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Introduction: The Barell body region by nature of injury diagnosis matrix standardizes data selection
and reports, using a two dimensional array (matrix) that includes all International Classification of Dis-
eases (ICD)-9-CM codes describing trauma.

Aim: To provide a standard format for reports from trauma registries, hospital discharge data systems,
emergency department data systems, or other sources of nonfatal injury data. This tool could also be
used to characterize the patterns of injury using a manageable number of clinically meaningful diag-
nostic categories and to serve as a standard for casemix comparison across time and place.
Concept: The matrix displays 12 nature of injury columns and 36 body region rows placing each ICD-
9-CM code in the range from 800 to 995 in a unique cell location in the matrix. Each cell includes the
codes associated with a given injury. The matrix rows and columns can easily be collapsed to get broader
groupings or expanded if more specific sites are required. The current matrix offers three standard levels
of detail through predefined collapsing of body regions from 36 rows to nine rows to five rows.

Matrix development: This paper presents stages in the development and the major concepts and
properties of the matrix, using data from the Israeli national trauma registry, and from the US National
Hospital Discharge Survey. The matrix introduces new ideas such as the separation of traumatic brain
injury (TBl), info three types. Injuries to the eye have been separated from other facial injuries. Other
head injuries such as open wounds and burns were categorized separately. Injuries to the spinal cord
and spinal column were also separated as are the abdomen and pelvis. Extremities have been divided
into upper and lower with a further subdivision into more specific regions. Hip fractures were separated
from other lower extremity fractures.

Forthcoming developments: The matrix will be used for the development of standard method:s for the
analysis of multiple injuries and the creation of patient injury profiles. To meet the growing use of
ICD-10 and to be applicable to a wider range of countries, the matrix will be translated to ICD-10 and
eventually to ICD-10-CM.

Conclusion: The Barell injury diagnosis matrix has the potential to serve as a basic tool in epidemio-

standardizes data selection and reports, using a two
dimensional array (matrix) that includes all International
Classification of Diseases (ICD)-9-CM codes describing trauma.
The matrix has the potential to serve as a basic tool in the epi-
demiological and clinical analysis of injury diagnosis data.
The matrix was originally designed in 1996 by researchers
from the Injury Prevention and Control Section of the Health
Services Research Unit in the Israeli Ministry of Health and by
clinical personnel from the Trauma Branch of the Israeli
Defense Forces Medical Corps. Development was initiated by
Barell at meetings of the International Collaborative Effort
(ICE) on Injury Statistics in 1997."* A parallel matrix was
designed by Mackenzie and Champion.’ The matrix was final-
ized at the ICE meeting of 2001, after which the united version
presented in this paper was completed.
This paper describes the stages in the development and the
major concepts and properties of the Barell injury diagnosis
matrix.

The Barell body region by nature of injury diagnosis matrix

OBIJECTIVES

The matrix is a tool for standardized retrieval of injury cases
for epidemiological, clinical, and management oriented analy-
ses. It could be used to:

® Characterize the patterns of injury resulting from diverse
circumstances using a manageable number of clinically
meaningful diagnostic categories.

logical and clinical analyses of injury data.

® Serve as a standard for casemix comparison across time and
place.

e Simplify the process of classifying injuries using ICD-9-CM
in a trauma setting.

® Provide a standard format for reports from trauma registries,
hospital discharge data systems, emergency department
data systems, or other sources of non-fatal injury data.

CONCEPT

Most traumatic injuries can be described using 12 systemati-
cally classified injury natures. These are fractures, disloca-
tions, sprains and strains, internal injuries, open wounds,
amputations, injuries to blood vessels, contusions and
superficial injuries, crush, burn, and nerve injuries. When
these “nature of injury types” affect different body regions
they form the various injuries detailed serially in the
ICD-9-CM codes.® The matrix depicts the nature of injury in
the columns and body region in the rows. The placement of
ICD-9-CM codes in their “appropriate” cells gives substance to
the matrix. The matrix rows and columns can easily be

Abbreviations: ICD, International Classification of Diseases; ICE,
International Collaborative Effort; NHDS, National Hospital Discharge
Survey; TBI, traumatic brain injury
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Figure 1

The Barell injury diagnosis matrix; classification by body region and nature of injury (based on five digit ICD-9-CM codes).

