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ABSTRACT

According to the Office of the Under Secretary of Defense for Acquisition and
Technology, the Department of Defense currently does not have sufficient means of
tracking and/or understanding the magnitude of problems associated with musculoskeletal
(MS) injuries amongst its civilian and active duty personnel. The Naval Health Research
Center (NHRC), San Diego, CA, has been conducting its own studies and research with
regard to MS injuries incurred by Naval Special Warfare (NSW) personnel since October,
1993. One elite group within this community which was targeted for the research is the
Navy SEALs. The purpose of this thesis is to determine the impact on operational
readiness using the measure of effectiveness (MOE): mission dependent man-days lost
over time as a result of MS injuries incurred by Navy SEALs. Because NHRC has been
seeking a database sufficient to answer such questions related to operational readiness,
suggestions for software system design are provided. Results for man-days lost over time
are presented for two missions, two mission segments, and three separate activities.
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EXECUTIVE SUMMARY

According to the Office of the Under Secretary of Defense, the Department of
Defense currently does not have sufficient means of tracking and/or understanding the
magnitude of problems associated with musculoskeletal (MS) injuries amongst its civilian
and active duty personnel. Active duty data sources are even more limited than those of
civilian data sources. Although each branch of the armed forces regularly collects back
injury data, there have been indications of under-reporting and problems with
discrepancies.

The Naval Health Research Center (NHRC), San Diego, CA, has been conducting
its own studies and research with regard to MS injuries incurred by Naval Special Warfare
(NSW) personnel since October, 1993. Because Navy SEALs are an elite group within
the NSW community and undergo what is considered the most extensive military and
physically demanding training in the world, they were targeted for this research by NHRC.
NHRC has been conducting studies and research of the occurrence of MS injuries incurred
by NSW personnel, and it has been actively seeking a software system design that would
generate data sufficient to answer questions related to operational readiness.

Dr. Keith Prusaczyk, Head of Human Performance Department, NHRC, has been
aggressively involved in this undertaking. Data collected by a software system temporarily
in use at Naval Special Warfare Group Two (NSWG-TWO) Medical, Little Creek, VA,
was released to and provided by Dr. Prusaczyk for use in this thesis.

The purpose of this thesis is to determine the impact on operational readiness
using the measure of effectiveness (MOE). man-days lost over time (for specified
missions and mission segments) as a result of MS injuries incurred by Navy SEALs.
Furthermore, because the data were lacking some of the information necessary to more
accurately compute the MOE, suggestions for data items to be collected as well as for
software system design are provided.

Because the software system which generated the data used in this thesis was
designed using relational databases, the focal point of the experience tour at NHRC was to
determine the “link” between output files generated and to extract the data from each of
those files considered necessary in computing the MOE. This resulted in the creation of a
new database utilized for computations.

The total number of Navy SEALs is approximately 2000, of which 900 are
attached to NSWG-TWO. The database used for this thesis covered a 13 month period
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for NSWG-TWO SEALs. During that period, 343 different SEALSs received treatment for
MS injuries. Before computing the MOE, only the information regarding Navy SEALSs
with MS injuries was extracted. Because some SEALs were given limited duty status
(i.e., no duty, no upper body, no lower body, no jumping, etc.) and/or received treatment
for their injuries, two separate files were used in the computations: '

¢ One file called /imduty composed of all SEALSs given limited duty status for

certain injuries.

¢ One file called freatment composed of all SEALSs receiving treatment for

certain injuries.

Sample missions and mission segments provided in NHRC Technical Report
Number 95-24 titled ‘“Physical Demands of U. S. Navy Sea-Air-Land (SEAL)
Operations”, were selected to compute the MOE. Each SEAL mission is composed of
several mission segments, with each segment consisting of several activities. The MOE
was computed after determining which particular diagnoses could potentially affect
specific activities performed in each of the missions and mission segments.

In order to see the variation from mission(s) to mission segment(s), the MOE was
adjusted to be activity dependent man-days lost over time as a result of MS injuries
incurred by Navy SEALs. Three sample activities regularly performed by SEALs were
selected. Results for man-days lost over time are presented for two missions, two mission
segments, and the three separate activities.

The methodology implemented in this thesis is easily adapted to any particular
population at risk and the suggested software system design can be easily adjusted for use

by any branch of the armed forces.
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I. INTRODUCTION

A. MUSCULOSKELETAL INJURIES IN THE DEPARTMENT OF DEFENSE

According to the Office of the Under Secretary of Defense for Acquistion and
Technology, [Ref. 1], musculoskeletal (MS) injuries are a serious topic of concern for the
Department of Defense (DoD).

