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vertent gun discharge or misfire, preventable in large part

Pneumatic nail guns greatly increase worker productivity DY the use of sequential triggers. Worker training and ed-
and are extensively used in wood frame building construc- ucation also are important components of nail gun injury
tion, with especially high use in residential construction. One Prevention.
surveillance report of nail gun injuries in Washington State
has been published; however, other literature consists largely Keywords Nail Gun, Nailer, Nail, Pneumatic, Surveillance, Con-
of case reports and case series in trauma journals. The major struction, Puncture, Hands, Fingers, Sequential Trigger
objective of the current study was to investigate the occur-
rence of nail gun—associated injuries among construction  Pneumatic nail guns are extensively used in wood frame
workers and to identify preventable work-related factors as-  building construction with especially high use in residential con-
sociated with these injuries. struction. Thesetools have greatly increased worker productivity

Nail gun—related injuries occurring among a cohort of as a typical pneumatic nailer can fully sink $,3nch nail into
13,347 carpenters in Ohio who worked union hours dur- tough southern yellow pine or dense Douglas fir in less than a
ing the time period January 1, 1994, until September 30, tenth of a second. Given that a typical house will use 50,000—
1997, were identified by matching the cohort with workers’ 70,000 nails, it is easy to understand the increased production
compensation claims made to the Ohio Bureau of Work- provided by these tools. However, increased productivity has
ers’ Compensation. We also analyzed workers’ compensa- come at the price of increased risk of injury on some construc-
tion claims for North Carolina Home Builders Association tion sites.
members for the period July 1996—November 1999 to iden-  Nail guns come in many different configurations and de-
tify nail gun—related injuries. Analyses included stratified signs depending on their intended use (e.g., framing, roofing,
analyses of claims by nature and body part injured, cal- finishing, flooring, etc.). The primary sources of energy used
culation of nail gun injury rates, and analyses of free text for construction nail guns are pneumatic air pressure supplied
descriptions of injuries. by a compressor or explosive charges from cartridges. Electric

Overall, nail gun injuries were responsible for 3.9 percent energized designs and guns that use carbon dioxide cylinders
of workers’ compensation claims with 8.3 percent to 25.5 are also available. However, based on our observations at resi-
percent of claims involving paid lost work time. The over- dential work sites our injury studies done in collaboration with
all rate of nail gun injuries (cases per 200,000 work hours) the United Brotherhood of Carpenters, as well as the published
was 0.33 in North Carolina and 0.26 in Ohio, reflecting the literature as reviewed below, pneumatic guns are by far the most
greater concentration of wood frame construction work- frequently used in residential construction. Explosive charge-
ers in the North Carolina population studied. Higher rates activated guns are used in residential construction for special
of injury were observed for carpenters in North Carolina purposes such as attachments to concrete or steel.
and among residential carpenters in Ohio. The predominant The major objective of the current study was to investigate the
body part injured was the hands/fingers, with 80 to 89 per- occurrence of nail gun—associated injuries among construction
cent of injuries being nail punctures. Analyses of free text workers and to identify preventable work-related factors associ-
information for puncture injuries found approximately 70  ated with these injuries. Workers’ compensation data for North
percent of injuries to occur during the framing/sheathing Carolina residential construction workers and Ohio carpenters
stage of construction. Our data suggest that approximately were used for this study, which employed both rate-based and
69 percent of puncture injuries may be due to an inad- case-based surveillance methods.
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LITERATURE REVIEW « “Contact-trip” or “restrictive trigger"—This is a typ-
The published literature concerning nail gun—related injuries, ical design and allows the operator to discharge nails

while abundant, consists largely of case reports and case se- only when both the nose contact and the trigger are

ries. Puncture wounds to the hands, fingers, and other extrem- simultaneously activated. Most designs allow the gun

ities are the predominant injury observed with nail gtts; to fire regardless of whether the operator first pulls the
however, life-threatening injuries to the brain, heart, neck, and gun’s trigger or depresses the nailer’s nose contact ele-
eyes have also been reportéd? Accidental deaths, homi- ment, as long as both are activated. Guns with contact