*Note from CDC: 959.01 (added to ICD-9-CM in 1997) is not intended to be assigned to TBI cases; however, in the USA it has been assigned

incorrectly to a substantial proportion of cases previously coded 854.

For purposes of classification, head injuries are labeled as type 1 TBI if there is recorded evidence of an intracranial injury or a moderate or
a prolonged loss of consciousness, shaken infant syndrome, or injuries to the optic nerve pathways. Type 2 TBl includes injuries with no
recorded evidence of intracranial injury, and loss of consciousness of less than one hour, or loss of consciousness of unknown duration, or

unspecified level of consciousness. Type 3 TBI includes patients with no evidence of intracranial injury and no loss of consciousness.
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Table 1 Patient characteristics for casualties with TBI
by TBI types
Type 1 Type 2 Type 3
(n=4787) (n=9493) (n=672)
Injury severity score 25+ (%) 30.4 1.3 1.2
Inpatient death (%) 13.3 0.3 0.2
Median (IQR) duration of stay (days) 5 (2-10) 1 (1-2) 2 (1-3)
Median (IQR) infensive care stay (days) 4 (1-10) 2 (1-4) 1 (1-3)

Median (IQR) age (years) 25 (9-57) 10 (3-2¢) 3 (1-7.5)

IGR, interquartile range.

collapsed to get broader groupings or expanded if more
specific sites are required. The current matrix offers three
standard levels of detail through predefined collapsing of body
regions from 36 rows to nine rows to five rows (fig 1).

DEVELOPMENT OF THE MATRIX STRUCTURE
The matrix columns follow the sequence of ICD-9-CM codes.
Column A includes ICD-9-CM codes 800 to 829, column B
contains codes 830 to 839, column C codes 840 to 848, and so
on. The columns have not changed much through the
development process. The few changes that did occur include
separation of amputations from open wounds (codes 885-887
and 895-897) and collapsing contusions and superficial inju-
ries to form one column for ICD-9-CM codes 910 to 924.
Amputations were separated from open wounds as they were
recognized as an important source of disability receiving
increasing attention.

The rows, however, are the product of a long iterative proc-
ess involving much thought and intent. The most significant
changes include:

® Traumatic brain injury* (TBI) was initially defined based on
the definition of the Centers for Disease Control and
Prevention’ but later separated into three types of TBI. Type
1 TBI was defined where there was recorded evidence of an
intracranial injury or a moderate or a prolonged loss of con-
sciousness, shaken infant syndrome, or injuries to the optic
nerve pathways. Type 2 TBI included injuries with no
recorded evidence of intracranial injury, and a loss of
consciousness of less than one hour, or loss of conscious-
ness of unknown duration, or unspecified level of con-
sciousness. Type 3 TBI included patients with no evidence of
intracranial injury, and no loss of consciousness. The differ-
ences between these three classes using Israeli trauma reg-
istry data are described in example 1 below and shown in
table 1.

® Injuries to the eye are separated from other facial injuries.

® Other head injuries, such as open wounds and burns, are
categorized separately.

® Injuries to the spinal cord and spinal column are separated
as it was presumed that spinal cord injuries would be more
severe and would involve a different type of disability and
rehabilitation. Furthermore, the cross tabulation of detailed
body regions for spinal cord and spinal column injuries
showed differences as detailed in example 2 below (see
table 2).

® The abdomen and pelvis are defined separately.

® Extremities are divided into upper and lower, with a further
subdivision of each into more specific regions. Hip fractures

*Injury to the head that is documented in a medical record, with one or
more of the following conditions attributed to head injury: observed or
self reported decreased level of consciousness, amnesia, skull fracture,
objective neurological or neuropsychological abnormality, or diagnosed
intracranial lesion.”

Table 2 Body region of spine and back injuries by
spinal cord and vertebral column; values are number

(%)

Spinal cord Vertebral column
Cervical 13051 (54) 45115 (27)
Thoracic/dorsal 6986 (29) 38288 (23)
Lumbar 2656 (11) 78290 (47)
Sacrum coccyx 374 (2) 4616 (3)
Other 1067 (4) 821 (0)

*This table is based on 1998-99 NHDS data.

are separated from other lower extremity fractures as they
usually affect different populations from other injuries as
presented in example 3 below.

