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Glossary of Construction Terms

Term Definition

Backfill Fill around the foundation

Baker’s scaffold Platform scaffold

Band iron Bands wrapped around materials when delivered to construction
sites

Concrete forms Forms used to hold concrete until it dries

GFCI Ground fault circuit interrupter

I-beam Steel beam; on end it looks like an I

Joist Supports for sub-flooring; typically 2x10's or newer TGI’s which are
2 2x2'swith plywood in between

Joist hangers Metal pockets for joists to fit in

Ladder jacks Scaffolding rigged on a pair of ladders with use of jacks that can be
adjusted; large (pic) board is used as a work surface between the
jacks.

OSB board Oriented strand board; plywood

Overdig Usually 3 feet wider than foundation wall; room needed to set

concrete forms

Paralam Beam made of long, thin strands of wood that are structurally
(Microlam) bonded together in a patented microwave process, to make large
cross section beams and columns

Perry scaffold Platform scaffold

Pic board Large, heavy board used as a work surface on ladder jacks

Pocket square Small square carpenter can keep in pocket

Sub-floor Plywood flooring which is covered by wood, carpet, or other
flooring

Toe boards 2x4's nailed to roof to prevent sliding

Top plate Top of framed wall
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Term

Truss

Whaler board

Apprentice

Journeyman

Foreman

Steward

Supervisor

Definition

A component part of roof, usually put on 2' centers all the way
across the house.

These are usually 2"x4" s on the outside of forms to straighten the
concrete forms. They are held to the forms with small ties called
whaler ties.

Carpenter still involved in formal training; typically lasts 4 years.
Should have increasing responsibility on job sites as progresses in
program.

Carpenter who has finished formal training program or was
“grandfathered in” based on non-union experience.

Typically journeyman carpenter; has responsibility for a number of
other carpenters, a job site or home etc.

Individual who is a carpenter serving as an advocate for other union
carpenters regarding benefits, safety, work conditions, etc.

Carpenter who is head of a number of foremen; usually head of the
building of a sub-division for instance.
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ABSTRACT

Information on the etiology of work-related injuries among construction workers has been
limited by practical problems which make the study of their health and safety hazards difficult; these are
especially salient when considering those who do residential and drywall work. These are very mobile
workforces with individuals frequently changing job sites and even employers. In residential
construction, particularly, the duration of work at any given site is shorter in nature than in commercial
construction and the nature of the work changes from day to day. Job sites are typically smaller with
fewer workers at any given site.

We report on an active injury surveillance project designed to test the utility and feasibility of
active injury investigations in identifying causes of work-related injury among a large cohort of
residential and drywall carpenters. The program was designed to document the magnitude of injuries
among these carpenters, to describe in detail the nature of their injuries and the circumstances
surrounding these events. In addition, to explore risk factors for prolonged loss of time from work
after a back injury among these high risk construction workers, comparisons were made between
injuries, and workers experiencing these injuries, which resulted in rapid return to work and those
which resulted in more prolonged work absence (> 1 month).

A group of 20 contractors were recruited to participate in the surveillance program, agreeing
to report OSHA recordable injuries to the project office as they occurred on their work sites.
Experienced journeymen carpenters with safety training and training in questionnaire administration and
informed consent interviewed the injured carpenters about the circumstances surrounding their injuries.
These carpenter investigators also conducted site assessments, using a standard format, where falls
occurred. The union provided enumeration of the carpenters working for these contractors, their union
status (apprentice vs journeyman) and hours worked by person by contractor by month, providing
person-hours of work as a measure of time at risk; this allowed the estimation of injury rates. These
data were supplemented with a series of focus groups designed to collect information about exposures
of apprentices, training and mentoring in skills and safety training, perception of risk, and job stressors.
In addition, a small group of self-insured contractors provided their workers’ compensation data for the
years 1995-2000 for analyses. The latter provided some information on costs associated with work-
related injuries among residential carpenters.

After a period of pre-testing, active surveillance data were collected over 37 months beginning
in September of 1999. The dynamic cohort consisted of 5,137 carpenters who worked for one of 20
participating contractors during this time period, representing a total of 9,346,603 carpenter hours.
Between September 1, 1999 and September 30, 2002 a total of 783 injuries were reported. Of
these, 586 injured carpenters participated in injury investigation interviews ( 74.8%).

Injuries were most commonly caused by the carpenter being struck by or against something,
manual materials handling tasks or some other type of overexertion, falls from elevations, and falls from
.the same level. Injuries involved the upper extremities over 40% of the time followed by the lower
extremity, axial skeleton/trunk, and the head and face including the eyes. The injuries that resulted
from being struck by or against something were largely cuts, puncture wounds, scratches/abrasions
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(including eye injuries), and contusions (87%). Nearly 90% of the overexertion injuries resulted in
sprains and strains. Falls from height and same level falls most often resulted in sprains/strains or
contusions, but 26% and 17% of these falls, respectively, resulted in fractures.

The most common struck by injuries involved pneumatic nail guns. Materials being handled at
the time of overexertion injuries were most commonly associated with handling of building materials.
The carpenter was handling an object weighing greater than 100 pounds 48% of the time and 200 or
more pounds 28% of the time. Carpenters fell from a wide variety of surfaces most commonly
ladders, scaffolds and unsecured work surfaces. While some falls were related to challenges in
residential building with lack of appropriate anchor points, the vast majority could have been prevented
through use of recognized fall prevention and protection strategies such as use of guardrails, covering
openings, and appropriate ladder and scaffold use. Same level falls were often related to weather,
housekeeping or terrain issues, such as tripping over debris, difficult work terrain (rocky, muddy,
uneven); the slope of lot, lack of backfill around the foundation, difficult access, and/or egress from the

building.

The estimated overall injury rate was 16.8 per 200,000 hours worked (783/9.3 million hours).
There were 290 injuries that resulted in lost time from work beyond the day of injury (50% of those
interviewed; data item missing for 37), representing a lost-time injury rate of 6.3 per 200,000 hours
worked based only on individuals who were interviewed. If those who participated were
representative of the pool of injuries, this rate would be as high as 8.4 per 200,000 hours. The injury
rate among apprentices was 16.3 per 200,000 hours worked ( 95% CI 14.3 to 18.4) compared to
10.8 per 200,000 hours worked (95% CI 9.7 to 12.1) among journeymen (RR=1.5). Rates were
significantly higher overall among apprentices and for injuries that resulted from being struck by or
against something (RR=1.9). Nail gun injuries, in particular, occurred at rates 3.1 times higher among
apprentices.

A significant proportion of back injuries, nearly 30%, were the result of acute trauma from falls
or being struck. Among the manual materials handling back injuries there was some indication that the
injuries resulting in prolonged loss of time from work were associated with inciting events that created
greater acute spinal loads.

Data from the self-insured homebuilders group for a six year period were consistent with the
active surveillance reports. These compensation data demonstrated falls from elevations to be the most
costly injuries; they were responsible for the greatest overall costs (even though they ranked third in
frequency) and the greatest cost per claim. Fall rates declined 46% between 1997 and 2000, and total
costs for falls fell to a rank of 4™ in 1998, 2" in 1999, and again 4™ in 2000. Mean costs per fall
were markedly down in 2000 averaging about $7500 per fall compared to a range in previous years of
$30,000 per fall (1995) to $12,000 per fall (1998).

Overexertion, largely involving manual materials handling, injuries were up 20% in 2000

compared to 1995. Also consistent with the active surveillance findings at least 26% of costs for back
injuries that were not the result of manual materials handling tasks or exertion. These injuries were the
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result of falls, being struck by walls, or slipping. The greatest costs for back injuries were from injuries
resulting from lifting framed walls or setting steel beams.

Injured carpenters insights into what contributed to their injuries varied by type of injury, but
time pressures and speed of work were the most common factors carpenters acknowledged. Forty-
seven percent (47%) of workers who experienced a same level fall felt time pressures contributed to
the circumstances leading to injury, and 20% attributed housekeeping issues. Overexertion injuries
were most often attributed to the task being too heavy (34%) or the carpenter needing help (25%).

Surveillance, such as this, yields information on factors that contribute to injuries among high
risk construction workers who are difficult to study for practical reasons. The active surveillance is
more time consuming than passive surveillance activities, but the information is more useful for
understanding the circumstances surrounding injuries and in formulation of concrete preventive
recommendations. There are challenges in identifying methods to capture injuries completely and in a
timely manner to allow rapid investigation.
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SIGNIFICANT FINDINGS
Overall

Injuries were most commonly caused by the carpenter being struck by or against something,
manual materials handling tasks or some other type of overexertion, falls from elevations, and
falls from the same level.

Injuries involved the upper extremities over 40% of the time followed by the lower extremity,
axial skeleton/trunk, and the head and face including the eyes.

The injuries that resulted from being struck by or against something were largely cuts, puncture
wounds, scratches/abrasions (including eye injuries), and contusions (87%). Nearly 90% of the
overexertion injuries resulted in sprains and strains. Falls from height and same level falls most
often resulted in sprains/strains or contusions, but 26% and 17% of these falls, respectively,
resulted in fractures.

Materials being handled at the time of overexertion injuries were most commonly associated
with handling of building materials. The carpenter was handling an object weighing greater than

100 pounds 48% of the time and 200 or more pounds 28% of the time.

Carpenters fell from a wide variety of surfaces most commonly ladders, scaffolds and
unsecured work surfaces. Falls were often caused by failure to consistently follow recognized
methods to prevent falls.

Same level falls were often related to weather, housekeeping or terrain issues, such as tripping
over debris, difficult work terrain (rocky, muddy, uneven); the slope of lot, lack of backfill
around the foundation, difficult access, and/or egress from the building.

The estimated overall injury rate was 16.8 per 200,000 hours worked (783/9.3 million hours).
There were 290 injuries that resulted in lost time from work beyond the day of injury,
representing a lost-time injury rate of 6.3 per 200,000 hours worked based only on individuals
who were interviewed. Ifthose who participated were representative of the pool of injuries,
this rate would be as high as 8.4 per 200,000 hours.

The injury rate among apprentices was 16.3 per 200,000 hours worked ( 95% CI 14.3 to

18.4) compared to 10.8 per 200,000 hours worked (95% CI 9.7 to 12.1) among journeymen
(RR=1.5). Rates were significantly higher overall among apprentices and for injuries that
resulted from being struck by or against something (RR=1.9). Nail gun injuries, in particular
occurred at rates 3.1 times higher among apprentices.

Overexertion injuries overall occurred at similar rates for apprentices and journeymen.
However, apprentices had back injury rates that were 50% higher than journeymen and knee
and shoulder injuries that were lower.

Injured carpenters insights into what contributed to their injuries varied by type of injury, but
time pressures and speed of work were the most common factors carpenters acknowledged.
Forty-seven percent (47%) of workers who experienced a same level fall felt time pressures
contributed to the circumstances leading to injury, and 20% attributed housekeeping issues.
Overexertion injuries were most often attributed to the task being too heavy (34%) or the
carpenter needing help (25%).
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Pneumatic nail guns

.

Falls

Nail guns were responsible for an estimated 14% of injuries among residential carpenters.

Nail guns were the single greatest cause of struck by injuries among residential carpenters,
responsible for >20% of these injuries.

Injury rates were over three times higher among apprentice carpenters than journeymen, likely
due to greater exposure to these tools and inexperience.

Over 65% of injuries associated with contact trip guns could likely be prevented by sequential
triggers.

Prevention should involve training, engineering and policy changes involving carpenters and
contractors, and these efforts should be evaluated and informed by ongoing injury surveillance.

Falls accounted for 20% of injuries reported and investigated among these carpenters and falls
were twice as common from heights as from the same level.

There was only one fall in which the carpenter was using personal protective equipment and this
fall was arrested at 12 feet and resulted in minor injury.

Falls from the same level were most often related to weather, carrying objects - sometimes with
view obstructed, housekeeping, terrain of the building lot, and speed of work.

Falls from height occurred from a wide variety of work surfaces and often involved ladders,
work on unsecured surfaces, scaffolding, and unprotected opemnfrs as well as speed and
weather conditions. f

Sites on which falls from height had occurred were less llkely to have workers using hard hats
and eye protection and more likely to have poor housekeeping and materials storage and
unacceptable scaffolding - providing some indication that the overall safety climate may be less
good on these sites.

Use of proper ladders of appropriate size for the job, setting them appropriately - staking and
moving them frequently as required by the work are all important.

