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TRAUMATIC BRAIN INJURY 
 
 
Overview 
 
Traumatic brain injury (TBI) is the most common type of acquired brain injury (ABI), and a major 
cause of death and disability. The Centers for Disease Control and Prevention (CDC) estimates 
the annual incidence of TBI to be 2.87 million in the United States. The majority of individuals 
who sustain a TBI are examined, treated, and discharged from emergency departments (EDs), 
while approximately 223,135 TBI-related hospitalizations occurred in 2019. Males are nearly 
twice as likely to be hospitalized than females, and adults ages 75 and older have the highest 
rates and numbers for TBI-related hospitalization. 1-3 

	

In contrast to other types of acquired brain injuries, the causes of TBI are due to external 
mechanisms, and unintentional falls are the most common mechanism of injury (MOI). Other 
mechanisms include unintentional motor vehicle crashes; unintentional strikes by/against an 
object; and intentional mechanisms (e.g., homicide; suicide; child abuse).  Traumatic brain 
injuries may occur in the context of occupational settings; during sports and recreation activities; 
military combat; activities of daily living (ADL); and interpersonal violence.	
	

	

In 2020, 64,362 TBI-related deaths occurred in the United States, and the rate for TBI-related 
deaths was highest among individuals ages 75 and older. The age-adjusted rate of TBI-related 
deaths among males was more than three times that of females. Suicide accounted for 35.5% 
of TBI-related deaths, and firearm-related suicide is the most common cause of TBI-related 
deaths in the United States. Unintentional falls account for 30% of deaths, and TBI-related 
death rates attributable to both suicide and falls were highest among individuals age 75 and 
older. Deaths related to unintentional motor vehicle crashes were highest among individuals 
ages 15-24 and 25-34 years of age. American Indians or Alaskan Native (AI/AN), Non-Hispanic 
males have the highest rates of TBI-related death. 4, 5 

 

Traumatic Brain Injury (TBI) Subtypes 

Traumatic brain injuries, which may be mild, moderate or severe, are also classified as follows: 
 
Closed Head Injury (CHI) occurs when a blunt force is applied to the head or the head strikes 
an object (e.g., fall to hard surface). These injuries may be associated with skull fractures. 
 
Penetrating Head Injury is most often associated with intentional causes of TBI (e.g., homicide 
or suicide attempt) and results from a missile-like object (e.g., bullet) or sharp instrument (e.g., 
knife), which forcefully enters the skull and brain. 
 
Crush Injury can occur when the head is compressed between heavy objects or hard surfaces. 
These injuries, which are less common, may occur in industrial/occupational settings when the 
head is crushed by equipment or building materials; when the head is compressed (rolled 
over) in a motor-vehicle/traffic-related event; or when objects fall on to an individual (e.g., child 
struck by heavy object pulled down from above). These injuries often result in skull fractures 
and hemorrhages. 
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Blast Injury is a complex TBI, which results from close exposure to an explosion (e.g., 
Improvised Explosive Device-IED). This type of injury may result in both CHI and penetrating 
TBI, and injury to the brain may occur from an explosion-related event even in the absence of 
impact to the head. Blast TBI is most commonly observed in combat veterans who served in the 
Iraq/Afghanistan conflicts (i.e., OIF/OEF-Operation Iraqi Freedom/Operation Enduring Freedom 
and other military initiatives). Casualties of domestic terrorism (e.g., Boston Marathon bombing) 
and other mass trauma events may also sustain traumatic brain injuries.  Other associated 
sequelae may include Post-Traumatic Stress Disorder (PTSD); toxic exposure; injury to the 
extremities necessitating amputation; and cardiovascular injuries/disorders.6,7 

 
Outcome and Potential Long-Term Consequences 
 
The acute and primary consequences of TBI may include loss of consciousness (LOC), which 
may be brief or prolonged (coma); contusions (bruising) and lacerations of the brain; injury to 
the connecting fibers within the brain (e.g., axons), referred to as diffuse or traumatic axonal 
injury (DAI/TAI); and other structural injuries related to mechanical forces.  Secondary 
complications may also occur, such as anoxia associated with cardiac and/or respiratory 
compromise; hemorrhages and hematomas (blood mass or clot); elevated intracranial pressure; 
and swelling of the brain (cerebral edema).  
 