® Some conditions could not be associated with a specific
body region. These included injuries that could occur at one
of two or more sites, injuries to multiple sites, or injuries
that are systemic.

® Earlier versions of the matrix placed codes referring to one
of two or more sites where injury was most likely to occur
(priority codes). In the final matrix it was decided to create
rows of “other” or “unspecified” by body region (at the
general matrix level), for example, other and unspecified
head and neck. These rows provided a suitable place for
most of the priority codes.

® Codes describing multiple injuries or indistinctly defined
injuries, not in the same body region, were placed in sepa-
rate rows named “other and multiple specified” sites or
unspecified.

® Systemic injuries appear in the last row named “system-
wide conditions”. These include: foreign bodies entering
through orifice, early complications of trauma, late effects
of injuries, poisoning and toxic effects of substances, and
other and unspecified effects of external causes. This last
separation enables easy use of the matrix for analysis of
trauma registry data which excludes cases with non-
traumatic injuries based on the recommendations of the
American College of Surgeons,® in which diagnostic injury
codes between 800 and 959.9 only are included.

® [CD-9-CM codes for adverse effects (995.0-4, .6-.7,
.86—.89) and complications of surgical and medical care
(996-999) are not included in the matrix. This is consistent
with the omission of comparable external cause of injury
codes (E codes) from the injury mortality matrix developed
by Centers for Disease Control and Prevention.’

In all, the matrix displays 12 nature of injury columns and
36 body region rows placing each ICD-9-CM code in the range
from 800 to 995 in a unique cell location. Each cell includes the
codes associated with a given injury. Initially, the matrix was
developed on five digit ICD-9-CM codes which are in use in the
Israeli trauma registry and in the US National Hospital
Discharge Survey (NHDS). Modifications have been made and
a four digit version of the matrix is now available upon request
from authors. This four digit matrix will be useful for analysis
of multiple cause-of-death data (using codes from ICD-9) or in
places where the fifth digit from ICD-9-CM is not recorded.

APPLICATIONS

Data presented in this paper are from the Israeli national
trauma registry, and from the US NHDS. Included in the
trauma registry are all casualty admissions to hospital, emer-
gency department deaths, and transfers to another acute care
hospital at eight of 23 trauma centers in Israel. As these cent-
ers include all level I centers in the country, it is assumed that
they cover over 70% of the severe trauma in Israel. Data
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fractures

Table 3 Characteristics of patients with hip fractures and other lower extremity

Hip fracture  Other lower extremity

(n=5403) fracture (n=6743)
Fall injury (%) 95 50
Male (%) 31 63
Median age (years) (25%-75% interquartile range) 79 (73-85) 34 (19-55)
Median length of stay (days) (25%-75% interquartile range) 9 (6-12) 5(2-10)

presented includes records from 1 January 1997 to 31 Decem-
ber 1999, a total of 47 692 patients.

Data are also presented from the US NHDS for 1998 and
1999. NHDS data are for discharges from non-federal short
stay general hospitals. Because repeat hospitalizations for the
same injury cannot be separated in this dataset, the outcome
measure is a hospital discharge and not a person." For 1998—
99, there were a total of 3.6 million discharges with a principal
diagnosis of injury." To analyze the Israeli data, a SAS compu-
ter program was written which reads all assigned diagnoses
(up to 10 ICD-9-CM codes) in the medical record and updates
the counts in the matrix cells. When using multiple diagnoses,
persons with a specific type of injury are counted, even if they
have other injuries as well. This point is a central concept in
the matrix application for data analysis, and will be described
in detail in a separate paper.

To analyze the United States data, a SAS computer program
was written to read a single diagnosis (the first listed or prin-
cipal diagnosis). The SAS statements can be found on: http://
www.cdc.gov/nchs/about/otheract/ice/barellsas.htm.

An injury of interest may be defined by a cell, a combination
of cells, a row (for example. casualties with eye injuries), a
column (casualties with a fracture regardless of site), or any
combination thereof. The matrix can be used to identify com-
mon patterns of injuries in different circumstances, such as
head-on motor vehicle crashes, falls from height, etc.