Ladder jacks used for scaffolding are difficult to manage — creating fall hazards and manual
materials handling risk. Carpenters recommend the use of pump jacks which are lighter to set
up and easier to adjust to increasing height.

Apprentices had rates of falls from elevations that were 50% higher than journeyman, but falls
from same level occurred at similar rates for both groups.

In focus groups, apprentices reported work at height as their most feared risk involved in their
work; fall prevention techniques taught in school, do not necessarily get applied on the work
site.

Younger workers and more seasoned carpenters need fall protection training, and
reinforcement of that training, that incorporates ladder and scaffold safety - this should include
safe work practices as well as erection and dismantling. Workplace norms must be established
that do not allow the inappropriate use of equipment.

Among these carpenters there were a number of falls related to work surfaces that were not
adequately secured or unprotected openings.

Working on the top plate of a framed wall is a common practice in residential building; when
working on the top plate there is not anything to which the carpenter can tie off. However, the
work often does not have to be done from there. Use of ladders around the perimeter can
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allow the same access without the same risk, as long as the appropriate equipment is used and

the ladders are set properly.

Use of recognized fall protection strategies such as guardrails, toe boards, tying off to an
appropriate anchor, and covering openings were all identified by these carpenters as things that
could have prevented their falls. However, these practices were not the norm on many sites
where falls occurred.

While work needs to be done efficiently “safety and speed do not mix” particularly when work
is being done at height.

Back Injuries

A significant proportion of back injuries (28.6%), including those with delayed return to work,
were the result of acute traumatic injury - falls and being struck.

Sixty-five percent (65%) of manual materials handling tasks associated with back injury among
these carpenters involved a lifting index of over three and over half (52%) had a lifting index
greater than five.

Even among manual material handling back injuries there was some indication that injuries
resulting in prolonged loss of time from work were associated with inciting events that created

greater acute spinal loads.

Cost data from self-insured homebuilders

Falls from elevations, which ranked third in frequency, were responsible for the highest costs
and the highest costs per claim.

Although overexertion injuries resulted from multiple tasks, the majority of costs associated
with these injuries resulted from two tasks - lifting framed walls and setting steel beams.
Relatively few injuries involved a worker being caught in or between objects, but these injuries
were also responsible for a disproportionate share of costs. The brief text descriptions identified
that these high cost events resulted, in large part, from carpenters being caught by walls that fell
over. Careful attention to appropriate bracing of walls is indicated.

Raising and bracing framed walls and handling beams are activities that should be targets for
innovative engineering improvements. In the absence of engineering solutions careful attention
to adequate manpower to avoid these serious injuries would be prudent. Cranes provide
assistance, but injuries result form those as well, and crews and operators must be
appropriately trained to use these safely.

Focus Groups

The common theme on residential sites seemed to be “time is money — and there isn’t enough of
either.” Everyone seems to know how many hours have been allotted to finish a structure, and
when they are behind the curve. The perception is that in commercial there are both the time
and the money to do things right, but there isn’t in residential.

There was recognition among apprentices that safety is more variable, even negotiable, on
residential sites than commercial sites. There was, however, a great deal of variation reported
between contractors and foremen. Where things were done right and attention was paid to
safety, they were respected.
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These carpenters reported, overall, that most things that should be done are done — somewhere
by somebody — but they are not accepted industry wide.

Consistently work at height was viewed as the most dangerous aspect of residential work, with
work from the top plate or “riding the ridge” setting trusses felt to be most dangerous. In
contrast, other areas that made significant contributions to falls among these workers -- such as
unguarded openings, stairwells or windows -- were not perceived as risky.
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USEFULNESS OF FINDINGS

The unique combination of data collected through this effort provided important insights into the
magnitude, nature and circumstances surrounding injuries among residential and drywall carpenters-- a
group of workers that can be difficult to study due to the nature and organization of their work.
Specific examples are cited below. The active injury surveillance, focused on interviews with
carpenters by other carpenters allowed in-depth case-based analyses and provided information that is
useful in identifying preventive recommendations. Access to work records including hours worked,
provided by the union trust fund, also allowed rate-based analyses which were particularly helpful in
assessing patterns of risk by union status. The use of text data allowed the exploration of factors not
anticipated at the outset of the project and richer detail to enhance our understanding of the injuries and
to formulate prevention recommendations.

. Apprentice carpenters, compared to more experienced journeymen, have different patterns of
risk for different types of injuries. Some of the risk is not related to experience, but to different
work assignments - more use of pneumatic nailers and more manual materials handling
responsibilities, for example. Failure to recognize this will lead to continued shifting of some
more dangerous tasks, or exposures, to inexperienced workers and attribution of their injuries
to inexperience. This consequently leads to a failure to change the exposures with perhaps
more emphasis on educating the inexperienced and ‘blaming the victims.’

. Falls are a major source of significant morbidity, and mortality, among residential construction
workers. All workers on small sites are exposed to work at heights and falls occur from a wide
variety of surfaces. Falls are not restricted to inexperienced workers.

. Injuries from pneumatic nail guns are the greatest cause of injuries that result from residential
carpenters being struck. The majority could be prevented by use of tools with sequential
triggering mechanisms. These data provide evidence that over 65% of injuries associated with
contact trip nail guns could likely be prevented by sequential triggers.

. Housekeeping problems contribute significantly to same level falls as well as some struck by
injuries, and manual materials handling injuries, and falls from elevations.
. There is a significant need for ergonomic interventions that would reduce back stress on

residential and drywall sites. These need to address moving heavy materials and specific tasks
such as raising, and bracing, framed walls.

. These data, using actual person-hours of work as the basis for rate calculations, provide
additional evidence that injury rates in construction are higher than reported by the Bureau of
Labor Statistics. This is even in light of the fact that we know we had less than complete
ascertainment of injuries.
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RECOMMENDATIONS
. Fall prevention efforts are needed for all levels of workers and contractors that should insure

initial training and regular updates and application of site specific fall prevention. Universal
application of accepted prevention methods would help tremendously (the covering of
openings, use of guardrails around openings and on scaffolding, increased use of slide arresters
on roofs, tying off when appropriate anchoring is possible, use of proper ladders and use of
ladders properly), but these are not the norm on residential sites.

. Apprentices are not able to effectively use fall prevention strategies they are taught in school
without support on the job from more seasoned workers. Apprentices and journeymen
recognize differences in application of fall prevention on residential sites compared to
commercial work; and differences are often attributed to the speed of the work and emphasis
on cost.

. Use of sequential trigger pneumatic nailers on residential sites. The residential construction
industry would be well-served by an alliance and collaboration with the trade association
(ISANTA) and manufacturers to develop, test and evaluate tool improvements and training
programs. Prevention of injuries from pneumatic tools should involve training, engineering and
policy changes involving carpenters and contractors, and these efforts should be evaluated and
informed by ongoing injury surveillance.

. Assistive devices are needed that can be easily adapted to residential sites to raise framed
walls.

. Setting steel I-beams should not be a manual task. Use of a crane for assistance requires
special training for crew involved.

. Effective team work and communication are essential in residential construction. These are

very important with few workers on site, the use of apprentices at high ratios to journeymen,
and the use of crews for assistance that do not always work together.

. Policy changes (union backed and contractor level) to change work norms, safety training and
evaluation of the effect of these changes is needed.
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SCIENTIFIC REPORT
A. BACKGROUND

Information on the etiology of work-related injuries among construction workers has been
limited by practical problems which make the study of their health and safety hazards difficult; these are
especially salient when considering those who do residential and drywall work. These are very mobile
workforces with individuals frequently changing job sites and even employers. In residential
construction, particularly, the duration of work at any given site is shorter in nature than in commercial
construction and the nature of the work changes from day to day. Job sites are typically smaller with

fewer workers at any given site.

Al. Work-Related Injuries in Construction

Occupational injury rates in the construction trades are high compared to the general workforce
in the U.S. The Bureau of Labor Statistics (BLS) (U.S. Dept. Of Labor, 1995) reported an overall
rate of lost-time or medical injuries or illnesses of 8.4 per 100 full-time workers in 1994. During the
same year a rate of 11.8 per 100 full-time workers was reported among the construction trades. BLS
data, the primary source of data on occupational injuries and illnesses in the construction trades, are
based on reports from OSHA logs from a probability sample of employers. Employment statistics are
used to estimate full-time workers. A cohort approach, using individual person-hours of work time as
the denominator, revealed rates of medical cost or lost-time compensation claims for construction

carpenters much higher than BLS estimates (Lipscomb, 1996).



Construction workers not only have higher rates of work-related injuries than other trade
groups but they are also among the most likely workers to experience serious occupational injuries
(Salminen, 1994). Fatal and lost work time injuries in the construction trades continue to rank among
the highest in the U.S. (US Dept of Labor, BLS, 1995); Kisner, 1994; Sorock, 1993; Stone, 1993;
MMWR 98-04-24). National rates of disabling injuries have risen in the construction trades in recent
decades (Robinson, 1988) which is of great concern from human and economic perspectives. The risk
of injury does not appear to be equal for all groups of construction workers. Inexperienced workers
(< 1 year) have been described as being at greater risk of having a serious work-related injury
(Salminen, 1994) as have smaller-size construction employers (Ringen, 1995). However, overall there

is a paucity of information on the etiology of these disabling events specific to this population.

A2. Residential Construction and Drywall

Although there are few sources of information specific to residential or drywall construction,
there are data that suggest that individuals doing these types of construction are at high risk of injury
(Dement and Lipscomb, 1999; Lipscomb et al., 1997; Choui, 1997, Building and Construction Trades
Dept, 1997) including high workers’ compensation premiums in both of these areas of the trade.
Recent costs of workers’ compensation insurance coverage in residential one and two family dwellings
ranged from just under $10 per $100 of payroll to over $35 per $100 of payroll (Engineering News
Record, 1997). Drywall insurance premiums can be as high as $40 per $100 of payroll (Nelson,

1998).
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Data from analyses of Washington State workers’ compensation claims between 1990 and
1995 revealed that residential construction was ranked as the top construction risk in terms of
compensation claims for carpenters (Building and Construction Trades Department, 1997). Residential
single family housing had the highest overall absolute number of claims for injuries and illnesses and the
fourth highest rate of injury (29.1 per 200,000 hours), behind structural steel, roofing and siding,
wrecking and demolition, and glazing. Three types of injuries accounted for 75% of all claims -
overexertion, struck by objects, and falls. The Bureau of Labor Statistics does not currently report
injury and illness data by a 4-digit Standard Industrial Code (SIC), making it impossible to look
nationally at differences in the injury experience of general contractors building single family dwellings
(SIC 1521) compared to those involved in residential buildings other than single-family (SIC 1522).

Data from the Construction Safety Association of Ontario summarizing lost-time workers’
compensation injuries 1987-88 for ‘residential buildings - low rise’ (Ontario does not use an SIC
designation) is consistent with the data from Washington State. Over 70% of all injuries were
described as resulting from overexertion, falls, or being struck by objects. Problems were identified
related to housekeeping, manual materials handling, direct installation activities, and on-site in-transit
activities that were associated with serious injuries among low-rise residential workers in Ontario. It
was felt that these problems could be reduced in a number of ways including better site management,
better training, and improved work practices (McVittie, 1995).

Among residential construction workers in N.C. falls from elevations were a major cause of
injury with a predominance of falls occurring from roofs, scaffolds, ladders and structural joists and

framing. Lifting injuries involving the back and knees were also common. There was evidence that
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certain tools were associated with injury including air driven nail guns and metal fasteners, which
resulted in hand and eye injuries, and power saws with injuries resulting from contact with the blade and
as a result of lumber being “kicked back” (Dement and Lipscomb, 1999). The data did not allow the
determination of whether there were problems with tool design or if injuries resulted from improper use.

Rates of traumatic injury resulting in days away from work have been reported to be higher
among drywall workers than for all construction workers combined. As in residential construction,
drywall workers are at risk of falls and overexertion injuries. In fact falls, bodily reaction, and
overexertion injuries have been reported to account for 84% of the total days away from work among
these workers. Falls from scaffolds resulted in the greatest lost work days and overexertion was
responsible for more lost work days than falls from the same level. One third of trunk injuries occurred
while lifting building materials, particularly drywall, and problems were more commonly reported in
lifting than in carrying tasks ( Chiou and Pan, 1997).

