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Background Acute nail gun injuries can be controlled significantly by using tools with
sequential triggers and training. Concern has been raised that sequential triggers, which
require that the nose piece of the gun be depressed prior to pulling the trigger, could
increase risk of musculoskeletal problems.
Methods We conducted active injury surveillance among union carpenter apprentices to
monitor acute injuries and musculoskeletal disorders between 2010 and 2013.
Results Acute injury risk was 70% higher with contact trip rather than sequential
triggers. Musculoskeletal risk was comparable (contact trip 0.09/10,000 hr (95% CI,
0.02–0.26); sequential 0.08/ 10,000 hr (95% CI 0.02–0.23)).
Conclusions Concern about excess risk of musculoskeletal problems from nail guns with
sequential triggers is unwarranted. Both actuation systems carry comparable
musculoskeletal risk which is far less than the risk of acute injury; there is clearly no
justification for failure to prevent acute injuries through use of the safer sequential trigger.
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BACKGROUND

The use of pneumatic nail guns carries substantial risk of
acute injury to residential carpenters in wood frame
construction where use of these tools is now ubiquitous.
Nail gun injuries have been reported to account for 14% of
injuries among residential carpenters [Lipscomb et al.,
2003b]. Some of these injuries are devastating, resulting in
serious life-threatening injuries [Jithoo et al., 2001;
Associated Press, 2004, 2005; US Department of Labor,

Occupational Safety and Health Administration, 2007;
Harris et al., 2008; Englot et al., 2010; Temple et al.,
2013]. Acute nail gun injuries are the most common tool-
related injury resulting in hospitalization in the construction
industry despite the fact that their use is limited to a small
portion of the industry working in wood frame construction
[Lipscomb et al., 2010b]. The majority of injuries are the
result of inadvertent firing of nails associated with use of
tools with contact trigger actuation, which allows the user to
hold a finger on the trigger and fire the gun rapidly by
depressing the nose piece on the gun (bump-firing). Injury
risk is half as great among users of tools with sequential
actuation, which requires that the nosepiece be depressed
first before engaging the trigger in order to fire [Lipscomb
et al., 2006, 2008]. Marked reduction in injury rates has been
demonstrated with use of tools with sequential actuation and
training in safe tool use [Lipscomb et al., 2010a].

Contractors typically purchase power tools, such as
these, for use by the carpenters they hire. In 2011, the
National Institute for Occupational Safety and Health
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(NIOSH) and the Occupational Safety and Health Adminis-
tration (OSHA) jointly issued a guidance document for
contractors recommending use of the safer sequential trigger
as well as provision of training, establishment of work
procedures, use of appropriate protective equipment,
encouragement of reporting of injuries and provision of
appropriate first aid and medical treatment [US Department
of Labor, Occupational Safety and Health Administration,
2013].

Following early (1999) occupational surveillance of nail
gun injuries in Washington State a number of these
recommendations were made including the use of tools
with sequential triggers. In addition, because of concern that
the repetitive triggering required with sequential activation
could contribute to development of trigger finger, recom-
mendations were made to only allow more skilled users
access to tools with contact actuation that could be bump-
fired [Baggs et al., 1999, 2001]. The magnitude of risk of
musculoskeletal problems from nail gun use in general
appears to be considerably less than that of acute injury.
However, accurate occupational safety and health surveil-
lance is problematic and musculoskeletal problems may be
even less likely than acute injuries to be identified in
traditional surveillance sources [Blessman, 1991; Morse
et al., 2000; Rosenman et al., 2006].

As part of ongoing surveillance and prevention efforts
we have monitored nail gun injury experiences of apprentice
carpenters in the Midwest United States for over a decade.
This report updates findings since 2010. The data include, not
only information about acute injuries, but also actively
solicited information on musculoskeletal problems related to
use of these tools and more in-depth insight related to these
events from users including usage patterns and trigger
configuration.

METHODS

Active Surveillance Data Collection

Methods used to collect and analyze these data were
similar to those we have previously reported [Lipscomb
et al., 2006, 2008, 2010a]. Between 2010 and 2013
carpenters enrolled in the apprenticeship programs affiliated
with the Carpenters District Council of Greater St. Louis and
Vicinity (Carpenters Joint Apprenticeship Program, St.
Louis, Missouri and Southern Illinois Carpenters Training
Center, Belleville, Illinois) were asked to participate in an
active surveillance program.