Additionally, the matrix can be used for reporting injury
statistics, as is done in the US with hospital discharge data or
from trauma registry data as done in Israel.

RESULTS

Figure 1 presents the final matrix reduced to fit into the pages
of this journal. A PDF format of the full scale matrix can be
found on the internet” or by mail from the authors. The
results presented below demonstrate how several of the deci-
sions were made during the matrix building process:

1. Rationale for the separation of TBI types

Table 1 presents several characteristics of Israeli patients with
TBI. The table shows the differences between three mutually
exclusive groups—those with ICD-9 codes indicating type 1
TBI, those with codes indicative of type 2 TBI, and those with
codes suggesting type 3 TBI. Thirty per cent of type 1 TBI had
a life threatening injury (injury severity score 25+ ) compared
with 1.3% in type 2 TBI and 1.2% in type 3 TBI. Type 1 TBI
patients have higher inpatient death rates (13.3% v 0.3% in
type 2 v 0.2% in type 3), and longer intensive care unit stays
(four days, two days, and one day, respectively). Ages were also
found to be different between the groups, the median age
being 25 years in type 1 TBI, 10 years in type 2, and 3 years in
type 3. Preliminary results are presented in detail in separate
papers.” ™

2. Variability in body region injured by spinal cord
injuries and vertebral column injuries

Table 2 presents US data cross tabulating injury region (cervi-
cal, thoracic/dorsal, lumbar, sacrum-coccyx, and other) by type
of back injury (spinal cord or spinal column). Spinal cord

www.injuryprevention.com

injuries are most often cervical (54%) while vertebral column
injuries were usually (47%) lumbar, further justifying the dis-
tinction. The matrix, therefore, makes the differentiation
between cervical, thoracic, and lumbosacral injuries both to
the spinal cord and to the vertebra.

3. Separation of hip fractures from other lower
extremity fractures

Table 3 presents various characteristics of patients with hip
fractures and those with other lower extremity fractures. The
results show that 95% of hip fractures are caused by falls
compared with only 50% in other lower extremity fractures.
Hip fracture patients are predominantly female (69%)
compared with 37% with other fractures. They are also older
(79 v 34 years) and stayed in hospital longer (9 v 5 days).
Therefore, a decision was made to keep these patients
separated by the matrix so they could easily be excluded from
studies concerned with more general trauma.

Diagnoses frequency

Based on the matrix presented in fig 1, table 4 presents the
frequencies and per cent distributions of diagnoses recorded
in the Israeli national trauma registry during the three year
study period, as well as the distributions from the US NHDS
for 1998-99. To simplify the presentation, only the first listed
diagnosis is used in this figure, and it presents data at the least
detailed standard row level. As one would expect, distributions
seen from the Israeli trauma registry data are different from
the distributions seen in the NHDS data, primarily because the
populations served differ in terms of injury severity.

The matrix is useful for highlighting differences. For exam-
ple, it shows that the Israeli trauma registry have more than
twice the proportion of head and neck injuries compared with
discharges in the NHDS (36% v 17%) and head and neck inju-
ries are more likely to be internal organ injuries in the Israeli
trauma registry than in the NHDS (58% v 42%).

DISCUSSION

The Barell injury diagnostic matrix described in this paper is a
framework that can serve as a practical tool for standardizing
injury diagnosis data. ICD-9-CM codes are arranged by the
nature of injury, meaning that any attempt to gather all inju-
ries to a certain body region involves collating codes across
sections within the chapter headings. By using the matrix, this
selection is predefined and standard, enabling comparisons
across time or place. The major concept behind the matrix’s
construction was that most injuries can be accounted for by a
list of 12 injury natures. Organizing these by body regions
produces a useful tool.