Analyses of workers’ compensation claims for musculoskeletal injuries and disorders among
union carpenters in Washington State revealed that carpenters affiliated with locals doing predominantly
residential work had higher rates of hand and knee contusions and foot fractures than their union
counterparts doing heavy or light commercial work, piledriving, or cabinet making. Drywall workers
had higher rates of sprains to the shoulder, forearm, knee and ankle. Both of these groups of workers
had rates of injuries to the axial skeleton (back sprains, back and neck sprains, back ill-defined
conditions) that were twice as high as other union workers (Lipscomb et al, 1997).

All of these reports come largely from analyses of coded data from reported work-related

injuries. The American Standard Method of Measuring and Recording Injury Experience of the



American National Standards Institute (ANSI) was accepted in 1937 by employers and the Bureau of
Labor Statistics as the standard for recording and reporting work injuries (Pollack et al, 1987). Data
based on ANSI codes have been useful for systematically describing injuries and for identifying high
risk groups but, as a rule, they do not provide enough descriptive information or detail to identify

appropriate preventive strategies.

A3. Work-related Back Disorders

The high rates of injuries to the back among drywall and residential carpenters are not
surprising. They have known exposures (Schneider, 1994) to recognized occupational risk factors for
back pain - heavy work, materials handling, pushing, twisting, frequent lifting over 25 pounds (4 X 8
sheetrock =80 Ibs, 4 X 8 3/4" plywood weighs 60 1bs), reqLdremE;nts for sudden unexpected maximal
effort, and work in awkward postures (Andersson, 1981; Damkot, 1984; Frymoyer, 1983; Jacobsson,
1992; Kelsey, 1990; Magora, 1970; Pope, 1988 ). Demands are increasing for these workers as the
use of heavier and bulkier materials increases, such as 12 foot sheets of drywall with weights in excess
of 100 pounds per sheet. There is relatively little literature specifically related to occupational back
problems among carpenters (Waller, 1989; Waller, 1990; Holmstrom, 1992). Little is known about
specific risk factors for injury (ie the inciting event) or the role that cumulative stresses may play in the
development and severity of back disorders.

Despite the fact that 10% of industrial back compensation cases have been reported to be
responsible for nearly 80% of costs (Spengler, Bigos, et al, 1986), little is known about what

differentiates work-related back disorders which result in rapid return to work and those which result in



prolonged periods of work disability. This is an important issue for construction workers who have
very high rates of work-related back disorders. Recovery, as measured by return to work, is rapid for
the majority of occupational back disorders (Andersson, 1984; Spitzer, 1987; Snook and Jensen,
1984; Spengler and Bigos, 1986), but return to work can mark only the end of the first episode of
work disability (Baldwin,1996). There is evidence that back pain tends to be recurrent (Berquist-
Uhlmann, 1977; Biering-Sorensen, 1983; Troup, 1981), and a gradual increase in the duration of
absence has been reported with successive recurrences (Rossignol, 1992).

Intuitively, the severity of the event/injury would seem to be of importance in predicting long
term disability. Yet for back problems few case definitions have been accepted in the scientific
community (Wickstrom and Hanninen, 1987). Clinical studies have shown that no more than 50% of
patients with low back pain have identifiable structural abnormali}ies ( Damkot, Pope, et al, 1984;
Frymoyer, Pope, and Clements, 1983). Measures developed to assess severity of acute trauma are
not sensitive enough to grade the vast majority of occupational injuries to carpenters due to a “floor
effect". The vast majority of injuries to carpenters treated in the emergency room had an Abbreviated
Injury Score (AIS) of 1 indicating a minor injury (Waller, 1989), and this rating had little relationship to
the length of time out of work. Hospitalization has been used to control for severity in analyses of
disability following work injury (Cheadle, 1994). However, in Waller’s study (1989), 74% of
carpenters who were still impaired six months after injury had only received outpatient care.

Socioeconomic characteristics and economic incentives have been reported to have significant
influence on return to work, as have psychologic, work, and social factors ((Baldwin, 1996; Johnson,

1998; Pope, Andersson, Chaffin, 1991). Disability, in general and among those with work-related



back injuries, is highest among those over age 55, those with an eighth grade education or less, and in
those with low income. (Cats-Baril, 1989, Volinn, 1991). Many people continue to have problems
which require modification of activities following an episode of back pain (Carey,1995; Von Korff,
1994). Workers in programs that provide modified duty jobs have been reported to have decreased
disability periods (Ryden, 1988; Wiesel, 1994 ), raising questions about whether modified work

arrangements are reasonably available for construction workers whose tasks involve predominantly

heavy work.

A4. Current Project

To explore some of these issues, an active injury reporting and investigation system was
initiated for a large group of union drywall and residential carpenters in St Louis, Missouri - the only
area in the United States with a large unionized residential workforce. This was done to document the
magnitude of injuries among this group and to describe in more detail the nature of their injuries and the
circumstances surrounding these events. The focus of this surveillance effort was on the identification of
factors or circumstances that could have prevented the injury. This approach is modeled after the
NIOSH Fatalities Assessment Control and Evaluation (FACE) program.

In addition to the NIOSH FACE program, case investigations have been used by a number of
different groups and individuals to identify causal factors and contributing circumstances for injuries.
The BLS surveyed workers identified through the Supplemental Data System in their Survey of Work
Injury Report Survey Program to explore causes of specific types of work-related injuries (US DOL,

1986). These mailed questionnaires were designed to obtain information on the circumstances



surrounding the injury, work site conditions or other factors contributing to the injury, safety practices
and employee experience and training (Pollack, 1987). Departments of motor vehicles routinely use
“accident” investigations. While these investigations serve legal purposes, the detailed data collected
regarding the circumstances of motor vehicle accidents has been used to identify circumstances leading
to injuries and things that could have been done to prevent injuries. A classic example comes from
analyses of investigations of motor vehicle accidents resulting in fatalities among young children in
medical examiner files. This work done by Susan Baker identified the, now well recognized, danger of
infants sitting on the laps of adults in motor vehicles (Baker, 1979).

To explore risk factors for prolonged loss of time from work after a back injury among these
high risk construction workers, comparisons were planned between injuries, and workers experiencing
these injuries, which resulted in rapid return to work and those Wi}ich resulted in more prolonged work
absence (> | month). Part of this was to involve the creation of profiles of cumulative exposure to low
back injury stressors and biomechanical characterization of the inciting event that lead to the low back
injury. This work relied heavily on the results of a previous NIOSH-supported research project (RO1-
CCR413061 "Back Injury Interventions for Small Contactors" PI: G Mirka) completed in 1999. The
specific activities of that previous work that were pivotal in the current work were those efforts focused
on the development of the Continuous Assessment of Back Stress (CABS) methodology, an approach
to quantifying low back injury risk by using multiple risk assessment tools and presenting the results of
this work in the form of probabilistic distributions describing the relative amount of time spent at

different levels of biomechanical stress.



AS. Specific Aims
This project involved collaborative efforts among the Division of Occupational and

Environmental Medicine at Duke University Medical Center, The Industrial Engineering Department at

North Carolina State University, the Health and Safety Fund of the United Brotherhood of Carpenters

(UBC) and Joiners of North America, and the St. Louis District Council of the UBC and their

participating contractors. This district council represents a large work force of unionized drywall and

residential carpenters. The objectives of the project were to test the utility and feasibility of active injury
investigations in identifying causes of work-related injury among this group of workers with very high
injury rates. Additionally, specific risk factors for occupational back disorders that result in prolonged
loss of time from work would be explored with a case-control design which used data gathered
prospectively through reporting and investigation. The specific aims of the project included the
following:

. Identify a cohort of drywall and residential carpenters to participate in a prospective study of
the etiology of workplace injuries.

. Develop methods for the prospective reporting of injuries, the systematic collection of data from
injury investigations, and the analyses of both coded and descriptive data.

. Conduct both rate-based and case-based analyses of injuries among the defined cohort of
drywall and residential carpenters. These analyses have the specific objective of identifying high
risk groups and causes of injuries.

. Demonstrate the use of these prospectively collected data in exploring risk factors for

prolonged loss of time from work following back injury using a case-control design.



B. MATERIALS AND METHODS

We report on an active injury surveillance project designed to test the utility and feasibility of
active injury investigations in identifying causes of work-related injury among a large cohort of
residential and drywall carpenters. The program was designed to document the magnitude of injuries

among these carpenters, to describe in detail the nature of their injuries and the circumstances

surrounding these events.

B1. Site of work

This active injury surveillance project was conducted in the area surrounding St. Louis,
Missourt; this is the only area of the United States with a large unionized workforce of residential
carpenters, The work was done through a partnership with the Céi‘penters’ District Council of Greater
St. Louis and the Homebuilders Association of Greater St. Louis. Contractors were recruited to
participate in the project, agreeing to report all OSHA recordable injuries (injuries requiring medical
care above first aid, loss of consciousness, or loss of work time beyond the day of injury) to the project
office by facsimile or phone message as they occurred on their work sites. A steering committee was
established early in the project with representation from the union, contractors, contractors’ safety
personnel, and the academic research team. This committee helped design the surveillance protocol
which is described in more detail below; To increase name recognition over time the project was

named the St. Louis Injury Prevention Project, or SLIPP.
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B2. Investigation Methods

The investigation approach was modeled after the National Institute for Occupational Safety
and Health (NIOSH) Fatality Assessment Control and Evaluation (FACE) program. However, in
contrast to FACE which only investigates fatalities, we were primarily interested in the bulk of work-
related injuries that do not result in death. Injured carpenters were interviewed by one of two
experienced journeymen carpenters. These men had, respectively, 42 and 25 years of carpentry
experience and OSHA 500 training; they were trained in procedures to obtain informed consent and a
standard questionnaire protocol for investigation of these injuries. Although they followed a standard
protocol for collection of data, the investigators asked additional questions, as needed, to provide
sufficient detail to understand the circumstances surrounding these injuries and to form opinions as to
contributing factors.

As injuries were reported, the injured worker was called by one of the investigators and
approached about participation in the study. After informed consent was obtained, interviews were
typically conducted by phone. Questions were asked about the nature of the injury, the circumstances
surrounding the injury, what the worker was doing, tools and materials being used, the stage of the
construction project, time in the union, age, gender, safety training, use and availability of personal
protective equipment, weather conditions, stand-by exposures, and work of other trades on site. The
carpenter was also asked what they felt caused or contributed to their injury and what they thought
could have prevented the event from occurring. After the interview, the investigating carpenter also

reported his assessment of contributing factors and possible preventive recommendations.
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When the injury was the result of a fall, a site visit was also made to assess fall hazards and
measures of the overall safety climate on the site using a checklist developed by the steering committee.
The site visit tool is presented in more detail in Section C3. Injuries from Falls. Both the investigation

interview and site visit checklist are in Appendix A.

B3. Definition of Time at Risk

Union carpenters receive health insurance and retirement benefits through jointly trusteed health
and welfare funds. Contractors hiring union labor pay into the trust based on hours worked by the
carpenters working for them. The local trust provided us with the hours worked per carpenter by
contractor for each month, allowing us to calculate time at risk. The trust also provided information that

¥

allowed us to determine whether hours worked were by an apprentice or a journeyman carpenter.

B4. Nature of Data and Management

The combination of data, described above, allowed the definition of a dynamic cohort of
carpenters, their hours worked, detailed information on OSHA recordable injuries and the
circumstances surrounding these injuries. We were also able to collect information on possible
preventive measures from the perspective of the injured worker, as well as through the eyes of an
experienced journeyman investigator. The interview data consisted of a mix of variables that could
easily be coded and free text information describing the circumstances and possible preventive
measures. These data were entered into an ACCESS (Microsoft, 1997) relational database. Codes

were assigned for body part injured, nature of the injury, the mechanism or type of the injury using
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modified ANSI coding categories common to workers’ compensation data. Drawings, illustrating

specific conditions or circumstances provided for some of the investigations, were scanned and added

to the database linked to the appropriate investigation.

BS. Focus groups

A series of 10 focus groups involving 65 carpenters were conducted; 54 apprentices and 11
journeymen were included in the groups. Groups with apprentices and journeymen were conducted
separately. Apprentices were asked about career decisions, job site conditions, safety responsibility,
progression of tasks and responsibilities as an apprentice, dangerous task training opportunities,
supervision and mentoring, safety training and use of personal protective equipment (PPE), perception
of risk, job stressors, and suggestions about thing that would impifove the apprenticeship program. One
goal of these groups included gaining a better understanding of work exposures of apprentices and how
they differ from those of more experienced carpenters. The focus group with journeymen concentrated

on issues related to how more experienced carpenters work with and mentor apprentices. The focus

group discussion guides are in Appendix B.

