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EXECUTIVE SUMMARY 
 
A brain injury is any injury that results in brain cell death and loss of function. A traumatic brain 
injury (TBI) is an injury to the head caused by blunt or penetrating trauma or from acceleration-
deceleration forces, such as from a fall, car crash, or being shaken (Thurman et al., 1994). TBI 
may or may not be combined with loss of consciousness, an open wound, or skull fracture. TBI 
is complex and unpredictable in its outcomes. Both mild and severe TBI can result in lifelong 
impairments – requiring long term care services. 
 
Within the public sector, the State of Michigan has almost no specialized services for individuals 
with TBI. Rather, individuals with TBI may be served through local agencies and state and 
federal programs that focus on physical health, behavioral health, and other social services – 
each with their own referral processes, scope of services, eligibility rules, and payment sources. 
This can be confusing for survivors, caregivers, family members, and even agency workers to 
navigate or otherwise assist individuals to obtain needed services. 
 
In order to better understand these diverse and complex systems, improve access by sharing what 
was learned, and improve public services for individuals with TBI, the Michigan Department of 
Community Health (MDCH) applied for and received a TBI Planning Grant in 1998 and a TBI 
Implementation Grant in 2000 from the federal Health Resources and Services Administration – 
Maternal and Child Health Bureau. For the past five years, the grants have funded a study of the 
state’s TBI needs and how services could be improved. The state projects also developed and 
tested training materials, analyzed data, provided outreach, and set up ways to get people needed 
services. 
 
With use of these funds, Michigan has become the recognized leader in data linkage and 
analysis regarding incidence and cost of TBI (Connors, 2004). The non-partisan, multiple-
agency, consumer-involved, data-driven efforts of this project have culminated in the 
compilation of this report.  
 
This report, Addressing Michigan’s Public Service Gaps for Persons with Traumatic Brain 
Injury, contains data on: 

• Incidence and risk factors of TBI; 
• Medicaid Fee for Service, Medicaid Health Plan, Home Help, and Community Mental 

Health service use; 
• Provider feedback on access to public services by individuals with TBI; 
• Case studies of individuals with TBI; and 
• Evaluation of piloted efforts to improve service delivery. 

Most importantly, policy recommendations are made to address service gaps for this population.  

  v 



Report of the MDCH TBI Project 
 

 
FINDINGS 

 
A. Every year about 10,600 serious traumatic brain injuries occur to Michigan 

residents.  
 
Of this number, TBI contributes to almost 1,600 deaths and more than 9,000 TBI-related 
hospitalizations that do not result in death. Reliable data are not available to count the number of 
traumatic brain injuries that are not treated in hospitals. Not everyone who experiences a TBI 
will suffer long-term harm, but many will. The Centers for Disease Control and Prevention 
estimate that 2% of Americans are living with a disability due to TBI – approximately 200,000 
Michigan residents. 
 

B. Annually, Michigan Medicaid covers nearly 1,500 TBI-related 
hospitalizations. 

 
Overall, 67,000 people received treatment services for TBI (including an annual average of 1,500 
hospitalizations, other clinical care, and nursing home care among others) through the Michigan 
Medicaid Fee for Service or a Medicaid Health Plan during the four year period October 1, 1998 
– September 30, 2002. Of these people, about 3,500 individuals also received Home Help 
personal care services, and over 12,000 received services from the Community Mental Health 
Services Programs during the same timeframe.  
 

C. Michigan Medicaid Fee for Service component pays at least $11 million 
dollars a year for TBI-related services.   

 
The study identified this amount based on services provided during the fiscal years 1999-2002. 
Actual costs to the State from TBI are much greater because those clients whose care was 
covered by the Michigan Medicaid Fee for Service program account for only one third of all 
identified cases of TBI – the rest are enrolled in a (managed care) Medicaid Health Plan. This 
$11 million in costs only covers services that are specifically identified as resulting from the 
diagnosis of TBI. Actual direct treatment services related to TBI are believed to be even greater 
and, if counted, would add significantly to the costs identified. In addition to Medicaid Fee for 
Service, $9 million was paid for Home Help personal care services for individuals with TBI 
during FY2002. 
 

D. There are gaps in public services for individuals with TBI. 
  
Over the course of the project, key features of a comprehensive service system for 
individuals with TBI have been identified as: 
9 Service providers trained and knowledgeable about brain injury 
9 A screening method to identify people suffering from TBI-related injury so they do not 

remain misdiagnosed or undiagnosed 
9 A rehabilitation program that helps people with TBI recover lost abilities to the greatest 

extent possible, and that helps them develop a way of dealing with lost abilities 
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9 Coordination and planning of services to help people with TBI identify their service 
needs, develop a person-centered care plan, and access and coordinate needed public 
services 

9 Appropriate residential placement so those with severe disabilities are not forced into 
nursing homes 

9 Community living supports so that those with less severe disabilities can live and work 
independently 

9 Assistive technology to support function and independence – especially cognitive aids 
such as timers, tape recorders, and planners 

9 Personal care to provide supervision, reminding, or hands-on assistance in meeting basic 
needs (cooking, eating, and personal hygiene among others) 

9 Vocational rehabilitation to assist with finding and maintaining employment over the 
long term 

9 Counseling and behavioral management to treat occasional symptoms that may reoccur 
 
Coordination of services, appropriate residential placement, community living supports, 
counseling, and behavioral modification services are all available to some populations with 
disabilities in Michigan. These populations may include people who qualify for services from 
Community Mental Health Services Programs and individuals able to access Michigan’s 
Medicaid Home and Community Based Waiver for Elderly and Disabled. Many individuals 
with TBI do not have access to these programs because they do not meet the legal 
requirements of having a developmental disability or serious mental illness (populations served 
by Community Mental Health Services Programs). In addition, there are only 800-1000 yearly 
openings statewide in Michigan’s Medicaid Home and Community Based Waiver for Elderly 
and Disabled. The limited number of openings does not make room to include many people with 
TBI.  

 
Interviews with individuals with TBI, their family members, and public service providers 
revealed that, from their perspective: 

• Case Management – which would provide appropriate referrals, help individuals bridge 
all the public service programs, and assist them to follow through with the required 
paperwork – would “vastly improve” their lives. 