cides, and suicides attributed to nail gun—related injuries also triggers can double fire when the recoil action of the
are reported® The extent of tissue damage caused by pene- nailer lifts the nosepiece from the work and pressure
trating nails is sometimes made worse by the presence of cop- being exerted by the worker depresses the nose contact,
per barbs remaining on the nails from the magazine joining causing the gun to fire a second time.
strips?814) « “Sequential-trip™—This configuration requires that the
Few reports of systematic surveillance of nail gun injuries are nose contact element be depressed first and the trig-
available. An analysis of nail gun injuries in Queensland during ger pulled second for the nail to be discharged. The
1988-1992 identified 218 cases, with 60 percent of the injuries sequential-trip mechanism makes it more difficult for
occurring on construction sites and 80 percent of the workers nails to be discharged unintentionally.
being carpenters and join€t8) Twenty percent of the injured * “Bounce nailing”—Bounce nailing is a technique that
required hospitalization. No nail gun injury rates were provided can be employed with a contact trip or restrictive trig-
in this report. ger design and not with other trigger designs including
Nail gun-related injuries reported to the Workers’ Compen- the sequential-trip. In this configuration the trigger is
sation Board of British Columbia during 1973-1982 have been locked in firing position and the gun fires each time the
tabulated® The annual number of reported cases ranged from nailer's nose is depressed. This configuration is used for
116 to 362 with the most frequent site of injury being the hand increased production. Some manufacturers have mech-
and/or fingers (65%) followed by the foot (15.9%), knee (4.0%), anisms that allow the trigger to be locked for bounce
eye (3.5%), thigh (3.2%), and wrist (2.8%). No injury rates were  nailing. If the gun does not have a trigger lock, workers
provided. These authors suggested that a triggering method that will often invent ways of locking the trigger for bounce
would permit only single firing of nails, rather than a rapid suc-  nailing.

cession, Wouldlér?g?rove safety. . , Most pneumatic nail gun manufacturers offer sequential-trip
Baggs et af'”1® analyzed nail gun—related workers’ coms-

; S . iggers as an option on new equipment and many provide retrofit
pensation claims n Washmgt_on State for th_e_ years 1990_19%2 to allow existing guns to be converted to sequential-trip.
A total of 3616 nail gun injuries were identified using a com,

L - L - Another safety feature incorporated in many framing nailers is
pmatpn O.f Injury source code qnd Injury Qescr|pt|on for casen “aggressive nosepiece,” which helps hold the device in place
identification, with 93 percent being classified as “struck by” INr better nail placement, especially during toe-nailing.

juries. The most frequent body part injured was the hand and/OrThe published literature as well as our observations of resi-

fingers (66.0%), followed by foot (5.9%), thigh (4.6%), wris : : . ;
(3.8%), knee (3.8%), and toe(s) (2.9%). Of the 3616 nail guhianual work sites point to several work circumstances and work

. . : ractices that can contribute to the risk of nail gun injuries. Some
m 0, m m
related Cla.' S 28.85 (79'8@ invalved pnly edical ireat ee&amples of these circumstances are depicted in Figure 1. Work
and no paid lost time (medical-only claims). About 20 perce

fthe clai ited in ind it ts which beai ﬁﬂlequently involves work in awkward positions and overhead
otthe claims resuited in indemnity payments, which begin a Work, contributing to the risk of accidental nail discharge. Nail

the third .day awa;;from work in Wallshlngton dStati' bB‘%"d'” uninjury risk is increased by work practices such as the worker
?onstr;(t:)thn_waz the linOSt cgmmtin y rer:cortgl tas_ : eln% P |Fi'ng the nail gun while pointed toward himself and holding the
ormed by Injurec Workers and analyses of hal gun injury © alIEun trigger in the firing position while moving about the work
:ia;r?s(;ogg dcgfezI%Z?Szt(;gtggéo\:vvgfkoi;ﬁge Fnutl(l;:ilgg ggrr;t:]s te. Nail methods such as toe-nailing contribute to the risk of
work was found to have a rate of 0.66 cases per 200,000 wor lls deflecting and becoming airborne projectiles.
hours.