B6. Analyses

Descriptive statistics were generated on the age, gender, and union status (level of
apprenticeship training vs journeymen) of the dynamic cohort, and for the coded variables from the
worker interview. The sum of hours worked by the entire cohort between September 1, 1999 and

September 30, 2002 was calculated; hours worked were also stratified by five-year categories of age,
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gender, and union experience level. Crude and stratified injury rates were calculated per 200,000
hours worked (100 person-years of FT work). The overall injury rates were calculated using all
reported injuries; stratified rates, dependent on information from the interview for classification, were
limited to data from injured carpenters who participated in the interview. Confidenc~ “=*~=r~l~ rvramn
calculated as described by Haenszel et al., assuming a Poisson distribution (1962).

Records were sorted by primary mechanism of injury (fall vs manual materials handling injury,
for example). Text descriptions of the injuries were reviewed to identify more common patterns and
circumstances of injury. A progressive series of queries and cross-tabulations, followed by re-sorting
of data and review, assisted in this process. Analyses were done through a series of ACCESS queries
and export of data to SAS (Version 8, 1999).

The focus groups were audio-recorded and transcribed. The transcripts were imported into
N5 software (QSR, 2000). A node structure was defined to allow systematic cataloguing of key
concepts based on the focus group interview guides.

Falls and back injuries were a priori areas of particular interest, as designated in the specific
aims of the project. Early in the project it became obvious that injuries from pneumatic nail guns were
a significant problem among these carpenters. In addition, as different injuries were examined, it
became obvious that injury patterns varied not only by time in the union, but by the type of injury
experienced, leading to more detailed comparisons of patterns of risk between apprentices and
journeymen. Lastly, analyses were conducted of workers’ compensation data from a group of six self-

insured homebuilders who agreed to provide access to their records for the years 1996-2000 to
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supplement the active injury surveillance. The latter data provided information on costs associated with
injuries which was not available through the active surveillance effort.

Analyses were conducted and reported on a regular basis through The Cutting Edge, the
monthly newsletter of the Carpenters District Council of Greater St. Louis and Southern Illinois. The
newsletter is sent to a readership of over 20,000 which includes all carpenters represented by the CDC

and affiliated contractors. Articles are included in Appendix C.
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RESULTS
C1. Overview
Description of the Carpenter Cohort and Hours Worked

The dynamic cohort consisted of 5,137 carpenters who worked for one of 20 participating
contractors. These contractors hired a total of 9,346,603 carpenter hours from September 1, 1999
through September 30, 2002. Characteristics of the cohort are presented in Table C1:1. In this area,
union carpenters hang, but do not finish, drywall on commercial and residential sites. Residential

carpenters frame and sheath roofs, but do not do shingling.

Injuries Investigated

Between September 1, 1999 and September 30, 2002 a to’fal of 783 injuries were reported in
residential or drywall work among participating contractors. Of these, 586 injured carpenters
participated in injury investigation interviews ( 74.8%). We were unable to locate 75 injured
carpenters, making the participation rate 84.3% among those we were able to reach. Interviews were
conducted from the day of injury up to 202 days after injury (mean 19.0, median 9, mode 6.) The very
long follow-up period resulted from inadvertent failure to report injuries as they occurred by a
contractor during a period of office staff change.

Four hundred thirteen (413) injuries occurred on residential single family sites (70.5 %),
including 4 boat houses and one remodeling job, and 90 (15.4%) occurred on multi-family residential
projects. There were 80 (13.7%) injuries that occurred on commercial drywall sites. The remaining 3

injuries were attributed to cumulative exposure by the carpenter and were not assigned a specific
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project type. The stages of the construction at the time of these residential injuries are presented in
Table C1:2. Over 50% of injuries occurred in residential framing, followed by exterior and interior
finish.

The mechanism of injuries are presented in Figure C1:1. Injuries were most commonly caused
by the carpenter being struck by or against something, manual materials handling tasks or some other
type of overexertion, falls from elevations, and falls from the same level. Detailed analyses of falls are
presented in Section C3.

Primary body parts injured are presented in Figure C1:2. Injuries involved the upper
extremities over 40% of the time followed by the lower extremity, axial skeleton/trunk, and the head
and face including the eyes.

In Table C1:3 the nature of the injuries sustained are presented by mechanism of injury. The
injuries that resulted from being struck by or against something were largely cuts, puncture wounds,
scratches/abrasions (including eye injuries), and contusions (87%). Nearly 90% of the overexertion
injuries resulted in sprains and strains. Falls from height and same level falls most often resulted in
sprains/strains or contusions, but 26% and 17% of these falls, respectively, resulted in fractures. During
this 37 month period, 14 cases were reported as being the result of repetitive activity. Injuries that
resulted from being caught by something were similar to the struck by injuries. They varied from cuts
sustained by getting caught against a protruding nail to being caught under a framed wall that fell.
Although there were few of these injuries, two of ten (20%) resulted in fractures.

Seven heat-related events requiring medical treatment were reported -- six in the late summer
of 2001 and one in the summer of 2002. An alert was sent to the union and participating contractors in
the summer of 2001 and again in late spring 2002 (see Appendix C).
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The objects that carpenters were struck by or against are presented in Table C1:4. The most
common objects carpenters were struck by were nails or nail pieces (n=92). The majority of these
came from pneumatic nail guns, resulting in puncture wounds and fractures. The next most common
objects included dust and debris, that resulted in eye injuries; and power tools and metal bands used to
bundle materials on construction sites, that resulted in cuts. There were a number of very heavy objects
that hit these carpenters including steel I-beams, boards, scaffolding, joists, rafters, plywood, drywall,
and framed walls.

Materials being handled at the time of overexertion injuries (n=87) were most commonly
associated with handling of building materials (Table C1:5). For 83 (95%) of these objects weight was
estimated; the carpenter was handling an object weighing greater than 100 pounds 48% of the time
(n=40) and 200 or more pounds 28% of the time (n=23).

Over half the time when overexertion injuries occurred the person was working alone (n=52).
In 20 cases (23%) the load was unexpected, and in 47 cases (50%) the carpenter reported working in
an awkward posture when injured.

Carpenters fell from a wide variety of surfaces most commonly ladders, scaffolds and
unsecured work surfaces. The scaffolds were predominantly two types; platform scaffolds, such as
Perry or Baker’s scaffolds, and pic boards (lumber working platforms) set on ladders or horses. Same
level falls were often related to weather, housekeeping or terrain issues, such as tripping over debris,
difficult work terrain (rocky, muddy, uneven); the slope of lot, lack of backfill around the foundation,
difficult access, and/or egress from the building. Housekeeping was commonly reported to be the job

of laborers. Site cleanup was reported at variable frequencies ranging from daily to after each stage of
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the project, such as when framing, was complete. Knowledge of a housekeening policy on site was
reported by 307 (52.5%) of the injured workers; while 467 (82%) reported that there was a
designated area for debris. Occasionally, housekeeping was assigned to apprentice carpenters and
was on an “as you go basis.” More detailed analyses of falls from height and same level falls are

presented in Section C3.

C3. Characteristics of Injured Workers

All of the injured carpenters were men. Their ages ranged from 18 to 62 with a mean of 32
years and a median of 31 years. Time in the union ranged from less than one year to 41 years (mean
8.2 years, median 4 years); 258 were apprentices and 326 were journeymen.

Reported awareness of on-site safety programs are presen{ed in Table C1:5. Over 75%
reported some awareness of a safety program, most commonly weekly, or bi-weekly, tool box talks.
Workers who were aware of safety programs had been on the job site longer (18.2 days vs, 10.6 days;
p=0.07), and they had worked for the contractor longer than those who were not aware of any safety
program (mean 57.4 months vs 33.9 months; p<0.0001).

Workers were also asked about availability of specific items of personal protective equipment
(Table C1:7). The availability of hard hats and safety glasses or goggles were reported by almost all of

the injured carpenters, followed closely by guardrails.
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Estimated Rates of Injury

The estimated overall injury rate was 16.8 per 200,000 hours worked (783/9.3 million hours).
There were 290 injuries that resulted in lost time from work beyond the day of injury (50% of those
interviewed; data item missing for 37), representing a lost-time injury rate of 6.3 per 200,000 hours
worked based only on individuals who were interviewed. If those who participated were
representative of the pool of injuries, this rate would be as high as 8.4 per 200,000 hours.

The injury rate among apprentices was 16.3 per 200,000 hours worked ( 95% CI 14.3 to
18.4) compared to 10.8 per 200,000 hours worked (95% CI 9.7 to 12.1) among journeymen
(RR=1.5). Rates for the major mechanisms of injury are compared by union status in Table C1.8.
Rates were significantly higher overall among apprentices and for injuries that resulted from being struck
by or against something (RR=1.9). Nail gun injuries, in particula;, occurred at rates 3.1 times higher
among apprentices. ( Nail gun injuries are described in more detail in Section C2: Injuries from
Pneumatic Nail Guns and Staplers.) Overexertion injuries overall occurred at similar rates for
apprentices and journeymen. However, apprentices had back injury rates that were 50% higher than
journeymen and knee and shoulder injuries that were lower. The latter rates, and the remaining

categories, are based on small numbers resulting in wide confidence intervals.

Prevention Recommendations of Workers and Journeymen Investigators
In Table C1:10 responses of injured carpenters to specific queries about contributions to their
injuries are summarized by major mechanisms of injury. Time pressures and speed of work were the

most common factors carpenters acknowledged.
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There was considerable variation in these responses by type of injury. Forty-seven percent
(47%) of workers who experienced a same level fall felt time pressures contributed to the
circumstances leading to injury, and 20% attributed housekeeping issues. Overexertion injuries were
most often attributed to the task being too heavy (34%) or the carpenter needing help (25%).

Although some carpenters had no specific preventive suggestions, saying they should have
“been more careful” or “it was just an accident,” more specific preventive recommendations were
gleaned from the majority. The importance of effective communication among crew members was
raised by carpenters who sustained all types of injuries. Carpenters reported problems on days when
new crew members were with them, they had assistance from another crew, or their usual apprentices
were in class.

These carpenters quickly accepted responsibility for their own injuries, reporting things they
might have done differently. Examples are presented by mechanism of injury in Table C1:10. They
cited specific tasks that they felt required more help, or assistive devices, such as a crane. These
included setting steel I-beams, raising walls, and setting large windows. Comments were made about
difficulty managing pic boards on laddér jacks, feeling pump jacks were safer to handle. Workers often
mentioned debris being in their way, blocking holes or making it difficult to carry heavy or awkward
objects. They also reported concerns about keeping their jobs and hesitancy to ask for more help or to
stop in bad weather, for example. These men recognize that they will work in less than perfect
weather, but also report certain tasks that should be avoided, such as roof work on rainy or icy days.

The preventive recommendations of the journeymen investigators were often in agreement with

the injured worker. However, the investigators were more likely to think the injured individual could
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have benefitted from more task or safety training, that personal protective equipment (safety glasses,

gloves, etc.) would have helped, housekeeping could have been improved, or that time pressures were

likely a factor.

Discussion
Summary of Findings

The pattern of injuries among these carpenters was as expected - commonly involving being
struck by or against something, overexertion, and falls. Injuries from pneumatic nail guns were the most
common cause of injuries in which a carpenter was struck. Manual materials handling injuries often
involved very heavy objects and tasks - setting of I-beams, trusses, pre-manufactured beams, or
sheets of 16 foot drywall, for example. This was compounded by'}the fact that there are few workers
on any given residential site. Acute injuries were predominantly associated with this very heavy work,
although the contribution of stress over time could not be measured. The pattern of higher back injury
rates among apprentices is not consistent with longer term cumulative stress; while the pattern of higher
injury rates involving the shoulder and knee among journey men is consistent with a possible cumulative
stress contribution.

Falls occurred from a variety of surfaces making prevention challenging. The injuries that
resulted from falls, as well as those from being caught, tended to be more severe. Poor housekeeping
was involved in circumstances leading to the many injuries resulting from same level falls, as well as
some overexertion injuries - particularly moving large objects where view was obstructed. On

residential sites, injuries most commonly occurred in framing followed by exterior and interior finish and
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then roofing, a likely reflection of the time union carpenters spend working in these stages in
constructing homes.