Recovery and long-term outcome exhibited by survivors are related to all the variables 
described above, as well as age at time of injury; the specific residual neurocognitive, 
neurobehavioral, sensory and functional impairments associated with the sites and severity of 
injury; access to and participation in rehabilitation; co-morbidities (e.g., substance use disorder) 
and other factors (e.g., health care disparities).8, 9  Repetitive head impacts (RHI) and other 
factors (e.g., years of playing contact sports) may result in neurodegenerative disorder (e.g., 
CTE: Chronic Traumatic Encephalopathy), which has been primarily diagnosed in athletes on 
post-mortem neuropathology examination.10, 11 
 

 

Epidemiology of TBI in Massachusetts 
 
Massachusetts does not possess a registry of all persons identified with traumatic brain injury. 
To estimate the magnitude of this health problem in Massachusetts, the statewide inpatient 
hospital, outpatient observation stay, and emergency department discharge databases were 
analyzed by the Massachusetts Department of Public Health (MADPH) in 2014 for the years 
2008-2010, as part of a comprehensive epidemiological study of acquired brain injury in 
Massachusetts.12 The consensus definition for traumatic brain injury specified by the Centers for 
Disease Control and Prevention and in use at that time was utilized (i.e., ICD-9-CM: 
International Classification of Diseases-9-Clinical Modification  diagnostic codes for TBI). Since 
then, the consensus definition utilized for traumatic brain injury surveillance purposes was 
revised utilizing the ICD-10-CM diagnostic codes.13-15 Updated epidemiology data regarding TBI 
in Massachusetts was requested by the Brain Injury Association of Massachusetts (BIA-MA) 
and generated by MADPH staff (see acknowledgements section of this report). The ICD-10-CM 
discharge codes utilized for the purposes of this report, data sources and technical notes are 
included in Appendix A, and data for FFY 2016-2018 are summarized in Tables 1-8.  
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Table 1.  Inpatient Hospitalizations, Observation Stays and Emergency Department 
Discharges Associated with a Discharge Diagnosis of Traumatic Brain Injury, MA 
Residents, FFY 2016-2018 

 

Data Source FFY 2016 FFY 2017 FFY 2018 
Average 
Annual 
Count* 

Average 
Annual 
Percent 
of Total 
Events* 

Average 
Annual Rate 
per 100,000 

persons 

Inpatient 
Hospitalizations 6,247 6,317 6,313 6,292 8.8 91.0 

Observation 
Stays  2,374 2,602 2,639 2,538 3.5 36.7 

Total Hospital 
Stays (Inpatient 
+ Observation) 

8,621 8,919 8,952 8,831 12.3 127.7 

       
Emergency 
Department 
Visits 

63,331 62,636 62,533 62,833 87.7 908.9 

Total Hospital-
treated Events 
(Hospital Stays, 
ED Visits) 

71,952 71,555 71,485 71,664 100 1,036.7 

 
Sources: MA Inpatient Hospital, Outpatient Observation Stay, and Emergency Department Discharge 
Databases, Center for Health Information and Analysis. 
 
Note: *Column counts may not add to total and column percentages may not add to 100 due to rounding, 
cell suppression and/or missing data. 
 

• On average, there were 8,831 inpatient and observation hospital stays and nearly 
63,000 emergency department visits annually related to a diagnosis of TBI among MA 
residents.  
 

