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Causes and Consequences of Accidental Injuries to Naval Enlisted Personnel

John C. Ferguson, Michael S. McNally, and Richard F. Booth

Summry

Problem

* A recent epidemiological study of Navy and Marine Corps personnel during the pepiod 1974-1978 revealed that 85%

of all deaths were from Accidents, Poisonings, and Violence (APV) and only 15% from disease. Other important consequences

of accidents are hospitalization and temporary or permanent disability. APY was shown to be the leading cause of hospitali-

zation among Navy and Marine Corps personnel in 1974. In order to provide a basis for focusing accident prevention programs

on causes of accidental injuries resulting in the greatest losses to the naval service, it is necessary to obtain better

understanding of the specific causes and consequences of accidental injuries.

Objective

The objective of this study was to provide a broad analysis of the consequences of serious accidental injuries in

terms of frequencies and durations of hospitalization, physical evaluation board dispositions resulting in loss to the

service (through disability), and deaths. These consequences were related to causes of injury, types of injury, and

duty status when the injury occurred.

Approach

Participants included all male Navy enlisted personnel who had a serious accidental injury during the 5-year period

from 1974 through 1978. A serious accidental injury was defined by a hospitalization, a physical evaluation board action,

or a death. Data were obtained from the medical history files maintained at the Naval Health Research Center. The fol-

lowing information on individual injuries was analyzed: (I) cause of injury, (2) type of injury (diagnosis), and (3)

duty status when the injury occurred--"on duty," "off duty," or "duty status unspecified."

Results

Land transport accidents resulted in the greatest numbers of hospitalizations, disability separations, and deaths,

accounting for 25. of all hospitalizations and one-half of all disability separations and deaths. The four most frequent

causes of accidents--land transport, falls,athletics, and machinery--ranked identically as leading causes of hospitali-

zations and disabilities and together accounted for 61% of hospitalizations and 947. of disability separations. Land

transport, drowning, poisoning, air transport, and guns and explosives accounted for 85% of all deaths. Fractures were

the leading t',pes of injuries resulting in hospitalizations and disability separations, accounting for 29% and 52, respec-

tively. Internal injuries accounted for more than one-half of all deaths.

Off-duty injuries accounted for 58% of the hospitalizations; 21% were on duty and, for the remainder, the duty status

was unspecified. Off-duty injuries accounted for 84% of the disability separaions, and 116% of these occurred on duty.

, A large proportion (897.) of accidental deaths occurred off duty; 117 were from on-duty accidents.

*" The leading causes of on-duty injuries were falls, machinery, and water transport, accounting for 55. of all hospitali-

zations. The leading causes of disability separations for on-duty injuries were falls, machinery, and athletics, and

the leading causes of death from on-duty injuries were air transport, machinery, and water transport.

Conclusions

It was concluded that a small number of causes and types of injuries were involved in the great majority of accidents,

a finding which should make it possible to concentrate preventive measures. The leading causes and types of injury result-

ing in death are quite dissimilar to those resulting in hospitalizations and disability separations. The great majority

of accidental injuries occur off duty and are thus outside the range of direct supervisory control.
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disability), ad deaths. These consequences will he related to caus of injury, types of injury. and duty status when the

Injury occurred. This analysis should provide a basis for feousn accident preventiong p~ram on causes of accidental

Injury that result io the *contest losses to the naval service.

Medical sand death data were obtained from computer files maintained at Naval Medical Data Services Center, bethesda,

Ma"lad. These records were edited and incorporated into the medical history files for all active duty naval pesonnel
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It should be noted that physical evalte. 'beards usually, bat met always. followed hospitalizations and that deaths

generally mare met associated with either hespitalisotiess or physical evaluation board actions.