Union carpenters typically spend 4 years in apprentice-
ship training. During that time they are enrolled in formal
classroom and supervised shop training for 2-week periods
twice a year with the remainder of their time in the field. One
day per week for 6 months each calendar year, two

journeymen carpenters on the research team went into
classrooms at the training centers and asked apprentices to
complete a short written questionnaire anonymously. Data
were collected initially in 2010–2011, with subsequent
collection in 2012 and 2013. Collection of data was
intentionally limited to 6-month periods to avoid querying
any given carpenter more than once in any 12-month period.
Participation followed informed consent; signed consent was
not required given that the consent form would have created
an identifier of participation for the otherwise anonymous
surveys. All procedures were approved by the institutional
review boards at Duke University Medical Center and the
Center for Construction Research and Training (AFL-CIO).

Each carpenter was asked about nail gun training, and
injured carpenters were specifically asked whether they had
training before their injury occurred. In response to earlier
research findings [Dement et al., 2003; Lipscomb et al.,
2003a,b] the carpenters’ apprenticeship program first
initiated nail gun training for early apprentices in January
of 2002. Influenced by resources and competing demands,
the training has varied over time from classroom presenta-
tions with slides, demonstration, and hands-on instruction
and supervised tool use, to more basic classroom instruction
covering use and safety principals. Some received supervised
instruction at school in later years, while others did not.

To provide estimates of time at risk, the apprentices were
asked to report the hours they worked in residential carpentry
and an estimate of the usual hours of nail gun use each week
over the last year. They were asked to specifically report on
the triggering mechanism on the tools they used and their
estimate of hours of nail gun use with each trigger
mechanism in a typical week in the last year. Each carpenter
was asked to report any nail gun injuries they had
experienced including the date of their most recent injury.
Because of concern over the potential to increase risk of
musculoskeletal injuries with sequential trigger use, we
specifically asked about any musculoskeletal problems
regardless of whether they had been physician diagnosed
or not. Individuals reporting musculoskeletal problems were
invited to participate in a more in-depth personal interview
covering the nature of their problem and perceptions of
work-related risk factors.

Data Analyses

Basic descriptive statistics were used to describe the
population, their injury experiences and their work ex-
posures. Crude injury rates (incidence density) based on the
report of injuries in the last year were calculated per
200,000 hr of residential carpentry work. Injuries were
further restricted to those that occurred when the apprentice
was using the tool (as opposed to a co-worker) to estimate
rates of injury per 10,000 hr of reported tool use in order to
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define injuries and time at risk on the same basis. In the event
that a carpenter had experienced more than one injury in the
last year, analyses were only based on the report of the most
recent injury. Crude injury rates and rate ratios as well as
adjusted rate ratios were calculated using Poisson regression
[Nizim, 2000] after stratifying hours of tool use and injuries
by covariates of interest including time in the union, time in
the trade, trigger mechanism on the tool, and training in tool
use before injury. Variables were retained in the multivariate
models if they were independent risk factors based on
likelihood ratio statistics or if their removal changed other
risk factors 15% or more. Using these criteria, no variables
were dropped from the model with aP-value of less than 0.10
(Type III statistic, SAS, Cary, NC; Version 9.3).

RESULTS

Between 2010 and 2013 we collected a total of 2,552
surveys from carpenter apprentices through their training
schools; this represented a response rate of 95% among
carpenters approached. Some apprentices were surveyed on
more than one occasion as they matriculated through the
school, but never more than once in a given year. The number
of acute nail gun injuries experienced by these carpenters
ranged from none to 10 (median¼ 0; mean¼ 0.24). Lifetime
prevalence of acute nail gun injuries was 13.7% (350/2552).
Twenty-four carpenters reported having had a musculoskel-
etal problem they associated with nail gun use at some point
representing lifetime prevalence of less than 1%.Of note, it is
not uncommon for carpenters to join the union after having
already had some carpentry experience, and 45% (n¼ 1145)
of respondents had been doing carpentry work for over
4 years even though they were in a union apprenticeship.

