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 Montage team sports 
challenge: Part II 

  



 How can Montage help us ask and 
answer different types of research 
questions using existing data? 
  
 Sample topic: Sports-related injuries 



 Quick review 



Sessions 1 & 2  
 Research questions 
◦ FINER, ‘predictor & outcome’ format 

 Overview of study designs 
◦ Case report, case series, cross-sectional study, cohort study, case-control study 

 Choosing appropriate study subjects 
◦ Populations vs. samples; inclusion/exclusion criteria; developing a sampling plan 

 Getting started with Montage 
◦ Team sports challenge 



 Background readings 
 What makes a good research question? 
 Chapter 1. Getting started: The Anatomy and Physiology of Clinical Research 

 Chapter 2. Conceiving the research question and developing the study plan 

  

 Choosing appropriate study subjects 
 Chapter 3. Choosing the study subjects: Specification, sampling and recruitment 

  

 Study designs 
 Chapter 7. Designing cross-sectional and cohort studies 

 Chapter 8. Designing case-control studies 

  

  

  

  

  



 Some sticking points… 



Need help clarifying your research question?  
Ask yourself… 

 
   What unresolved issue (lack of information) do I want to address? 
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Need help clarifying your research question?  
Ask yourself… 

 
   What unresolved issue (lack of information) do I want to address? 
   Do any published studies exist? 
   Am I trying to replicate or refute those findings? 
   In the same (or a different) study population? 
   Under the same (or different) clinical circumstances? 
   Using the same (or different) measurement techniques? 
  What were the key limitations of the previous studies? 



Then, write down the answers 
to help clarify your thinking 



Lack of clarity is costly. 
 
   It creates confusion 
   It wastes time & effort 

 
It may prevent you from… 
 
   Finding good collaborators 
   Getting your ideas funded 
   Obtaining IRB approval 
   Collecting the type of data you really need to answer your question 

 
   Or – getting your study published in the end 



Does your explanation pass 
“the grandmother test”? 

 
If so, congratulations! 

 



 Montage team sports 
challenge: Part II 

  



 Which sport resulted in the highest total 
number of different exams and patients with 
a sports-related injury over the past 15 years? 

 A. Baseball   
 B. Basketball   
 C. Football   
 D. Hockey    
 E. Soccer    

Exams    Patients 



 Which sport resulted in the highest total 
number of different exams and patients with 
a sports-related injury over the past 15 years? 

 A. Baseball    267    209 
 B. Basketball  3046   2471 
 C. Football  4766  3350 
 D. Hockey     117      83 
 E. Soccer     946    751 

Exams    Patients 



 Key definitions and assumptions 
 
  Any exam with the word “[name of sport*]" appearing in the 
report text field represents a patient with a sports-related injury 

 * baseball, basketball, hockey, soccer, football 

  
 Thoughts about this assumption? 
  



One possible research question 
  

Has the total number or nature of exams 
associated with football-related injuries 

changed over the past 15 years? 
 

Study design: Time-series analysis 



Title of study Trends in football-related injuries investigated at 
a tertiary care children’s hospital: 2000-2014 

Research question Has the total number or nature of exams associated with football-
related injuries changed over the past 15 years? 

Significance Increased public awareness about the long-term impact of 
concussions, rules of football have changed, etc. 

Study design Time-series analysis  

Subjects Exams on 6-17 year old males (Jan 1, 1990-Dec 31, 2014) who 
reported playing football prior to the injury being investigated 

Predictor variable(s) Time period, age group 

Outcome variable Number and type of radiology procedures (defined by the modality 
and anatomical location of the injury) 

Primary null 
hypothesis 

No change in the overall number or type of exams associated with 
football-related injuries 



Key variables available in Montage 
 Patient-specific factors 
 MRN (anonymized) 

 Patient age 

 Patient sex 

 Patient status (Emergency, Inpatient, Outpatient) 

  

  
  

 Exam-related factors 
 Accession number (anonymized) 

 Exam code 

 Organization (CH, CNI, SG, etc.) 