Additionel classificatios ware avaflahle to further daeribe individual leistiess (1) Comem of Injury where it etd

be determnd (2) type of injury (disposis), o S() tay statamhe the tajory oceared-"en-dnty," foff-duty,0 or "~duty

saentats epelsied." a listing ad deatriptif annel1 facteps and types ef injuries are presented io tabler 1.
Mmbrs of the Amd Porces my aet be retired or epatsed far physical disability Without a full n fair hearing

twm. ftyscal evaluation beards am sestivused to prirde teseo bowlegs and to serm as a factt-fluking body fez

i"avaeain the physical or OAems fit""ess amo mtesoa peed.'. the #6ies of eheir grads, n06. e vative. On phyticel

evaleetis besed meam Id the foilawiug d80Isettena baus woo milealo,1 ~, and stVu dut status wueatd

w1 ~eaw ! e -9 inm diWu lis 494 " MSAWi , (0) Sep"sea m~wt esense pey. (3) ftdiembai awiat bastt.-e.

obties e449414 Pet to eam anst (4). diemaabz Ooof Che o heesfica-oI eter ruaa es. (5) fit "tw liited 4ety, amd

'1 C) fut lee IM duay. a loesl 4094604 of 00isobiftyP saemia qped aaig NOqn law to 4he service. usa creaped

by e sis. apeas (0), (2), Ga W(460e.

.y~e .. seee of .epelitaa .ieltt .esss .n .... mstdby. t

Wag"



.a -it topi *a -~s o'alf a ,t' w 1

*W" to~ dwao. ",lamobot (nw1atceo he settmtel -4* anuu veonomm oi- omemmo*r 10 60twi.* O fu

leratina of bwagtaliUttan to OSWAOAU" aeperatieow !6d A* dinso evats" 00 Smutd , e 6a to WO,

* ~ ~ geuse or atens - hmprovsid digest eauW.. Of Moerwi y CON m Aff" 419P ijap.w seevaof woiea

prowvie a $mmaratty actepted indicator of aevertty.

Description of CatlaPctate a Types of l1juty

1. Air transport T. racture

2. Land transport. ISCliARM0 Automobile$, motorcycles, 2. Dialooations
poieariiw, ad bicycles

3. water tt'enmprt, faclediug all Injuies associated
with hazards, Sihrent In that umms of transporting. 4. nead injuries, Including defolant cosaa OWd brt
much as machinery, fall., watertight doors aboard ship conCUSSion

4. athletics, including physical training 5. inera Injuries

S. Cmlications. Including reactions to madiciam 6. OP -VA including emuaio
*ad complications to Radical or surgical procedures

6. Goa" ad .explosives 7. Superficial injury

7. Machinery. tools, and selected sponts, including S.Cntso
electric current,* cutting or piercing instuments, 10. Foe body

* and falling objects

S. i soning, including, poisoning by Industrial toxic 10. Barns
subecmnce, either by ingeStIon, Inhalation, or akin ft. fltujureS4 tocadiag cranial serves
contact; Insect ad snake bite*

9. Tire, hot or corrosive substances 1t2.cAmVt ltC$ nldn CMiMt 1111tW

to. lkvircomtnca factors, Including excesai*6 beat '1. Toi "fcs Luia recin toevromna

11. D1romning or submersion

13. alls and miscellaneous. including twisting, 14*Lvireont. uhas eta cldi and radaiof hsia
turning, slipping, lifting. and haftig/suffecition uio ntschahetcldadrditn

*(not self-inflicted) 15. oligatiumM including earl? cuquliC4KIOna Of
traudav #sweetm ofcedure. ad medical care

Prequencies. parcenaags, and reekingo by "Gusl ftef for hocpicAti%*.nm disability raness"n, nd dataa

are tou 'ntable 2. Coms. of injury was aespocif Led for a relativoly largo proportien of heeitalisetice (AMA)L,

bet this cataeoy we sed Is Shly' atow names tot hiecbitiey soparacias (0."1) or &Wths f1.4%) aboa detailed Amma"

infsiustme to geneally obtained. the Unspecified catery mne euclused frem all ralakiap.

Land transPort accieca vengleed iA the paatees mmsr of bospitaliaaeiana 0iambilty *"&aration*. "td Afth%~

acmmusig -fow 231 of all Ueeitallsdsiee And 004s11 .11 all divahility Seawattins and doebal. ane few at frequet

*~ cmos *1of tedmtc-land -twoomepu, fells* athletina, atiiny.~a m i temiecll a kapliag COneMO" t blspitale-

* sites nod a" *wbitities cam ngatb mcomed tat #1% .8ha ieimAa udS.c itt eustna idt~et

deausftiags peimogig ci,trnsort. aed g a mto d tot '"It of-, 41L dathe. Inoni. ioft, Geils, -ad "WtM