• Among inpatient hospitalizations, over 16% (16.2%) were admitted from an observation 
stay bed, and 60% were admitted from the emergency department (based on average of 
FFY 2016- FFY 2018). 
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Table 2.  Average Annual Counts and Crude Rates of Hospital Stays and 
Emergency Department Discharges Associated with a Discharge Diagnosis of 
Traumatic Brain Injury by Age Group, MA Residents, FFY 2016-2018 

Age 
Group 
(Years) 

Average 
Annual 

Hospital 
Stay 

Count* 

Percent 
of Total 
Hospital 
Stays* 

Average 
Annual 

Hospital 
Stay 

Rate per 
100,000 
persons 

Average 
Annual 

Emergency 
Department 

Visit 
Count* 

Percent of 
Total 

Emergency 
Department 

Visits* 

Average 
Annual 

Emergency 
Department 
Visit Rate 

per 100,000 
persons 

0 to 2 200 2.3 90.8 4,234 6.7 1,923.3 
3 to 5 60 .7 26.8 2,005 3.2 900.0 
6 to 18 360 4.1 34.2 10,697 17.0 1,016.6 
19 to 29 639 7.2 56.7 10,075 16.0 894.1 
30 to 39 480 5.4 54.0 6,047 9.6 680.1 
40 to 49 575 6.5 66.8 5,353 8.5 621.3 
50 to 59 1,065 12.1 108.6 6,580 10.5 670.6 
60 to 69 1,222 13.8 150.4 5,393 8.6 663.7 
70+ 4,229 47.9 569.7 12,449 19.8 1,676.7 
Total 8,831 100 127.7 62,833 100 908.9 

 
Sources: MA Inpatient Hospital, Outpatient Observation Stay, and Emergency Department Discharge 
Databases, Center for Health Information and Analysis.  
 
Note: *Column counts may not add to total, and column percentages may not add to 100 due to rounding, 
cell suppression, and/or missing data. 
 
 

• The highest number and rate of hospital stays for TBI were among residents 70 years of 
age and older, with a rate more than four times that of the population as a whole.  
 

o The vast majority (92%) of the TBI-related inpatient hospitalizations; emergency 
department (ED) visits (87%); and deaths in this age group were associated with 
unintentional falls (data not shown, and does not include observational stays). 

 
o Persons 60-69 years of age had the second highest number and rate for TBI-

related hospital stays. 
 
• Children 0-2 years of age had the highest rate for TBI-related ED visits, over twice that 

of the population as a whole. The vast majority (>82%) of discharges in this age group 
were associated with unintentional falls (data not shown). 

 
o The second highest rate and highest number of TBI-related ED visits were 

among residents 70 years of age and older. 
 

• For the years 2015-2017 the average annual number of TBI-related deaths was 881, 
which includes those pronounced dead at the scene and not transported to a hospital, 
deaths which occurred in the ED, and deaths during a hospital stay (data not shown).  
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Table 3. Average Annual Counts and Crude Rates of Hospital Stays and Emergency 
Department Discharges Associated with a Discharge Diagnosis of Traumatic Brain 
Injury by Sex, MA Residents, FFY 2016-2018 
 

Sex 

Average 
Annual 

Hospital 
Stay 

Count* 

Percent 
of Total 
Hospital 
Stays* 

Average 
Annual 

Hospital 
Stay Rate 

per 
100,000 
persons 

Average 
Annual 

Emergency 
Department 

Visit 
Count* 

Percent of 
Total 

Emergency 
Department 

Visits* 

Average 
Annual 

Emergency 
Department 
Visit Rate 

per 100,000 
persons 

Female 4,050 45.9 113.8 31,574 50.3 887.5 
Male 4,780 54.1 142.5 31,258 49.7 931.6 
Total 8,831 100 127.7 62,833 100 908.9 

 
Sources: MA Inpatient Hospital, Outpatient Observation Stay, and Emergency Department Discharge 
Databases, Center for Health Information and Analysis.  
  
Note: *Column counts may not add to total, and column percentages may not add to 100 due to rounding, 
cell suppression, and/or missing data. 
 