The overall estimated injury rate (16.8 per 200,000 hours worked) is considerably higher than
recent Bureau of Labor Statistics (BLS) rates (USDOL, 2002 for the construction trades (8.3 per
200,000 hours worked) despite the fact that there was less than complete ascertainment of injuries.
Injury rates higher than those reported by BLS have been reported previously among union carpenters
in the State of Washington, (Lipscomb, 1996) and by Glazner et al., (1998) in the building of the
Denver International Airport. These studies, representing commercial and residential sectors, also used
hours worked as measures of time at risk, whereas BLS rates are based on estimates of aggregate
hours for the sector.

Consistent with past BLS attempts to survey workers aboﬁt their injuries (USDOL, 1986),
these carpenters were quick to accept responsibilities for their injuries — even when it appeared the
injury may have been caused by others or involved multiple-factors. Lack of awareness of on-site
safety programs was associated with less time on the site and working for the contractor. This finding is
unlikely to be due to biased reporting from injured workers in light of their acceptance of responsibility

and the associations with time on site and experience with the contractor.

Limitations and Strengths

At times absence of staff responsible for reporting injuries resulted in late or under-reporting.
There likely was some failure to report due to inconvenience, or not wanting to report, and the latter

particularly could create bias. One large drywall contractor chose to ask all workers if they wanted to
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participate before reporting any injuries. Obviously, no information was available about injuries the
carpenter chose not to report as work-related. No information was available on exposures of the
uninjured members of the cohort and thus, injury rates could not be calculated by exposure to specific
tasks or tools.

Since this was an entirely union workforce, questions arise as to whether the experience of
union carpenters is generalizable to a non-union environment. Union carpenters receive training through
established apprenticeship programs. They also might be less likely to report injuries since they have
other insurance coverage through the union. Davis et al. (2001), reported that union workers are more
likely to report musculoskeletal disorders earlier; however, few of these were seen. The project was
conducted with predominantly large contractors (hiring a mean of 80 full-time carpenters per year)
who may have more resources for health and safety than smaller éontractors. Higher rates may have
been seen under different circumstances.

Rapid evaluation is difficult to achieve even under these circumstances, and this level of
surveillance is time consuming. The interviews with injured workers took a minimum of 20 minutes to
complete. Much of the interview involved closed ended questions based on knowledge from earlier
analyses of compensation records (Lipscomb, 1996; Dement and Lipscomb, 1999). However, it was
felt to be important to understand in detail the circumstances surrounding injuries among this group of
workers who are difficult to study, resulting in open ended items and text data with which to deal. An
OSHA reportable definition was used for this project to ease the administrative burden on participating
contractors and to capture a fuller understanding of all injuries. To decrease costs involved, a threshold

for data collection could be established,
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The only information available on the injuries came from interviews with workers done shortly
after injury. While this provided some idea about severity, particularly for devastating events, severity
can be difficult to quantify at this early stage. Better severity measures could be particularly useful in
trying to establish priorities for prevention (Lipscomb, 2001).

Despite these limitations, there are also a number of strengths to this approach. High
participation rates among injured workers are likely a reflection of the investigations having been done
by fellow union carpenters, who have in-depth knowledge of situations encountered in the field and
were able to quickly establish rapport with the injured carpenters. These data come directly from
injured workers - a perspective that is important, not just in understanding events, but in planning
interventions. At the outset there was concern that the process would lead to blaming of contractors.
Patterns are not suggestive of this and, in fact, workers were quite willing to take responsibility for their
own injuries — even at times when the trained investigators felt there were other explanations for the
events. They reported circumstances when the contractor bore some responsibility, but this was, by no

means, across the board.

Conclusions

Active surveillance, such as this, yields information on factors that contribute to injuries among
high risk construction workers who are difficult to study for practical reasons. The process is more
time consuming than passive surveillance activities, but the information is more useful for understanding

the circumstances surrounding injuries and in formulation of concrete preventive recommendations.
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Rapid feedback to those “who need to know” from the Centers for Disease Control and Prevention
surveillance definition (USDHHS, 1987) is more likely to occur in a meaningful manner.

Construction is dangerous work and despite a decline in injury rates over time, these data
support the notion that it may be more dangerous than recognized. Unfortunately, many injuries are still
viewed as accidents - random events that “just happened”. Increased awareness to the contrary is

needed among workers and contractors.

Key Points and Recommendations
Based on this surveillance effort, a number of recommendations for prevention can be made including

the following.

. Fall prevention needs to target all residential and drywall carpenters. These potentially
devastating events are not just injuries of inexperience.

. Use of power tools, like pneumatic nail guns, cannot be assumed to be unskilled tasks that can
safely be assigned to new workers. :

. Housekeeping is a major issue contributing to injuries in residential and drywall carpentry. In

the union work environment, site housekeeping is typically the responsibility of laborers, not
carpenters, and this is dictated by negotiated work agreements. This has the potential to create
safety problems on work sites. Appropriate agreements about housekeeping frequency and
responsibility could benefit workers. Some housekeeping activities, such as removal of metal
materials bands, should be part of routine work.

. To safely do this work adequate manpower is needed, trained to work effectively as a group.
This has important implications with apprentices on job sites and new workers in a non-union
environment. It cannot be assumed that new or inexperienced workers know how to fit in the
group as effective team members. It is not uncommon to call in other crews to help with very
heavy tasks — involving men or women who may not have worked together. Direction of a
crew in complex tasks and mentoring of less skilled crew members are crucial to safely doing
this work. This is a skill that is not necessarily taught to carpenters.

. There are needs for engineering improvements in residential construction and drywall
installation. Workers need assistive devices that are easy to set up, move and adapt to terrain
differences. Residential sites are unlike commercial sites where equipment can be placed for
months at a time. It is possible that information technology could be adapted to predict or track
needs of workers at different sites, at least allowing for planning at the sub-division level.
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C2 Injuries from Pneumatic Nail Guns and Staplers

All nail gun and staple injuries were identified from responses to questions in the interview about
tool use at time of injury. Text descriptions from the surveillance data were reviewed to confirm that
the injury involved one of these tools. Injuries were described by the nature, body region and
mechanism based on the report of the carpenter. The proportion of cases resulting in lost time, beyond
the day of injury, was also calculated.

Text descriptions were used to identify more common patterns and circumstances of injury. A
series of queries and cross-tabulations assisted in this process. Text descriptions and recommendations
were reviewed and coded for additional concepts of interest including type of tool, type of nailing (flat
surface, toenailing, through nailing), double fires, ricochets, projectile nails, and penetrations.

The sum of hours worked by the cohort during the 37 months was calculated; hours worked
were stratified by union status. Crude and stratified injury rates were calculated per 200,000 hours
worked (100 person-years of full-time work) limited to data from injured carpenters who participated
in the interview. Confidence intervals were calculated as described by Haenszel et al., assuming a
Poisson distribution (1962). All analyses were done through Microsoft ACCESS queries and export of
data to SAS (SAS, 1999; Microsoft, 1997).

To supplement these data, a consecutive group of apprentices from the Carpenters Joint
Apprenticeship Committee (CJAC) in St Louis were asked to complete a short questionnaire on their

experiences with nail guns, injuries experienced and training.
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Findings

Nail guns were involved in 80 (13.6%) injuries. The injuries are presented in Table C2:1 by
nature of injury and body region involved. Over half involved puncture wounds to the hand or fingers.
We had information on lost time from work for 75 of the nail gun related injuries; of these 52% (n=39)
had lost time beyond the day of injury.

The mechanisms of these injuries are presented in Table C2:2. Seventy-six (95%) of the
injuries were the result of the carpenter being struck; the single greatest cause of carpenters being
struck, accounting for 23% of all struck by injuries. Of the 5 individuals with eye injuries, three were
using no eye protection. Two were wearing safety glasses with side shields; one got debris over the top
of his glasses as he worked overhead and the second had his glasses slide down his nose as he worked
in the heat.

Although screw guﬁ injuries were seen in drywall work, all nail gun injuries occurred in
residential construction. To get a more accurate measure of risk, rates were calculated using only
residential work hours ( hours= 7,739,417). The overall rate of injuries associated with nail guns was
2.1 per 200,000 hours worked (95% CI, 1.7- 2.6). Injuries were more common among apprentices
with 35% occurring in the first year of apprenticeship, 21% in the second year, 13% in the third year,
and an additional 4% in the fourth year. The injury rate among apprentices was 3.7 per 200,000 hours
worked (95% CI, 2.7-4.9) compared to a rate of 1.2 among journeymen (95% CI, 0.80-1.7). All

injuries were among male carpenters.
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The type of nailing activity, determined from the surveillance descriptions, are presented by type
of triggering mechanism on the tool in Table C2:3. Injuries with both contact trip and sequential trigger
tools occurred most frequently while through nailing.

In Table C2:4, factors contributing to the injuries are presented by type of triggering mechanism

“on the tool involved in the injury. It is of note that the categories are not mutually exclusive. Although
based on small numbers, similar proportions of injuries involved use of the non-dominant hand,
awkward postures, ricochets, penetration of the nailing surface, and lack of eye protection for both
trigger types, while contact trip triggers were associated with more rapid, double fires. Ricochets
occurred due to hitting knots in wood materials, metal truss components, other nails, and from dense
laminated materials. Awkward postures often occurred while working in rafters or trusses. While not
always the sole contributing factor, in 36 cases (68% of the inj uriés from guns with contact trips triggers

and 45% of injuries overall) the injury would likely have been prevented by a sequential trigger.

Supplementary Survey from Apprentices

Questionnaires were received from 165 apprentices. Seventy-three percent (n=121) had been
in the union for less than one year; 66% (n=109) had more than a year of carpentry experience and
16% (n=26) had more than five years experience. Training in the use of these tools is presented in
Table C2:5 and ranged from being told “don’t shoot yourself” to formal programs. The most common
training was “hands on,” followed by lectures, tool box talks or safety meetings, and video instruction.
Forty carpenters (24%) reported that they had no training in tool use. We did not examine the

relationship between training and injury since we had no information on time sequence.
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Reports of the proportion of nail gun use by apprentices on residential sites are presented in
Figure C2:1. On over half the sites, apprentices reported doing the majority of nailing with guns.

Fifty-four apprentices (33%) reported a work-related nail gun injury; 35 occurring in the last
year. Nineteen individuals (11.5%) had experienced more than one injury. The patterns they reported
were similar to those collected through the active surveillance. The apprentice was using the gun at the
time of injury in 84% of the cases.

All injuries were associated with framing nailers and all occurred while framing or sheathing.
Eleven injuries occurred while the apprentice was “bounce nailing”. Thirty-five percent of the
apprentices reported working for contractors who used sequential triggers; these triggers were used on
the tools in only three cases when the carpenter was injured (6% of the injuries).

The circumstances surrounding these injuries were descriI;ed in 51 cases and included 15
(29%) accidental misfires; three accidental contacts with the gun and 12 gun recoils resulting in double
fire. In 19 cases (37%) there was penetration of the board being nailed due to splintering, deflection
from a knot or another nail, or misplacement of the tool. In over half (53%; n=27) of the injuries there

was a flying or airborne nail. As in the surveillance analyses, the categories are not mutually exclusive.

Discussion
Through these specific analyses the utility of active injury surveillance among a group of union
carpenters is demonstrated. The combination of data elements allowed both the estimation of injury

rates and examination of specific circumstances associated with each injury using information collected
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from injured carpenters by their peers. The availability of the text descriptions allowed exploration of
1ssues that had not been anticipated when the surveillance tool was designed.

Much of the previous literature on nail gun injuries comes from case reports or series in trauma
journals (Bruno, 1998; Albericco, 1997; Kizer, 1995; Kenny, 1975; Wu, 1975). Puncture wounds to
the hands and fingers are commonly reported, although there are reports of more serious, even fatal,
injuries involving the face, eyes and vital organs (Webbe, 2001; Jithoo, 2001; Wang, 1999).

The information allowing identification of hours worked by apprentices and journeymen was
very revealing. While the overall injury rate was identical to that reported by Baggs et al (2001), injury
rates over three times higher among apprentices than among journeymen were documented, likely
related to more hours of exposure as well as inexperience. Recognizing we did not capture all injuries
among the cohort, our frequency and rate estimates are likely con;ervative. They are still higher than
reported for construction workers in Ohio and North Carolina (Dement and Lipscomb, 2003). This is
not surprising since rate calculations were for all trades involved in homebuilding in North Carolina and
all union carpenters in Ohio; both groups included workers who did not use these tools and were not at
risk, resulting in lower rates. More similar rates were observed when analyses were restricted to
carpenters in North Carolina and residential construction in Ohio.