Work-related musculoskeletal disorders (WRMDs) include upper
extremity, neck, back, and leg conditions. Conditions directly related to
workspace environment, jobs, and tools account for a significant portion of the
injuries and illnesses reported to the Department of Labor (DoL). Sprains and
strains account for approximately 44 percent of the injuries and illnesses resulting
in lost work time U. S. wide (Bureau of Labor Statisitics, 1992). Forty percent of
these sprains and strains involved the back and other portions of the trunk.

Data sources in the DoD are limited. Most databases do no collect the
data needed to accurately describe the magnitude of WRMSDs. Although back
injury data is routinely collected by all branches of the armed forces, there are
indications of under-reporting and disturbing discrepancies.... Data provided by
the Army Safety Center (ASC) and the DoL Office of Workers Compensation
(OWSP) are among those data sources reflecting such discrepancies and under-
reporting.

Active duty data are even more limited. One of the most reliable data
sources available, however, is information obtained as a result of retirement of
personnel for medical reasons. The top five medical retirement diagnoses involve
musculoskeletal conditions and account for the majority of the retirements. [Ref.
1]

The DoD Ergonomics Working Group was in the process of developing a template
for cross-sectional epidemiologic study to be used by each branch of the armed forces in
order to describe the magnitude of WRMSD problems in the DoD. According to the
information obtained from this web site, the process started in 1995. One of the
advantages of the design of this study was that comparable data would be collected across
all branches of the armed forces. Furthermore, if the study would determine that “more
accurate data are a concern for the DoD, funding should be allocated to perform the
study on a larger scale”. [Ref. 1]

To date, however, there has been no software system developed to generate the
type of information necessary to reflect the magnitude of the problem of MS injuries

incurred by personnel under the cognizance of the DoD.




f___

B. NAVAL HEALTH RESEARCH CENTER

Since October, 1993, the Naval Health Research Center, Naval Submarine Base,
San Diego, CA, has been conducting its own research and studies of exercise- and sports-
related injuries among particular populations at risk considered to be a concern for the
United States Navy. Of particular interest was the occurrence of musculoskeletal injuries
incurred by an elite population within the Naval Special Warfare (NSW) community - the
Navy SEALSs (Sea, Air, and Land). Because Navy SEALSs are considered to undergo the
most extensive and physically demanding military training in the world, MS injuries are
predominant among them. Because SEALS are an elite group within the Navy and DoD
and require such a selective screening process (both in terms of physical and mental
qualifications and performance capabilities), this particular population at risk warrants
even more special attention.

Dr. Keith Prusaczyk, Head of Human Performance Division, NHRC, has been
actively involved in the process of establishing a system of data collection which could be
utilized by all branches of the armed forces in tracking musculoskeletal injuries incurred by
Naval personnel. The work completed in this thesis is a result of continued research in
this area which began during an experience tour at NHRC under the direction of Dr.

Prusaczyk.

C. PURPOSE

Each SEAL mission is composed of several mission segments, with each segment
consisting of several activities. The purpose of this thesis is two-fold:

¢ To determine the impact on operational readiness of man-days lost over time
(for specified missions, mission segments or activities) as a result of
musculoskeletal injuries incurred by Navy SEALSs.

¢ To establish which types of data items should be collected in order to more
accurately determine man-days lost.

The data used to accomplish this task were collected by a software system, Medical
Analytic Data System (MADSYS), which was temporarily in use by Naval Special
Warfare Group Two (NSWG-TWO) Medical, Naval Amphibious Base, Little Creek, VA.
To accomplish the goals described above, this thesis provides researchers at NHRC with
insight and suggestions for the design of a software system more conducive to answering
such questions of concern. It will also provide a better mechanism for the tracking and




understanding of the magnitude of problems associated with MS injuries among Naval
personnel.

The methodology implemented for determining the impact on operational readiness
by this particular population at risk may be easily adapted to any such population at risk.
Suggestions for the software system design and data items to be collected are also easily
adjusted for use by any branch of the armed forces within the Department of Defense.







II. BACKGROUND

In October, 1993, researchers employed within Special Operations Division
(SOD), Naval Health Research Center (NHRC), San Diego, CA, submitted a proposal
titled “Exercise-related Injuries of Special Operations Personnel” to the Naval Medical
Research and Development Center (NMRDC), Bethesda, MD.