• There is a great need for education about TBI among both public agency staff and 
consumers. 

• Accessing public services that do exist is difficult for people with TBI because of 
restrictive eligibility criteria for Medicaid and Community Mental Health Services 
Programs. 

 
E. People who have survived TBI tend to be too young to be placed in a nursing 

home for the rest of their lives. 
 
Analysis of the demographic characteristics of TBI survivors in Michigan finds more than 60% 
of people who have been hospitalized for TBI are male. More than 50% of Michigan residents 
hospitalized for TBI are under age 45. People treated and released for TBI from emergency 
departments are even younger, with over 40% being children under age 15. An unknown 
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percentage of individuals with TBI apparently so “mild” that they were not hospitalized, will 
nevertheless suffer long-term impairments. 
 

RECOMMENDATIONS 
 
In light of the findings contained in this report, a panel of experts on Michigan’s public programs 
and TBI issues was assembled during the Spring of 2004 to propose recommendations to state 
policy makers and legislators that could alleviate these problems and fill service gaps for 
individuals with TBI. Overall, the recommendations address long-term, medium-term and short-
term policy goals to support the structure of an integrated rehabilitative system of care.  
 
Recommendation # 1: Michigan’s long term care system should have enough flexibility to 
provide appropriate services to those who need them (including people with cognitive deficits), 
and have a single point of entry into the system. 
 
Recommendation # 2: In order to address the needs of individuals with moderate to severe TBI-
related impairments, in the medium term, Michigan should consider creating a TBI specific 
Home and Community Based Medicaid Waiver as 25 other states have done. 
 
Recommendation # 3: The Governor or the MDCH needs to appoint a TBI Services and 
Prevention Council to monitor and advise regarding the implementation of services for persons 
with TBI and the promotion of prevention efforts, which would lessen the incidence and cost of 
TBI in Michigan. 
 
Recommendation # 4: The MDCH should designate one full-time equivalent position to oversee 
the implementation of the report and staff the activities of the TBI Services and Prevention 
Council. 
 
Recommendation #5: The MDCH should provide continued support for ongoing collection, 
analysis, and reporting of injury and service use data; and for the development and measurement 
of service outcomes for individuals with TBI. 
 
Recommendation # 6: It is essential that the State of Michigan and local communities continue to 
support and promote prevention efforts. Areas and ways to address TBI prevention include: 

a. Maintenance of Michigan’s motorcycle helmet law; 
b. Education of students, parents, coaches, physical education teachers, and playground 

monitors in public schools, local recreation programs, and health clubs about concussion 
and other sports-related TBI; and 

c. Support for injury prevention efforts, especially as related to transportation, violence, and 
falls. 

 
Recommendation # 7: Departments, organizations, and agencies must adopt effective screening 
procedures to identify clients who may have TBI-related impairments. These include, among 
others: FIA, CMHSPs, Substance Abuse AARs, public schools, MRS, MI Choice Program, and 
the Michigan justice system. 
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Recommendation # 8: Michigan public human service providers, as well as staff in other public 
systems (such as the justice system), must be educated about TBI and the issues surrounding 
TBI. Materials for this training were developed and evaluated by the TBI Project. 
 
Recommendation # 9: Local interagency teams of public service providers should be created and 
authorized to take referrals of individuals with TBI and identify and advocate for appropriate 
local services. 
 
Recommendation #10: Medicaid reimbursement rates for neuropsychological examinations 
should be increased. 
 
Recommendation # 11: The State of Michigan should establish a licensing category for AFC 
providers that have obtained accreditation and/or certification to care for people with TBI. 
 
Recommendation # 12: The MDCH should review reimbursement policies related to AFC 
facilities licensed to provide TBI services to support services needed, and/or allow additional 
reimbursed services to be offered in such facilities. 
 
Recommendation # 13: Home Help Services accessed through FIA should be provided to those 
who need supervision to accomplish activities of daily living, in addition to those who need 
“hands-on” assistance. 
 
Recommendation # 14: Medicaid should consider funding cognitive aids as durable medical 
equipment when warranted in terms of cost effectiveness and medical necessity; in addition, the 
definition of “Medical Necessity” should be expanded to include consideration of abilities and 
independence so that individuals can remain in the community and have full access and 
independence. 
 
Recommendation # 15: The Physical Disability Services (PDS) Fund needs to include the 
provision of assistive technology for cognitive disabilities as well as physical disabilities. 
 
Recommendation # 16: Transportation issues are of great importance in many areas of Michigan 
and must be addressed. 

a. Michigan’s Medicaid Program should consider increasing Medicaid reimbursement for 
transportation to medical appointments; and 

b. Access to transportation by individuals unable to drive due to TBI requires further study. 
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1 
INTRODUCTION 

 
While traumatic brain injury (TBI)1 is not a new concern, the chances of surviving TBI 
have improved dramatically over the past twenty years. This improvement in the survival 
rate frequently results in lifelong physical and cognitive impairments and the need for 
many services to support life after injury. 
 

What is Traumatic Brain Injury? 
 
A brain injury is any injury that results in brain cell death and loss of abilities. A 
traumatic brain injury is an injury to the head caused by blunt or penetrating trauma or 
from acceleration-deceleration forces, such as from a fall, car crash, or being shaken 
(Thurman et al., 1994). TBI may or may not be combined with loss of consciousness, an 
open wound, or skull fracture. 
 
The Centers for Disease Control and Prevention (CDC) estimate that nationwide over 
50,000 individuals die from TBI each year, and 5.3 million people or two percent of the 
population, live with a disability resulting from TBI (CDC, 1999). 
 

Effects of TBI 
 

The brain is a very complex organ, so every injury is different. Recovery after injury can 
range from complete recovery to total loss of function. Depending on the severity of the 
injury, long-term effects of TBI in both children and adults may include:  

1.  Cognitive and Sensory Problems: such as problems in memory, judgment, 
concentration, learning new information, communication, and organization; 

2. Behavioral and Emotional Problems: such as irritability, impatience, impulse 
control, difficulty with anger management, increased stress and anxiety, inability 
to read social cues, excessive mood swings or personality changes, and 
depression; and 

3. Physical Problems: such as headaches or severe head pain, lack of 
coordination/balance, problems with sleep/fatigue, slurred speech, trouble 
swallowing, and seizures. 