The majority of injuries involved puncture wounds to the hand or fingers, but should not be
assumed to be insignificant injuries. Half of these men lost time from work and one injury resulted in a
lengthy hospitalization for treatment of a wound infection.

Many of these injuries were felt to be related to the use of a contact trip trigger. While the

triggering mechanism was not always the only contributing factor, in all likelihood the injury would not
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have occurred with a sequential safety feature. As far back as 1987, recommendations were made to
develop a triggering mechanism that would allow the discharge of only one nail, rather than rapid fire
nailing (Nobel, 1987). While these tools are now available, they are not widely used.

Lastly, these data are from the perspective of carpenters -- both the injured workers and
investigators -- with knowledge of their tasks and tools, but also the organizational structure under
which they work. While some might view this as a limitation, we see this as a significant strength
resulting in knowledge based, practical recommendations.

In addition to voluntary participation by injured workers, the surveillance program involved
voluntary reporting of injuries by contractors, and ascertainment of injuries was not complete. Our
recommendations are based on the universe of injures investigated and we cannot guarantee they are
entirely representative. However, the overall injury rates are hlgher than reported by the Bureau of
Labor Statistics (USDOL, Apr 2002) and the rates for nail gun injuries are very similar to those
estimated by others ( Baggs, 1999; Baggs, 2001; Dement, 2003) which is reassuring.

Data collection was limited to individuals who were injured providing no information on actual
time spent using the tools or doing different types of nailing. Due to the manner in which our
surveillance tool was designed, carpenters with repetitive motion complaints or sprains/strains were not
asked what type of triggering mechanisms they had used — although few injuries of this nature were
seen. Interviews were conducted shortly after the injuries occurred making it difficult to assess

severity, particularly long term sequalae.



Implications for prevention of injuries from pneumatic nail guns

These data provide evidence that training, engineering modifications, and policy changes in the
workplace and manufacturing arena are all appropriate targets for prevention of injuries associated with
nail guns. One action, without attention to the others, will not address the variety of issues that appear
to be involved. Regardless of whether the high injury rates among apprentices are related to more
exposure to the tools or inexperience, these workers warrant targeted prevention efforts. The use of
these tools cannot be assumed to be an unskilled task; training should not be limited to how to use and
maintain the tools. Workers need to know how to safely position the tool and their bodies to prevent
injury to themselves and co-workers. They should be aware of circumstances that are associated with
inadvertent penetrations or ricochets including knots in wood, presence of other nails or metal truss
components, and nailing into some of the newer, dense manufacti;red materials such as laminated
beams and joists. As with any power tool, malfunctioning tools should be removed from service
immediately. Training and workplace policy need to address the use of appropriate eye protection
when using these tools (Lipscomb and Dement, 1999; Lipscomb, 2000).

The findings support the move to sequential triggers to decrease acute injury rates. Workers do
not typically purchase these tools; the contractors who do, must be involved in this effort. Sequential
triggers come on some, or can be installed on, new tools as well as being retrofitted on older tools,
often at no cost. However, the sequential trigger is still not the industry standard. Leverage from
workers’ compensation insurance carriers could influence practice in the field and growing litigation
from injured workers against the industry may force change (Charmas, 1996). Contact trip tools allow

rapid fire “bounce nailing,” a reason cited for their preference in this fast-paced industry. We are
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unaware of any reports evaluating the accuracy of rapid fire nailing. If nails do not hit the target,
construction quality suffers and unnecessary numbers of nails may be used, offsetting productivity gains
from rapid fire contact trip tools. Contractors have also voiced concern over raising risks for repetitive
trauma by requiring the use of sequential triggering tools and this issue should be evaluated. However,
we saw few injuries of a cumulative nature compared to acute injuries making us question whether this
fear is well-founded.

There are other areas where innovative engineering could help prevent injury regardless of the
triggering mechanism. Design features of the nose piece could be improved. Because the tools
discharge if any part of the nose piece is depressed, a worker can shoot over the intended surface. The
use of a laser to clearly identify the target might improve placement of the nose contact. Creation of
“aggressive” nose pieces have been described in trade journals (Mold, 1999). To do this, the
worker files the ends of the nose piece to create a rough contact that will grab materials and prevent
slipping. This aggressive nose piece would be a hindrance in rapid sheathing activities, pointing to the
utility, perhaps, of interchangeable nose pieces that could easily be changed.

From these data there appear to be some situations, or tasks, that are better suited for the use
of a hammer and nails, for example, when the individual has to be in awkward positions where the
heavy gun and trailing hose make proper placement difficult and may.magnify hazards for falling.
Nailing in trusses is such an example.

There are also situations where the use of a nail gun really helps; rapid, secure placement of a
nail can prevent creeping of materials and the tools speed up productivity for sheathing, particularly.

The majority of injuries in these carpenters were associated with through nailing tasks, such as nailing
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studs or blocks, trusses or joists, as opposed to flat nailing used for sheathing activities. This provides
some indication that contact trip tools might be safely used for flat nailing tasks such as sheathing or
roofing. However, from an organizational standpoint, it is questionable whether tools would truly be
designated for certain tasks based on the triggering mechanism; and there are dangers associated with
contact trip tools, including carrying them with a finger on the trigger, that have nothing to do with
specific nailing tasks.

Engineering changes and training programs should be developed and evaluated based on
ongoing surveillance efforts. Both need to keep pace with materials deyelopment, such as the
increasing use of very dense pre-manufactured beams which are more difficult to penetrate than wood.
Carpenters in the field and the contractors, who hire them and are responsible for their safety, need to

be involved in these processes.

Key Points

. Nail guns are responsible for an estimated 14% of injuries among residential carpenters.

2 Nail guns are the single greatest cause of struck by injuries among residential carpenters,
responsible for >20% of these injuries.

. Injury rates are over three times higher among apprentice carpenters than journeymen, likely
due to greater exposure to these tools and inexperience.

. Over 65% of injuries associated with contact trip guns could likely be prevented by sequential
triggers.

. Prevention should involve training, engineering and policy changes involving carpenters and

contractors, and these efforts should be evaluated and informed by ongoing injury surveillance.
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Table C2:1 Injuries associated with nail guns among union residential carpenters by nature of injury and body region,

1999-2002

Body region
Hand/fingers

Forearm/wrist
Foot/toes
Knee/thigh
Back

Eye

Face (tooth)

Total

Puncture
wound
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60 (75%)

Nature of injury

Fracture/ Contusion  AbrasionSprain/  Repetitive  Total
broken tooth Strain motion
4 ) 52 (65%)
2 3 (4%)
3 1 13 (16%)
1 4 ( 5%)
1 1 2( 3%)
B 4 ( 5%)
1 1(1%)
9 (11%) 4 ( 5%) 4(5%)1(1%) 2( 3%) 80 (100%)
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C3 Injuries from Falls
One hundred seventeen (117) falls were investigated. Investigated falls occurred at a rate of
2.5 per 200,000 carpenter hours worked. In Table C3:1, the frequencies and rates of falls are
stratified by union status (journeyman vs. apprentice) and type (from height or same level). Individuals
who fell had been in the union from less than a year to 32 years; mean time was 8.2 years for those
who sustained falls from height and 10.9 years for same level falls. Sixty-two carpenters who fell from
heights (71%) reported having had some type of fall protection training; 37 (43%) within the last year.
The injuries sustained in these falls are presented in Table C3:2 by nature of injury and body
region. Injuries were most common to the lower extremities, for both falls from height and those from
the same level, and most often involved contusions, sprain/strains or fractures. Data were available on
lost time beyond the day of injury for 110 individuals. Seventy—tl{ree percent (n=60) and 71% (n=20)

of those with falls from height and those with same level falls, respectively, had lost time from work,

Falls from the same level

In Table C3:3 factors that were identified as contributing to same level falls are presented.
These are not mutually exclusive and more than one factor was often identified to be related to a given
fall. In only 3 cases was the fall related to the worker tripping without another identified cause.

Two of these falls from the same height could easily have been falls from height resulting in more
severe injury. One involved a carpenter who fell walking across trusses at the top plate of the wall and

the other a carpenter who fell through joists catching himself on his arms, preventing his falling to the

surface below,
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Falls from height

Surfaces from which falls from height occurred are presented in Table C3:4. Falls occurred
from a wide variety of elevated work surfaces the most common being the top plate of a framed wall
or foundation walls, followed by scaffolds and ladders. Distances that the carpenters fell ranged from
a foot to 25 feet (mean= 9.4 feet; median 9.0); 25 (28.7%) were from less than 6 feet and 62 (71.3%)
were from 6 feet or greater. Only one individual reported using personal protective equipment (fall
arrest) at the time of his fall. This man was wearing a harness and was tied off while working on a
roof. The rooftoe board broke off and he fell an estimated 12 feet before being caught by his hamess.
He sustained bruises on his arms and a cut on his face from the rope.

Factors 1dentified as contributing to falls are presented in '}"able C3:5. The most common were
ladder related including ladders used in ladder jacks (scaffolds), work surfaces that were not secure,

scaffold related problems, speed and time pressures, and unprotected openings.

Site visits

Ninety-five (95; 81%) work site assessments were made. Site visits were conducted from the
day of injury to 37 days afterwards (mean 7 days, median 6 days). Twenty-two percent were
conducted within 3 days, 55% within a week, 77% in 10 days, and 90% within 2 weeks. All
conditions were not observed, or even relevant, on every site; work was at different stages of
construction and workers were sometimes not on the site when the visit was made resulting in different

numbers of potential observations for each condition assessed.
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Observations at these sites are summarized in Table C3:6 separately for falls from the same
level, falls of less than six feet and falls of six feet or greater; the latter being the height at which the
worker should be protected by fall protection regulations. Some conditions were never, or rarely,
observed on these sites including use of safety nets, ladder cages and paint lines marking leading edge
work. Others were almost universal including ground fault circuit protection and use of slide arresters
on roofs. On sites where a fall from over six feet had occurred hard hats and eye protection were less
likely to be worn by the majority of workers and housekeeping, matenals storage and scaffolding were

more likely to be described as poor or unacceptable.

Focus groups

When asked about dangerous tasks, working at height was the most feared risk described by
apprentices, and walking the top plate was the most common exposure the apprentices talked about.
Responses for apprentices at the time of the focus groups ranged from “terror to moderate comfort,”
but there was general acceptance that this was a task to be mastered to stay in the business. Fall
protection taught in school did not necessarily follow to the work site; more seasoned workers did not
practice the techniques they were taught in the apprenticeship program. Apprentices reported feeling
powerless to make changes and they found they moved into accepting the practices of the journeymen

and more experienced apprentices.

“ I mean what they [apprenticehsip school] say is this is how it should be done.. But you just don’t see it.”

“ Journeymen get a little careless. They get where they feel more comfortable, and they don’t pay attention to what

they are doing as much.”
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Journeymen reported that apprentices can practice working at height (walking a beam for
example) but that they felt capable of being able to tell “whether an apprentice has it” and is going to
be able to work at height in a few days. This was even the opinion of an experienced carpenter who
had experienced bad fall several years earlier which he described as a “face dive into a concrete
garage” resulting in serious injury.

A common theme on residential sites, reported by apprentices and journeymen, was “time is
money — and there is not enough of either.” Everyone seems to know how many hours have been
allotted to finish a job, and \_Jvhen they are behind in their schedule. The perception seemed to be that in
commercial construction there are both the time and money to “do things right” but that is not the case
in residential building. Discrepancies between residential and commercial fall prevention activities were
recognized by both apprentices and journeymen. Apprentices paiiticularly, reported the fear of loss of
their jobs if they could not work up to speed. This concern about time was reported to effect safety
decisions. Apprentices reported that there should be more toe-boards used, that safety rails should be
up, and that walk boards should be set up across joists but that it was just quicker to “walk on the

stringers.”

“Basically what I am saying is you watch films as an apprentice for safety being first and stuff like that. But if you
want to fuss and whine about it, you can get out of there. They’ll get somebody else.”

“Fall protection in residential is don’t get drunk the night before.”

“If you are residential, fall protection is use your toe-boards and hope you land right.”
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While these themes were pervasive, there were exceptions.