 

• Overall, males had a higher rate of hospital stays and emergency department visits for 
TBI than females.  
 

o Average annual hospital stays associated with TBI were higher in males 
compared with females.  

 
o Average annual emergency department visits associated with TBI were higher 

among females compared with males.  
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Table 4.  Average Annual Counts and Crude Rates of Hospital Stays and Emergency 
Department Discharges Associated with a Discharge Diagnosis of Traumatic Brain 
Injury by Race and Ethnicity, MA Residents, FFY 2016-2018 

Race/Ethnic 
Group 

Average 
Annual 

Hospital 
Stay 

Count* 

Percent 
of Total 
Hospital 
Stays* 

Average 
Annual 

Hospital 
Stay Rate 

per 100,000 
persons 

Average 
Annual 

Emergency 
Department 

Visit 
Count* 

Percent of 
Total 

Emergency 
Department 

Visits* 

Average 
Annual 

Emergency 
Department 

Visit Rate per 
100,000 
persons 

White, NH 7,094 80.3 142.0 46,633 74.2 933.7 
Black, NH 520 5.9 105.3 5,286 8.4 1,070.9 
Hispanic/ 
Latinx 545 6.2 66.8 6,522 10.4 799.4 

Asian/PI, NH 243 2.8 51.7 1,566 2.5 332.7 
NA/AN, NH <11 -- 59.9 63 <0.1 536.4 
Another race, NH --  -- N/A 1,574 2.5 N/A 
Unknown/missing 295 3.3 N/A 1,190  1.9 N/A 
Total 8,831 100 127.7 62,833 100 908.9 

 
Sources: MA Inpatient Hospital, Outpatient Observation Stay, and Emergency Department Discharge 
Databases, Center for Health Information and Analysis.  

 
Notes:  *Column counts may not add to total, and column percentages may not add to 100 due to 

rounding, cell suppression, and/or missing data. 
-NA/AN: Native American/Alaskan Native 
-NH: non-Hispanic 
-PI: Pacific Islander 
-Unknown/missing includes race unknown and race missing (i.e., not reported) 

 
• White, non-Hispanics had the highest average annual number and rate of hospital stays 

for TBI.  
 

• Black, non-Hispanics had the highest rate of emergency department visits for TBI, while 
White, non-Hispanics had the highest average annual number of ED visits for TBI. 
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Table 5.  Average Annual Counts and Crude Rates of Hospital Stays and 
Emergency Department Discharges Associated with a Discharge Diagnosis of 
Traumatic Brain Injury by Executive Office of Health and Human Services (EOHHS) 
Region of Residence, MA Residents, FFY 2016-2018 

 

EOHHS 
Region 

Average 
Annual 

Hospital 
Stay 

Count* 

Percent 
of Total 
Hospital 
Stays* 

Average 
Annual 

Hospital 
Stay Rate 

per 
100,000 
persons 

Average 
Annual 

Emergency 
Department 

Visit 
Count* 

Percent of 
Total 

Emergency 
Department 

Visits* 

Average 
Annual 

Emergency 
Department 

Visit Rate per 
100,000 
persons 

I.   Western 991 11.2 117.9  6,992 11.1 831.5 
II.  Central  1,094 12.4 121.5 7,070 11.3 785.3 
III. Northeast  1,914 21.7 138.5 14,423 23.0 1,043.6 
IV. MetroWest 2,037 23.1 127.9 13,003 20.7 816.5 
V. Southeast  1,743 19.7 131.1 15,221 24.2 1,144.4 
VI. Boston 1,046 11.8 120.6 6,029 9.6 695.2 
Total 8,831 100 127.7 62,833 100 908.9 

 
Sources: MA Inpatient Hospital, Outpatient Observation Stay, and Emergency Department Discharge 
Databases, Center for Health Information and Analysis. 

   
Notes: *Column counts may not add to total, and column percentages may not add to 100 due to  
        rounding, cell suppression, and/or missing data. 

      -Massachusetts residents who received care outside the state are not captured by these databases. 
      -The map of Massachusetts EOHHS regions is located in Appendix B. 
  

• Residents of the MetroWest and Northeast regions had the highest average annual 
numbers of hospital stays for TBI.  
 