 
These problems may affect an individual’s ability to live independently, drive a car, go to 
school, maintain employment, maintain social relationships, and accomplish activities of 
daily living (ADLs). Findings from the Colorado TBI Registry and Follow-up System 
(Whiteneck et al., 2004) indicate that one year post injury, 37% of those hospitalized with 
TBI report an activity limitation requiring the need for assistance from another person 
and 71% reported experiencing one or more symptoms more frequently than before their 
injury (including headaches, sensory changes, seizures, fatigue, irritability, and 

                                                 
1 Please refer to “Appendix A: Glossary” for definitions of terms and a list of acronyms used in this report. 
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dizziness). Because of the range of possible outcomes, an individual with TBI may need 
an assorted set of services from many agencies, for a short time or for the rest of his/her 
life. Moreover, individuals with TBI often do not have physical signs of disability. 
 

Michigan’s Efforts to Improve Service Delivery for  
Individuals with TBI 

 
Current Programs 
 
Michigan has a population of more than ten million persons. In December 2002, 1.27 
million persons were enrolled in the Medicaid program, while more than 1 million 
persons had no health insurance at all (Citizens Research Council of Michigan, 2003). It 
is these individuals and many more with inadequate private health insurance who are or 
may be dependent upon the services and 
supports provided by public agencies. 
Within the public sector, the State of 
Michigan has almost no specialized 
services for individuals with TBI. 
Rather, individuals with TBI may be 
served at the local level through health 
care, mental health, and social service 
agencies depending on their needs. This 
creates a confusing mix of agencies and 
eligibility processes for survivors, 
family members, and even agency 
workers trying to refer individuals for 
services.  

TBI affects ALL Human Services!TBI affects ALL Human Services!TBI affects ALL Human Services!

 

Jails, Law Jails, Law 
EnforcementEnforcement

OSAOSA

CMHsCMHs
Sub AbuseSub Abuse
Medicaid,Medicaid,

LTC,LTC,
WaiversWaivers

FIAFIA

MDEMDE
DOCDOC

VRSVRS
Spec Ed,Spec Ed,
StudentsStudents
TeachersTeachers

Adult Svcs,Adult Svcs,
Home Help,Home Help,

Children Children 
ServicesServices

HospitalsHospitals
Health Health 

ProfessionalsProfessionals

Rehab Rehab 
ServicesServices

 
In contrast to the public system, Michigan is unique in that complete, comprehensive, 
life-long resource support is available through the no-fault automobile insurance system, 
which covers individuals who sustain injury in an automobile crash. Through the no-fault 
system, auto insurance companies provide payment up to $350,000 for services needed as 
a result of an auto crash. Insurance companies are reimbursed by the Michigan 
Catastrophic Claims Association (MCCA) for each case in which lifelong costs are 
expected to exceed $350,000. The MCCA was created in 1978 to spread the cost of this 
benefit across all Michigan motorists. All auto insurance policy premiums in Michigan 
contribute to the MCCA fund. While the MCCA is a valuable source of funding for 
services for many individuals with TBI, an estimated 60%-70% of Michigan residents 
with TBI are not injured in an auto crash (see Section 2 of this report). For many of these 
individuals, Medicaid often becomes the payment source for services needed over the 
long term. 
 
The main state and local public agencies and programs that provide services appropriate 
for individuals with TBI include Medicaid, Community Mental Health Services Programs 
(CMHSP), Family Independence Agency (FIA), the MI Choice Program, Early 
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Intervention and Special Education Services, and Michigan Rehabilitation Services 
(MRS). 
 
Medicaid. The state administered federal health care program will pay for services for 
people of low income who have a need. Beneficiaries must meet the income eligibility 
requirement to receive Medicaid benefits. Eligibility is determined through the FIA – 
Eligibility Services. A person without adequate personal health insurance or personal 
funding who needs continuing nursing home level of care services may be eligible to 
receive Medicaid funding for residential care. 
 
FIA. If a nursing home is not an appropriate placement for a client, and if there are 
openings in other facilities, FIA may assist in placing Medicaid eligible persons in an 
Adult Foster Care Home or in a Home for the Aged. Home Help services are offered 
through FIA to individuals in need of help with ADLs to remain in an independent living 
situation. FIA also determines eligibility for other financial assistance programs such as 
the Family Independence Program, the Food Assistance Program, and the Adult Medical 
Program. 
 
CMHSP. CMHSP is a Medicaid program that provides behavioral health services and 
community supports to eligible individuals. Individuals with TBI may be eligible for 
CMHSP services through the Developmental Disabilities program if their brain injury 
occurred before the age of 22, they have a qualifying developmental disability (DD) and 
they meet income and asset eligibility requirements. Persons who sustain a brain injury 
after the age of 21 can receive services from CMHSP only if they are diagnosed with a 
qualifying mental illness (MI). Whether classified as developmentally disabled or 
mentally ill, individuals must also meet severity criteria to qualify for services. Some 
CMHSP services relevant to individuals with TBI include: mental health counseling, 
applied behavioral therapy, physical therapy, occupational therapy, speech therapy, 
supported independent living, and case management.  
 
MI Choice Program. Michigan’s Medicaid Home and Community Based Waiver 
(HCBW) for Elderly and Disabled (MI Choice Program) offers long term care services to 
allow individuals to remain in their home. A qualifying consumer must require nursing 
facility level of care services, meet income and asset criteria, and require one or more 
waiver service. Some services provided by the MI Choice Program include: homemaker 
and chore services, adult day care, modifications to the home, counseling, and respite 
care. 
 
Early Intervention and Special Education Services. Federal and State laws and 
regulations require that a broad range of services are available to any child through age 
25, as long as the child has not graduated from high school. Needs are assessed and a 
treatment plan is decided upon by an interdisciplinary team. Services provided may 
include: speech and language services, occupational and/or physical therapy, orientation 
and mobility training, assistive technology (AT), hearing, vision, sensory and behavioral 
assistance, vocational skills, and transition planning. 
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Brain Injury Rehabilitation Program. The Michigan Department of Community Health 
(MDCH) offers a Brain Injury Rehabilitation Program for Medicaid eligible persons who 
have experienced a brain injury within the previous 15 months and meet medical 
eligibility criteria. Additional income and asset criteria may be required for eligibility. 
The program offers comprehensive rehabilitation services for individuals with a brain 
injury for three to six months. This program does not offer a cognitive rehabilitation 
(retraining) program for persons who do not also need physical therapy. Moreover, at any 
given time, there are few individuals in Michigan who meet the eligibility criteria.  
 
