 
prognosis, and risk of recurrence.

Much of what we know about ON in childhood is 
based upon limited case series and retrospective 
reviews.19,20 To date, there are no prospective clinical tri-
als or published guidelines for children. Additionally, 
most early reports of pediatric ON focused on children 
older than 12 years of age.20 However, it is generally 
accepted that pediatric ON has very different clinical 
features when compared to those found in adults 
(Table 2). For example, while the most common cause 
of  ON in adults is demyelination, post-infectious or 

post-vaccination inflammation represents most cases of 
pediatric ON.12,20,21 This was evident in our first case 
where ON was preceded by a viral syndrome. In general, 
these children will not require expensive laboratory 
studies, such as a lumbar puncture or an MRI, to make a 
diagnosis of ON.22 Instead, a careful history should be 
aimed at detecting recent infections, vaccinations, or 
presence of vasculitis. In contrast with the adult presen-
tation of ON, children are more likely to have bilateral 
disease, anterior optic nerve involvement with papillitis, 
and more severe vision loss on initial presentation.21 
Young children may not notice unilateral vision loss and 
may casually accept bilateral vision loss until it becomes 
incapacitating.8 Eye pain, which is associated with ocular 
movements and may precede or coincide with the visual 
symptoms, occurs in more than 90% of adults.21 
Observational studies in children have demonstrated 
the absence of periocular pain in over half of cases in 
their pediatric study population.21 However, both cases 
presented here did have eye movements associated 
with pain.

Table 1. Noninfectious etiologies of optic neuritis.6–12

Demyelinating diseases Autoimmune Drugs and chemicals Miscellaneous

Multiple sclerosis Sarcoidosis Lead Systemic vasculitis
Idiopathic inflammatory demyelination Systemic lupus 

erythematosus
Methanol Diabetes

Neuromyelitis optica Sjögren’s syndrome Quinine Vitamin A, B12 deficiencies
Acute disseminated encephalomyelitis Behçet’s disease Arsenic Tumor metastasis
Myelin oligodendrocyte glycoprotein 
autoantibody disease

Graves ophthalmopathy Ethambutol Bee and wasp stings

Hereditary neuropathies Antibiotics Leukemia
Vaccination
Sinusitis
Sickle cell
Trauma

Table 2. Infectious etiologies of optic neuritis.6–12

Herpes Zoster COVID-19
Borrelia Rubella
Syphilis Cytomegalovirus
Tuberculosis Toxocariasis and helminths
Toxoplasmosis Flavivirus
Leptospirosis Adenovirus
Mononucleosis Coxsackievirus
Brucella Bartonella
Pertussis
Varicella

Streptococcus
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A careful ophthalmologic examination may help to 
differentiate a typical presentation of ON from atypical 
cases (Table 3). Vision loss occurs over a period of hours 
to days, peaking within several weeks of symptom 
onset.12 In our patients, dyschromatopsia or color desat-
uration, was found to be a sensitive sign of acute ON.12 
Ishihara color plates were used to assess red color desat-
uration. However, if these plates are unavailable, simply 
ask the patient to compare the color of a bright red 
object with each eye. Furthermore, physicians should 
assess contrast sensitivity by shining a light in each eye 
and asking the patients to compare the brightness. A 
useful technique is to ask, ‘If I were to give you a dollar 
for this brightness’ (shine light in normal eye), ‘How 
much would you give me for this ...?’ (shine light in 
affected eye). Lastly, physicians ought to perform a con-
frontational visual field test, specifically looking for cen-
tral or paracentral scotomas.23 It may be helpful to say to 
children, ‘If what you see is like a television screen, then 
where is the part that is missing?’ Scotomas typically 
occur over the course of a few hours to days, with maxi-
mum defects reached within several days.23

Both patients had dilated fundoscopic examinations 
performed to avoid missing other retinal diseases that 
could be mistaken for ON, such as retinal detachment. 
Before dilating the pupils, determine the presence or 
absence of a RAPD. This can be demonstrated with the 
swinging flashlight test, which is performed by moving 
a penlight back and forth between the eyes. The afferent 
pupillary defect becomes obvious when stimulation of 
the normal eye elicits a brisk constriction of both pupils, 
while stimulation of the diseased eye causes dilation of 
both pupils. Note that in bilateral involvement, the 
RAPD may not be apparent. One observational study of 

ON in children reported the presence of color vision 
defects in 50% of children, visual field defects in 58.5%, 
and RAPD in 67%.24 The most important fundoscopic 
finding in ON is the presence of optic disc edema, known 
as papillitis. Most children with ON have optic disc 
edema, where as with only 35% of adults with ON pres-
ent in this manner.18 This was documented in both of our 
patients. However, optic disc edema can be difficult to 
visualize in a fidgeting child. In addition to blurred disc 
margins, look for optic disc pallor, filling-in of the physi-
ological disc cup, elevation of the optic disc, distended 
retinal veins, and dilated disc capillaries. Of these fea-
tures, evidence of thickening of the peripapillary nerve 
fiber layer was found to provide the highest level of 
accuracy as a single sign of optic disc edema.25 Ocular 
point-of-care ultrasound can also enable pediatricians 
to detect optic disc elevation and abnormal optic nerve 
sheath diameter at the bedside, thereby expediting the 
diagnosis of ON.26

Fortunately, both patients had none of the signs and 
symptoms that might indicate a more serious pathol-
ogy. Hemorrhages of the nerve fiber layer, detectable by 
fundoscopic examination, are rare in children with ON 
and should prompt an investigation to exclude other 
diagnoses. Additional clinical features that indicate a 
more serious pathology include insidious onset, pro-
gressive visual loss for more than 2 weeks, painless 
visual loss, severe optic nerve pallor at presentation, 
marked uveitis or retinal periphlebitis, slow visual recov-
ery, ongoing neurologic symptoms, and any deteriora-
tion after withdrawal of steroids.10,23 These clinical red 
flags require careful diagnostic assessment of other dis-
eases that are associated with optic neuropathy (Table 4). 
However, subclinical or spontaneously resolving disease 

Table 3. Optic neuritis in adults versus children.1,4,7,8,11,12,14,15

Adult Pediatric

1–2 per 100,00 incidence 0.15–0.57 per 100,00 incidence
Mean age 31.8 years Mean age 9.5 years
Most common cause is demyelination Most often postinfectious or postimmunization 
Pain with eye movements (90%) Headache (53%)
Unilateral disease (70%) Bilateral disease (72%)
Visual acuity <20/200 (36%) Visual acuity <20/200 (90–95%)
Female preponderance 2:1 Female preponderance 1:1 prepuberty
Optic disc swelling or papillitis (35%) Optic disc swelling or papillitis (64–87%)
Retrobulbar (65%) Retrobulbar (13–36%)
Risk of multiple sclerosis 38% Risk of multiple sclerosis 10–29%
Visual recovery (>20/40) 90–95% Visual recovery (>20/40) 80–89%
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states, atypical symptoms, recurrent isolated attacks, 
and a poor history provided by young children can make 
diagnosis of ON challenging. In response to this diag-
nostic complexity, Yeh and colleagues have created a 
comprehensive algorithm for the approach to a child 
presenting with acute ON.5 This approach was utilized in 
our patients and consisted of an ophthalmologic exam-
ination, lumbar puncture, MRI of the brain, and a broad 
rheumatologic workup.

The first patient described here was referred for a 
MS  workup after a recurrent episode of ON. MS is an 
immune-mediated demyelinating disorder that attacks 
myelinated axons in the central nervous system, which 
leads to significant physical disability.10 The relationship 
between an initial episode of ON and the development 
of MS has been established by many previous studies, 
none of which are prospective. The reported risk varies 
greatly from 13 to 36% of children.5 Lucchinetti et al 
studied childhood ON and estimated the risk of MS to 
be 13% by 10 years of age, 19% by 20 years of age, 22% 
by 30 years of age, and 26% by 40 years of age.27 A 
meta-analysis by Waldman et al showed that for every 
one year increase in age, the odds of a child developing 
MS after an initial episode of ON increased by 32%.28 In 
addition, the risk of progression to MS was markedly 
increased (27-fold) with the presence of demyelinating 
lesions on brain MRI scans. Other reported risk factors 
for MS include racial or geographic factors, female gen-
der, and recurrent ON.24,29 However, prospective studies 
are necessary to support these findings and address the 
conflicting data concerning pediatric ON.