• Average annual emergency department visits were highest in residents of the Southeast 
and the Northeast regions.  
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Table 6.  Total Counts and Percentages of Inpatient Hospitalizations and 
Emergency Department Discharges Associated with a Discharge Diagnosis of 
Traumatic Brain Injury by Mechanism/Intent of Injury, MA Residents, FFY 2016-
2018 

Intent and Mechanism 
Total  

Inpatient 
Hospitalization 

Count 

Percent of Total 
Inpatient  

Hospitalizations 

Total  
Emergency 
Department 
Visit Count 

Percent of 
Total 

Emergency 
Department 

Visits 

Intent of Injury     

Unintentional Intent 16,350 86.6 167,200 88.7 

Intentional Self Harm 93 0.5 333 0.2 

Intentional Assault  659 3.5 14,407 7.6 

Other Intents 22 0.1 309 0.2 

E-code missing  1,752 9.3 6,251 3.3 

Totals* 18,877 100 188,500 100 

Unintentional by Mechanism     

Unintentional Fall 12,650 67.0 95,577 50.7  

Unintentional Struck by/Against 514 2.7 34,320 18.2 

Unintentional Motor Vehicle 
Traffic 2,206 11.7 26,374 14.0 

Unintentional Other (All Other 
Mechanisms not listed above 
and Unspecified Mechanism) 

980 5.2 10,929 5.8 

Total Unintentional 16,350 86.6 167,200 88.7 
 
Sources: MA Inpatient Hospital and Emergency Department Discharge Databases, Center for Health 
Information and Analysis.  
  
Notes: 
 -*Column counts may not add to total, and column percentages may not add to 100 due to rounding, cell 
suppression, and/or missing data. 
-Observational stays not included in Table 6. FFY 2017 was the first year that observational stays 
included a designated external cause of injury (E-code) for assigning cause and intent. 
-“Unintentional other” includes unintentional mechanisms not listed above (e.g., drug poisonings, non-
traffic and other transport injuries), as well as unspecified/missing mechanism. 
-E-code missing indicates that no external cause of injury or intent was assigned to the TBI case. 
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• The majority (67%) of hospitalizations for TBI were related to an unintentional fall. 

Unintentional fall was the MOI for 92% of TBI-related inpatient stays for adults 70 
years of age and older and nearly 77% of TBI-related inpatient stays for children 
ages 0-2 years (data not shown). 

  
• Motor vehicle traffic crashes accounted for 11.7% of TBI-related inpatient stays and 

was the mechanism of injury for 60% young adults ages 19-20 and 52% of those 
ages 21-29 (data not shown). 

 
• Among emergency department visits for TBI, nearly 51% were related to a fall, while 

18.2% were related to a strike by/against an object or person. 
 
 

Table 7.  Average Annual Primary Payer Type Category for Inpatient 
Hospitalizations, Observation Stays and Emergency Department Discharges 
Associated with a Discharge Diagnosis of Traumatic Brain Injury, MA Residents, 
FFY 2016-2018 

Payer Type Category 

Average Percent 
of Inpatient 

Hospitalization 
Totals  

Average 
Percent of 

Observation 
Stay Totals 

Average Percent of 
Emergency 

Department Visit 
Totals 

 Medicaid 15.8% 20.2% 27.0% 

 Medicare 57.8% 47.5% 25.6% 

 Commercial/Private Insurer 16.0% 22.0% 30.4% 

 Other Government 0.8% 0.9% 1.0% 

 Self-Pay/Other** 9.6% 9.3% 16.0% 

 N/A 0.1% 0.1% 0.0% 
 
Sources: MA Inpatient Hospital, Outpatient Observation Stay, and Emergency Department Discharge 
Databases, Center for Health Information and Analysis.  
 
** Includes auto insurance and worker’s compensation 
 

• Medicare was the primary payer category listed for over 57% of inpatient hospitalizations 
associated with TBI, while private insurers and Medicaid ranked second and third 
(16.0% and 15.8%, respectively).  