MRS. Vocational services are available to persons with a permanent disability with the 
need for services and the capacity to benefit from services. MRS services assist persons 
in the achievement of vocational goals and may include: vocational guidance and 
counseling, training, job-related AT, job placement assistance, tools and equipment, and 
other support services such as interpreters or transportation. 
 
Improvement Activities 
 
In order to better understand these varied and complex systems, improve access by 
sharing what was learned, and improve public services for individuals with TBI, the 
Michigan Department of Community Health applied for and received a TBI Planning 
Grant in 1998, and a TBI Implementation Grant in 2000 from the Health Resources and 
Services Administration (HRSA) – Maternal and Child Health Bureau (MCHB). As part 
of the planning grant, the TBI Project conducted a State Needs Assessment, collecting 
information from consumers, providers, and state agencies. Consumers and their family 
members reported that care received while in the acute care setting was excellent; 
however, little guidance was available upon moving to community-based programs, and 
that identifying and accessing ongoing treatment was difficult. Providers from all arenas 
identified the following problem areas for community-based TBI care: 

1) Funding restraints; 
2) Staffing shortages; 
3) Lack of specialized training;  
4) Little awareness of service provision and eligibility requirements; and  
5) Family issues (i.e., lack of support and knowledge regarding TBI). 

 
From this needs assessment, challenge areas and goals were developed that led to the 
current TBI Project activities. Challenges included: 

• To develop and provide educational materials about TBI and available services in 
Michigan to both consumers and providers; 

• To recommend improved service delivery models and consideration of assistive 
technologies to improve quality of life and independence of individuals with TBI; 

• To collect, analyze, and report data relative to individuals with TBI, service 
utilization, cost, and outcomes. 

 
This report is the product of the latter two challenge areas, and policy recommendations 
are made in light of three years of data collection and analysis on the incidence of TBI, 
cost and service use, and interaction with public agencies in three pilot sites in Michigan.  
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Organization of this Report 

 
Section 2 of this report presents data on the incidence and risk factors for TBI in 
Michigan. Additional detail on the methodology and results of these analyses are 
presented in Appendix B. Section 3 presents an analysis of claims and encounter data 
from the public system (Medicaid Fee for Service (FFS), Medicaid Health Plans (MHP), 
Home Help, and CMHSPs). Highlights of service provision and costs are presented, with 
additional detail in Appendix C. Section 4 presents specific data on how public services 
in Michigan are serving individuals with TBI. Two perspectives are presented: service 
providers and consumers.  
 
Section 5 presents the results of project pilot sites in making improvements to the local 
service delivery system. These pilot sites included the Upper Peninsula (UP), Southwest 
Michigan (SW), and Southeast Michigan (SE), with associated CMHSPs, FIA Offices, 
MI Choice Program agents, and other participants in each region. In certain cases, 
participants also included representatives from local school districts and Intermediate 
School Districts (ISDs), MRS, Substance Abuse Access, Assessment and Referral 
Agencies (AARs), hospitals, the Veterans Administration, and other local groups.  
 
Section 6 contains information on the use of AT by individuals with TBI, including a 
literature review and a case study illustrating how AT can have dramatic effects on the 
productivity and independence of someone with fairly severe impairments.  
 
Finally, resulting Policy Recommendations are listed and explained in Section 7.  
 
The Appendices contain additional materials for reference and materials that present 
greater detail on subjects presented in the body. Appendix A provides a list of all 
acronyms used in the report. Appendices B and C provide additional data on incidence of 
TBI and service use. Appendix D provides a more detailed review of evaluation results 
from the provider training sessions piloted in participating regions. A copy of the TBI 
HELPS screening tool tested by the project is provided in Appendix E. Referenced 
sources are listed in Appendix F. Members of the project workgroups are listed in 
Appendix G. 
 
 
 
 
 
 
 
 
 
 
 
 

 5



Report of the MDCH TBI Project 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

                     6





Profile of TBI in Michigan 

Nonfatal and Non-hospitalized TBI-ED Cases 
 
An injury surveillance system, MEDCIIN, was established in 1999 using data collected from 23 
EDs in the state. Participating hospitals were chosen using a random sample stratified by 
geographic location and hospital size in each of the eight MHA regions and the City of Detroit. 
Urban, rural, and suburban hospitals are represented. The number of all injury visits in an 
individual hospital per year range from 1,300 to over 40,000. Data in this report are presented 
from 2001, which is the first year for which all hospitals in the sample contributed data. 
 
Cases in the MEDCIIN database were identified using the presence of TBI ICD-9-CM codes in 
either primary or secondary diagnosis fields. ED patients with a TBI diagnosis who were 
admitted to the hospital, transferred to another hospital, or died in the ED (as identified by the 
discharge disposition) were excluded from the analysis.  

 
Results 

 
Between 1999–2002, an average of 1,566 TBI deaths and 9,065 nonfatal, TBI-related 
hospitalizations occurred annually in Michigan. These numbers as well as rates/100,000 are 
presented in Table 2.1. Every year, nearly 16 of every 100,000 people in Michigan experience a 
TBI resulting in death, and 91 of every 100,000 people experience a TBI resulting in nonfatal 
hospitalization. Table B1 in Appendix B presents TBI death rates by sex and year. Table B2 in 
Appendix B presents TBI-related hospitalization rates by sex and year. In the sample of 23 
participating hospitals during 2001 there were 8,116 ED visits related to TBI.  
 