Treatment of ON is aimed at identifying and treating the 
underlying cause of the condition. However, even without 
treatment, it was observed that 80% of children sponta-
neously recovered their vision within 2–3 weeks.24 Even if a 

child’s vision does recover, pediatric eyes may retain some 
functional defects in visual fields, low-contrast vision, and 
color perception.30 ON treatment guidelines are based on 
large-scale studies in adult patients and a preferred proto-
col has been developed from the optic neuritis treatment 
trial (ONTT).1 These treatments often include intravenous 
methylprednisolone (4–30 mg/kg per day) for 3–5 days 
followed by an oral corticosteroid tapered over 2 weeks.24,29 
Both patients presented here were initially treated with IV 
methylprednisolone (30 mg/kg per day), with differing 
subsequent treatment due to the varying pathologies and 
causes of their ON. Physicians will likely tailor their deci-
sion to treat based on age, gender, laterality, and level of 
visual acuity. If initial treatment with steroids is not suc-
cessful, additional treatment options include a second 
round of intravenous steroids, intravenous immunoglob-
ulin, or plasma exchange.29 Factors that may predict a 
poor recovery in children include age over 10 years old, 
profound loss of visual acuity at presentation, optic atro-
phy, a diagnosis of MS, and bilateral involvement at pre-
sentation.30–32 Both children presented here were over 10 
years old and presented with severely decreased visual 
acuity bilaterally. Although they initially recovered, the 
first child was referred for evaluation for MS.

CONCLUSIONS
ON is a complex and challenging disease in children. It 
has specific clinical epidemiologic characteristics that 
differ from those found in adults. Blurred vision and 
headache may be the first and only presenting symp-
toms of a systemic disease, such as MS, serious infection, 
or an underlying mitochondrial abnormality. In the two 
cases presented here, early recognition of the disease 
was made after a thorough ophthalmologic examina-
tion, CSF analysis, MRI imaging, and rheumatologic 
studies. Prompt diagnosis of this complex disease allows 
clinicians to initiate corticosteroids and arrange fol-
low-up care that may reduce subsequent morbidity in 
this vulnerable population.
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Introduction: While some studies suggest probiotic supplements may prevent Gestational Diabetes Mellitus (GDM), it is unclear if 
probiotics effectively prevent GDM among overweight and obese patients. This systematic review synthesizes recommendations for 
clinical practice and future research by evaluating the quality of evidence regarding Lactobacillus and Bifidobacterium containing 
probiotics to prevent GDM among obese and overweight patients.
Methods: PubMed, Embase, CINAHL, and Web of Science were searched using appropriate MeSH terms. Results were limited to 
randomized controlled trials published between 2011 and 2021. Titles and abstracts were screened for relevance after duplicates 
were removed. The inclusion criteria were as follows: studies that diagnosed GDM according to the International Association of 
Diabetes and Pregnancy Study Group criteria, suspended probiotic use prior to intervention, excluded participants with altered glucose 
metabolism, included participants with a body mass index ≥ 25 kg/m2, and provided a specified dose of probiotic supplements. Articles 
without statistical analysis were excluded. Resulting articles were critically appraised using Version 2 of the Cochrane Risk of Bias tool.
Results: This search strategy resulted in 24 articles after duplicates were removed. Five double-blind randomized controlled trials 
found that the incidence of GDM during the third trimester was not significantly different between probiotic and control groups. There 
was wide variation in the bacterial species, dose, and duration of probiotic treatments used. All studies have a high risk of bias due to 
non-adherence to the treatment.
Discussion: This review used highly sensitive criteria for GDM diagnosis that may mask a preventative effect of probiotics. 
Noncompliance may bias results toward the null, given insufficient analysis of the effect of adhering to the intervention. No patterns 
between the length of probiotic intervention or probiotic species and improved glucose tolerance were noted.
Conclusions: Current evidence is not sufficient to recommend probiotic supplements to prevent GDM in overweight and obese 
patients. Future evidence should address the effect of adhering to probiotic interventions and develop consistent probiotic intervention 
protocols.

Keywords: dietary supplements; glucose metabolism disorders; obesity; probiotics; gestational diabetes mellitus

INTRODUCTION
he rising prevalence of Gestational Diabetes 
Mellitus (GDM) represents a public health con-

cern. During a healthy pregnancy, increased human 
placental lactogen and decreased insulin receptor sub-
strate-1 (IRS-1) tyrosine phosphorylation decrease 
maternal insulin sensitivity to improve glucose avail-
ability for the fetus.1,2 GDM refers to pathological insulin 
resistance that occurs when pancreatic β-cells cannot 
produce sufficient insulin to compensate for this 
increased demand.3 GDM is associated with reduced 
tyrosine phosphorylation of IRS-1 and the insulin recep-
tor’s intracellular domain that attenuates insulin 
response and persists after delivery.2 GDM affected 6% 
of pregnancies in the United States from 2012 to 2016,4 
which increased from 0.3% of pregnancies from 1979 
to 1980.4,5 Despite the development of more sensitive 

diagnostic criteria, the rise in GDM has been attributed 
to the increasing prevalence of obesity as GDM is more 
common among patients whose body mass index (BMI) 
classifies as being overweight (BMI: 25–29.9 kg/m2) or 
obese (BMI ≥ 30 kg/m2).4

The impact of GDM on healthcare spending and 
patient outcomes demands novel preventative mea-
sures. The total economic burden of GDM and complica-
tions was approximately $1.6 billion in the United 
States during 2017.6 Neonatal complications from GDM 
include macrosomia, respiratory distress syndrome, and 
hyperbilirubinemia.7–9 Neonates may also develop sei-
zures, obesity, and metabolic syndrome later in their 
life.7,8 Maternal long-term complications include type-2 
diabetes mellitus and metabolic syndrome.8 While diet 
and exercise can prevent GDM,10 multiple reviews found 
no significant changes in the incidence of GDM when 
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patients of diverse BMI categories were assigned to life-
style interventions.11–13 These results were attributed to 
poor self-efficacy and low adherence to recommenda-
tions, especially for overweight and obese patient pop-
ulations with a higher prevalence of GDM.4

Host–microbiome interactions that influence glu-
cose metabolism suggest modulating the gut microbi-
ome using probiotics could be a novel target to prevent 
GDM. Hasain and colleagues have previously reviewed 
the molecular pathway, by which gram-negative 
bacteria and lipopolysaccharides (LPS) in the colon can 
attenuate insulin signaling.14 The mechanism by which 
Bifidobacterium14 and Lactobacillus15 modulate this 
pathway and improve glucose metabolism has also 
been described. This basic science research aligns with 
results from a randomized controlled trial (RCT) that 
found a statistically significant decreased risk of GDM 
among women who received Lactobacillus rhamnosus 
and Bifidobacterium lactis containing probiotics com-
pared to those who did not, with a risk ratio of 
0.37  (95%  confidence interval [CI]: 0.15–0.89).15 The 
majority of participants in this study had a healthy BMI, 
which limits the generalizability of this trial due to the 
high prevalence of obesity in the United States.16 This 
discrepancy is especially important, as obesity is associ-
ated with changes in the gut microbiome and a greater 
risk of GDM due to increased insulin resistance and low-
grade inflammation.17

It is unclear if probiotics effectively prevent GDM 
among overweight and obese patients. A meta-analy-
sis-pooled results found probiotics did not significantly 
prevent GDM among obese and overweight patients, as 
diagnosed by International Association of Diabetes and 
Pregnancy Study Groups (IADPSG) criteria.18 However, 
the substantial methodological diversity across RCTs 
limits the utility of this meta-analysis. This systematic 
review aims to synthesize recommendations for clinical 
practice and future research by evaluating the quality of 
evidence regarding Lactobacillus and Bifidobacterium 
containing probiotics to effectively prevent GDM, as 
defined by the IADPSG criteria, among obese and over-
weight patients.

METHODS
PubMed, Embase, CINAHL, and Web of Science were 
searched for articles investigating the incidence of 
GDM among overweight or obese women receiving 
probiotics. PubMed was searched using the following 
MeSH terms: probiotic, Lactobacillus, Bifidobacterium, 

overweight, obesity, gestational diabetes, gestational, 
and gestational weight gain (GWG). CINAHL, EMBASE, 
and Web of Science were searched using the same 
terms. Results were limited to RCTs published within 
the last 10 years. Literature searches resulted in 24 
articles after duplicates were removed, as illustrated in 
Fig. 1. Titles and abstracts were screened for relevance 
to the research question. Full texts of relevant articles 
were reviewed for inclusion and exclusion criteria by 
the author of this review. Studies were included if:

1.	 GDM was diagnosed according to IADPSG criteria.19 
It is important to use IADPSG criteria as it provides a 
consistent criterion to compare research produced 
in different countries. This is the most sensitive defi-
nition of GDM, which will lead to more conservative 
results for prevention studies.

2.	 Participants received a specified dose of probiot-
ics  with a noted species of Lactobacillus or 
Bifidobacterium, or a placebo/vehicle control.

3.	 All participants had a BMI ≥ 25 kg/m2.
4.	 Probiotic use prior to the intervention was 

suspended. 
5.	 Participants on medications or diagnosed medical 

conditions that alter glucose metabolism before the 
intervention period were excluded from the trial.