 
• Commercial insurance was the leading primary payer type category for emergency 

department visits for TBI, accounting for 30.4% of all visits. Medicaid and Medicare 
ranked second and third (27.0% and 25.6%, respectively).  
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• The average annual total TBI-related hospitalization costs for the years FFY 2016-2018 
were over $339.6 million, with mean charges ranging between $49,559 and $50,582.  
The average annual total costs for observational stays were approximately $27.6 million, 
with mean charges ranging between $9,917 and $12,315 for the years FFY 2016-2018.  
 

• The average annual total costs for TBI-related ED visits were over $196.7 million, with 
mean charges between $3,005 and $3,259 for the years FFY 2016-2018.  
 

Table 8.  Inpatient Hospitalizations Associated with a Discharge Diagnosis of 
Traumatic Brain Injury by Discharge Disposition Category, MA Residents,  
FFY 2016-2018 
 
Disposition 
Category 

 
 

FFY 2016* FFY 2017* FFY 2018* TOTAL Percent 
In-Hospital 
Death  421 482 409 1,312 6.4  

Home/self 
care, or with 
identified 
service 

3,258 3,257 3,278 9,793 47.5 

Long-Term 
Hospital** 113 102 70 285 1.4 

Psychiatric  
Hospital 58 60 55 173 .8 

Rehabilitation 
Hospital or 
Unit 

651 840 897 2,388 11.6 

Rest Home -- -- -- -- -- 
Shelter -- -- -- -- -- 
Skilled 
Nursing 
Facility 

1,874 1,768 1,700 5,342 25.9 

Short Stay 
Hospital 140 136 160 436 2.1 

Other Facility‡ 126 134 113 373 1.8 
Other† 163 152 194 509 2.5 
Total 
  

6,808 6,934 6,878 20,620 100 
 
Sources: MA Inpatient Hospital Discharge Database, Center for Health Information and Analysis 
   
Notes: 
 
*Column counts may not add to total, and column percentages may not add to 100 due to rounding, cell 
suppression, and/or missing data.  
**Includes long-term care hospital without Medicare-specific designation 
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‡ “Other Facility” includes intermediate care facility; hospice medical facility; federal healthcare facility; 
hospital-based Medicare-approved swing bed; nursing facility certified under Medicaid, but not Medicare; 
and another type of institution not defined elsewhere.  
 
† “Other” includes left against medical advice; discharge to a facility that provides custodial/supportive 
care with planned inpatient readmission; discharge to court/law enforcement, with planned inpatient 
readmission; and discharge to other type of health care institution not defined elsewhere. 
 
 

• For the majority (47.5%) of TBI-related inpatient hospitalizations, individuals were 
discharged to home. Of those discharged home, 64% were discharged without an 
identified service or self-care (routine discharge), while for 36% of those discharged 
home, an identified service (e.g., home health care; IV therapy) was listed. 

 
o Nearly 26% of those hospitalized were discharged to a skilled nursing facility, the 

most common discharge disposition of those age 70 and older (40% of those 
discharged) and adults ages 60-69 (20% of those discharged).  

 
o Only 11.6% of hospitalized patients were transferred to a rehabilitation hospital or 

unit. 
 

o The mean and median lengths of stay for TBI-related inpatient hospitalizations 
(FFY 2016-FFY 2018) were 5.9 days and 3.7 days, respectively (data not shown).  

 
• Over 91% of ED visits resulted in individuals being discharged home (routine discharge). 

 
• For the time period studied, an average of 437 persons died during inpatient stays, and 

an average of 94 individuals died who were seen in EDs. 
 

o Males had more than twice the number and rate of TBI-related deaths in comparison 
to females (17.6 to 8.3, data not shown). 

 
 
Summary of Findings 

 
• There was an average of 8,831 hospital stays and nearly 63,000 emergency department 

visits associated with a traumatic brain injury annually among MA residents for the time 
period studied (FFY 2016-2018). 