On*s the locding amues of anepinr-Ieoe#

ftweaft'lo 0 wmeeW. and M06Ing UrsIeiaiuindeiiympaain,- d t5 l etg

of 4eWJW W m " toe i ou S.bt. Stren er"" the lamlig tpe ltjre aetui ~eie ~ l~I

esplatan W W4ln f ndS5% alpuie# Fe**3d Wudu"tatlsp eld atow"Reo# SI eB4

ada esedfe 75 ..1 hep3oim~im ad fdeewe, E~neftwlt is*Gt1,~ ~dem addT



I
* Table 2

Consequences of Accidental Injuries by Causal Factor

Hospitalizations Disability Separations Deaths Manpower Loss*

Causal Factor Number Percent Rank Number Percent Rank Number Percent Rank Number Percent Rank

I Land transport 9,376 25.0 1 1,463 48.4 1 1,117 57.5 1 2,580 52.0 1

Falls 6,149 16.4 2 720 23.8 2 94 4.8 6 814 16.4 2

Athletics 4,436 I.8 3 383 12.1 3 68 3.5 8 451 9.1 3

Machinery 3,066 8.2 4 277 9.2 4 60 3.1 9 337 6.8 4

Poisoning 1,583 4.2 5 4 .1 11 120 6.2 3 124 2.5 8

Complications 1,242 3.3 6 5 .2 10 2 .1 11.5 7 .1 12

Water transport 844 2.2 7 17 .6 6 71 3.7 7 88 1.8 9

Fire 673 1.8 8 8 .3 8.5 20 1.0 10 18 .6 to

Guns 654 1.7 9 93 3.1 5 115 5.9 5 208 4.2 5

Air transport 396 -1.1 10 16 .5 7 118 6.1 4 134 2.7 6.5

Environmental 296 .8 II 8 .3 8.5 2 .1 11.5 10 .2 11

Drowning/Submersion 21 .1 12 - 136 7.0 2 136 2.7 6.5

Unspecified 8,834 23.5 - 27 .9 - 19 1.0 - 46 .9 -

Total 37,570 1OO.O - 3,021 100.0 - 1,942 100.0 - 4,963 100.0 -

*Includes Disability Separations and Deaths.

Table 3

Consequences of Accidental Injuries by Type of Injury

Hospitalizations Disability Separations Deaths Manpower Loss*

Causal Factor Number Percent Rank Number Percent Rank Number Percent Rank Number Percent Rank

Fractures 10,860 28.9 1 1,584 52.4 1 119 6.1 4 1,703 34.3 1

Sprains/strains 5,514 14.7 2 318 10.5 2 1 .1 11.5 319 6.4 5

Head injuries 4,261 11.3 3 196 6.5 6 228 11.7 3 424 8.5 3

Open wounds 3,957 10.5 4 276 9.1 4 51 2.6 6 327 6.6 4

Dislocations 3,042 8.1 5 310 10.3 3 2 .1 10 312 6.3 6

Complications 2,404 6.4 6 45 1.5 7 15 .8 9.5 60 1.2 9

Contusions 2,331 6.2 7 18 .6 9 0 - - 18 .4 13

Adverse effects 1,393 3.7 8 214 7.1 5 75 3.9 5 289 5.8 8

Burns 996 2.7 9 26 .9 8 22 1.1 8 48 1.0 11

Superficial injuries 788 2.1 10 3 .1 13 1 .1 11.5 4 .1 15

Internal injuries 641 1.7 11 16 .5 10 1,062 54.7 1 1,078 21.7 2

Toxic effects 566 1.5 12 2 .1 14.5 49 2.5 7 51 1.0 1o

Environmental effects 381 1.0 13 2 .1 14.5 301 15.5 2 303 6.1 7

* Nerve injury 288 .8 14 6 .2 11 0 - - 6 .1 14

o Foreign bodies 148 .4 15 5 .2 12 16 .8 9.5 21 .4 12

Total 35,570 100.0 - 3,021 IO.O - 1,942 100.0 - 4,963 100.0 -

4 *Includes Disability Separations and Deaths.

medicinal effects accounted for 89% of the disability separations. Internal injuries accounted for more than one-half

* of all deaths (54.7,) while environmental effects and head injuries accounted for another 27%. Fractures, internal injuries,

* and head injuries were the leading injury types resulting in manpower loss.