Articles were excluded if they did not provide results 
using statistical tests appropriate to the study design. 
Inclusion and exclusion criteria resulted in five selected 
articles, as shown in Fig. 1. 

The first author assessed the quality of evidence using 
Version 2 of the Cochrane Risk of Bias tool for random-
ized controlled trials (RoB2) after studying the RoB2 
guidance document.20 A narrative synthesis focused on 
critical appraisal and methodological heterogeneity of 
probiotic interventions was completed. An institutional 
review board was not needed, given the nature of a 
systematic review.

Study Tabulations and Outcomes Measured
The incidence of GDM during the third trimester of 
pregnancy was the primary outcome in this review. 
Differences between intervention and control groups 
were determined by appropriate statistical tests for each 
study design, specifically odds ratios,21,22 relative risks,23 
unpaired t-test,24 and ANOVAs.25 The included primary 
studies completed statistical analysis using SPSS Version 
21,21 SPSS Statistics 23,22 SAS 9.4,23,25 and R 3.2.3.24 
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Statistical significance was defined by p < 0.05. The odds 
ratio of developing GM in the probiotic group compared 
to placebo/vehicle controls along with 95% CIs is listed 
in Table 1.

RESULTS
Probiotic Supplements on GDM
This literature search resulted in five RCTs summarized 
in Table 1. Sample sizes ranged from 49 to 460 partici-
pants. Three studies included overweight and obese 
patients.21,22,25 Two studies included obese patients 
only.23,24 All studies included patients in their second tri-
mester ranging from 12 to 22 weeks of gestation as per 
the inclusion criteria. Three studies compared the inci-
dence of GDM among patients who received probiotic 
supplements and placebo/vehicle controls.21,22,24 One 
study compared the incidence of GDM among those 
treated with a combination of probiotics and fish oil, 
probiotics only, fish oil only, or a double placebo 

control.25 Another study compared the incidence of 
GDM among patients treated with probiotic capsules, 
placebo capsules, dietary interventions, and routine 
dietary advice.23 Three studies reported a decrease in 
the incidence of GDM among the intervention com-
pared to the control group,21,23,25 while two studies found 
an increase in GDM. Of the two studies that included 
obese women only, one study found decreased rates of 
GDM among the probiotic group compared to placebo 
controls,23 while the other found an increase.24 The inci-
dence of GDM among those treated with probiotic sup-
plements compared to placebo controls was not 
statistically significant in all five studies, as outlined in 
Table 1.

Probiotic Supplements on Maternal Outcomes
Although GDM results were not significant for all arti-
cles included in this review, there were several signifi-
cant secondary outcomes. One study found fasting 

Figure 1. PRISMA flow diagram. Adapted from PRISMA 2020 Statement.38 *International Association of Diabetes and Pregnancy 
Study Groups (IADPSG).
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plasma glucose (FPG) was 4 mg/dL lower (95% CI: – 6.9, 
– 1.1) at 28 weeks gestation among the probiotic 
yogurt group compared to placebo controls when 
adjusted for baseline FPG and BMI, which was signifi-
cant according to Analysis of Covariance (ANCOVA) 
(p  =  0.008).21 The mean 2-h oral glucose tolerance of 
103.9 ± 21.0 mg/dL in the probiotic group was signifi-
cantly lower than the mean 2-h oral glucose tolerance 
of 115.5 ± 26.3 g/dL in the vehicle control group at 28 
weeks of gestation according to ANCOVA tests 
(p = 0.002).21 Oral glucose tolerance at 1 h was not sig-
nificantly different between the two groups in this 
study.21 Another study found that the mean FPG of 
77.5 ± 8.1 mg/dL among women who received probi-
otic supplements was significantly higher than the 
mean FPG of 79.3 ± 9.0 mg/dL among the placebo 
group at 28 weeks gestation, according to a general lin-
ear model adjusted for clinical center and BMI category 
(25–29 kg/m2, 30–39 kg/m, and ≥40 kg/m2) (p = 0.049).22 

However, these changes are not clinically significant as 
changes in FPG do not cross the threshold for GDM 
diagnostic criteria. In addition, oral glucose tolerance 
at 1- and 2-h time points was not statistically significant 
between groups in this study.22 A significant interaction 
between previous GDM and the probiotic group with 
respect to change in FPG was found in another study.25 
The change in blood glucose concentration was signifi-
cantly different among the probiotic and fish-oil groups 
depending on the duration of the intervention or 
pre-pregnancy BMI after excluding women with GDM 
in early pregnancy.25 There were no significant differ-
ences between FPG and oral glucose tolerance found 
in the two other studies.23,24

There were inconsistent results regarding the effect 
of  probiotic supplements on GWG and preeclampsia. 
One study found that 33% of participants in the probi-
otic group experienced excessive GWG, which was 
significantly lower than 85% of participants receiving 

Table 1. Evidence table of five randomized controlled trials that investigate if Lactobacillus or Bifidobacterium containing probiotics 
administered to overweight or obese patients can effectively prevent Gestational Diabetes Mellitus according to International 
Association of Diabetes and Pregnancy Study Group.

First author, 
date of 
publication

Study 
design

Study population Therapy Outcome

Sample 
size (n)

Pre-pregnancy  
BMI (kg/m2)

Gestational 
age (weeks)

Probiotic 
exposure

Comparison groups Odds ratio of GDM in the 
probiotic group compared 

to placebo controls  
(95% confidence interval)

Asgharian, 
2020

RCT 130 ≥25 20–22 100 g probiotic 
yogurt

100 g conventional 
yogurt**

0.5 (0.2–1.5)

Halkj eer, 
2020

RCT 49 ≥30, ≤35 12–14 Probiotic 
capsules

Placebo capsules 2.1 (0.4–12.7)

Callaway, 
2019

RCT 411 ≥25 <20 Probiotic 
capsules

Placebo capsules 1.62 (0.9–2.8)

Okesene-
Gafa, 2019

RCT 460 ≥30 12–17 Probiotic 
capsules

Dietary intervention***, 
routine dietary advice, 
placebo capsule

0.95 (0.2–4.9)

Pellonperä, 
2019

RCT 439 ≥25 <18 Probiotic 
capsules

Fish oil**** and probiotic 
capsules, probiotic and 
placebo capsules, fish oil 
and placebo capsules, 
placebo capsules

0.84 (0.5–1.5)
 

BMI, body mass index; GDM, Gestational Diabetes Mellitus; RCT, randomized controlled trial.
**Both probiotic and conventional yogurt contained Streptococcus thermophilus and Lactobacillus delbrueckii subsp. bulgaricus in the dosage of 
107 CFU/g (colony forming units per gram) used for biotransformation of milk (as starter).
***HUMBA handbook with information about healthy nutritious foods, recipes, unhealthy drinks, managing cravings, and ways to be more 
physically active. In addition, they received 4 home-based education sessions by a community health worker. Women in the dietary intervention 
also received motivational text messages 3 times weekly from randomization until birth.
****The fish oil capsules contained a total of 2.4 g of n-3 fatty acids (1.9 g docosahexaenoic acid [22:6n-3] [DHA] and 0.22 g eicosapentaenoicacid 
[20:5 n-3]).
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placebos at 28 weeks of gestation according to a binary 
logistic regression adjusted for clinical center and BMI 
category.22 Mean GWG was not significantly different 
between the two groups. No study found a significant 
change in GWG between the probiotic and placebo-
control groups. One study reported 10% of participants 
with preeclampsia in the probiotic-treated group were 
greater than the 5% of controls according to a binary 
logistic regression adjusted for clinical center and BMI 
category (p = 0.09).22 However, no other study found a 
significant difference between preeclampsia or gesta-
tional hypertension.21,23–25 

Methodological Heterogeneity Between Study 
Designs
Methodological diversity between study designs 
included in this review is summarized in Table 2. 
Lactobacillus rhamnosus and Bifidobacterium lactis were 

the most common strains of bacteria contained in pro-
biotic supplements. Two studies that used these species 
observed a non-significant decrease in the incidence of 
GDM among the probiotic group compared to placebo 
controls,23,25 while one study observed an increased rate 
of GDM among the intervention group.22 One study pro-
vided the intervention group with probiotics containing 
Lactobacillus acidophilus and Bifidobacterium lactis and 
observed a non-significant decrease in GDM rates com-
pared to placebo controls.21 This study provided probi-
otics via yoghurt compared to vehicle control created 
with the same starting bacteria. The other four studies 
provided probiotics using capsules. One study pro-
vided the intervention group with a multi-strain probi-
otic supplement containing strains of Streptococcus, 
Bifidobacterium, and Lactobacillus. This study found a 
non-significant increase in the incidence among GDM 
between groups.24

Table 2. Heterogeneity between study designs.