The construction of the matrix was an iterative process that
took five years, from the initial presentation of the idea, to the
final approval at the ICE on injury statistics. One of the more
difficult decisions had to do with the definition of TBI. Because
the Centers for Disease Control and Prevention already had a
TBI surveillance definition in place,” discussions took place
over many months. Currently, the matrix does not partition or
tabulate TBIs by severity (that is, mild v severe). This is one of
the issues that will be considered in future refinements of the
matrix.
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Table 4 Frequency and per cent distributions of first listed diagnosis by matrix cells (most general level)

Sprain and Blood
Total Fractures Internal Open wound Contusions  Burns strain Dislocation =~ Amputations  vessels Crush Nerves Unspecified
Actual numbers
Israeli trauma registry data, 1997-99
Head and neck 16865 3740 9738 1417 1302 507 10 1 - 46 14 49 41
Spine and back 1284 1087 107 - - - 51 39 - - - - -
Torso 6296 1620 1342 753 2112 351 28 4 - 79 1 2 4
Extremities 21499 15829 - 1767 955 649 566 425 466 163 447 113 119
Other and unspecified 854 18 3 36 126 641 3 1 - 4 - 18 4
Total 46798 22294 11190 3973 4495 2148 658 470 466 292 462 182 168
US National Hospital Discharge Survey, 1998-99
Head and neck 535863 154233 225563 65327 27141 15846 689 1114 54 1845 44051
Spine and back 191264 141606 9804 - - - 30947 8907 - - - - -
Torso 457337 181883 172907 28739 33047 13354 13370 391 2304 29 168 11145
Extremities 1864949 1489546 - 106072 41667 44978 101781 34967 17092 7212 10046 4860 6728
Other and unspecified 86599 603 524 6629 15167 51019 2947 505 343 1149 7713
Total (excluding system-wide) 3136012 1967871 408798 206767 117022 125197 149045 45459 17092 10973 10129 8022 69637
System-wide 474809
% By body region
Israeli trauma registry data, 1997-99
Head and neck 36.0 16.8 87.0 357 29.0 23.6 1.5 0.2 0.0 15.8 3.0 26.9 24.4
Spine and back 2.7 4.9 1.0 0.0 0.0 0.0 7.8 8.3 0.0 0.0 0.0 0.0 0.0
Torso 13.5 7.3 12.0 19.0 47.0 16.3 4.3 0.9 0.0 27.1 0.2 1.1 2.4
Extremities 45.9 71.0 0.0 44.5 21.2 30.2 86.0 90.4 100.0 55.8 96.8 62.1 70.8
Other and unspecified 1.8 0.1 0.0 0.9 2.8 29.8 0.5 0.2 0.0 1.4 0.0 9.9 2.4
Total 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0
US National Hospital Discharge Survey, 1998-99
Head and neck 17.1 7.8 55.2 31.6 23.2 12.7 0.0 1.5 0.0 10.2 0.5 23.0 63.3
Spine and back 6.1 7.2 2.4 0.0 0.0 0.0 20.8 19.6 0.0 0.0 0.0 0.0 0.0
Torso 14.6 9.2 42.3 13.9 28.2 10.7 9.0 0.9 0.0 21.0 0.3 2.1 16.0
Extremities 59.5 757 0.0 51.3 35.6 35.9 68.3 76.9 100.0 65.7 99.2 60.6 9.7
Other and unspecified 2.8 0.0 0.1 3.2 13.0 40.8 2.0 1.1 0.0 3.1 0.0 14.3 11.1
System-wide (13%)
Total 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0
% By nature of injury
Israeli trauma registry data, 1997-99
Head and neck 100.0 22.2 57.7 8.4 7.7 3.0 0.1 0.0 0.0 0.3 0.1 0.3 0.2
Spine and back 100.0 84.7 8.3 0.0 0.0 0.0 4.0 3.0 0.0 0.0 0.0 0.0 0.0
Torso 100.0 257 21.3 12.0 33.5 5.6 0.4 0.1 0.0 1.3 0.0 0.0 0.1
Extremities 100.0 73.6 0.0 8.2 4.4 3.0 2.6 2.0 2.2 0.8 2.1 0.5 0.6
Other and unspecified 100.0 2.1 0.4 4.2 14.8 75.1 0.4 0.1 0.0 0.5 0.0 2.1 0.5
Total 100.0 47.6 23.9 8.5 9.6 4.6 1.4 1.0 1.0 0.6 1.0 0.4 0.4
US National Hospital Discharge Survey, 1998-99
Head and neck 100.0 28.8 421 12.2 5.1 3.0 0.0 0.1 0.0 0.2 0.0 0.3 8.2
Spine and back 100.0 74.0 5.1 0.0 0.0 0.0 16.2 4.7 0.0 0.0 0.0 0.0 0.0
Torso 100.0 39.8 37.8 6.3 7.2 2.9 2.9 0.1 0.0 0.5 0.0 0.0 2.4
Extremities 100.0 79.9 0.0 57 2.2 2.4 55 1.9 0.9 0.4 0.5 0.3 0.4
Other and unspecified 100.0 0.7 0.6 7.7 17.5 58.9 3.4 0.6 0.0 0.4 0.0 1.3 8.9
Total (excluding system-wide) 100.0 62.8 13.0 6.6 3.7 4.0 4.8 1.4 0.5 0.3 0.3 0.3 2.2
Total (including system-wide) 100.0 54.5 11.3 57 3.2 3.5 4.1 1.3 0.5 0.3 0.3 0.2 1.9