The purpose of this particular work unit was to decrease the incidence and
morbidity of musculoskeletal (MS) injuries sustained by Naval Special Warfare (NSW)
trainees and operators. Study A of the proposal outlined the further development and
maintenance of a computerized, epidemiologic database to provide researchers, Special
Warfare personnel, and medical providers with descriptive epidemiologic data regarding
MS injuries among Special Warfare trainees and operators. The data were to be used to :
1) determine frequency and distribution of MS injury; 2) determine morbidity due to MS
injury (i.e. recovery time, acute and long-term sequelae, attrition, cost, operational
impact); 3) aid in health-care planning; 4) guide and support future research efforts
regarding risk factors, etiology, diagnosis, treatment, and prevention of MS injury; 5)
evaluate the efficacy of specific interventions; and 6) serve as the information source for
the NSW community. [Ref. 2: p. 4] .

Data being collected currently by some of the medical facilities affiliated with the
NSW community are generated by a software system known as SMART (Sports Medicine
And Research Team). However, a temporary source of data collection provided by a
software system, Medical Analytic Data System (MADSYS), was in use at NSWG-TWO
Medical, Naval Amphibious Base (NAB), Little Creek, VA, from December, 1995
through February, 1997. These data were released to Dr. Keith Prusaczyk, NHRC, and
provided for use in this thesis.

A. DATA PROVIDED

1. Purpose

Dr. Prusacyzk was particularly interested in using the data provided by MADSYS
for two reasons: 1) to determine the adequacy of the data provided in answering some
extremely important questions such as how MS injuries among Navy SEALs impacts
operational readiness in terms of down-time; and 2) to show the importance of such data
collection by attempting to answer that question with the given database.




As an exercise physiologist, Dr. Prusacyzk regularly participates in and conducts
studies regarding sports- and exercise-related injuries, primarily amongst SEALs and men
enrolled at Basic Underwater Demolition/SEALs (BUD/S). He has continued to provide
valuable information to the people in charge of the training program at BUD/S. Although
the data provided by MADSYS were collected at NSWG-TWO, the primary command of
East coast SEAL teams and units in an operational setting, the procedures implemented
and information provided by the analysis of these data will lend themselves to the training
arena as well. The occurrence of MS injuries is predominantly high at BUD/S. As a
result, there exists a great need to reduce the frequency of occurrence not only at
operational commands, but also at the training level, to reduce the amount of time spent
retraining individuals who cannot complete BUD/S with the class in which they are
enrolled. ,

The United States Navy SEAL teams today, attached to one of two Naval Special
Warfare Groups, are derived from the Underwater Demolition Teams (UDTs) that were
established as a result of World War II. The origin of the SEALs dates back to
volunteers organized into Navy Combat Demolition Units (NCDUs) in 1943. Over the
years the mission of the SEALs, although referred to under different names at various
points in time, has virtually remained the same: to conduct unconventional warfare,
counter-guerilla warfare and clandestine operations in both blue and brown water
environments - the requirement for hydrographic reconnaissance and underwater
demolition. [Ref. 3]

SEAL teams undergo what is considered the most selective screening process and
ultimately the most extensive military training in the world. Selection to this prestigious,
challenging community is a major accomplishment for enlisted personnel and officers alike.
Once selected, the largest and most difficult obstacle to overcome is graduation from the
BUDY/S training program at Naval Special Warfare Center (NSWC), Coronado, California.
[Ref. 3]

During BUD/S students encounter obstacles that develop and test their stamina,
leadership and ability to work as a team. The training program is designed to push the
individual beyond what is considered the normal limits of physical and mental abilities for
the purpose of keeping only those mentally and physically strong enough to perform under
the most extenuating circumstances - those which would be present during combat

situations.