 
• The most common mechanism of injury was unintentional fall accounting for 67% of TBI-

related inpatient stays and approximately 51% of ED visits. 
 

• TBI-related hospital stays were highest among adults 70 years of age and older.  
 

• Children 0-2 years of age had the highest rate for TBI-related ED visits. 
 

• Although most persons with TBI treated in the inpatient setting were discharged home, a 
sizable proportion of older adults were discharged to skilled nursing facilities.  
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• Only 11.6% of all individuals were discharged from an inpatient stay to a rehabilitation 
hospital or unit.  

 
• Medicare and Medicaid were the primary payers for the majority (73.6% combined) of 

inpatient hospitalizations.  
 

• The average annual number of TBI-related deaths was 881 (2015-2017). The majority of 
those with a traumatic brain injury discharge diagnosis who were hospitalized survive, 
while 6.4% died (FFY 2016-2018). The highest death rates overall were for those 70 
years of age and older, and the death rate for males was more than twice that of females 
(2015-2017).  

 
Limitations 
 

• Both the national and Massachusetts incidence estimates for traumatic brain injury do 
not include those individuals who may have sustained a TBI and did not receive 
hospital-based care. Excluded subgroups include individuals who may have been 
evaluated by their primary care physician/clinician; been assessed at an urgent care 
center; or received no treatment. 
 

• Individuals who sustained a combat-related TBI while deployed, and were acutely 
treated for their injuries in a military theater, or a facility outside the US, are not 
represented in either the CDC or Massachusetts discharge data. 
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TECHNICAL NOTES 

1. Methodology 

For hospitalizations, observation stays, and emergency department (ED) visits, traumatic 
brain injury (TBI) was defined as any case having an International Classification of 
Disease, Tenth Revision, Clinical Modification (ICD-10-CM) diagnosis code listed in the 
table below in any of the diagnosis fields in the database. For deaths, TBI was defined 
as any case having an International Classification of Disease mortality code in the 
underlying field or any of the mentionable condition fields (see table below). 

Final case selection included Massachusetts residents only. Deaths and transfers from 
hospitalizations, observation stays, and ED visits were excluded, apart from certain 
frequencies (e.g., disposition and charges). 

Cause and intent of injuries are based on the first listed external cause of injury code 
and are provided for inpatient hospitalizations and ED visits. Observation stays did not 
include a designated external cause of injury field (E-code) until FFY2017. More than 
90% of TBI-related hospitalizations and ED visits have an external cause and intent 
code (E-code) assigned. 

2. Definition for Traumatic Brain Injury 

For estimating the number of TBI-related deaths, hospitalizations, observation stays, and 
emergency department (ED) visits, the ICD codes listed in the table below were included 
if present in any diagnosis code field. Among ICD-10-CM codes only cases where the 
7th character of the code is A, B, or missing were included, except for code S09.90, 
which included cases where the 7th character of the code is A or missing (these 
characters reflect initial encounter and active treatment). 
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ICD10 Mortality Codes and ICD-10-CM Codes Used for 

Definition of Traumatic Brain Injury 

ICD10  

(Mortality Codes) 

ICD-10-CM 

(Morbidity Codes) 

 

Code Description 

S01.0-S01.9 N/A Open wound of the head 

S02.0-S02.1, S02.3 
S02.7-S02.9 

S02.0-S02.1, 
S02.8X*, S02.80-
S02.82, S02.91 

Fracture of skull and facial bones 

S04.0 S04.02-S04.04 Injury of optic nerve, tract, and 
pathways; injuries of visual cortex  

S06.0-S06.9 S06 Intracranial injury  

S07.0-S07.1, S07.8-
S07.9 S07.1 Crushing injury of head/skull 

S09.7-S09.9 S09.90** Other and unspecified injuries of head 

N/A T74.4 Shaken infant syndrome  

T90.1-T90.2, T90.4-
T90.5, T90.8-T90.9 N/A Sequelae of injuries of head 

 

*ICD-10-CM code S02.8 is used prior to FFY2017; for subsequent years more detailed codes (S02.80-
S02.82) are used. 