 

Table 2.1. Incidence of TBI in Michigan, 1999-2002  
TBI-related fatalities TBI-related nonfatal hospitalizations 

Annual avg. no. Rate/100,000 Annual avg. no. Rate/100,000 
1,566 15.71 9,065 90.94 

Source: Michigan Vital Statistics and Michigan Inpatient Database, Calendar Years 1999-2002; Rates were 
calculated using population estimates from the US Census. 
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Figure 2.1 shows average annual TBI death rates during 1999-2002 by county of residence. Note 
that the county of residence may be different from the county where the injury occurred and 
where the individual died. 
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Counties shaded in black have death rates one or more standard deviations above the average 
TBI death rate across counties. Lake, Schoolcraft, and Oscoda Counties, in particular have very 
high TBI death rates: (48.5, 39.5, and 37.1, respectively). Counties with the lowest death rates 
are clustered in Southeast (excluding Wayne County) and Mid Michigan. Luce and Keweenaw 
Counties had fewer than 5 deaths during the four years analyzed, therefore rates are not 
calculated. Table B3 in Appendix B lists the rates and average annual number of TBI-related 
deaths and nonfatal hospitalizations for each county in Michigan. 
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Figure 2.2 shows average annual TBI-related hospitalization rates during 1999-2002 by county 
of residence. County of residence may be different from the county where the injury occurred 
and/or where the individual was hospitalized. Counties shaded in black have hospitalization rates 
one or more standard deviations above the average resident hospitalization rates across counties. 
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Figure 2.2. Average annual nonfatal TBI hospitalization rates by
county of residence, 1999-2002

 
Keewenaw, Iron, and Ontonogan Counties in particular have very high TBI-related 
hospitalization rates: (165.9, 157.9, and 151.2 respectively). Counties with the highest 
hospitalization rates are clustered in the western Upper Peninsula and below the “thumb” in 
Lower Michgian.  
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Incidence of TBI by Sex 
 
Figure 2.3 presents the percentage of TBI cases by sex in each data source. The proportion of 
males increases with increasing TBI severity. Males have the most traumatic brain injuries 
overall and compose an especially larger proportion of deaths and TBI-related hospitalizations 
when compared to females. The first two bars in Figure 2.3 represent the year 2000 Michigan 
population. (For further analysis of TBI-related deaths and hospitalizations by sex and year, see 
Tables B1 and B2 in Appendix B.) 
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Figure 2.3. TBI cases by sex and severity, 1999-2002
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Incidence of TBI by Age and Sex 
 
Figures 2.4 and 2.5 present rates for TBI by sex and age. Rates for TBI can be considered an 
indication of the relative risk for TBI faced by each demographic group. Infants are presented 
separately from other children because of higher rates. This information is available in somewhat 
more detail in tabular form in Appendix B (Tables B4 and B5). 

Figure 2.4. Michigan average annual TBI-related death rates 
by age and sex, 1999-2002
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In terms of TBI deaths, one notices that starting with the age group 15-24 years, when the male 
death rate jumps to over 28/100,000, males are at much greater risk for TBI death than females. 
The TBI death rate for males declines moderately to about 22/100,000 for the age group 55-64 
and then increases sharply to more than 36/100,000 for the age group 65-74, 73/100,000 for the 
age group 75-84, and 161/100,000 for the age group of 85 and above. In contrast, the female TBI 
death rate remains under 10/100,000 for all age groups until 65-74 and is lower than males for all 
ages.  
 
The data show that elderly people are at much greater risk for TBI-related death than younger 
people. Still much more frequent causes of death for people age 65 and over nationwide are heart 
disease (1,651.2 deaths / 100,000 people 65+) and cancer (1,105.7 deaths / 100,000 people 65+) 
(Anderson & Smith, 2003). 
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Figure 2.5 shows TBI-related hospitalization rates in Michigan. These are the number of nonfatal 
hospitalizations with a TBI-related diagnosis for every 100,000 people in each age/sex group. 
One can see from this figure that age groups at greatest risk of experiencing a TBI that results in 
hospitalization are infants, people aged 15-24, and people aged 65 and older. In every age 
category the male rate for TBI is higher than the female rate.

Figure 2.5. Average annual TBI-related nonfatal hospitalization rates by 
age and sex, 1999-2002
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The demographic composition, such as the age and sex, of the population of TBI survivors in 
Michigan is presented in Figures 2.6-2.8. These are the people who may need long-term services 
following injury. Figure 2.6 presents the demographic composition of survivors of a TBI-related 
hospitalization. One of the first things to notice is that although a large proportion of the elderly 
(75 and older) suffer TBI-related hospitalization, they are not the largest age group represented 
among TBI survivors (because there are not as many of them in the population as a whole). 
Among survivors of TBI-related hospitalization, the largest single age group is 15-24 
(comprising 17% of individuals hospitalized with TBI). Summing age and sex categories through 
age 34, we find that 40% of individuals with a TBI-related hospitalization are under the age of 
35. Young people with long-term impairments from TBI may need services for a long time. 
 

Figure 2.6. Percentage of total nonfatal hospitalized TBI cases 
by age and sex, 1999-2002
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Survivors of a TBI treated in an emergency department are young (Figure 2.7). Males and 
females under age 15 make up 41% of all cases. An unknown percentage of survivors of mild 
TBI will have lifelong problems as a result of their injuries. In the case of children, some 
problems might be to executive functions that are not fully developed at the time of injury, in 
which case the impairments may not be noticed until years later when the child would be 
expected to be using those functions. Another noticeable difference between ED and inpatient 
visits is that beginning with the 25-34 year old age group, women are seen in emergency 
departments for TBI nearly as frequently as men. This could mean that while women are much 
less likely than men to sustain a moderate to severe TBI, they sustain more ‘mild’ injuries at 
rates similar to men. 

Figure 2.7. Percentage of total TBI-related nonfatal nonhospitalized 
ED cases by age and sex, 2001
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Fatal, hospitalized, and ED TBI cases are shown together by age in Figure 2.8. The solid line 
indicates the percentage of each age group in the Michigan population. As has been discussed, 
young people are over-represented in ED TBI cases, while the elderly are over-represented in 
TBI-related hospitalizations and deaths. 

Figure 2.8. TBI cases by age and severity, 1999-2002
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Incidence of TBI by Race 
 
Race data are only available for mortalities and should be considered with caution. In the 
mortality data, race/ethnicity data might be incorrect in some cases, as this information is 
determined by whoever completes the death certificate. US Census figures for Michigan are used 
as the denominator when calculating TBI rates. As shown in Table 2.2, TBI-related death rates 
were higher among black males than white males during the years 1999-2002. TBI death rates 
for black and white women were similar throughout the time period. 
 