Nail gun injuries occur under a variety of circumstances iDngATERIALS AND METHODS
cluding accidental discharges, nails thatricochet and become air-
borne, gun double fires, and penetration of the receivifdata Sources
structure®19 The primary pneumatic nail gun safety device t&hio Carpenters
prevent accidental discharges is the trigger mechanism, whichMethods used for this study were similar to those previously
works in combination with a contact element located in the nogsed to study workers’ compensation claims of carpenters in
of the gun®® Several different trigger designs and configuraWashington Stat&? We identified a cohort of 13,347 working
tions are employed including: union carpenters and their hours worked by month during the
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Working in Awkward Positions Worki_ng Owverhead or Near Fil‘illg Nail Toward Himself

Firing Nail Toward Hand

55 i

FIGURE 1
Examples of work circumstances and practices increasing injury risk.

time period January 1, 1994, until September 30, 1997, usingOhio carpenters work on many different types of construc-
health insurance eligibility files provided by Ohio Carpenterson sites as well as industrial sites; therefore, their use of nail
Health and Welfare Funds. The cohort was individually matchegins varies substantially. The highest use of nail guns occurs
to files maintained by the Ohio Bureau of Workers’ Compensar wood frame construction on residential structures, where
tion to obtain data for injuries occurring among cohort membeosly a small proportion of Ohio carpenters were employed. To
from January 1, 1994 to September 30, 1997. These injurtastter estimate the risk of nail gun injuries for carpenters in
included medical-only claims and lost-time injuries, defined assidential construction, we stratified both work hours and in-
those resulting in eight or more days lost from work or paymeptries by industry classification codes of the National Council on
of indemnity as well as the date of injury, a narrative injunlCompensation Insurance (NCCI), which are used by the Ohio
description taken from the first report of injury, return-to-worlBureau of Workers’ Compensatié) Work hours by month
dates, ICD-9 diagnosé®) and payment for medical servicespof follow-up for cohort members working for employers with
wages, and disability settlements. Analyses presented inthe pNIGCl code 5645 (Carpentry—Detached One or Two Family
lication are based on 4138 claims filed by 3130 people duriiyvelling) or NCCI code 5651 (Carpentry—Dwellings—Three
months of union work. Stories of Less) were tabulated as well as nail gun injuries occur-
The Ohio data system uses ICD-9 diagnosis codes rather thiawg during those months. This procedure allowed calculation
the American Standard Method of Measuring and Recordiing crude nail gun injury rates for carpenters doing residential
Injury Experience of the American National Standards Institut®nstruction.
(ANSI).3 To compare these data with other ANSI coded data,
the narrative injury description was reviewed and coded by piyorth Carolina Home Builders
fessionals who perform ANSI coding for the North Carolina Workers’ compensation data for these analyses were pro-
Industrial Commission. The ANSI codes indicate the body parided by the Builders’ Mutual Insurance Company (BMIC), the
affected, nature of the injury, type of event causing the injuself-insured compensation fund for the North Carolina Home-
(mechanism), and the source or object involved in the injury. builders’ Association (NCHA). These analyses update and
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extend our previous report of data from the NCHA providethjuries associated with nail guns. Next, an Access query was
earlier from their third-party administrate) In 1995, the fund constructed to identify claims containing the following terms:
eliminated their third-party insurance administrator and begégun,” “shot,” “nailer,” “stapler.” A tiered search was used to
providing workers’ compensation insurance coverage aimtlude claims containing the next key word only if not already
claims processing internally for approximately 7500 activielentified. Finally, all claims selected by the Access structured
NCHA members and their subcontractors. Subcontractor covguery were extracted to form the set of nail gun-related injuries
age is required of the prime contractor unless the subcontraatbinterest. We excluded screw gun injuries but did include in-
has other workers’ compensation coverage and can show a v@lides such as falls and overexertion if the claim included refer-
certificate of insurance. Most contractors in North Carolina eleetce to a nail gun.
to be covered by the prime contractor. Insurance premiums forOur initial analyses consisted of descriptive summaries of nail
subcontractors are collected by the prime contractor basedgam injuries by nature of injury, body part injured, age at time
wages paid by trade and submitted to the fund. The fund conduatsnjury, and trade (North Carolina data). The distribution of
periodic audits to be sure that premiums are paid as requirectlaims by trade groups for the North Carolina data was examined