wod uonuaraidAinlur mmm

Xlow ||9]Dg QLLL

g6


http://ip.bmj.com

96

Key points

e The Barell body region and nature of injury diagnosis
matrix standardizes data selection and reports, using a two
dimensional array (matrix) which includes all ICD-9-CM
codes describing trauma.

® The matrix can be used to characterize the patterns of injury
using a manageable number of clinically meaningful diag-
nostic categories and to serve as a standard for casemix
comparison across time and place.

e The matrix infroduces some new ideas such as the separa-
tion of traumatic brain injury into three groups.

e The matrix has the potential to serve as a basic ool in the
epidemiological clinical analysis of multiple injury diagno-
sis data.

e This paper presents stages in the development and the
major concepts and properties of the matrix, using data
from the Israeli national trauma registry, and from the US
National Hospital Discharge Survey.

Another area of discussion and debate has been the place-
ment of injuries to nerve roots. Are nerve roots central nervous
system injuries or not? Consistent with early epidemiologic
studies of TBI in the US, the Centers for Disease Control and
Prevention do not currently include them in their central
nervous system definition.” In the end, injury to brachial
plexus (953.4) was included in upper extremities, and injuries
to the optic chiasm pathway and visual cortex (codes
950.1-.3) were included in TBI as a nerve injury and not in the
eye row.

In regard to spinal cord and certain TBIs, we debated
whether to place these in the nerves column or as internal
injuries. For example, spinal cord injuries were initially
categorized partly in fractures and partly with nerve injuries.
In the last matrix update, the ICD codes for spinal cord
“nerve” injuries (code 952) were included with internal organ
injuries. The reason for the move was that the column for
nerve injuries included some, but not all spinal cord injuries
(spinal cord injuries with fractures are classified under
fractures). Moving them to internal injuries is more consistent
with the placement of brain injuries. Thus, the nerve column
now includes all nerve injuries except for spinal cord injuries.
The latter can be identified through the matrix rows.

The matrix has been built using five digit ICD9-CM codes.
This is most important for burn injuries where the fifth digit
gives the location of the burn and also for certain head injuries
where the fifth digit details the duration of loss of conscious-
ness. Any data system which lacks this level of detail may miss
essential information.

FORTHCOMING DEVELOPMENTS
ICD-10 reverses the classification system, and body region
becomes the major category, subdivided by type of injury.”
However, the problem of collating codes remains—this time to
identify all fractures, all relevant codes must be collated from
the S and T sections, which are organized primarily by body
region. With the growing use of ICD-10 and in order to be
applicable to a wider range of countries, some of which use
ICD-10 already, we need to translate this matrix to ICD-10.
The matrix can be used for analyzing both single diagnoses
(as with the NHDS) and multiple diagnoses (as with the
Israeli trauma registry data). When used with multiple
diagnoses it serves as the basis for the development of stand-
ard methods for the analysis of multiple injuries and to create
patient profiles. The present lack of tools suitable for the
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analysis of multiple injuries set limits on our ability to
correctly analyze injury in populations. Choosing the first
listed or principal diagnosis can result in loss of information,
as some patients with a specific injury will be excluded if
another injury was chosen as their major diagnosis. Most
important is the possibility of distorting information on the
true physical condition of the casualty, because multiple inju-
ries are often associated with greater severity. This analysis of
multiple injuries is seen as a central issue in the matrix
concept and will be at the core of the next phase of
development.
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