 Exam completed (date/time stamp) 

 Report text (context) 

  
  



Derived variables 
 Year: extracted from date exam completed (2000 to 2014) 

 5-year period: recoded from year (2000-2004, 2005-2009, 2010-2014) 

 Age group: recoded from patient age (6-8, 9-11, 12-14, 15-17 yrs) 

 Anatomical-site of injury: recoded into groups based on exam code 

  

  
  



Challenges and questions: 
 
Selection criteria 
What age range? 
Only include patients who come to the ER or outpatients/inpatients? 
Only new injuries, old injuries, all injuries? 
 
Outcome measurement 
How can/should injuries be identified and classified? 
 
 



15-years of football-related data (2000-2014) 
Inclusion criteria n Notes Feature 

All exams completed between Jan 
1, 2000-Dec 31, 2014 that had 
“football” mentioned anywhere in 
the report text 

4766 Date based on the “Exam 
Completed Date” variable 
from Montage 

Temporal & clinical 

Include all exams done at 
Children’s (in DC) 

4646 Few exams done 
elsewhere (n=120) 
(geographic) 

Geographic 

Include all males  4448 Few females (n=158) Demographic 

Include all 6-17 year olds 4335 Few older or younger 
patients (n=168) 

Demographic 

* Total number excluded = 446 (9%) 



15-years of football-related data (2000-2014) 

Exclusion criteria n Rationale 

Starting pool of exams (6-17 yr old males); 
2000-2014 

4335 

Any patients with a mention of “football 
sign” in the text 

Probably not a football injury 

Patient status (ER, Inpatient, Outpatient) Most patients records do not include this 
information so it can not be used 

Follow-up visits for an existing injury Need to do eliminate all follow-up visits if we are 
interested in the incidence of new injuries 

To be continued… 



Other possible study designs for football injuries 
 
 Case report 
 Case-series 
 Cross-sectional study 
 Cohort study 
 Case-control study 



Predictor [exposure] Outcome 
Radiological finding Clinical status of patient 

[has a disease, needs surgery, etc.] 

Characteristic of the patient 
[age, sex, race, clinical history, etc.] 

Radiological finding 

Study 
enrollment 
happens in 
the present 

All patient data collected in the past 



Case report: Key features 

 Describes the aspects of a single case in order to highlight 
unique and/or unusual findings 
 

 
Sampling strategy 
 
 Chose an excellent example of a “typical” or “atypical” case 

 



Case report 



Case report 
How to identify a good candidate? 
 
• Use Montage to create an Excel data set (broad inclusion criteria) 

 
• Search through the Report text field for any mention of an unusual 

radiological finding or injury in a specific age group of patients seen in 
different settings, using a specific modality, or type of exam 
 

• First do a visual search to identify specific phrases, then automate the 
process using a search feature in Excel or Stata 



Case report 

Clinical History: 14-year-old male status post football injury 
to the anterior chest with sternoclavicular dislocation. 
Exam: CT, thorax, with contrast 
Year: 2004 
Impression: Bilateral dislocated sternoclavicular joints as 
described. 
 



Case report 
1. Based on age and patient status 



Case report 
2. Based on age and modality 



Case report 

114 different exam codes 
   30 = 90% of exam volume 
   84 = 10% of exam volume 

3. Based on age 
and exam type 



Case report 
CT of the brain without contrast 



Case series: Key features 

 Includes multiple individuals with a specific outcome 
A radiological finding, specific disease, or disease-related outcome 

 

 
Sampling strategy is based on the outcome 
 
A. Include patients with the specific outcome of interest 

 
B. Include patients with the specific outcome AND a specific exposure 

or patient characteristic in order to describe and highlight unusual 
combinations 
 



Case series: Example 1 



Case series: Example 2 



Case series 
How to identify a good set of candidates? 
 
• Repeat process described for case report finding 

 
• Identify a large enough group to accomplish your goal 
• Record all inclusion/exclusion criteria in order to document and 

replicate the findings 



Case series 
Investigate all exams “CT of the 
brain without contrast” among 
6-8 year olds 

Case 1 History:  8-yr old; Patient playing football, 
tackled behind, positive loss of consciousness and 
vomiting. Impression: Normal CT. 
 
Case 2 Clinical History: 7-year-old playing football, 
tripped, landed on head with apparent 10 minute loss 
of consciousness. Appears well. Impression: Normal 
brain. 
  