First author, 
date of 
publication

Bacterial strains in 
probiotics

Vehicle of 
administration

Daily dose 
(CFU)

Duration 
of probiotic 

therapy

Weeks of 
gestation at GDM 
diagnosis (weeks)

Self-reported 
compliance for 

probiotics definition

Asgharian, 
2020

Lactobacillus acidophilus 
La5, Bifidobacterium lactis
Bb12

Yogurt 5 × 108 24 weeks of 
gestation until 
delivery

28 Not specified

Halkjǝer, 
2020

Vivomixx* Capsules 4.5 × 1011 14–20 weeks of 
gestation until 
delivery

27–30 Self-reported >80% 
capsule intake

Callaway, 
2019

Lactobacillus rhamnosus 
(LGG), Bifidobacterium
animalis subspecies lactis
(BB-12)

Capsules >1.0 × 109 Enrollment 
until delivery**

28 Self-reported capsule use, 
verified by the presence 
of bifidobacterium DNA 
tested by end-stage PCR 
in fecal sample taken at 
28 weeks of gestation

Okesene-
Gafa, 2019

Lactobacillus
rhamnosus GG, 
Bifidobacterium
lactis (BB-12)

Capsules >6.5 × 109 Enrollment 
until delivery***

26–28 Self-reported >75% 
capsule intake

Pellonperä, 
2019

Lactobacillus
rhamnosus HN001, 
Bifidobacterium
animalis ssp. lactis 420

Capsules 1.0 × 1010 First study 
visit**** until 
6 months 
postpartum

24–28 Self-reported capsule 
intake ≥5 days/week

CFU, colony forming units; GDM, Gestational Diabetes Mellitus.
*Vivomixx contains Streptococcus thermophilus DSM 24,731, bifidobacteria (Bifidobacterium breve DSM 24,732, Bifidobacterium 
longum DSM 24,736, and Bifidobacterium infantis DSM 24,737), and lactobacilli (Lactobacillus acidophilus DSM 24,735, Lactobacillus 
plantarum DSM 24,730, Lactobacillus paracasei DSM 24,733, and Lactobacillus delbrueckii subsp. bulgaricus DSM 24,734).
**Average gestational age at enrollment was 15.95 weeks ± 1.45.
***Average gestational age at enrollment was 15.13 ± 1.8.
****Average week of gestation is 13.9.
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There were differences in regard to the daily dose of 
probiotics and duration of the intervention. The daily 
dose of probiotic supplements ranged from 5 × 108 to 
4.5 × 1011 colony forming units (CFUs). There did not 
appear to be a pattern with decreased GDM rates in the 
probiotic group compared to placebo controls reported 
by studies with higher doses of probiotics. The duration 
of probiotic supplementation ranged from 4 weeks total 
to 13 weeks of gestation to delivery. A decreased inci-
dence of GDM in the intervention compared to the 
control group was not found with longer durations of 
treatment.

Each study defined adherence to probiotic interven-
tions differently. One study did not define a threshold 
for compliance but reported a mean yogurt intake of 
27.8/28 days and 27.6/28 days among the probiotic and 
conventional yogurt groups, respectively.21 Four studies 
provided different thresholds to define adherence to 
the intervention. For example, Halkjær et al. defined 
compliance at ≥80% of capsule intake, which was met 
by 21/25 participants in the intervention and 17/24 par-
ticipants in the placebo group.24 Another study defined 
compliance as ≥75% of capsule intake, which was met 
by 76% of participants assigned to either probiotic or 
placebo capsules.23 In comparison, 81% of participants 
complied with dietary intervention in the same study. 
Pellonpera et al. considered probiotic intake ≥5 days 
per week as a threshold for compliance, which was met 
by 89% of participants among all four study groups.25 
These figures were derived from self-reported data. 
Interestingly, one studied defined compliance at ≥75% 
self-reported capsule use, which was verified by fecal 
sample analysis.22 While over 90% of participants in the 
probiotic group were compliant according to self-
reported data, only 76% of compliance was found on 
fecal sample analysis.

Quality Assessment
Four included studies had a low risk of bias arising from 
the randomization process in the studies, as indicated in 
Table 3. All studies randomly allocated participants to 
study groups and performed blocked randomization 
stratified by pre-pregnancy BMI categories to ensure 
each study group had an equal number of overweight 
and obese participants. Intervention and control groups 
were not statistically significant for all baseline charac-
teristics included in two studies.21,24 Despite adequate 
randomization, a significantly higher prevalence of fam-
ily history for diabetes among the fish-oil/placebo group 

raised some concerns for bias in one study.25 Two studies 
did not statistically identify differences among study 
groups at baseline,22,23 which was considered a low risk 
of bias according to the RoB2.

All studies had a low risk of bias due to deviations 
from the intended interventions with respect to the 
assignment to the intervention. These double-blind pla-
cebo-controlled trials used appropriate measures to 
conceal the intervention assignment from participants, 
investigators, and those involved in data analysis. 
All studies analyzed participants according to the inter-
vention they have been assigned to as part of an inten-
tion to treat (ITT) analysis.

However, all studies had a high risk of bias due to 
deviations from the intended intervention with respect 
to adherence to the treatment. Despite adequate con-
cealment of the intervention from participants and 
researchers, non-adherence to daily probiotic use in all 
studies was sufficient to raise concerns. Three studies 
did not complete an analysis to estimate the effect of 
adhering to the intervention.21,22,25 Two studies per-
formed a per-protocol sensitivity analysis, which 
excluded participants who did not adhere to the probi-
otic or placebo capsule directions from further analy-
sis.23,24 A second study performed a per-protocol analysis 
for GWG outcome only.23 The RoB2 does not consider 
per-protocol analysis as an acceptable method for 
studying the effect of adherence.

Results from the included studies may be biased due 
to missing outcome data. Three studies included in this 
review have a low risk of bias due to missing data, as 
data were reported for 95% of randomized partici-
pants.21,22,24 Two studies did not perform a sensitivity 
analysis to demonstrate outcomes were not biased by 
missing data.23,25 However, it is unlikely that missing out-
come data depended on the true value of measured 
outcomes because the proportions of missing data were 
approximately equal between the study groups, and 
reasons for missing data were consistent across study 
groups. For these reasons, the two studies raised some 
concern for bias due to missing data.

There was a low risk of bias due to the outcome mea-
surements for all included studies. Four studies did not 
describe how blood glucose concentrations during the 
oral glucose tolerance test (OGTT) were measured.21–24 
Inappropriate methods may have been used, as porta-
ble blood glucose monitors have poor validity.26 
However, the non-differential bias on outcome mea-
sures and blinding of outcome assessors suggest a low 
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Table 3. Results from Version 2 of the Cochrane Risk of Bias Assessment (RoB2) for studies included in this review.

Signaling questions Asgharian, 
2020

Halkj eer, 
2020

Callaway, 
2019

Okesene-
Gafa, 2019

Pellonperä, 
2019

Domain 1: Risk of bias arising from the randomization 
process

Low Low Low Low Some 
concerns

Was the allocation sequence random? Yes Yes Yes Yes Yes
Was the allocation sequence concealed until participants 
were enrolled and assigned to interventions?

Yes Yes Yes Yes Yes

Did baseline differences between intervention groups 
suggest a problem with the randomization process?

No No No 
information 

No 
information

Yes

Domaine 2: Risk of bias due to deviations from the 
intended intervention

 

Were participants aware of their assigned intervention during 
the trial? 

No No No No No

Were carers and people delivering the interventions aware of 
participants’ assigned intervention during the trial? 

No No No No No

Domaine 2a: Risk of bias due to deviations from the 
intended intervention (effect of assignment to intervention)

Low Low Low Low Low

Was an appropriate analysis used to estimate the effect of 
assignment to intervention? 

Yes Yes Yes Yes Yes

Domain 2b: Risk of bias due to deviations from the 
intended interventions (effect of adhering to intervention)

High High High High High 

Was there non-adherence to the assigned intervention 
regimen that could have affected participants’ outcomes?

No 
information

Yes Yes Yes Yes

Was an appropriate analysis used to estimate the effect of 
adhering to the intervention?

No 
information 

No No No No

Domain 3: Missing outcome data Low Low Low Some 
concerns

Some 
concerns

Were data for this outcome available for all, or nearly all, 
participants randomized?

Yes Yes Yes No No

Is there evidence that the result was not biased by missing 
outcome data?

Not 
applicable

Not 
applicable 

Not 
applicable

No No

Could missingness in the outcome depend on its true value? Not 
applicable 

Not 
applicable

Not 
applicable 

Yes Yes

Is it likely that missingness in the outcome depended on its 
true value?

Not 
applicable 

Not 
applicable 

Not 
applicable 

No No 

Domain 4: Risk of bias in measurement of the outcome Low Low Low Low Low
Was the method of measuring the outcome inappropriate? No 

information 
No 
information

No 
information

No 
information

No

Could measurement or ascertainment of the outcome have 
differed between intervention groups?

No No No No No 

Were outcome assessors aware of the intervention received 
by study participants?