The most frequent types of injury resulting in hospitalization for each causal factor are shown in Table 4. 1ost

causal factors tended to have unique patterns of associated injuries. For example, land transport accidents resulted

4



most frequently in fractures or head injuries while gun accidents resulted in a high frequency of open wounds. As would

be expected, fires resulted in burns in almost all cases, and poisonings generally resulted in toxic or adverse effects.

Machinery accidents most often resulted in open wounds or fractures. Athletic accidents and falls resulted in similar

patterns of injury with fractures and sprains/strains predominating.

Table 4

Percentage Distribution of Accidental Injuries by Causal Factor and Type of Injury

Causal Factor

Type of Injury Ia 2 3 4 5 6 7 8 9 10 11 12 13

Fractures 31.3 63.4 28.2 34.8 11.9 18.3 6.5 35.7 22.8

Sprain/strains 17.2 12.5 23.7 22.8 25.5

Head injuries 20.0 7.8 6.6 7.7 13.7 10.2

Open wounds 14.6 8.5 14.4 67.0 42.5 10.5 8.3

Dislocations 7.5 22.2 10.8 9.9

Complications 76.4 6.5

Contusions 12.9 6.2 9.3 5.7 12.8 7.6 6.3 7.3

Adverse effects 69.9 6.8

Burns 87.0

Toxic effects 26.2

Environmental effects 60.1 81.0

Other 24.2 21.9 20.3 7.0 23.6 8.3 23.9 3.9 13.0 16.1 19.0 10.7 9.5

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

a I Air transport (H = 396); 2 = Land transport (N 9,376); 3 = Water transport (N = 844); 4 Athletics (H = 4,436);

5 Complications (N = 1,242); 6 = Guns/Explosives (N = 654); 7 = Machinery (N = 3,066); 8 = Poisoning (N = 1,583);

9 Fire (N = 673); 10 = Environmental (N = 296); 11 = Drowning/Submersion (N = 21); 12 = Falls (N = 6,149); 13 = Unspeci-

fied (N = 8,834).

Consequences of accidental injuries as a function of duty status are shown in Table 5. Frequencies and percentages

of hospitalization, disability separations, and deaths by duty status at the time of the accident are indicated. Of 37,570

hospital admissions, 58, were for injuries that occurred off-duty; of 20% of these admissions, duty status was not known

or not recorded. Of 3,021 disability separations, 84% were for off-duty injuries and 16 for on-duty injuries; only 0.1%

were unspecified as to duty status. A large proportion (89%) of deaths was related to off-duty accidents; 11% were from

on-duty accidents and only 0.4% unspecified as to duty status.

Table 5

Consequences of Accidental Injuries by Duty Status

Disability

Hospitalizations Separations Deaths

Duty Status Number Percent Number Percent Number Percent

On-duty 8,051 21.4 488 16.2 204 10.5

Off-duty 21,860 58.2 2,530 83.7 1,733 89.2

Unspecified 7,659 20.4 3 .1 5 .3

Total 37,570 100.0 3,021 100.0 1,942 100.0



Although only 217 of all hospitalizations were for injuries specified as occurring on duty, these accidents are

especially worthy of attention because of the degree of command supervision and control that ezist* and, therefore, the

greater opportunity for intervention and prevention. The consequences of on-duty injuries by causal factor are shewn

separately in Table 6. It is noteworthy that the leading causes of injury are quite different for on-duty accidents

as compared to off-duty accidents. The leading causes of on-duty injuries were falls, machinery, and water transport

which accounted for 557 of all hospital admissions for injury. The leading causes of disability separations for on-duty

injuries were falls, machinery, and athletics, and the leading causes of death from on-duty injuries were air transport,

machinery, and water transport.