“For me, I do not make enough to go up on a balance beam. You can do a lot from step ladders. I've walked the
walls [top plate] and set trusses — that is fine; you have something to hold onto. But walking the walls when you

don’t need to is crazy.”
“I"ve worked at a place, safety is, they preach safety, safety, safety. I mean there ain’t no walking the top plate over

there. The foreman even tells us © if you don’t feel comfortable walking up there, you don’t do it.”

DISCUSSION
Summary

Falls accounted for 20% of injuries reported and investigated among these carpenters and falls
were twice as common from heights as from the same level. Falls from height appeared, by diagnoses
described at the time of the interview, to be more severe (more frgctures, for example) but over 70% of
both falls from height and those from the same level resulted in lost time beyond the day of injury.
Apprentices had rates of falls from elevations that were 50% higher than journeyman, but falls from the
same level occurred at similar rates for both groups. Over 60% of the carpenters who fell reported fall
protection training. There was only one fall in which the carpenter was using personal protective
equipment and this fall was arrested at 12 feet and resulted in minor injury.

Falls from the same level were most often related to weather, carrying objects - sometimes with
view obstructed, housekeeping, terrain of the building lot, and speed of work. Falls from height
occurred from a wide variety of work surfaces and often involved ladders, work on unsecured
surfaces, scaffolding, and unprotected openings as well as speed and weather conditions. Sites on

which falls from height had occurred were léss likely to have workers using hard hats and eye
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protection and more likely to have poor housekeeping and materials storage and unacceptable
scaffolding - providing some indication that the overall safety climate may be poorer on these sites.

Some of these findings are quite consistent with reports of others. Cattledge, et al. (1996)
reported 63% of non-fatal construction fall claimants in West Virginia had training in fall protection, but
fall protection was not commonly used. Ladder and scaffold falls accounted for 50% of the falls and
nearly 60% of falls occurred from heights below 10 feet. Half of the claimants were using tools or
handling materials at the time of their fall. Fatal falls from FACE investigations (USDHHS, 2000)
among carpenters bear striking similarity to circumstances identified in these investigations, documenting

that the margin between injury and fatality can be small.

Limitations

In addition to voluntary participation by injured workers, the surveillance program involved
voluntary reporting of injuries by contractors, and ascertainment of injuries was not complete. As such,
these injury rates are conservative and the recommendations are based on the universe of injuries
investigated. No information was available on severity of injury beyond the description given at the time
of the injury which could be useful in targeting prevention, but is not essential in understanding the
circumstances surrounding the falls and making prevention recommendations.

Data were only collected from injured workers and on sites where falls occurred. Thus, no
exposure information was available on the cohort or the hours of exposure to any particular risk factor -
- things that are difficult to achieve with any construction workforce. We also lacked information that

would allow us to compare site conditions where there had been a fall with those where no falls
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occurred which could have been revealing. Site visits were sometimes made after the site had changed

considerably from the day of the fall. However, overall safety conditions could still be observed on

these sites.

Strengths and Contributions

Despite the limitations, there were a number of strengths to this approach. Participation among
injured carpenters was very high — likely due to the interviews being conducted by other carpenters
with an understanding of the trade and the way work is done. These data are from the perspective of
injured workers and experienced journeymen carpenter investigators which we believe is important in
fully understanding the circumstances surrounding injuries and in improving prevention

recommendations.

The interviews, and site visits, provided much more detail on circumstances surrounding falls
among carpenters than typically available through other sources such as insurance records or the BLS
summaries. Asrecommended by other scientists studying injury (Smith, 2001), we were able to take
advantage of text information collected in detailed interviews and this descriptive information provided
insight into causes of injury from falls and helped identify possible points of intervention. The focus
groups added qualitative information about exposures, work organization and risk perception that
provided important information about the context of the work of these carpenters.

As in the FACE program ( Higgins et al, 2001) the investigation protocol was designed to
collect information on the agent or source of energy transfer responsible for the injury, the worker, and

the environment - including work organization issues. This approach, using a modification of
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Haddon’s matrix (Robertson, 1992) allowed the identification of multiple intervention points for any
given injury -- and in this case from the perspective of injured workers and experienced journeymen

investigators.

Conclusions

The very nature of the work done by these carpenters requires them to work at height. To
accomplish this work they use ladders and scaffolds frequently, so it is not surprising that many injuries
are associated with these types of equipment. Use of proper ladders of appropriate size for the job,
setting them appropriately - staking and moving them frequently as required by the work are all
important. Ladder jacks used for scaffolding are difficult to manage — carpenters recommend the use
of pump jacks which are lighter to set up and easier to adjust to iri:breasing height. In several cases the
carpenter mentioned knowing he should not have used the top of an extension ladder or a folded step
ladder but did so because they were available. Younger workers and more seasoned carpenters need
fall protection training, and reinforcement of that training, that incorporates ladder and scaffold safety -
this should include safe work practices as well as erection and dismantling. Workplace norms must be
established that do not allow the inappropriate use of equipment.

Among these carpenters there were also many falls related to work surfaces that were not
adequately secured or unprotected openings. It is easy for carpenters to create traps for themselves
and co-workers as the structure is being raised. As one investigator noted “in this business, the
surroundings change by the minute (JN).” Particularly as a house is being framed, hazards are being

created as the building is being constructed; workers are constantly adding elements to the structure
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that are not stable. It is important for workers to never leave a trap (an unsecured joist or window
ledge, an open stairwell ). .. for themselves or someone else. One investigator advised “don’t get on it
unless you built it or checked it out (JN).” This need for being ever vigilant while doing physically
taxing work creates a significant challenge. It also speaks to the need to systematically build safely.
Openings should be covered as routine procedure, for example.

Use of recognized fall protection strategies such as guardrails, toe boards, tying off to an
appropriate anchor and covering openings were all identified by these carpenters as things that could
have prevented their falls. However, these practices were not the norm on many sites where falls
occurred. At times carpenters identified hindrances to use of some protective equipment including
ropes restricting side to side movement, but often it was an issue of lack of standard work practices.

At many points in residential building the appropriate in%rastructure is not in place to allow a
secure anchor for tying off of personal fall arrest equipment. For example, a number of falls from
height that were investigated involved work on the top plate of a framed wall. Working on the top plate
is a common practice in residential building; however, the work often does not have to be done from
there. Use of ladders around the perimeter can allow the same access without the same risk, as long as
the appropriate equipment is used and the ladders are set properly. There are also circumstances
where appropriate anchors would allow workers to routinely tie off -- siding and roofing, being two
examples.

Weather conditions contributed to significant proportions of falls from the same level and falls

from height. In this area of the country carpenters face cold, snow, rain, wind, and heat all which were

felt to contribute to these falls. While it is impossible to modify the weather, there may be times that
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behavior needs to be modified based on the weather. Site conditions need to be attended to as well
including frequent housekeeping and grading as possible. Consideration needs to be given to use of
gravel or sand to decrease problems related to mud, frost or snow.

It is clear that time pressures are significant in residential construction. While work needs to be
done efficiently “safety and speed do not mix” particularly when work is being done at height. Even for
same level falls, “‘on bad ground ( which includes weather and rough terrain) the speed limit is lower.
(N).”

Team work and communication skills are essential in this work. Devastating falls can occur
when the work crew does not know how to communicate to work together effectively as a team.

These are skills that are not typically taught as carpenters learn their trade, but are essential to working
safely.

Apprentices receive fall protection training as part of their school training yet they often go to
work on sites where practices are not in place. While there might be some hope that they will use their
training when they get to positions of greater responsibility and authority, there is some indicaiton from
these data that, in fact they do not, being more likely to adapt the practices of more experienced
carpenters with whom they work.

Work place norms that incorporate constant vigilance and preventive behaviors likely will only
change through a combination of training and policy changes. On small residential sites this is
challenging. Without question, there are things workers need to do to be responsible for their own
behavior and safety -- but as with other public health efforts, changes that will influence more than one

worker at a time are likely to be much more effective.
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The union has role in providing training and establishing norms for how work at heights by their
members is to be done. Contractors also bear responsibilities. Appropriate equipment must be
available to their employees — and workers should not work without it. Time pressures were likely an
issue in a number of these falls. Residential is fast paced work — but a serious fall can set a project -
back, and cost large amounts to the contractor in direct and indirect costs and result in huge personal

costs to carpenter and his family.
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Key Points:

Falls accounted for 20% of injuries reported and investigated among these carpenters and falls
were twice as common from heights as from the same level.

There was only one fall in which the carpenter was using personal protective equipment and this
fall was arrested at 12 feet and resulted in minor injury.

Falls from the same level were most often related to weather, carrying objects - sometimes with
view obstructed, housekeeping, terrain of the building lot, and speed of work.

Falls from height occurred from a wide variety of work surfaces and often involved ladders,
work on unsecured surfaces, scaffolding, and unprotected openings as well as speed and
weather conditions.

Sites on which falls from height had occurred were less likely to have workers using hard hats
and eye protection and more likely to have poor housekeeping and materials storage and
unacceptable scaffolding - providing some indication that the overall safety climate may be
poorer on these sites.

Use of proper ladders of appropriate size for the job, setting them appropriately - staking and
moving them frequently as required by the work are all important.

Ladder jacks used for scaffolding are difficult to manage — carpenters recommend the use of
pump jacks which are lighter to set up and easier to adjust to increasing height.

Apprentices had rates of falls from elevations that were 50% higher than journeyman, but falls
from same level occurred at similar rates for both groups.

In focus groups, apprentices reported work at height as their most feared risk involved in their
work; fall prevention techniques taught in school, do not necessarily get applied on the work
site.

Younger workers and more seasoned carpenters need fall protection training, and
reinforcement of that training, that incorporates ladder and scaffold safety - this should include
safe work practices as well as erection and dismantling. Workplace norms must be established
that do not allow the inappropriate use of equipment.

Among these carpenters there were a number of falls related to work surfaces that were not
adequately secured or unprotected openings.

Working on the top plate of a framed wall is a common practice in residential building; when
working on the top plate there is not typically anything to which the carpenter can tie off.
However, the work often does not have to be done from there. Use of ladders around the
perimeter can allow the same access without the same risk, as long as the appropriate
equipment is used and the ladders are set properly.

While work needs to be done efficiently “safety and speed do not mix” particularly when work
is being done at height.

Use of recognized fall protection strategies such as guardrails, toe boards, tying off to an
appropriate anchor and covering openings were all identified by these carpenters as things that
could have prevented their falls. However, these practices were not the norm on many sites

where falls occurred.
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Table C3:5 Factors contributing to falls from height, union carpenters 1999-2002

Contributing factor Frequency (%) ®
Ladder related 21 (24%)

Ladder improperly set 9 (10%)

Improper ladder 6 ( 7%)

Needed ladder 3 ( 4%)

Slipped on ladder rung, step 2 ( 2%)

Ladder failed 1 ( 1%)
Work surface not secure 20 (23%)
Scaffold related 19 (22%)

Failure 8 ( 9%)

Drywall horse 6 ( 7%)

(stepped off, unstable, tipped)

Tipped 3 (3%)

No rails 1 ( 1%)

Fell off steps of lift 1 ( 1%)
Speed/time pressures 14 (16%)
Unprotected opening 13 (15%)

(stairwell, window, fireplace, other)
Weather 13 (15%)

Mud, rain, snow, wind
Lack of fall protection 10 (12%)
Lack of safety training 7 ( 8%)
Heaviness of materials 5 ( 6%)
Communication 5 (6%)
Needed help 4 ( 5%)
Loss of balance 2 (2%)

(one heat-related)

Carrying materials 2 ( 2%)
Timing of tasks 2 ( 2%)

foundation, backfill
(table continued)
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C4 Measuring Acute and Cumulative Biomechanical Stress among Carpenters with Back
Injuries
Background

Over the last three decades several low back injury risk assessment tools have been developed
to provide ergonomics practitioners the ability to evaluate the relative risk posed by manual materials
handling (MMH) tasks. The Work Practices Guide for Manual Lifting (NIOSH, 1981) and the
Revised NIOSH Lifting Equation (Waters et al, 1993,1994) are two well-established methods
developed by the National Institute for Occupational Safety and Health (NIOSH). The Lumbar
Motion Monitor (LMM) risk assessment model (Marras et al, 1993) and the Three-Dimensional Static
Strength Prediction ProgramTM (3DSSPP) were developed by researchers at The Ohio State
University and the University of Michigan, respectively. Based oltn our current understanding of the
etiology of occupation-related low back disorders it is clear that each of these assessment tools
addresses an important facet of the low back injury risk paradigm, but that none of these models
individually are able to identify all high risk activities. This perspective is su_pported the recent research
of Lavender et al (1999) that showed poor correlation between the estimates of low back disorder risk
that were produced by these three tools when assessing a variety of MMH tasks. The goal of the
current study was to incorporate the strengths of each of these existing assessment tools into one hybrid
assessment methodology. To build the foundation for this hybrid model, an overview of each of these

constituent models along with our perceptions of each model’s strengths and limitations is presented.
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NIOSH Model

The NIOSH models (NIOSH 1981, Waters et al, 1993) utilize static workplace configuration
information to develop estimates of weights that can be safely lifted by a majority of the working
population. The workplace variables considered in the Revised NIOSH Lifting Equation (Waters,
1993) include: vertical position of load, horizontal distance between the load and the spine, frequency
of lifting, vertical travel distance of the load, asymmetric posture of torso, and coupling quality between
the lifter and the object being lifted. These measures are then combined in a multiplicative model to
arrive at an appropriate weight (called the Recommended Weight Limit, or RWL) that can be lifted
safely by a majority of the working population. The ratio of the actual weight being lifted to this RWL is
a value called the Lifting Index (LI). LI values greater than 1 are said to place some workers at
increased risk, while values greater than 3 are said to be a potenti;l problem for a majority of healthy
industrial workers (Waters et al, 1994). There are a number of stated assumptions that should be
considered when applying this assessment technique. Among these assumptions are that the workers
perform only two-handed lifts, they work for no more than eight hours, they are not lifting or lowering
objects faster than 75 cm per second, and they are lifting in a relatively unrestricted work environment.