No No No No No 

Domain 5: Risk of bias in selection of the reported result Low Low Low Low Low 
Were the data that produced this result analyzed in accordance 
with a pre-specified analysis plan that was finalized before 
unblinded outcome data were available for analysis?

Yes Yes Yes Yes Yes

Is the numerical result being assessed likely to have been 
selected, on the basis of the results, from multiple eligible 
outcome measurements (e.g., scales, definitions, and time 
points) within the outcome domain?

No No No No No 

Is the numerical result being assessed likely to have been 
selected, on the basis of the results, from multiple eligible 
analyses of the data?

No No No No No

Note: Acceptable answers to signaling questions included: yes, probably yes, probably no, no, and no information. Levels of bias for each domain 
included: low, high, and some concerns. Questions that were not applicable for all included studies were not included in this table.
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risk of bias. One study specified that they measured 
blood glucose concentrations using an enzymatic hex-
okinase assay,25 which is a valid method.27 In addition, 
measuring blood glucose concentration to diagnose 
GDM is an automated test that requires no judgement 
from outcome assessors, which eliminates observer 
bias.

All studies had a low risk of bias due to the selection 
of the reported results. All studies analyzed results 
according to the pre-specified plan outlined in the 
methods section. There is only one way to report GDM 
according to IADPSG guidelines, which eliminates bias 
due to selecting outcomes from multiple measures. All 
of these analyses eligible for consideration, as statistical 
tests between probiotic and placebo control groups at 
comparable time points, were provided and appropriate 
for the study designs.

DISCUSSION
Although probiotic supplements did not significantly 
affect the development of GDM among overweight or 
obese patients, the high sensitivity of IAPDSG may not 
capture the preventative effect of probiotic supple-
ments. A study from New Zealand that included partici-
pants in all weight categories found probiotics contain 
Lactobacillus rhamnosus, or placebo capsules resulted in 
comparable rates of GDM according to IAPDSG guide-
lines, but a significant decrease in the incidence of GDM 
among the probiotic group when using New Zealand’s 
diagnostic criteria.28 While IAPDSG enables research to 
compare the incidence of GDM across countries, the 
highly sensitive criteria for diagnosing GDM provide a 
high number of false positives that may mask the poten-
tial preventative effect in probiotics.29 It would have 
been helpful if primary studies reported the incidence 
of GDM according to population-specific criteria in addi-
tion to IAPDSG, as primary studies included in this 
review included populations from Iran,21 Australia,22 
Denmark,24 New Zealand,23 and Finland.25 However, the 
incidence of GDM diagnosed by Carpenter and Coustan 
criteria was not significantly different among over-
weight or obese participants at 28 weeks gestation who 
received Lactobacillus and Bifidobacterium containing 
probiotics or placebo control according to a general-
ized  linear model adjusted for pre-pregnancy BMI 
(p  =  0.561).30 Therefore, probiotics may not effectively 
prevent GDM among overweight or obese women who 
enter pregnancy in a state of increased insulin resistance 
regardless of the sensitivity of the diagnostic criteria.

One study reported significant differences in glucose 
tolerance. After excluding patients with a history of 
GDM, one study found a significantly decreased FPG 
and 2-h glucose tolerance test in the probiotic group 
compared to placebo controls.21 Although this differ-
ence in FPG may not be clinically significant, this 
improvement in glucose metabolism aligns with a study 
of patients from diverse weight groups that found 
6 weeks of L. casei, L. acidophilus, and B. bifidum adminis-
tration containing probiotics significantly decreased 
FPG and insulin resistance compared to placebos.31 
However, an included study that did not exclude 
patients with a history of GDM or perform statistical 
tests to identify differences in sample characteristics at 
baseline found a significantly greater FPG among 
patients who received probiotics compared to place-
bos.22 History of GDM may influence the effect of probi-
otics on glycemic control in obese and overweight 
patients, as another included article reported a signifi-
cant interaction between GDM history and the inter-
vention group with respect to changes in FPG.25 This 
interaction was attributed to the association of previ-
ous GDM with decreased glucose values in the probi-
otic group when compared with the increase in fish oil 
and placebo group.25 Patients with a history of GDM 
may have persistently altered cell signaling pathways, 
such as decreased IRS-1 tyrosine phosphorylation, 
attenuating a potentially preventative effect of probi-
otic supplements for subsequent pregnancies.2 For this 
reason, it is recommended that future research excludes 
patients with a previous history of GDM among the 
study sample.

Outcomes related to GWG or preeclampsia may also 
be affected by the prevalence of previous GDM. One 
study reported excessive GWG was significantly lower 
among those receiving probiotics compared to place-
bos, while the mean GWG was comparable between 
both groups.22 The higher proportion of participants 
with a history of GDM in the probiotic group may con-
tribute to the significantly decreased excessive GWG 
and higher prevalence of preeclampsia found in this 
group.22 The four other studies reported no significant 
differences in GWG among probiotic and place-
bo-treated groups.21,23–25 These results align with a study 
that found GWG was not significantly different among 
pregnant participants of diverse weight categories who 
received conventional or probiotic yoghurt enriched in 
L. acidophilus and B. animalis.32 Another study found that 
women of diverse weight categories who received 
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L. rhamnosus and B. lactis containing probiotics were at 
a  significantly decreased risk of central adiposity than 
placebo controls at 6 months postpartum.33 Future stud-
ies should investigate the effect of probiotics at longer 
postpartum time points using multiple body composi-
tion outcomes. Although central adiposity is defined as 
a waist circumference >80 cm, which is not a suitable 
measure of body composition during pregnancy, a 
decreased hydration constant may underestimate fat 
mass in BMI calculations during pregnancy, while this 
would result in a non-differential bias.

The systematic quality appraisal is a strength of this 
review, which suggests the results may be biased due 
to the effect of adhering to the intervention. All RCTs 
completed an ITT analysis. However, high rates of 
non-compliance in an ITT analysis may increase type 2 
error, as low rates of compliance can substantially 
impact on the power of an equivalence trial.34 The 
threshold of capsule uptake to define compliance was 
inconsistent across all included studies. In addition, 
self-reported data likely over-estimated the proportion 
of compliant participants. Although two studies com-
pleted a per-protocol analysis,23,24 such results may be 
biased by factors that influence participants’ willing-
ness or ability to comply with protocol guidelines. 
Future studies should measure compliance using fecal 
sample analysis and complete inverse probability 
weighting (IPW) to estimate causal effects, as suggested 
by the RoB2. As part of IPW, outcomes of each study 
arm are weighted by the inverse of the probability for 
receiving the treatment they were assigned, which cre-
ates an average potential outcome based on a pseu-
do-population where every participant received the 
treatment value. Currently, there are no relevant studies 
that complete such an analysis. 

The heterogeneity among included interventions is a 
limitation of this review. Differences between study 
designs, as summarized in Table 2, make it difficult to 
draw meaningful conclusions from pooled data from 
individuals. Future studies should apply a more consis-
tent probiotic supplement and a dosing schedule before 
the efficacy of probiotic supplements for preventing 
GDM among high-risk patients can be concluded. 

While one might presume increased exposure to pro-
biotics would have beneficial effects on glucose metab-
olism, this may not be the case for overweight and 
obese patients. An included study that provided 4 weeks 
of probiotic supplements starting at 24 weeks of gesta-
tion found a significant decrease in FPG but no change 

in the incidence of GDM among study groups.21 Similarly, 
a study of patients from diverse weight categories who 
received probiotic supplements for 6 weeks starting at 
22 weeks of gestation found a significant decrease in 
FPG.31 However, GDM diagnosis was not a measured 
outcome in this study. This study design is comparable 
to the study design by Wickens et al., which found a sig-
nificant decrease in FPG and GDM according to New 
Zealand guidelines compared to placebo controls.28 
Other studies included in this review provided probiotic 
supplements for a longer duration and began treatment 
earlier in gestation but found no significant differences 
in FPG or GDM.22,24,25 While the optimal time to provide 
probiotic interventions during gestation is unclear, 
this  comparison suggests that high risk patients may 
benefit from probiotic interventions later in gestation. 
Furthermore, the study that provided the lowest dose of 
probiotic supplements was the only included study to 
report an improvement in glycemic control among 
obese and overweight patients.21 This dose was also less 
than that provided in studies that improved glycemic 
control among normal-weight patients.28,31 Potential dif-
ferences in doses and treatment time for probiotic inter-
ventions to prevent GDM may relate to the rise in insulin 
resistance starting at 19–22 weeks of gestation and peak 
at 33–36 weeks of gestation among normal-weight 
patients compared to overweight or obese individuals 
who begin pregnancy with a higher insulin requirement. 
However, this argument conflicts with evidence from a 
meta-analysis reporting a dose-dependent improve-
ment in glucose metabolism among GDM patients of 
diverse BMI categories.35