**The Council of State and Territorial Epidemiologists (CSTE) have included two TBI indicators: one that 
includes specified TBI codes and one that includes only unspecified head injury (S09.90). After conferring 
with subject matter experts, Massachusetts Department of Public Health (MADPH) epidemiologists 
combined code S09.90 with all other TBI codes for the purposes of this report.  

A multi-state medical review of emergency department billing data has demonstrated that a large majority 
(approximately 70%) of S90.90 provided evidence of traumatic brain injury. Including this code may 
overestimate TBIs, but excluding it would greatly underestimate TBIs, especially those presenting in the 
ED.16 

3. Data Sources 

Death Data: Vital Registry of Vital Records and Statistics, Massachusetts 
Department of Public Health (MADPH) 
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Hospitalizations: MA Inpatient Hospital Discharge Database, Center for Health 
Information and Analysis (CHIA) 

Observation Stays: MA Outpatient Observation Stays Database (CHIA) 

 

Hospital Stays: MA Inpatient Hospital Discharge Database combined with MA 
Outpatient Observation Stays Database (CHIA) 

Emergency Department 
Visits: MA Outpatient Emergency Department Discharge Database 

(CHIA) 
 

Population Data: University of Massachusetts Donahue Institute (UMDI), Small 
Area Population Estimates 2016-2018. 

Population estimates used for the years following the 
decennial census were developed by UMDI in partnership with 
MADPH, Bureau of Environmental Health.  Single year age 
populations are available in UMDI up to 20 years of age. 
Population estimates by age groups may differ from those 
combined using single year of age populations.  

4. Confidentiality 

To meet the requirements of CHIA’s confidentiality guidance, any cell with a count of 
less than 11, as well as complementary cells that would allow calculation of totals are 
suppressed. These are indicated with two dashes “- -". 

5. Additional Notes 

Hospital Stays combine counts from the MA Inpatient Hospital Discharge Database and 
the MA Outpatient Observation Stays Database. 

Due to the implementation of ICD-10-CM (from ICD-9-CM) and slight changes in injury 
definitions, counts and rates should not be compared to prior data. 

The FFY2016 MA Outpatient Observation Stay Database did not include a principal 
external cause of injury field. Analyses on intent and cause were limited to ED visits and 
hospitalizations. 
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GLOSSARY of ACRONYMS and INITIALISMS 

 
ADL:  Activities of daily living 
 
AI/AN:   American Indian/Alaskan Native 
 
BIA-MA:  Brain Injury Association of Massachusetts 
 
CDC:   Centers for Disease Control and Prevention 
 
CHI:   Closed Head Injury 
 
CHIA:   Center for Health Information and Analysis  
 
CSTE:  Council of State and Territorial Epidemiologists  
 
CTE:   Chronic traumatic encephalopathy 
 
DAI:   Diffuse Axonal Injury 
 
ED:   Emergency Department 
 
EOHHS: Executive Office of Health and Human Services 
 
FFY:   Federal Fiscal Year 
 
ICD-9-CM: International Classification of Diseases, 9th revision, Clinical Modification 
 
ICD-10-CM:  International Classification of Diseases, 10th revision, Clinical Modification 
 
IED:   Improvised explosive device 
 
LOC:  Loss of consciousness 
 
MADPH:  Massachusetts Department of Public Health 
 
MOI:  Mechanism of Injury 
 
mTBI/MTBI:  Mild traumatic brain injury 
 
NA/AN: Native American/Alaskan Native 
 
NH:   Non-Hispanic 
 
OEF/OIF:  Operation Enduring Freedom/ Operation Iraqi Freedom 
 
PI:  Pacific Islander  
 
PTSD:   Post-traumatic stress disorder 
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RHI:  Repetitive head impacts 
 
TAI:  Traumatic Axonal Injury 
 
TBI:   Traumatic brain injury 
 
 
 
 
 
 
 
 
 
 

 

 
 