Census classification methods for race underwent a major change between 1999 and 2000 and 
could account for some apparent trends in Table 2.2. Specifically, beginning in 2000, census 
respondents had the option to specify multiple races, whereas before they had to choose one. In 
2000, 130,291 Michigan residents listed multiple races. These people are included in the ‘other’ 
category below, and constitute 35% of the “other” race category. This should not affect the 
“Black” category as drastically since only 56,334 of the 1,482,674 (under 4%) people who listed 
race as “Black/African American” checked more than one race.  
 

Table 2.2. TBI-related deaths, by year, sex, and race 
White Black Other Year Sex 

No. Rate No. Rate No. Rate 
1999 All 1,255 15.26 302 21.34 27 -* 

 F 353 8.41 65 8.63 11 -* 
 M 902 22.40 237 35.78 16 -* 

2000 All 1,298 15.95 262 18.37 27 7.21 
 F 373 9.04 70 9.32 10 5.30 
 M 925 23.06 192 28.43 17 9.15 

2001 All 1,314 16.07 231 16.09 17 4.29 
 F 353 8.52 52 6.88 7 3.50 
 M 961 23.82 179 26.34 10 5.10 

All 1,268 15.47 226 15.67 28 6.81 
F 338 8.15 52 6.85 9 4.33 

2002 

M 930 22.98 174 25.46 19 9.35 
Source: Michigan Vital Statistics, calendar years 1999-2002. Rates were calculated using population 
estimates from the US Census. 
*Rates are not presented for the ‘other’ category of 1999 because the category is not comparable with 
later years. In 2000-2002, people who checked multiple races are included as ‘other’. 
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Causes of TBI 
Cause of injury 
information is presented 
in Figures 2.9-2.11 for 
TBI-related deaths, 
hospitalizations, and ED 
visits. Please refer to 
Appendix B for 
discussion of the cause 
information in these data 
sources as well as for 
definitions of various 
cause categories.  

Figure 2.9. TBI-related deaths by cause, 
1999-2002
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As presented in Figure 
2.9, the top four causes of 
TBI deaths in Michigan 
are: motor vehicle traffic 
(28%), suicide (27%), 
unintentional falls (16%), 
and homicide (12%).  
 

Figure 2.10. Nonfatal hospitalized TBI cases by 
primary external cause, 1999-2002
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The top three causes of 
hospitalization related to 
TBI are (Figure 2.10): 
motor vehicle traffic 
(39%), unintentional falls 
(35%), and assault 
(10%).2  
 

Figure 2.11. Nonfatal and nonhospitalized TBI cases 
by primary external cause, 2001 sample EDs
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The top four causes of 
TBI treated and released 
in EDs are (Figure 2.11): 
unintentional falls (41%), 
unintentional struck 
by/against (23%), motor 
vehicle traffic (16%), and 
assault (12%).  
 

                                                 
2 Cause of injury coding is not complete for inpatient and ED data. Percentages in Figures 2.10 and 2.11 are 
calculated based on the 86% of inpatient TBI cases and 65% of ED TBI cases that had a cause recorded. 
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Table 2.3. Causes of fatal TBI by age – males (rates/100,000 in parentheses) 

Rank Age <1 1-14 15-24 25-44 45-64 65+ 

1 Homicide 
(4.43) 

Motor 
vehicle, 
traffic 
(2.36) 

Motor 
vehicle, 
traffic 
(12.69) 

Suicide 
(9.19) 

Suicide 
(9.57) 

Unintentional 
falls 

(19.25) 

2 
Motor 
vehicle, 
traffic 
(2.22) 

Homicide 
(0.68) 

Suicide 
(8.07) 

Motor 
vehicle, 
traffic 
(6.71) 

Motor 
vehicle, 
traffic 
(4.45) 

Suicide 
(16.28) 

3  Suicide 
(0.37) 

Homicide 
(5.23) 

Homicide 
(3.98) 

Unintentional 
falls  

(3.17) 

Motor 
vehicle, 
traffic 
 (6.73) 

Source: Michigan Vital Statistics calendar years 1999-2002; rates are per 100,000 people in each age group, 
averaged over the four years. 
 
The leading causes of TBI deaths are presented by age category for males in Table 2.3 and for 
females in Table 2.4. The fonts and shading have been adopted to help the reader identify the 
various causes and their rankings at a glance. Motor vehicle traffic crashes were a leading cause 
of TBI-related death for nearly all age and sex groups. Homicide is the leading cause of fatal TBI 
among infants of both sexes. The frequency of homicide as a cause of TBI then declines as age 
increases, disappearing from the top three causes of TBI beginning with the age group 45-64. 
Suicide is a prominent cause of fatal TBI, particularly for males over the age of 15. Elderly 
males and females are at risk for fatal TBI due to falls and other accidents. 
 
Table 2.4. Causes of fatal TBI by age – females (rates/100,000 in parentheses) 

Rank Age <1 1-14 15-24 25-44 45-64 65+ 

1 Homicide 
(4.65) 

Motor 
vehicle, 
traffic 
(1.66) 

Motor 
vehicle, 
traffic 
(5.61) 

Motor 
vehicle, 
traffic 
(2.53) 

Motor 
vehicle, 
traffic 
(2.33) 

Unintentional 
falls 

(11.04) 

2 
Motor 
vehicle, 
traffic 
(1.94) 

Homicide 
(0.33) 

Homicide 
(1.61) 

Homicide 
(1.52) 

Suicide 
(1.36) 

Motor 
vehicle, 
traffic 
(3.02) 

3  
Struck 

by/against  
(0.10) 

Suicide 
(0.92) 

Suicide 
(1.15) 

Unintentional 
falls  

(0.95) 

Suicide  
(0.94) 

Source: Michigan Vital Statistics calendar years 1999-2002; rates are per 100,000 people in each age group, 
averaged over the four years. 
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Causes of TBI-related hospitalizations are presented in Tables 2.5 and 2.6. Motor vehicle crashes 
and falls are the leading causes of TBI-related hospitalizations for both males and females. 
Infants and the elderly are particularly at risk of falling and sustaining a TBI that leads to 
hospitalization. Males aged 15-44, and infants of both sexes, are more at risk of assault-related 
TBI hospitalization. Bicycle crashes are the third leading cause of TBI-related hospitalization for 
children aged 1-14. 
 