Current literature contains variation in bacterial 
species contained in probiotic supplements without 
any trends regarding the most effective combination 
for improving glycemic control. L. acidophilus and B. 
lactis containing probiotics were found to significantly 
decrease FPG among overweight and obese women.21 
However, probiotics containing B. lactis combined 
with L. rhamnosus did not produce such results among 
this patient population.25 Conflicting results are also 
found among studies with healthy weight partici-
pants.32,36 These inconsistencies suggest the effective-
ness of probiotic species at improving glycemic 
control depends on the host gut microbiome at base-
line. This explanation is likely, as Lactobacillus and 
Bifidobacterium improve host metabolism by increas-
ing the availability of substrates for enteric butyr-
ate-producing bacteria.37
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CONCLUSIONS
Current evidence is not sufficient to recommend probi-
otic supplements to prevent GDM in overweight and 
obese patients, as the incidence of GDM among inter-
vention and control groups was not statistically signifi-
cant in all included studies. The majority of articles 
included in this review did not report any adverse effects 
of probiotic supplements. Therefore, there is insufficient 
evidence to suggest probiotics should be avoided due 
to adverse effects or contraindications. Clinical recom-
mendations for preventing GDM among this high-risk 
patient population using probiotics may become more 
conclusive as future evidence addresses the effect of 
adhering to probiotic interventions using fecal sample 
analysis and IPW. In addition, a more consistent regime, 
possibly consistent Ing of lower dose probiotics later in 
gestation, should be established. Future studies may 
benefit from excluding participants with a history of 
GDM in addition to using multiple GDM diagnostic crite-
ria and body composition measurements.
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Diffusion-tensor imaging has become common practice in radiology and imaging research due to its many applications in brain 
connectivity and neurodevelopment as well as for pathologies including tumors, ischemia, trauma, and neurodegeneration. However, 
its novelty compared to other neuroimaging techniques has meant that graduate programs, particularly medical schools, have not 
included opportunities to learn how diffusion tensor imaging can visualize the brain and interpretation of the data clinically and in 
research. Diffusion tensor imaging can be a challenging utility to understand for newcomers and is subject to wide interpretation. We 
offer for medical and graduate students as well as residents a step-by-step guide in interpreting diffusion tensor imaging results for 
clinical analysis using simple explanations of physics and neuroscience and its application in clinical and translational research.

Keywords: magnetic resonance imaging; radial diffusivity; axial diffusivity; mean diffusivity; fractional anisotropy; 
radiology

INTRODUCTION
iffusion-tensor imaging (DTI) is a non-invasive 
method that utilizes magnetic resonance imaging 

(MRI) technology to measure tissue water diffusion rates 
in vivo with high sensitivity and has useful neuroimag-
ing applicability particularly in tumors, ischemia, trauma, 
neurodevelopment, and neurodegeneration. However, 
DTI can be challenging to understand for newcomers 
and is subject to wide interpretation. This paper will 
serve as a step-by-step way for medical and graduate 
students as well as residents to interpret DTI results for 
clinical analysis using simple explanations of physics 
and neuroscience as well as its application in clinical and 
translational research. However, note that DTI and MRI 
are utilized beyond neuroimaging and are applied to 
every subfield of radiology.

To understand DTI, it is important to first discuss what 
MRI is. MRI is a diagnostic tool used to noninvasively 
visualize soft tissue structures through their protonic ori-
entation. Ordinarily in tissue, protons are spinning in a 
random orientation, but in an MRI the external magnetic 
field causes them to become parallel or antiparallel to 
each other.1 Radiofrequency pulses are then applied 
which flip the protons and generate an image from the 

energy it takes for protons to fall out of parallelism with 
each other and reach equilibrium. It is the variation of 
molecules that different tissues have which allow for MRI 
to distinguish anatomical and pathological features. 

There are different sequences or types of MRI beyond 
DTI. The most common are T1-weighted, T2-weighted, 
fluid attenuated inversion recovery (Flair), proton densi-
ty-weighted (PD), and diffusion-weighted (DWI). T1 is 
based on the rate it takes for protons to return to equilib-
rium, and T2 is based on the rate for protons to fall out of 
parallelism with each other.1,2 A short T1 means a fast 
recovery to equilibrium which produces a strong or bright 
signal whereas a short T2 means a rapid decay which pro-
duces a weak or dark signal.3 For example, cerebrospinal 
fluid (CSF) contains protons relatively far apart from each 
other and hence fewer interactions compared to fat, 
which allows for a longer time until equilibrium and 
hence a dark T1 but also a slower decay from parallelism 
and therefore a bright T2. T1 is generally utilized to assess 
morphology which includes anatomy, which is why it is 
also referred to as an anatomical sequence, as well as 
edema and fibrosis; T2 is more helpful to visualize edema 
and inflammation.4 Flair is T2 but fluid is attenuated, 
allowing regions of tissue close to fluid to be more 
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carefully visualized, such as the periventricular area.5 PD is 
when T1 and T2 are attenuated such that signal is pro-
duced based on the density of protons in tissue and is 
most frequently utilized for meniscal tears.6,7 

Diffusion-weighted is different from other MRI 
sequences in that it is designed to visualize water diffu-
sion.1,8,9 Water has a unique diffusion pattern and rate 
depending on the cellular and tissue architecture.8,9 For 
example, intracellular water will interact with structures 
such as the cytoskeleton, enzyme complexes, and 
organelles whereas extracellular water will interact with 
proteins in the extracellular matrix as well as different 
orientations of cells. Since these cellular and tissue archi-
tectural properties can change with alterations in tissue 
integrity due to the injury-repair response, DWI can be 
utilized for evaluating damage to components of brain 
structure, even before abnormalities are illustrated on 
anatomical MRI.1,8 DTI is DWI but includes the mathe-
matical models applied to DWI which provide a quanti-
tative interpretation that DWI does not provide.

We can estimate cellularity and white matter micro-
structural organization based on DTI properties such as 
the degree of restricted diffusion or fractional anisotropy 
(FA), molecular diffusion rate or mean diffusivity (MD or 
apparent diffusion coefficient [ADC]), the diffusion rate 
along the main axis of diffusion known as axial diffusivity 
(AD or λ║), and the diffusion rate perpendicular to the 
main axis known as radial diffusivity (RD or λ┴).10,11 These 
metrics are most commonly used for relating diffusion to 
an underlying pathophysiology of white matter and are 
calculated based on eigenvalues in a DTI model as seen 
in Figure 1. Eigenvalues explain how spread-out data is 
in a given direction, and in this case, eigenvalues describe 
the diffusion properties of water on a 3D grid, or tensor, 
of tissue in each unit (known as a voxel) of an MRI image 
of the brain.12 There are other variables including trace, 
relative anisotropy and more, though their applicability 
is limited currently. Understanding these main terms’ 
definitions and impressions is crucial towards under-
standing DTI (Table 1).

DTI TERMINOLOGY
Fractional Anisotropy
Fractional anisotropy is measured from 0 to 1, with 0 
being isotropic or the completely unrestricted diffusion 
of water that moves in any random direction, and 1 
being anisotropic or the completely restricted diffusion 
of water in roughly one direction.11 CSF is likely to have 
an FA closer to 0 (or isotropy) than grey or white matter 

of the brain for this reason, with white matter having a 
higher FA than grey matter.13–15 White matter is mainly 
composed of axons and its myelin from oligodendro-
cytes that form tracts such as the cortico-spinal tract or 
the corpus callosum (CC). Axons are assumed to be 
tubular and unidirectional structures of neurons 
encased by myelin that restrict the movement of mole-
cules into or out of the axon which therefore establishes 
anisotropy. Grey matter, on the other hand, consists of 
neuronal cell bodies and their dendrites, as well as 
unmyelinated axonal terminals that interact with one of 
the 1,000 synapses every neuron has on average, which 
allow for a greater possibility of directions for diffusion 
of water molecules.16 This makes the grey matter FA less 
than that of white matter. However, not all white matter 
regions are created equal; the genu of the CC has a 
higher FA than other white matter tracts due to the 
highly organized fiber tracts within the CC.14 A decrease 
in FA often is interpreted to mean either axonal or myelin 
degeneration; how to distinguish between these two 
possibilities requires further data.15,17 This is because a 
reason for decreased FA may be due to an increase in RD 
or a decrease in AD and will be discussed later.18

Mean Diffusivity
Mean diffusivity is an average of three eigenvalues (λ1, λ2, 
and λ3), or the magnitude of diffusion across the 

Figure 1. Eigenvalues and diffusion measures of a voxel of an 
axon. This schematic characterizes the eigenvalues of a tensor 
and how three of the most common diffusion measures are 
calculated.
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3D-axes.11 The sum of the magnitude of the three eigen-
values is the trace, so other papers may describe MD as 
trace/3. It can be generalized then that a low MD corre-
sponds to low diffusivity and high MD high diffusivity. 
White matter and grey matter generally have similar MD, 
and CSF has higher MD than either type of brain matter.13 
While MD cannot be used to differentiate brain matters, 
it is sensitive to changes to the diffusion of water. 
Typically, if MD is higher than normal then it may reflect 
damage such as cytolysis as diffusion is less restricted.15,19 
Such damage may be from the loss of integrity of fiber 
tracts or myelin damage.13,20 Cytotoxic edema, which can 
be from a redistribution of water extracellularly to intra-
cellularly, would reduce cell-mediated water transport 
and therefore reduce MD.21,22 Changes such as greater 
myelination or axonal packing would reduce MD, while 
demyelination, axonal degeneration, and increases in 
CSF or vasogenic edema increase MD.13,15,20,22 Like FA, 
additional information is needed to interpret MD.