Computerized claims for NCHA members and their subconsing the coding system previously described by Dement and
tractors were obtained for the period July 1996 through Noveripscomb to group job codé®) We next analyzed the free
ber 1999, with personal identifiers and contractor names text descriptions of the selected nail gun injuries to learn more
moved. These data contain standard information from the fiedtout circumstances of injuries and some possible prevention
report of injury, including body part injured, nature of injurymeasures. First, all cases were read in order to determine patterns
mechanism of injury, and a free text description of the injurpfinjury and possible causal factors. We then developed a coding
BMIC uses a modification of ANSI-coding in their data manscheme for possible causal or contributing factors and reviewed
agement. In addition, data are available on whether the injuadl cases in detail in order to assign codes for numerical analyses.
required medical care or if it resulted in paid lost time (whiciihe categories of information were limited by the amount of
occurs in North Carolina after the seventh day away from workescriptive data available and are not intended to imply that
and amounts paid for compensation costs and medical care. Btteer factors might not also be related to the risk of injury.
occupation, or job, of the injured worker is recorded on the The following categories of information were coded:
claim. BMIC also provided information on wages paid by trade
for 1997 and 1998. Using prevailing wage data estimates fo
construction trades in North Carolina, these data were used t§ YPeofGun
estimate hours worked by trade and, in combination with injuries® Pischarge or Misfire Circumstances
by trade, to calculate injury rates by trade. ¢ Na!l!ng Position

Over the 42-month study period, 9205 accepted claims were Nailing Surface or Method
filed with BMIC. Atthe time the data were obtained for analyses, * Reasons for Projectile Nails
93.6 percent (= 8617) were closed. All claims were included * Board or Object Nail Penetration
in our analyses. Projected reserves were used for claims that Stage of Construction
remained open in order to estimate injury costs. Claims were
described by cause of injury, body partinjured, and nature of iRp;i| Gun Injury Rate Calculations

jury. During the period of these analyses, BMIC stopped writing For both the North Carolina and Ohio data, we calculated

insurance coverage for roofers; thus, roofers are not includeqﬁré rate of nail gun injuries based on estimated hours of con-
trade-specific analyses. struction work (cases/200,000 work hours). For calculation of

injury rates among the Ohio carpenter cohort, only injuries that
Identification of Nail Gun Injuries and Free Text Analyses  occurred during months when the cohort member had worked

Both the Ohio and the North Carolina data included a brieiion hours were included since information was not available
free text description (maximally 120 characters) for each imn nonunion work time at risk. Age was calculated based on
jury. In addition to the analyses of coded data, we conductage at the midpoint of the 45-month study period. Total work
exploratory studies using this free text data to identify nail gumours for the cohort were determined by summing all union work
injury cases and to gain a better understanding of the mechantsmurs logged by cohort members during the 45-month study pe-
of injuries beyond what can be learned from coded informationod. Crude nail gun injury rates (cases per 200,000 union work
Methods used for free text data analyses are similar to thdsmurs) were calculated as well as age-specific rates (5-year age
previously used to study fall-related injuri@®). groups).

The text description and coded information for all claims for The procedure used to calculate nail gun injury rates for the
each data source described above were transferred into a Nibrth Carolina residential construction worker population was
crosoft Access data file. First, approximately 20 percent of tligferent than used for the Ohio data as work hours by indi-
Ohio and North Carolina free text injury descriptions were reddual workers were not available. For rate calculations, hours
viewed in detail to identify key words used in descriptions oforked by trade were estimated using payroll data for BMIC and

P Nail Gun User
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prevailing wage data for construction workers in North Carolinais to calculate age-specific nail gun injury rates. A higher rate
Rates were then calculated for overall nail gun—related clairo§ nail gun injuries was observed for workers aged 20 to 24
and trade specific rates. As individual work hours were not avaB.69 cases per 200,000 work hours, 95%-.24-1.14).