Table 6

Consequences of On-Duty Accidental Injuries by Causal Factor

Hospitalizations Disability Separations Deaths Manpower Loss*

Causal Factor Number Percent Rank Number Percent Rank umber Percent Rank Number Percent Rank

Falls 2,185 27.1 1 242 49.6 1 Li 5.4 6 253 35.6 l

Machinery 1,537 19.1 2 lO 22.1 2 25 12.3 2 133 19.2 2

Water transport 709 8.8 3 16 3.3 5 24 11.8 3 40 5.8 5

Athletics 502 6.2 4 65 13.3 3 3 1.5 9 68 9.8 4

Complications 439 5.5 5 2 .4 10 0 0 - 2 .3 12i Land transport 392 4.9 6 17 3.5 4 16 7.8 4.5 33 4.8 6

Air transport 356 4.4 7 15 3.1 6 96 47.1 1 111 16.0 3
Fire 318 4.0 8 2 .4 10 6 2.9 7 8 1.2 9

Poisoning 300 3.7 9 2 .4 10 1 .5 to 3 .4 11

Guns 188 2.3 10 9 1.8 7 4 2.0 8 13 1.9 6

Environmental 123 1.5 11 7 1.4 8 0 0 - 7 1.0 10

Drowning/Submersion 5 .1 12 0 O - 16 7.8 4.5 16 2.3 7

Unspecified 997 12.4 - 3 .6 - 2 1.0 - 5 .7 -

Total 8,051 100.0 488 204 100.0 692 10o.o
*Includes Disability Separations and Deaths.

The leading causes of off-duty injuries (not shown separately) were as follows: Land transport, athletics, and

fall- accounted for 71% of hospital admissions; land transport, falls, and athletics were leading causes of disability

separations, and land transport, drownings, and poisonings were leading causes of death.

The severity of accidental injuries in terms of rankings on three indices or criteria was examined in relation to

causal factors and type of injury. Results are shown in Table 7.

Land transport (motor vehicle) accidents and guns caused severe injuries in terms of all criteria--disability sepa-

ration, deaths, and average length of hositalization. Falls and athletics caused relatively severe injuries in terms

of disability separations and length of hospitalization but not deaths. Internal injuries were most severe in terms

of the death criterion; internal injuries also resulted in relatively long hospitalizations but relatively few disability

separations. Environmental effects (heat, cold, and radiation) and toxic effects were relatively severe with respect

to the death criterion but not the disability separation or length of hospitalization criteria. Superficial injuries,

contusions, and treatment complications were the least severe types of injuries with respect to all criteria combined.

Discussion

Since relatively few causes and types of injury accounted for the majority of hospitalizations and disability sepa-

rations, it should be possible to concentrate preventive or emergency service efforts on specific causes and types of

injuries. Accidents due to land transport (motor vehicles), falls, athletics, and machinery accounted for 61% of all

6



Table 7

Severity of Accidental Injuries by Causal Factor and Type of Injury

Hospitalizations/ Hospitalizations/
Disability Separations Deaths No. of

Causal Factor Ratio Ranka Ratio Rank 
a  

Hospital
usa sco Raio _______ RnkaDaysa Rank

Land transport 6.4 1 8.4 4 25.2 1

Falls 8.5 3 65.4 10 15.2 5

Athletics 11.6 5 65.3 9 16.2 3

Machinery 11.1 4 51.t 7 15.0 6

Poisoning 395.8 11 13.2 6 5.2 12

Complications 248.4 10 621.0 12 11.1 10

Water transport 49.6 8 11.9 5 14.0 9

Fire 84.1 9 33.7 8 15.8 4

Guns 7.0 2 5.7 3 22.1 2

Air transport 24.8 6 3.3 2 14.1 8

Environmental 37.1 7 148.5 11 9.8 11

Drowning/Submersion - - .2 1 14.9 7

Type of Injury

Fractures 6.9 2 91.2 9 27.4 1

Sprains/strains 17.3 5 5514.0 13 12.1 7

" Head injury 21.7 6 18.7 6 8.2 12

Open wounds 14.3 4 77.6 8 17.1 6

Dislocations 9.8 3 1521.0 12 19.9 2.5

Complications 53.4 11 160.3 10 11.5 8

Contusions 129.5 12 - - 8.1 13

Adverse effects 6.5 1 18.6 5 5.4 14

Burns 38.3 8 45.3 7 17.9 5

Superficial injuries 262.7 14 788.0 11 8.6 10

Internal injuries 40.1 9 .6 1 19.4 4

Toxic effects 283.0 15 11.4 4 5.0 15

Environmental effects 190.5 13 1.3 2 8.3 11

Nerve injury 48.0 10 - - 19.9 2.5

Foreign bodies 29.6 7 9.3 3 8.7 9

aRankings are all from most (1) to least severe.