Table 2.5. Causes of nonfatal TBI-related hospitalization by age – males (rates/100,000 in 
parentheses) 

Rank Age <1 1-14 15-24 25-44 45-64 65+ 

1 
Unintentional 

falls 
(78.31) 

Motor 
vehicle, 
traffic 

 (15.51) 

Motor 
vehicle, 
traffic 
(77.38) 

Motor 
vehicle, 
traffic 
(41.25) 

Unintentional 
falls 

(29.57) 

Unintentional 
falls 

(125.13) 

2 Assault  
(39.90) 

Unintentional 
falls 

(14.19) 

Assault 
(20.34) 

Assault 
(20.28) 

Motor 
vehicle, 
traffic 
(29.39) 

Motor 
vehicle, 
traffic 

 (34.09) 

3 
Motor 
vehicle, 
traffic 
(10.34) 

Bicycle 
(8.25) 

Unintentional 
falls 

(12.73) 

Unintentional 
falls  

(17.15) 
Assault (12.72) Assault  

(4.30) 

Source: Michigan Vital Statistics calendar years 1999-2002; rates are per 100,000 people in each age group, averaged 
over the four years. 
 
 

Table 2.6. Causes of nonfatal TBI-related hospitalization by age – females (rates/100,000 in 
parentheses) 

Rank <1 1-14 15-24 25-44 45-64 65+ 

1 
Unintentional 

falls 
(50.01) 

Motor 
vehicle, 
traffic 
(12.37) 

Motor 
vehicle, 
traffic 
(45.17) 

Motor 
vehicle, 
traffic 
(22.56) 

Motor 
vehicle, 
traffic 
(17.51) 

Unintentional 
falls 

(117.25) 

2 Assault 
 (27.52) 

Unintentional 
falls 

(9.10) 

Unintentional 
falls 

(4.04) 

Unintentional 
falls 

(5.22) 

Unintentional 
falls 

(12.60) 

Motor 
vehicle, 
traffic 
(21.87) 

3 
Motor 
vehicle, 
traffic 
(8.53) 

Bicycle 
(3.02) 

Assault  
(2.61) 

Assault  
(4.20) 

Assault  
(2.00) 

Unintentional
Struck 

by/against  
(1.98) 

Source: Michigan Vital Statistics calendar years 1999-2002; rates are per 100,000 people in each age group, averaged 
over the four years. 
 
The leading causes of TBI ED visits are displayed by age for males in Table 2.7 and for females 
in Table 2.8. Note that percentages are presented rather than rates as rates cannot be calculated 
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from unweighted data. These more mild injuries have different causes than fatal TBI cases as 
described above. Injury cause patterns for TBI cases treated and released from EDs were fairly 
similar for males and females.  
 
Unintentional struck by/against is the third most common cause of TBI ED visits, although it 
only accounted for 3% of individuals hospitalized with TBI. Many of these injuries are likely 
sports and recreation-related. Falls are the most common cause of TBI for younger and older 
individuals, eclipsed by motor vehicle crashes and unintentional struck by/against for ages 15-44. 
Bicycle crashes are a main cause of ED cases of TBI for children age 14 and under, but only 
appear in the top three causes for males aged 1-14.  

Table 2.7. Causes of ED cases of TBI by age category - males 
 

Rank 
 

Age <1 
(n=116) 

1-14 
(n=1,085) 

15-24 
(n=804) 

25-44 
(n=601) 

45-64 
(n=236) 

65+ 
(n=131) 

1 
Unintentional 

falls 
(81.9%) 

Unintentional 
falls 

(48.5%) 

Unintention-
al struck 

by/against 
(31.2%) 

Motor 
vehicle, 
traffic 

(23.1%) 

Unintentional 
falls 

(39.0%) 

Unintentional 
falls 

(78.6%) 

2 
Unintention-
al struck 
by/against 

(12.1%) 

Unintention-
al struck 

by/against 
(31.1%) 

Motor 
vehicle, 
traffic 

(21.4%) 

Unintention-
al struck 

by/against 
(22.8%) 

Motor vehicle, 
traffic 

(21.2%) 

Motor vehicle, 
traffic 
(8.4%) 

3 
Motor 
vehicle, 
traffic 
(1.7%) 

Pedalcycles, 
traffic & non-

traffic 
(8.4%) 

Assault-
related 

(21.3%)  

Unintentional 
falls 

(22.5%) 

Unintention-al 
struck 

by/against 
(16.5%) 

Unintentional 
struck 

by/against 
(5.3%) 

Source: MEDCIIN 2001 unweighted data from 23 hospitals. 
 Table 2.8. Causes of ED cases of TBI by age category - females 

 
Rank 

 

Age <1 
(n=84) 

1-14 
(n=650) 

15-24 
(n=531) 

25-44 
(n=533) 

45-64 
(n=247) 

65+ 
(n=281) 

1 
Uninten-

tional falls 
(84.5%) 

Uninten-
tional falls 

(56.0%) 

Motor vehicle, 
traffic 

(29.6%) 

Uninten-
tional falls 

(27.6%) 

Uninten-
tional falls 

(59.1%) 

Uninten- 
tional falls 

(86.1%) 

2 
Uninten-

tional struck 
by/against 

(11.9%) 

Uninten-
tional struck 

by/against 
(21.5%) 

Uninten-tional 
falls 

(23.0%) 

Motor 
vehicle, 
traffic 

(25.7%) 

Motor 
vehicle, 
traffic 

(15.8%) 

Motor vehicle, 
traffic 
(6.8%) 

3 
Motor 

vehicle, 
traffic 
(2.4%) 

Motor 
vehicle, 
traffic 
(9.2%) 

Uninten-tional 
struck 

by/against 
(22.0%) 

Uninten-
tional struck 

by/against 
(21.2%) 

Uninten-
tional struck 

by/against 
(13.0%) 

Uninten- 
tional struck 

by/against 
(5.3%) 

Source: MEDCIIN 2001 unweighted data from 23 hospitals. 
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To conclude, as identified through analysis of Michigan data, some risk factors for TBI include: 
being male, being an adolescent or young person, and being elderly. These different groups are at 
risk for TBI for different reasons. Elderly people and young children are both at risk because of 
the potential for falling; however, falling appears to have more devastating consequences for the 
former. Falls rank below the top three most common causes of TBI death for children, but they 
are the most common cause of TBI death for the elderly.  
 