BUD/S is composed of three training phases: (I) Basic Conditioning (nine weeks),
(I) Diving (seven weeks), and (II) Land Warfare (nine weeks). Phase I consists of
physical conditioning in the areas of running, swimming, calisthenics, obstacle courses,
and small boat seamanship. The first five weeks prepare trainees for week six, better
known as “hell-week”. During hell-week, students undergo five and one-half days of
continuous extensive physical training with a maximum of four hours of sleep. During this
week, the men are pushed beyond limits, not only from extreme mental and physical pain
and exhaustion from the activities themselves, but also from sleep deprivation. The last
three weeks of Phase I teaches methods of conducting hydrographic surveys and charts.
Physical training continues in Phase II but the requirements must be met in half the amount
of time as in Phase I. Phase II focuses on combat Self Contained Underwater Breathing
Apparatus (SCUBA), including both open circuit (compressed air) and closed circuit
(100% oxygen). The emphasis is toward basic combat diving techniques - using
swimming and diving to transport SEALs from launch point to combat object - a skill that
separates the Navy SEALs from all other Special Operations Forces. Phase III continues
with physical training, with time requirements even further reduced, and concentrates on
land navigation, small unit tactics, patrolling, rapelling, infantry tactics, and military
explosives. The last five weeks are spent on San Clemente Island where techniques
acquired are applied to real life situations. [Ref. 3]

After graduation from BUDY/S, graduates undergo basic parachute training at the
Army Airborne School, Fort Benning, Georgia. Navy corpsmen who complete this
training also attend two weeks of Special Operations Technical Training at Naval Special
Warfare Center, Coronado, CA, to receive instruction in diving medicine and medical
skills and 44 weeks additional training at Fort Bragg, NC. [Ref. 3]

Upon completion of the above training, both enlisted and officer personnel report
to one of the Naval Special Warfare Commands as part of a SEAL team where they are
placed in a probationary status for six months. The Commanding Officer, in accordance
with Military Personnel Manual (MILPERSMAN) articles 1410380 (enlisted) and
1420160 (officer), recommends official selection to the Navy SEALs. If selected, enlisted
personnel are awarded a Naval Enlisted Classification (NEC) Code, officers are given the
appropriate designator, and both are awarded the “trident” insignia, which is only worn by
SEALs.



2. Files Generated by MADSYS

A software system, the Medical Analytic Data System (MADSYS), was a
temporary source of data collection for researchers at NHRC to closely examine effects of
MS injuries on NSW personnel. The data were collected at NSWG-TWO Medical and
released to Dr. Prusaczyk for use in this thesis. Understanding the construction of the
database and rearranging the data into a more manageable form for analysis in this thesis
provided the focal point for research during the experience tour at NHRC.

The MADSYS software system was written using relational data bases. Such a
design “links” output files generated by a particular index, in this case, “NDXDEMO”,
which is an index starting at number 101 and representing an identifiable code (much like a
social security number) of a particular patient.

Six output files generated by the system as Database (*.dbf) files are the primary
files used in this thesis. Fields common to most files are:

o NDXDEMO - patient identifier.

e NDXVIST - visit index representing visit number which is unique to
particular patient with a particular visit.

e NDXDIAG - diagnosis index indicating a diagnosis number unique to a
particular patient with a particular diagnosis.

e NDXTRTM - treatment index representing a treatment number unique to a
particular patient receiving treatment for a particular diagnosis.

e NDXDUTY - duty index representing a unique number in which a particular
patient appears on a limited duty status for a particular diagnosis.

e ENCDATE - date of encounter of injury .

All the aforementioned index labels started with 101 and incremented by one. The names
of the files, a sample output of each file, and descriptors of the fields in each file are given
in Tables 2.1 - 2.6.

NDXDEMO |SSN NAMEL NAMEF DOB SEX RACE BRANCH DATEDEMO
101 000-00-0000 | DOE JOHN 19-08-70 1 1 1102-01-96
102 111-111-111 |SMITH SAM 09-11-63 1 1 1]02-01-96
103 222-22-2222 |DOE MIKE 24-04-67 1 3 1]02-01-96
SEX: RACE: BRANCH:
1 = Male 1 = White 1 = Navy 4 = Army National Guard
2 = Female 2 = Black 2 = Marine Corps 5 = Alr Force

3 = Other 6 = Other

Table 2.1 Maddemo.dbf Sample File with Descriptors




NDXDEMO [NDXVIST ENCDATE |CLINIC VISTYPE _|ICDTYPE |INJTYPE |INJMECHIACTCATE JACTSPEC
101 103 03-01-96 1 3 4 3 1 1
102 101 03-01-96 1 1 4 3 1 1
102 3829 05-11-96 1 1 3 1 4 2
CLINIC: VISTYPE: INJMECH: INJTYPE: ICDTYPE:
1 = Regular 1 = Initial 1 = Overuse 1= New 1 = Training/MS
2 = Physical Therapy 2 = Follow-up 2 = Acute 2 = Recurrent 2 = Training/Other
3 = Sports Medicine 3 = Other 3=N/A 3 = Chronic 3 = Nontraining/MS
4 = Athletic Trainer 4 = Unknown 4=N/A 4 = Nontraining/Other
§ = Cther
ACTSPEC:
1=NA §=0 Course 9 = Fastrope 13 = Patroliing
2 = Running 6 = Weightlifting 10 = Rapelling 14 = Boat Ops
3 = Swimming 7 = Para Ops/Static 11 = Climbing 15 = Diving
4 = Calisthenics 8 = Para Ops/FF 12 = Skiing 16 = Cther