Case 3 History: 7-yr old; Football head to head 
collision. Impression: Right frontal scalp hematoma 
and laceration. 
 
Case 4 History: 8-yr old; Headache, vomiting for 1 
week after football injury. Impression: Mild-to-
moderate ventriculomegaly involving the lateral and 
third ventricles with evidence of previous right 
hemispheric infarct. 
 



Cohort study: Key features 
 Includes multiple individuals based on their “exposure” pattern; 

General characteristics (age or sex); risk factors (smoking); an intervention; or a disease 
 

 All must be initially free of the “outcome” 
 

 All must be followed over time to assess the occurrence of the “outcome” 
A radiological finding; specific disease; or disease-related outcome 

 

Sampling strategy is based on exposure 
 
A. All exposed persons 
B. All unexposed persons 
C. Both 



Cohort study 



Cohort study 
How to identify a suitable cohort? 
 
• Clearly define your “exposure” 
• Use Montage to create an Excel data set (broad inclusion criteria) 
• Chose individuals based on modality, exam type, age, time period 
• Search through the Report text field to classify individuals in/out 

 
• Also need a clearly defined ‘outcome’ that can be assessed from 

existing patient records 



Cohort study: Example 1 
Risk factors [exposure] for disease progression/healing process 
[outcome] among football-players who followed over a specified 
period of time 
 
Predictor/exposure: 
Patient’s age, type of injury, severity of injury, etc. during initial investigation 
 
Outcome: 
Status of disease/healing process at follow-up [at a defined time period later] 



Cohort study: Example 2 
Incidence of and risk factors for radiology procedure-related 
infections in population A 
 
Predictor/exposure 
Patient’s age, sex, type of procedure, known complications during 
procedure, underlying health status, etc. 
 
Outcome 
Acquisition of a specific type(s) of infection during a specified time frame 
 



Cross-sectional study: Key features 
 One measurement time point 
 Compare the frequency of the “exposure” and “outcome” 
 
 
 
 
 
 
 

 
 
Sampling strategy is based on examining an accessible population 
known/presumed to have variations in either the “predictor/exposure” 
and/or “outcomes” 

Has 
outcome 

Does not have 
outcome 

Exposed 

Not exposed 



Cross-sectional study: 
Example 1 



Cross-sectional study: 
Example 2 



Cross-sectional study 

How to identify a suitable group? 
 
• Clearly define your “exposure” and “outcomes” 
• Use Montage to create an Excel data set (broad inclusion criteria) 
• Create (and write down) all classification rules 
• Systematically review and code individual patient records 

 
 

• Document and discuss any questionable cases; revise rules as needed 



Cross-sectional study 
Is age associated with the type and/or severity of youth football injuries? 
 
Predictor: Patient’s age 
Outcome: A. Type of injury (body part) 
   B. Severity of injury (mild/severe) 
 

Age group Mild injury Severe injury % severe injuries 

6-8 y A B A/(A+B) 

9-11 y C D C/(C+D) 

12-14 y E F E/(E+F) 

15-17 y G H G/(G+H) 



Case-control study: Key features 
 Two groups (‘cases’ with a disease/condition; ‘controls’ without) 
 All outcomes and exposures have already happened 
 
 
 
 
 
 

 
 
 
 
Sampling strategy is based on the presence of the “outcomes” 
 

Case 
(has outcome) 

Control 
(does not have outcome) 

Exposed 

Not exposed 



Case-control study 



Case-control study 
 Extension of case-series 
 Good for studying rare diseases 
 But, requires very careful attention to 

selection of appropriate controls to avoid bias 



Goals & learning objectives 
• Be able to list the key features of a case report, case-
series, cross-sectional study, cohort study, case-control 
study 
• Be able to describe how Montage could be used to help 
identify suitable subjects for each kind of these studies 
based on existing medical records at Children’s 
 
 
 
 
 
 



Tasks accomplished: 
Formulate your research question 
Draft a study outline 
Use Montage to explore the feasibility of your idea 
 
Next steps: 
Clarify your definitions of the ‘predictor/exposure’ and ‘outcome’ 
variables 
Clarify your subject selection criteria 
Revise your study outline 
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