The data presented here show that males tend to experience TBI more often for violent behaviors 
and suicide-related events. Motor vehicle crashes are a leading cause of TBI-related ED visits, 
hospitalizations, and deaths for all sexes and age groups. However, serious car crashes are more 
likely to involve males – especially between 15 and 24 where the TBI death rate due to motor 
vehicle crashes is 12.7/100,000, and the hospitalization rate is 77.4/100,000. The female death 
rate for the same age category is less than half the male rate at 5.61/100,000, while the 
hospitalization rate is 45.17. Similarly, while falls are a common cause of TBI-related 
hospitalizations and ED visits for everyone, males in all age categories are at greater risk for falls 
resulting in hospitalization with TBI. 
 
Both female and male infants are at risk of homicide and assault. Assault is the leading cause of 
TBI-related death and the second leading cause of TBI-related hospitalization for children under 
one year. 

  23  



Report of the MDCH TBI Project 

Discussion 
 

To understand traumatic brain injury, it must be put in context with other major causes of injury 
and death. Table 2.9 compares TBI to common disease-related deaths in Michigan for calendar 
year 2002. The number of deaths related to TBI is less than that for heart disease and cancer, but 
higher than the number of deaths in Michigan for liver disease and AIDS. Table 2.10 presents the 
number of injury deaths by cause, the number of TBI deaths in those categories, and the percent 
of TBI to the total for each cause category. Data indicate that a large percentage of injury-related 
deaths in Michigan involve TBI. 
 

 

Table 2.9. TBI compared to 
top disease-related deaths, 
Michigan, 2002 

 Table 2.10. Percentage of injury deaths in which 
TBI is a contributing cause, Michigan, 2002 

Cause of death 
Number of 
deaths in 

2002 

 
 All injury 

deaths 

TBI-
related 
deaths 

TBI as % 
of all 

All Deaths 87,534  Motor Vehicle 1,323 404 31% 
Heart Disease 26,447 
Cancer (all) 19,831 

 All Other 
Accidents 1,919 425 22% 

Stroke 5,740  Suicide 1,095 443 40% 
Homicide 689 163 24% Chronic Lower 

Respiratory 
Diseases 

4,389 
 

Diabetes 2,753  
Pneumonia 2,007  

Source: Injury deaths for 2002 are available: 
http://www.mdch.state.mi.us/pha/osr/index.asp?Id=4. TBI-
related deaths in each category were those pulled from Vital 
Statistics for the current analysis. 

TBI 1,523      
Chronic Liver 
Disease and 
Cirrhosis 

975 
 

 
   

Atherosclerosis 564      
AIDS 237      
Source: TBI deaths are those as pulled 
from Vital Statistics for the current 
project, deaths due to diseases are 
available at: 
http://www.mdch.state.mi.us/pha/osr/in
dex.asp?Id=4 

 

 

   

While TBI was a contributing cause for only 2% of all Michigan deaths in 2002, TBI turns out to 
be a much more prominent cause of death for certain age groups (MDCH, 2004): 

• Age group 1-14: 13% of all Michigan deaths in 2002 were TBI-related; 
• Age group 15-24: 22% of all Michigan deaths in 2002 were TBI-related; 
• Age group 25-34: 13% of all Michigan deaths in 2002 were TBI-related; 
• Age group 35-44: 7% of all Michigan deaths in 2002 were TBI-related. 
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Data analysis done by MDCH finds that injury accounted for 4.4% of all hospitalizations in 1999 
and 2001. TBI accounted for approximately 10% of all injury hospitalizations in Michigan 
during these years (Largo and Scarpetta 2003; Largo et al 2002). Analysis of 1999 data by age, 
finds that TBI was the most frequent type of injury among hospitalized infants, and the second or 
third leading type of injury for people in age groups 1- 44 and 65 and over (Largo et al 2002). 
 
A second question arising from the incidence data presented in this report is: How is Michigan 
doing compared to the rest of the country in terms of the number of TBI cases? The CDC (2004) 
compared TBI-related hospitalization rates using 1999 data from 22 states, and TBI-related death 
rates using 1999 data from 21 states. Michigan reported 1,585 TBI-related deaths in that year, for 
an age-adjusted rate per 100,000 of 16.8. The average reported rate across the 21 reporting states 
was 19.8 – Michigan’s TBI-related death rate was more than 0.5 standard deviation below 
average.  

• Only four reporting states had a lower TBI death rate than Michigan: Massachusetts-9.0, 
North Dakota-11.0, Hawaii-11.1, and California-13.4. 

• Minnesota reported approximately the same death rate for TBI-17.1.  
• Fifteen other states reported a TBI death rate higher than Michigan’s: Texas-18.0, 

Florida-18.3, Vermont-19.5, Wisconsin-19.6, Kentucky-19.7, Washington-20.8, Kansas-
21.3, Georgia-21.8, Utah-22.2, North Carolina-22.5, Nebraska-23.7, Colorado-24.5, 
Oklahoma-26.1, South Carolina-27.5, and Louisiana-31.2  

 
In terms of TBI-related hospitalization rates, the average reported rate during 1999 from 22 
states was 67.5 (CDC, 2004). Michigan appears to have a somewhat higher rate than the average 
from this group of states – 87.3/100,000 during 1999.  
 
One might want to conclude that states with more nonfatal hospitalizations on average have 
fewer deaths due to TBI (reasoning that they may have better emergency services and survival 
rates may be higher). However, this appears unwarranted. TBI-related hospitalization and death 
rates as reported by the CDC (2004) for 22 states are not correlated (Pearson correlation 
coefficient=-.12, not statistically significant).3  
 
 
 
 
 
 
 
 
 
 
 
 
 
                                                 
3 Correlation coefficients have a possible range from –1 to 1. A correlation coefficient of –1 indicates a perfect 
negative correlation (the higher one value, the lower the other); a correlation of +1 indicates a perfect positive 
correlation (the higher one value, the higher the other); a coefficient near zero indicates no correlation. 
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