Table 2.2 Madvist.dbf Sample File with Descriptors

NDXDIAG |[ENCDATE |DIAGCODE |DIAGDESC DIAGSPEC DIAGDATE
150 17-01-96 |739300000 |SOMATIC DYSFUNCTION LUMBAR/PELVIS 16-01-86
151 17-01-86 |9930A0000 JRUPTURE - ROUND WINDOWPARALYMPHATIC FISTULA |17-01-96
152 18-01-96 726191000 JIMPINGEMENT SYNDROME R SHOULDER 17-01-96
DIAGCODE: DIAGDESC: DIAGSPEC:

Represents Standard ICD9Code Diagnosis Description Diagnosis Specific

Table 2.3 Maddiag.dbf Sample File with Descriptors

NDXDEMO |NDXHIST RANK UNITCATE |OPSTAT HISTDATE
103 103 13 2 1]02-01-96
104 104 6 7 3|0201-96
105 105 4 5 3]02-01-96
RANK: UNITCATE: OPSTAT:
1-9=E-1 through E-9 1=8T-2 1 = Platoon
10 = Warrant 2=S8T-4 2 = Operator
11-13=0-1t0 0-3 3=8T8 3 = Support
14 =0-4to0 O-6 4=SDV TM-2 4 = Other
15 =N/A 5= GRU-2

6 = SBU-2

7 = Other

Table 2.4 Madhist.dbf Sample File with Descriptors




NDXDEMO |NDXVIST NDXDIAG |[NDXTRTM |TRTMCATE | TRTMDATE
110 111 109 106 1[05-01-96
110 111 109 107 6[05-01-96
112 115 112 108 9109-01-96
TRTMCATE:

1 = e-stim 6 = Cryotherapy 11 = Other

2 = Hydrotherapy 7 =KINCOM

3 = lonophoresis 8 = Hot Packs

4 = Ultrasound 9 = Exercises

5 = Phonophoresis 10 = OMT

Table 2.5 Madltrtm.dbf Sample File with Descriptors

NDXDEMO |[NDXVIST NDXDIAG [NDXDUTY |DUTYSTAT [STRTDATE |STOPDATE
146 151 149 141 1

147 152 151 142 4|17-01-96 _ |17-07-96
148 153 152 143 10]18-01-96 _ ]25-01-96
DUTYSTAT:

1= Full 5 = No upper body 9 = No swim w/fins

2 = No Duty 6 = No lower body 10 = No Lifting

3 = No Jump 7 = No soft sand 11 = Limit weight bearing
4 = No Dive 8 = No swim

Table 2.6 Madduty.dbf Sample File with Descriptors

B. DATA EDITING/CORRECTION

1. Creation of a Single Treatment File

One drawback in using the output files generated by MADSYS is the fact that
information about a particular patient has to be viewed separately from file to file. In
order to conduct the appropriate analysis of these data, it was necessary to retrieve the
pertinent information from each file and combine it properly into one file, known as the
treatment file. This required determining the index link which, as stated earlier, is the
patient identifier, “NDXDEMO”.  Three files, Madtrim.dbf, Madvist.dbf, and
Maddemo.dbf were imported from Microsoft Excel, Version 5.0, as tables into Paradox
running from Windows 3.1. A query was then created to build one file with the necessary
information from the three files. The “join tables” command was used joining the fields

10




NDXDEMO, NDXVIST, NDXTRTM, and NDXDIAG. A sample output of the resulting
treatment file is given in Appendix A.

2. Editing the Treatment File

While checking the accuracy of the data, it was determined that some records
associated with follow-up visits in the Maadvist.dbf file were not correct. When opening
an existing file for a patient in MADSYS, there is an option to select “2” for “follow-up
for existing condition”. When selected, a screen appears in which the person entering data
may select the diagnosis code for which the follow-up visit<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>