able, it was not possible to calculate age-specific rates for theSummaries of nail gun injuries by nature and body part in-

North Carolina population. jured are shown in Figures 2 and 3. For both populations, the
Confidence intervals for all rates were calculated assumingadominant type of nail gun injury was a puncture, account-
Poisson distribution for the nail gun injury evefd. ing for 80 to 89 percent of all injuries associated with the use
of nail guns. Fingers and/or hands were the most frequently in-

RESULTS jured (55 to 57% of cases) although 5 to15 percent of injuries

Table | shows the number of nail gun injuries available fdPVOlved other sites including foot/toes, wr?st/arm, Ieg/kneez
analysis by site as well as the crude rates of nail gun injuries.T"f’l'éd hgad/eye/face. .There were 21 contusions observed with
total number of cases was 516, with North Carolina providing tt7&¢ P€ing from a falling gun and four due to being struck by
most cases. Overall, nail guns accounted for 3.9 percent of all ffft & hose as the gun was uncoupled. An additional six con-
juries reported to workers’ compensation among these workdisions occurred due to recoil of explosive charge activated
The overall crude rate of nail gun injuries (cases per 200,088"S: , _ , . _ _
work hours) was 0.33 (95% C 0.39-0.37) among North . _\/Vorke.rs cqmpensatlon costs a_ssomated with nail gun in-
Carolina residential construction workers and 0.26 (95%-c| luries varied widely. For North Carolina cases, the mean medical
0.22-0.31) among Ohio carpenters. The proportion of nail gGASt Was $1,497 and the mean indemnity cost was $772; how-
injuries resulting in lost work time (indemnity cases) was much'€" the upper end of medical and indemnity costs was $43,805
higher in North Carolina (25.5%) compared to Ohio carpentefd $104,191, respectively. For Ohio carpenters, the mean cost
(8.3%), this difference being statistically significant<[0.05). for nail gun injuries Wlthout _pald lost time was $483, whereas
In both states, indemnity payments start after seven days av%? mean co§t _for_ paid lost time cases was $9’237_'
from work; therefore, the higher proportion of indemnity pay- Puncture' injuries were selected for more detalled' analyses
ments in North Carolina cannot be attributed to differences fj € text information. Figures 4 through 7 summarize these
the threshold for payments. analyses. The number of cases prov!dlng useful information for

The North Carolina residential construction workforce wa&2ch study factor is shown in these figures. In 96 percent of the
comprised of all relevant trades, including carpenters who pf@ses W|th.useful information (M 415)’_ the nail gun user was
dominately use nail guns. An analysis of nail gun injuries bg!jured while 4 percent of workers injured were not working
trade found the rate for carpenters to be 0.91 (95%-0L79— |r_ectly with a nail gun but were me_rely bystanders. Pneumatic
1.04) cases per 200,000 work hours, or about three times [l 9uns were the source of approximately 98.1 percent of punc-
overall rate for all trades. Likewise, restricting the analyses B injuries followed by staplers (1.2%). Few puncture injuries
nail gun injuries in Ohio to workers doing residential construdN = 2) were due to explosive cha_lrge activated guns.
tion found a higher nail gun injury rate of 1.32 (95%-€D.60— Only a limited number of the claims (M 51) provided useful

2.50) cases per 200,000 work hours. Our Ohio data also allowBfprmation concerning the nailing position and 74.5 percent
of claims with useful information were described as below the

TABLE | waist. Likewise, few cases (M- 36) had details concerning

the nailing surface or method. Of the 36 cases with this data,

41.7 percent involved flat surfaces, 5.6 percent toe-nailing, and
NC residential Ohio 8.3 percent nailing through a board or boards.