Axial Diffusivity
Axial diffusivity (AD or λ1) is important for delineating 
between grey and white matter and for estimating 
changes to white matter specifically.11 Because AD is 
assumed to be the parallel diffusion of water relative to a 

tract, AD is very low in grey matter and much higher in 
white matter.23 However, AD is more sensitive to white 
matter maturation and similarly axonal degeneration 
than it is to the tissue’s myelination; in fact, having ele-
vated or lower myelination does not change AD.24 Barriers 
to the diffusion of water down the axon such as cellular 
debris and protein aggregation (ex. amyloidosis) would 
decrease AD.25 On the contrary, having more neurofila-
ments which increase the axon’s diameter and therefore 
the axonal caliber would enhance AD.24,26,27 Axonal pack-
ing (increased neurofilaments) is complicated by the 
changes in axonal diameters as well as myelination, so an 
absolute change in axonal packing may or may not be 
reflected in AD.15,26 Additionally, AD is positively correlated 
with CSF and cytotoxic edema which would increase the 
axon’s diameter and mimic neurofilament assembly, and 
so changes to AD may reflect extracellular and intracellu-
lar alterations.15 A specific utilization of AD is in Wallerian 
degeneration; that is depicted by a decrease in FA and AD 
with an increase in RD (described subsequently) without 
a change in MD.28 Generally, the interpretation for AD 
then is a marker of axonal injury, independent of myelin-
ation, but interpretation of changes in AD needs to be in 
the context of other conditions related to the intracellular 
and extracellular environments.

Table 1.This schematic depicts how changes in tissue integrity and architecture influence DTI measurements.

FA MD 
( l1+l2+l3)/3

AD l1 RD (l2+l3)/2

FA is a summary measure 
of microstructural 

integrity. While FA is 
highly sensitive to 

microstructural changes, it 
is less specific to the type 

of change.

MD is an inverse measure 
of the membrane 

density, is very similar for 
both GM and WM and 
higher for CSF. MD is 

sensitive to cellularity, 
edema, and necrosis.

AD tends to be variable 
in WM changes and 
pathology. In axonal 

injury AD decreases. The 
ADs of WM tracts have 

been reported to 
increase with brain 

maturation.

RD increases in WM with 
de- or dysmyelination. 
Changes in the axonal 

diameters or density may 
also influence RD.

Gray Matter ↓ - ↓ ↑
White Matter ↑ - ↑ ↓
CSF ↓ ↑ ↑ ↑
High myelination ↑ ↓ - ↓
Dense axonal packing ↑ ↓ - ↓
WM Maturation ↑ ↓ ↑ ↓
Axonal degeneration ↓ ↑ ↓ ↑
Demyelination ↓ ↑ - ↑
Low SNR ↓ ↑ ↓ -

Source: From Tromp.15
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Radial Diffusivity
Radial diffusivity [RD or (λ2+λ3)/2] can also separate 
grey from white matter and is useful for estimating 
changes to white matter though more specifically in 
regards to myelin.11 Opposite of AD, RD is very low in 
white matter and higher in grey matter because it mea-
sures diffusion of water perpendicular to λ1 rather than 
parallel.23,27 One useful item, however, is that RD is also 
positively related to CSF and edema like AD, thus it is 
within reason that RD and AD both simultaneously 
increase if cytotoxic edema is occurring.29 However, 
note that RD and AD can be age-related and increase 
simultaneously because of both myelin and axon loss.30 
One way to distinguish age-related white matter 
changes from edema is that RD is more sensitive to 
aging than AD, so a relatively equal change in both AD 
and RD is likely edema.31 Additionally, RD is more 
closely related to myelination than it is to axonal injury. 
Studies found that dysmyelinated shiverer mutant 
mice had increased RD but AD remained unchanged; 
demyelination also increases RD.32,33 Note that large 
enough axonal edema and inflammation may reduce 
water diffusivity after a period of time which would 
cause RD values to remain unchanged.23 Therefore, 
analyzing RD either too early or too late may miss 
important data for the interpretation of myelin and oli-
godendrocyte cellularity. 

APPLICATIONS OF DTI IN EVALUATING 
NEUROLOGICAL DISORDERS
While DTI has enormous potential for interpreting a 
macroscopic level of cellularity within white matter 
pathways, it is evident that other information is cur-
rently needed to make valid interpretations of its results 
that include but are not limited to pathophysiology, his-
tology, anatomic neuroimaging, neuroanatomy, and 
careful consideration of the subject’s clinical history. For 
example, important but often unappreciated clinical 
factors including elevated blood pressure and obesity 
appear to affect FA and AD respectively.34 Basic neuro-
anatomy and neuroscience must also be utilized. A 
region of the hippocampus such as the dentate gyrus 
may entirely differ from the primary cornu ammonis in 
terms of cell density and cell type and therefore influ-
ences DTI data.35 

When understanding DTI and neuroimaging as it 
relates to aging, it is also important to analyze the 
changes in FA from posterior to anterior. Reports have 
observed a ‘last in, first out’, meaning the last parts of 

the brain to mature, such as the prefrontal lobe, are the 
first to degenerate in normal aging.36,37 FA is often 
higher in the posterior relative to the anterior. This con-
cept is important because a lower FA in the posterior 
portion of the brain in an older adult relative to the pre-
frontal cortex of the brain, for example, may underlie a 
pathology such as Alzheimer’s disease or Lewy body 
dementia.36 

Different regions also decline differently in normal 
aging,38 though an overall global perspective should be 
taken as well to label either axonal injury or demyelin-
ation. In fact, one way of distinguishing between axonal 
injury from demyelination in either an acute or gradual 
pathophysiological process is to analyze whether or not 
the FA values are uniformly decreased globally within a 
tract or focally. Entire tracts of abnormally low FA signify 
axonal injury as the whole axon is dysfunctional, with 
focal differences owing to demyelination as each myelin 
sheath covers only a fraction of the axon. Readers of DTI 
literature should be cautioned in cases where research-
ers or clinicians are studying specific regions of interest 
(ROIs) and attempting to attribute it to either axonal 
injury or demyelination, as the results may only convey 
a small portion of information.

Clinical Research Examples: Schizophrenia 
Our first example is from a 2018 study by Kelly et al,39 
where researchers from the Schizophrenia Working 
Group of the Enhancing Neuroimaging Genetics 
through Meta-Analysis consortium (ENIGMA-
Schizophrenia) attempted to investigate white matter 
differences between 1963 adult subjects with schizo-
phrenia and 2,359 healthy adult controls across the 
globe using DTI in a meta-analysis. As shown in Figure 2, 
the magnitude of the differences between the two 
groups in regards to FA, MD, AD, and RD through a post 
hoc analysis is described using Cohen’s d effect size esti-
mates and covariates including age, sex, and their inter-
actions were accounted for. Across the average DTI 
measurement values and specifically in the anterior 
corona radiata (ACR), CC, body of corpus callosum (BCC), 
and genu of corpus callosum (GCC), FA was found to be 
lower in schizophrenia subjects than healthy controls, 
though MD and RD were higher (p < 0.002). AD was no 
different between schizophrenia subjects and healthy 
controls.
Numerous studies have suggested that a dysfunction in 
myelination due to an altered oligodendrocyte geno-
type contributes to schizophrenia.40–43 Myelin 
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dysfunction is reported in subcortical white matter 
tracts of the prefrontal cortex in schizophrenia patients 
post-mortem.40 In a DTI study, schizophrenia patients 
had low FA, high MD, high RD, and no difference in AD 
values in the ACR of the prefrontal cortex as well as the 
CC compared to controls that may be related to altered 
motor behavior.39,44,45 So at first glance, the low FA and 
high MD from 2018 Kelly et al can signify axonal dam-
age, demyelination, or edema. AD is unchanged, so axo-
nal injury or edema is unlikely, which only leaves 
demyelination which is consistent with the RD value 
and histological data. This exact relationship has been 
found in patients with white matter hyperintensities 
experiencing cognitive impairment, where researchers 
also concluded it was consistent with demyelination.46 

Clinical Research Examples: White Tract Variations 
The second example is a study by Burzynska et al, in 
2010 who compared DTI data from 63 healthy adults in 
their seventh decade of life from 80 other healthy adults 
in their third decade to discover whether or not there 
exists age-related DTI measurement variations using 
tract-based spatial statistics.38 Figure 3 illustrates lower 
FA, AD, and MD values in older patients compared to 
younger patients in the posterior limb of the internal 
capsule, inferior cerebellar peduncles, and midbrain 
white matter (p < 0.01, 2-tailed). 