Nail gun exposure is limited to wood frame construction
and further analyses focused on estimating risk in the prior
12 months were limited to those who worked in residential
building. There were 1,413 carpenter apprentices who
reported working residential hours in the previous 12 months;
they worked 1,323,538 residential work hours (mean 937 hr,
median 900 hr). Most of these residential carpenters (75%)
worked less than 1500 hr in the last year. One hundred
nineteen (n¼ 119; 8.4%) of these carpenters reported having
experienced a nail gun injury in the last year representing an
injury rate of 18.0 (95% CI 15.0–21.6) per 200,000 hr of
residential carpentry work. The vast majority did not seek
medical care (n¼ 84; 70.5%), miss work (n¼ 104; 87.4%) or
report their injury as work-related (n¼ 94; 79.0%). Thirty-six
individuals (30%) sought medical care for their injury or lost
work time beyond the day of injury. These criteria
approximate an Occupational Safety and Health Administra-
tion (OSHA) recordable injury; one-third of those (n¼ 12)
reported their injury as work-related to their supervisor,
employer, or workers’ compensation. However, 87%

(n¼ 13/15) of those who missed work reported the injury as
work-related. Six injuries were inflicted by a co-worker
including 5 involving tools with contact triggers and 1
involving a tool with a sequential trigger.

Nearly three quarters (74.7%; n¼ 1056) reported access
to tools with sequential triggers; 35.3% (n¼ 524) of the
carpenters reported they were required to use tools with the
safer sequential trigger. A variety of other conditions were
described for use of sequential trigger tools including
restriction of apprentice carpenters to tools with sequential
triggers in some cases or task-related specifications for one
trigger vs the other. For example, some carpenters reported
use of contact triggers for sheathing activities and sequential
triggers for framing tasks. However, these patterns of use
were not consistent with considerable variability across
contractors for whom these carpenters worked.

Hours of tool use and injury experiences are stratified by
trigger configuration on the tools being used, training before
injury, time in the union and in the trade inTable I; these data are
based on reports from 743 surveys in which carpenters
estimated their hours of tool use by trigger type in the last
12 months. The overall injury rate was 1.2 (95% CI 0.98–1.5)
per 10,000 hr of tool use. Fifty-three percent (53%) of reported
nailing hours were with tools with sequential triggers, and 85%
of these hours occurred after the carpenters reported some
training in tool use. Injury rates were 80% higher for use of
contact trip tools than tools with sequential triggers (rate ratio¼
1.8 (95% CI, 1.2–2.8)), and carpenters were 52% less likely to
be injured if they had training in tool use (rate ratio¼ 0.48 (95%
CI0.30–0.78)). Injury rates were over 2-fold higher among
those with the least carpentry experience and least time in the
union. Time in the trade did not remain a significant predictor of
risk when controlling for trigger used, training and time in the
union. Evenwhen controlling for experience and training, tools
with contact trip triggers carried a 70% greater risk of injury
than those with sequential actuation.

Very fewworkers reportedmusculoskeletal problemswith
only 6 carpenters reporting a musculoskeletal injury that had
occurred in the last year; this represents an injury rate of 0.09per
10,000 hr of tool use. Tools with contact triggers had a rate of
0.09/10,000 hr (95%CI, 0.02–0.26) while tools with sequential
triggers had a rate of 0.08/10,000hr (95% CI 0.02–0.23). Five
of the six carpenters described their musculoskeletal problems;
4hadproblemswith tendonitis andone reporteddifficulty using
his right arm after tool use. All three users of tools with
sequential triggers reported problems with tendonitis. Issues
raised by workers included concern over weight of the tool and
the fast pace of residential work; none attributed use to the
specific trigger on the tool they used.

DISCUSSION

The rate of nail gun injury based on hours of residential
work during this observation period was 56% lower than
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reported by residential apprentices in 2005 [Lipscomb et al.,
2006]. This decline has been observed as early training
efforts, and particularly, use of tools with sequential triggers
increased in this worker population. Over a third of the
residential apprentices we surveyed were required by their
contractor to use tools with sequential triggers and another
35% had access to a tool with a sequential trigger if they
chose to use one. Based on reported hours of tool use we
estimated 52% of nailing time in recent years was with tools
with sequential triggers. These findings represent a consid-
erable increase in the use of the safer sequential trigger over
time in this geographic area. However, it is of some note that
the proportion of trained hours has remained stable in this
group from our earlier report while the proportion of hours
with a tool with a sequential trigger has decreased slightly
from a high of just over 60% in 2008 [Lipscomb et al.,
2010a].

Despite increased use of tools with sequential triggers,
reports of musculoskeletal disorders were relatively rare
even when actively solicited. More importantly, no differ-
ences were seen in the rate of MSDs based on trigger
configuration of the tools being used. The findings are
consistent with our earlier findings in which very few
musculoskeletal problems were reported by nail gun users
compared to the acute injury burden [Lipscomb, 2008].
These findings support the work of Lowe et al. [2014] who
found insufficient evidence to contradict safety-based
recommendations to adopt sequential triggers based on
concern about trigger finger risk.