hospitalizations and 94% of all disability separations. Nusculoskeletal system injuries (fractures, dislocations, and

sprains/strains) accounted for 73% of all disability separations. The leading causes and types of injury resulting

in death were quite dissimilar from those resulting in hospitalizations and disability separations, but again a relatively

small number of causes and types of injury produced the majority of deaths. The five leading causes of death--land

transport, drowning, poisoning, air transport, and guns--and the five leading injury types--internal injuries, environ-

mental effects, head injuries, fractures, and adverse effects--comprise 83% and 92%, respectively, of all deaths.

The finding that causes of injury have unique patterns of injury types has implications for the providing of emer-

Kency services and possibly even for hospital staffing. Locations where there is the potential for machinery accidents

should be prepared to treat open wounds and fractures. Almost two-thirds of water transport accidents were fractures,

* @open wounds, sprains/strains, and contusions.

A large proportion of accidental injuries resulting in hospitalizations, disability separations, and deaths occurred

off duty and are thus outside the range of direct supervisory control. Different methods of insuring compliance with

safety regulations and preventive measures may be required for the off-duty environment.

The finding that the leading causes of death in an on-duty status was dissimilar from those in an off-duty status

7



empbasixes the importance of the environment in which the accident occurred. In this study the risks inherent in the

leading causes of death--air transport, machinery, and water transport-are all environments with considerably greater

exposure in an on-duty status. Although on-duty accidents accounted for a small proportion of the total, there were

a small number of on-duty causes that comprised over 50, of the total. Air and water transport and machinery are the

most important of these because they are associated with the highest incidence. Safety management and command supervision

should continue to stress aviation safety and put more emphasis on programs to reduce the hazards inherent in water trans-

port and machinery.

The indicators of manpower loss and severity appear to be meaningful and useful as measures of hazards inside and

outside the work place, reflecting the relative severity and cost of consequences in terms of length of hospital stay,

replacement costs, and permanent manpower loss to the service. The predominance of accidental injuries due to land trans-

port, guns, falls, machinery, and athletics associated with the manpower loss and the hospitalization/disability ratio

severity indicator should alert military supervisors and safety personnel to these causes for increased accident prevention

efforts. These severity measures have promise as u~eful tools for more detailed future analyses and comparative studies.

The purpose of this study was to provide a broad analysis of the consequences of serious accidents. In pursuing

this goal, it became apparent that more detailed analyses of some additional factors contributing to accidents would

be needed to provide guidelines for reduction and prevention. Specifically, analyses of the interaction of cause and

type of injury would provide informationon how to focus prevention measures. An analysis of the on-duty work setting

would lead to the identification of high risk occupations and work assignments. The results of research on the relation-

ship of occupation to demographic variables, personality characteristics, job experience, and supervisory level would

allow further focused prevention measures for certain types of individuals, occupations, and environments.

Sumary

1. Land transport and fractures were the leading cause and type of injury. A small number of causes and types

of injury are involved in the great majority of accidents. The same four causes--land transport, falls, athletics, and

machinery-accounted for 61% of all hospitalizations and 94% of all disability separations. This finding should make

it possible to concentrate prevention measures and emergency services.

, 2. The leading causes and types of injury resulting in death are quite dissimilar to those resulting in hospitaliza-

tions and disability separations; also, the leading causes of death in on-duty status are dissimilar from causes in off-

duty status.

- .* 3. Fractures result in the longest average hospital stay of 27.4 days, followed by dislocations and nerve injuries

at 19.9 days.

4. Causes of injury are associated with unique patterns of types of injury. This finding has implications for

the providing of emergency services.

5. The great majority of accidental injuries resulting in hospitalizations, disability separations, and deaths

occur off duty and are thus outside the range of direct supervisory and management control.

6. Air and water transport and machinery are on-duty causes resulting in more than 7014 of the total deaths. On-

duty accidents are more under management supervision and control than off-duty accidents. Safety management should con-

* tinue to stress aviation safety and put more emphasis on programs to reduce the hazards inherent in serving aboard ship

* iand in working with machinery.

'Ii
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