While this was one of only five patterns found in this 
investigation, we will be focusing on the aforemen-
tioned pattern for purposes of education. A low FA can 
mean either axonal or myelin degeneration, but that is 
generally accompanied by a high MD, which is not found 
in this case. Wallerian degeneration does not fit this pat-
tern as described earlier. If gradual and chronic enough, 
cytotoxic edema or inflammation could be why RD was 
insignificantly impacted, but AD would have been 
higher. A low MD signifies low diffusivity, so while there 
may be axonal or myelin injury, it is possible that gliosis, 
a creation of more or larger glial cells, is occurring as a 
reaction to injury. Gliosis and resulting glial scars would 
also inhibit axon regeneration which may explain the 
low AD. RD is unchanged since gliosis is largely related 
to a hypertrophy of astrocytes and microglia, with little 
net change in oligodendrocytes and hence myelin. The 
discrepancy between the FA and MD in the study by 
Burzynska et al was thought to be due to gliosis.38 One 
study found that gliosis could not be concluded based 
on AD and RD, though that investigation was done with 
a small sample size ex vivo in subjects with cerebral 
amyloid angiopathy without known postmortem inter-
val and was largely exploratory and subject to false-pos-
itives.47 Though this example leads us to conclude 

Source: Figure from Kelly et al39

Figure 2. (a) Cohen’s d effect sizes, after meta-analysis, for FA, 
MD and RD differences in schizophrenia patients versus 
healthy controls, after including age, sex, age × sex, age2 and 
age2 × sex as covariates for the top four ROIs showing the 
largest FA effects (average FA, BCC, CC, ACR and GCC). Error 
bars represent the 95% confidence intervals. The CC, ACR, and 
FA across the whole brain are among the measures that show 
most robust effects in cohorts worldwide.

Source: Figure from Burzynska et al38

Figure 3. Patterns of age-related differences in diffusivity 
parameters. Within voxels showing a significant age-related 
reduction in FA (in blue, p < 0.01, 2-tailed), we distinguished 
five patterns (in red, p < 0.01, 2-tailed) … (5) decreases in AD… 
showed additional increase in AD and a decrease in MD, 
respectively, are overlaid in orange. PLIC: posterior limb of the 
internal capsule; MID: midbrain WM; ICP: inferior cerebellar 
peduncle. The numbers indicate the z-axis coordinate in 
MNI152 space (mm).
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gliosis, aging is subject to decreased white matter, 
demyelination, and axonal loss that can appear as 
unique DTI patterns regionally, which Burzynska et al 
describe in their investigation.38 

Clinical Research Examples: Infarcts
In our final example, an investigation by Zhao et al, in 
2019 investigated differences with a Student’s t-test 
between subjects with leukoaraiosis (LA) and lacunar 
infarct subjects from two hospitals in China using sub-
jects’ DTI scans.48 Lacunar infarct subjects had DTI values 
of (FA: 0.35 ± 0.03, MD: 0.40 ± 0.05) and LA subjects cor-
responded to (FA: 0.32 ± 0.02, MD: 1.08 ± 0.03) in normal 
appearing white matter, with a statistically significant 
difference between the two groups (p < 0.05).

This example is a nuanced example as it requires the 
attempt to distinguish a white matter hyperintensity as 
either LA or an acute lacunar infarction. Not only do they 
have a similar pathological basis owing to small-vessel 
disease and being age related, but also patients with 
acute lacunar infarcts are often predisposed to LA.49–51 
Symptoms of the stroke can assist physicians in identify-
ing the specific white matter abnormality as a lacunar 
infarct from the other lesions associated with LA, but a 
lacunar infarct can be silent as well.50,52 Additionally, a 
more sudden, local symptom such as dysarthria is more 
attributable to a lacunar infarct than LA, which has been 
related to gradual cognitive decline.52,53 In this final DTI 
example study, it was found that patients with acute 
lacunar infarcts had higher FA and lower MD than LA 
patients.48 The reason regarding the lower MD in the 
infarct was that the cytotoxic edema that occurred 
acutely decreased the ability for water diffusion, but 
over time MD would be increased once the edema is 
resolved. While ischemic injury may be thought to 
increase cellular damage and thus increase MD, this is 
dependent on the phase of injury and whether edema is 
present or not. A lower FA as seen in LA subjects may be 
two reasons: (1) because damage to white matter tracts 
typically reduces FA and (2) because LA lesions are in 
close proximity to the lateral ventricles, which contain 
elevated quantities of CSF. These FA and MD relative val-
ues are also subject to change depending on the condi-
tion of the stroke. A higher FA and lower MD like in this 
example are noted in the acute phase but may normal-
ize during the subacute phase before MD increases and 
FA decreases once chronic, as indicative of structural 
disorganization.48 A chronic lesion would be the same 
intensity to CSF, as Gore, Bansal, and Asuncion 

described.53 This example should promote a well-
rounded view for how to make an impression of DTI 
results.

Limitations
There are a number of limitations both to the interpreta-
tion of DTI and to DTI itself. Data may be distorted if not 
properly processed, an example of which is illustrated in 
Figure 4. This can be said for motion correction, as it is 
natural for the patient to shift during the image acquisi-
tion.11,54 Beyond background noise, which can be con-
trolled via smoothing the dataset, eddy currents are 
natural opposing diffusion gradients and artifacts that 
can skew the voxels, known as shearing, or change the 
size of the brain volumes, which is called scaling.11,55 To 
view motion and eddy currents, they can only be illus-
trated in video and are available in the citation.56 Any DTI 
software should be researched to ensure that the eddy 
currents are corrected for; specific MR hardware is also 
capable of correcting for eddy currents. Ghosting is also 
a type of noise that makes repeated versions of parts of 
the brain in the image and reduces proper visualization; 
if the percent signal ghosting is greater than 3% then it 
may obstruct the image.57 Ghosting can be due to 
patient motion, blood flow, and other respiratory and 
cardiac effects that if understood may be helpful for not 
only controlling for those factors but in interpreting the 
data afterwards. Fortunately, ghosting is now corrected 
by a majority of modern scanners and is rarely seen 
anymore, though an example can be found in the 
citation.58 

Source: Images courtesy of Tugan Muftuler, PhD.
Figure 4. Before and after distortion correction caused by 
tissue susceptibility variations. Effect is most notable in the 
frontal lobe.
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In research and clinical interpretation, a comprehen-
sive understanding of the patient cohort data and 
pathology is challenging but necessary as the influ-
ences of the DTI output are multifactorial. Partial vol-
ume effects from studying in an area of both white 
matter and grey matter can make the interpretation of 
results very uncertain and very challenging.11,59 A het-
erogeneity of different fiber types within the same 
voxel can be minimized though using multi-tensor 
models that Soares, Marques, Alves, Sousa explain in 
their 2013 article.19 Because partial volume effects can 
create a confounding bias in DTI measures, not taking 
partial volume effects into account can be devastating 
for valid impressions. Ozturk et al in 2008 cited partial 
volume effects as a potential reason for the high vari-
ability in DTI measurements found in deep white mat-
ter structures.60 As for tissue architecture, crossing 
fibers with different directions would be expected to 
decrease FA, not due to either myelin or axonal cellu-
larity. With 45–90% of white matter voxels containing a 
crossing fiber, it further reinforces the idea that other 
tools or modifications are needed to interpret DTI 
results.61,62 For example, utilizing high-angular resolu-
tion diffusion imaging can measure an orientation dis-
tribution function and create a version of FA known as 
generalized FA that is more geared towards fiber cross-
ings.63 Finally, the most challenging dynamic to over-
come is that complex diseases may demonstrate 
demyelination, axonal damage, and inflammation 
simultaneously. Currently, the solutions again are using 
DTI in conjunction with other medical tools along with 
a robust clinical understanding. 

CONCLUSION
DTI is an essential tool towards diagnosis and under-
standing pathology in white matter. Its ability to esti-
mate minute structural properties has made for a vast 
application both in research and clinically, though 
interpretation may be complicated and limited in 
some instances. This literature review has offered 
through basic scientific concepts guidance for not 
only medical students but also members across edu-
cational backgrounds to better enable them to make 
fair DTI inferences in clinical research. Because DTI is 
now an established tool in medicine and research, 
medical students, graduate students, and residents 
may need to become more familiar with DTI as its use 
widens. 
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