Most (60%) injured carpenters did not seek any medical
care for their injuries. Almost all who missed work beyond

the day of injury reported the injury event as work-related to
their employer/supervisor. However, less than a third with an
injury meeting an OSHA recordable definition based on
receiving medical care or lost time beyond the data of injury
reported the event as work-related. This means medical care
that was received was likely paid out of pocket by the worker
or through their union-provided insurance rather than
worker’s compensation. Given that most of these injuries
were puncture wounds to hand and or fingers, this is
consistent with numerous other reports that more minor work
injuries are less likely to be appropriately represented in
national surveillance sources [Azaroff et al., 2002; Shannon
and Lowe, 2002; Rosenman et al., 2006].

This work was done in the Midwest United States where
there has been considerable attention to reduction of nail gun
injuries over the last decade. It was facilitated through
longstanding collaboration with two joint union-labor
apprenticeship programs which allowed access to a large
unionized workforce of carpenter apprentices who were
involved in residential building. The work progressed over
time from broad injury surveillance efforts [Lipscomb et al.,
2003b] to more targeted concerns and hazard surveillance
efforts. We have learned a lot about these tools and the
dangers associated with them—we have also had ready
partners in establishing at least basic training to address risk
of these ubiquitous tools in residential building. Provision of
training to residential carpenters in the non-union sector is
much more challenging.

We previously reported lack of evidence of higher risk of
MSDwith sequential triggering but due to small numbers the
estimates were unstable—similar to those reported here.

TABLE I. Hours of Nail Gun Use and Injury Experience Union Carpenter Apprentices 2010^2013

Hours of tool use Injuries Rate1 (95% CI) Rate ratio1 (95% CI)
Adjusted rate
ratio2 (95% CI)

Trigger
Contact trip 325420 52 1.6 (1.2 ^ 2.1) 1.8 (1.2 ^ 2.8) 1.7 (1.1 ^ 2.6)
Sequential tial 362008 32 0.9 (0.6 ^ 1.2) 1 1

Training
Yes 582016 61 1.0 (0.8 ^ 1.3) 0.48 (0.30 ^0.78) 0.60 (0.37 ^ 0.98)
No 105412 23 2.2 (1.4 ^ 3.3) 1 1

Time in trade
<1year 61108 17 2.8 (1.7 ^ 4.5) 2.9 (1.7 ^ 4.9) ç
1^<2 years 74080 13 1.8 (1.0 ^ 3.0) 1.8 (0.98 ^ 3.2) ç
2þ years 552240 54 1.0 (0.7 ^ 1.3) 1 ç

Time in union
<1year 188048 39 2.1 (1.5 ^ 2.8) 2.6 (1.6 ^ 4.2) 2.4 (1.5 ^ 3.9)
1^<2 years 149944 17 1.1 (0.7 ^ 1.8) 1.4 (0.77 ^ 2.6) 1.5 (0.80 ^ 2.7)
2þ years 349436 28 0.8 (0.6 ^ 1.2) 1 1

1Rates per10,000 hr of tool use; calculated with Poisson regression.
2Calculated with Poisson regression; adjusted for trigger, training and time in the union.
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Despite specifically asking carpenters about MSDs we did
not elicit many reports of such that were associated with use
of nail guns. When we did, workers expressed concerns over
the weight of the tools, as well as the very rapid nature of
work in residential carpentry in general. The latter is
particularly ironic given concerns on the part of contractors,
manufacturers, and sometimes even workers that the
sequential trigger would slow the work in this very fast-
paced sector of the construction industry.

CONCLUSIONS

These data support prior recommendations encouraging
use of pneumatic nail gunswith sequential triggers and training
of users to prevent injuries [Baggs et al., 1999; Dement et al.,
2003; Lipscomb et al., 2010a; US Department of Labor,
Occupational Safety and Health Administration, 2013; Albers
et al., 2014]. Consistent with the public health hierarchy of
hazard control [Herrick and Dement, 1994; Castillo et al.,
2006], the adoption of tools with the safer sequential triggers
would offer protection to all users as well as bystanders. We
fully support training andbelieve all users should have access to
training before using these dangerous tools. However, it makes
more sense to train users how to use the safer tool. Concerns
about MSDs being caused by sequential trigger tools is not
supported in this work – both actuation systems appear to carry
comparable risk of MSDs which is far less than the risk of an
acute injury. Clearly, concern about the possibility of
musculoskeletal problems does not justify failure to use the
sequential trigger, a tool that is demonstrated to prevent acute
injuries.
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