Study parameter construction  carpenters A total of 185 claims provided sufficient information to de-

termine if a inadvertent gun discharge or misfire had occurred

Summary of nail gun injuries and crude injury rates

Years of claims covered 1995-1999 1995_1998Figure 4). In 68.6 percent of the puncture wound injuries, it

Numbgr of workers/contractors 7500 13487 ould be determined that an unwanted gun discharge had oc-
studied . . curred. In 20.5 percent of the cases the gun had either misfired

Number of compensation claims 9205 4138 o double fired, with the cause not being further detailed. In
a_malyzgc_j : 20.0 percent of the cases, accidental contact with the nose trigger

Nail gun injury c_:la|ms analy_zed 377 139 ' mechanism had caused the gun to discharge, and in 19 percent
Percent medlca!—only plalms 74.3% 91.7% of cases, a worker slipped or fell while holding the nail gun,
Percent indemnity claims 25.5% 8.3%  |esulting in a discharge. These latter two circumstances of in-

Crude nail gun injury rate 0.33 0.26 jury are most likely due to: 1) a bypassed or inoperative trigger
(cases/200,000 hours) and (0.29-0.37) (0.22-0.

fety mechanism, or 2) workers holding the trigger in the firing
position while maneuvering around the job site. In 3.2 percent

Note Overall, nail guns were involved in 3.9 percent of the workerdf the cases, it could be specifically determined that the gun had
compensation claims filed by these construction workers. double fired due to gun recoil.

95% confidence intervals
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Gun Recoil & Double Fire 3.2%

Slip/Fall Contact 20.0%

Gun Contact & Accidential Discharge 24.9%
Other Double Fire or Misfire 205%
No Discharge or Misfire Identified 31.4%
I | | |
0% 10%0 20% 30% 40%

FIGURE 4

Nail gun discharge/misfire.

Missed/Deflected 51 4%
Nail

Hit Other Object 5.1%

Hit Knot/Nail :|4.D%
No Projectile Nail 59.4%

I I T |
0% 20% 40% 60% 80%
FIGURE 5

Projectile nails.
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Other

_ ]1 6%
Penetrations

Board/Object
Split

1%

FPenetrated
Board/Obhject

10.5%

No Penetration 87 .49

0% 20% 40% 60% 80% 100%

FIGURE 6
Nail penetrations.

Airborne or projectile nails were involved in approximatel\such injuries occurring when the board or nailing surface
41 percent of the puncture injuries (Figure 5). The most corgplit.
mon causes of projectile nails were nails missing the intendedThe vast majority of reported nail gun injuries (66.1%) oc-
nailing surface or being deflected from the surface being nailexdirred during the framing and sheathing stage of construction,
A smaller proportion of projectile nails occurred when nailfollowed by roofing (16.1%) and exterior siding and finish
ricocheted for a variety of other reasons including hitting oth¢t4.3%) as shown in Figure 7. This was not unexpected as
nails, wood knots, and other materials such as metal trisaming nailers are typically more powerful, large numbers of
fasteners. fasteners are needed at this stage, nailing positions are more

Less than 13 percent of puncture injuries resulted froawkward, and the construction site is typically less well orga-
nails penetrating the board or receiving surface and enteriniged. Also, nailing of sub-floors and sheathing is often done
the hand/fingers or other body part (Figure 6). Simple penetigsing the faster bounce nailing method, which is more prone to
tions were the most common with a smaller portion dhjury.

All Other [Jo.9%

Interior Finish | |16_1%

Roofing []26%

Siding & Exterior Finish | | 14.2%

Framing & Sheathing |66.19%
0% 20% 40% 60% 80%

FIGURE 7
Stage of construction.
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DISCUSSION body sites. More than 70 percent of puncture injuries occur dur-
These analyses have shown that nail guns are involvedirg the framing and sheathing stage of construction. Proper use
about 4 percent of construction injuries in our data and approgif sequential triggers would appear to be a reasonable and ef-
mately 80 to 88 percent of nail gun injuries are punctures. Purfective intervention to prevent many of these injuries, in combi-
tures to the hands/fingers are the predominant injury; howeveation with effective worker training and education. Additional
other body parts also are involved. The distribution of injurgtudies are needed to evaluate the efficacy of these interventions
sites is similar to that observed by Baggs et al. for Washingtand the effectiveness of intervention programs.
State(!"18)
The proportion of nail gun—related compensation claims in-
volving paid lost time ranged from 8.3 percent to 25.5 perceACKNOWLEDGMENTS
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