Two recent studies report results that support the effectiveness of the NIOSH method in
predicting low back pain but also note some of its limitations. In a study of 97 MMH jobs, Wang et al
(1998) report a monotonically increasing relationship between the severity ratings of low-back
discomfort and the NIOSH Lifting Index. Their results showed that for jobs with a severty rating of 0
(on a 0-5 point scale) the mean lifting index was 0.8 while for jobs with a mean severity rating of 5 the

mean LI was 4.1 with intermediate points following the trend. Another significant result from this study
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was that 42 of the 97 evaluated jobs had an RWL=0, a result that the authors attribute to having tasks
wherein lifting frequencies and/or horizontal distances exceeded those allowed by the NIOSH modeling
methodology. In another study (Waters et al, 1999), fifty jobs in four different industrial facilities, were
evaluated and the authors report that the unadjusted prevalence odds ratio for reported low back pain
were 1.14, 1.54 and 2.54 for lifting indices of 0-1, 1-2 and 2-3 respectively. Interestingly, they report
an unadjusted prevalence odds ratio of 1.63 for jobs with a lifting index of >3, and note potential
selection and survivor effects may have influenced the results of their analysis.

While the NIOSH method is straightforward in application and has great utility in many
industrial environments the static representation of the workplace does not take into account some of
the human performance issues that have been implicated in the low back injury process. Specifically, in
performing a manual materials handling task, the three-dimensiorial postures, velocities and
accelerations have been shown to play a role in the development of low back injuries (Marras et al,
1995). It should be noted that the NIOSH model does consider dynamics from physiological and
psychophysical perspectives, but trunk motion plays a direct role in spine kinematics and biomechanical

loading and therefore is a facet of risk that is not directly addressed in the NIOSH approach.

LMM Model

Marras et al (1993) developed a risk assessment methodolo gy that considered the importance
of the lifting dynamics in the development of a low back injury. A device called the Lumbar Motion
Monitor (LMM) was developed to capture the instantaneous position, velocity, and acceleration of the

lumbar spine in the three cardinal planes of human motion. Using this device in industrial environments,
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trunk kinematic data was collected from workers performing 403 industrial jobs. Multiple logistic
regression was used to form a relationship between historical injury data and task parameters including
these trunk kinematic variables. Their results showed that five parameters were adequate to distinguish
between high and low risk jobs: lift rate, maximum sagittal angle, average twisting velocity, maximum
lateral velocity, and maximum moment (model odds ratio of 10.7). The results of their work is a low
back injury risk assessment model that takes as inputs these five task variables and the output is a single
value that describes the probability of high risk group membership (PHRGM) for that job.

As with the other models, the LMM assessment tool is believed to be able to identify some but
not all of the high risk activities that may lead to low back injuries. The principle strength of this model
is that it is based on the empirical relationship between outcome measures (injury and job turnover
rates) with quantifiable job characteristics, including human perf(;nnance-related variables. With this
approach comes the ability to begin to consider the role that individual differences may play in the
etiology of low back injury. While this model was able to overcome the static biomechanical modeling
limitations of the NIOSH Lifting Guides, a limitation to the generalizabilty of this model is that it was
developed using data collected from a sample of jobs where workers performed “repetitive jobs
without job rotation”. Since this was an empirical model, the specific job dataset that was used to
develop the relationship between work characteristics and risk will have a great influence on the model
output. Since non-repetitive jobs were not included in the dataset, certain characteristics of these types
of jobs may not be represented in this model’s predictions. Further, because of the special emphasis
placed on the variables describing trunk dynamics that resulted from this sample of jobs, some high risk

activities, such as lifting heavy loads in awkward, static postures will often escape identification.
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Three-Dimensional Static Strength Prediction Program Model

In contrast with the LMM model, the Three-Dimensional Static Strength Prediction Program
(3DSSPPTM) model developed by researchers at the University of Michigan is not based upon
repetitive jobs. Instead, it is a comparison of MMH activity requirements with a human strength
capacity database. The inputs to this model are the major joint angles and the direction and magnitude
of the force exerted by the hands. Once this three-dimensional biomechanical model is developed, the
three-dimensional moments about the L5/S1 joint and spine compression can be calculated. Further,
the three-dimensional moments can be compared with the data from the human strength capacity
database so that an estimation of the percentage of a population capable of exerting these moments can
be generated.

Several studies have illustrated the importance of docume;lting the relationship between a
person’s strength capacity and the physical demands placed on them during work (Chaffin and Park,
1973; Chaffin, 1974). Chaffin (1974) illustrated a sharp increase in low-back pain incidence rates
when the job demands required forces exceeding the workers’ strength capacity. This author showed
that jobs whose average lifting strength ratio (LSR- defined as the ratio of the heaviest weight lifted to
the average strength of people asked to perform that lift) exceeded 1.0 had a job related low-back
incidence rate (low back incidences/1000 man-weeks) of ~2.3. This is as compared to ~.75 and ~.65
for jobs whose average LSR was between 0-.5 and .5-1 respectively. Chaffin and Park (1973)
performed a very similar analysis but used the strength capacity of a large/strong man in the
denominator of the LSR, thus normalizing the data such that it would be very unlikely to encounter a job

have lifting requirements with an LSR exceeding 1.0. Their results showed that for jobs with a LSR
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between .8-1.0 the job related low-back incidence rate approached 4 while the incidence rates
associated with lower LSRs were less than 2.

It is felt that the relative strength of the 3DSSPP approach is in its ability to assess risks
associated with one time exertions, because it compares directly the required moments of the task with
population strength data. Another strength of the model is its ability to estimate value of Probability of
High Risk Group Membership that can be compared with established load limits to assess relative risk.
The limitations of this approach are in its ability to quantify risk in jobs that are highly repetitive in nature
but do not have torque or spine compression forces that approach human strength capabilities or spine
compression load limits.

In summary, the NIOSH and LMM models appear to be well designed for the evaluation of
consistent, repetitive MMH tasks and therefore can give insight irito the long-term cumulative trauma
risks but, to varying degrees, are felt to be somewhat limited in their ability to deal with the acute trauma
risks. The 3DSSPPTM , on the other hand, appears to be better able to address acute trauma risks
posed by one-time high stress activities but is limited in its ability to address cumulative trauma risk. It
is not our intention to say that these assessment tools are not individually effective in identifying high risk
activities, in many cases one or another of these models contain the perfect assessment methodology.

It is simply our contention that in assessing jobs with highly variable biomechanical demands, multiple
tools may be necessary to identify each of the subtasks that may pose a risk. The goal of the current
project was to develop a hybrid biomechanical assessment methodology (called Continued Assessment
of Back Stress [CABS]) that uses these aforementioned assessment tools and represents their

evaluations in such a way that the time-weighted distributions of biomechanical stress are the point of
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emphasis, rendering a more comprehensive assessment of risk that is necessary for jobs with highly

variable MIMH demands.

Methods

Subjects

Twenty-eight experienced construction workers were the subjects in this study. Fifteen of the
workers were from framing/carpentry subcontractors, eight were from masonry subcontractors, and
five subjects were from drywall subcontractors. To illustrate the process and output of this modeling
methodology, data from our analysis of the framing subcontractors will be presented in this paper.
Equipment

The equipment needed to gather the data for the assessmeﬁt tools included three portable VHS
cameras, a computer-based video coding system (OCS ToolsTM,, Triangle Research Collaborative,
Inc., Research Triangle Park, NC), telemetry-based Lumbar Motion Monitors (LMMs) (Chattecx
Inc., Chattanooga TN), and various measurement devices to quantify the weights and dimensions of the
items handled on the construction sites. The video cameras were used to capture all of the activities
performed by the construction workers. The computer-based video coding system was used to
quantify the time these workers spent doing various activities and consisted of two modules. The first
module imprinted a time code (at a rate of thirty frames per second) onto the videotapes. The second
module read this time code from the tape and wrote the time code to a computer ASCII file when

prompted by the human coder. This coding process will be outlined in greater detail in the Video Data
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Axial or Asymmetry Code. In order to correctly characterize the three-dimensional nature of
the MMH activities, an optional Axial or Asymmetry Code was included in the Task Code. This code
was only used if the task included some form of asymmetric or axial loading, otherwise it was left out of
the Task Code. The two options for the Axial or Asymmetry Code were “A” and “Z.”” The “A” code
was used when an object was held 300-60o0 degrees from the midsagittal plane. The “Z” code was
used for any activity which caused a torque about the spine in the transverse plane (i.e., caused a
moment about the spinal column axis). Examples of activities which fell into this category include
dragging long boards on the ground while holding the front ends to the side of the body or holding
sheets of plywood to the side of the body and dragging them on edge across joists. For modeling of
sliding activities, the coefficient of sliding friction was estimated to be .4 from a standard mechanics text
(Beer and Johnston, 1988) and confirmed in lab testing.

Product Code and Multiplier Code. The materials or tools being handled were coded with a
combination of the Product and the Multiplier Codes. The Product and Multiplier Codes were different
for each trade group. Table C4:3 shows the codes used for the framing. Every material or tool had a
code associated with it and for items that come in various sizes (such as long boards or sheets) a
multiplier was assigned to it based on the size of the product being handled. For all boards, the
standard length was 4°, so if a worker was carrying three - eight foot lengths of 2 x 4, the product
multiplier would be 6. The standard size for each sheet product was 2’ x 4. Therefore, a4’ x 8’ sheet
of plywood would have a product multiplier of 4 associated with it. The product multiplier for
container-type items such as buckets or shovels were coded as either empty (multiplier code= 0) or

loaded (multiplier code= 1). Since trusses and walls can come in a variety of shapes and weights, each
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video coding system program sampled the timecode from the videotape. When the analyst completed

input of the Task Code and hit “Enter” the timecode and the Task Code was written to an ASCII file

on the computer. The analyst would then continue to watch the video for changes in either the posture,

hand load, or activity. When noted, he would enter in that Task Code and it, along with the

appropriate time code, would be written to the computer file. This process would continue until the end

of the region to be coded. A section of the ASCII file (along with the meaning of the code in

parentheses) might look like this:

start
S

gl_g
we_§g
gl_8
glad4
posture)
sf 44
S____
kl p4
wc_p4
of p4
s

00:00:00.00
00:00:00.00
00:00:15.30
00:00:17.25
00:00:25.00
00:00:26.35

00:00:28.12
00:00:35.11
00:00:51.00
00:00:53.17
00:01:07.25
00:01:09.45

(start of coding session)

(standing unladen)

(lifting a nailgun from ground level)

(standing with the nailgun at waist level off to the side of the body)
(lowering the nailgun back to the ground)

(lifting 16 board-feet of 2x4s from the ground in an asymmetric

" (holding 16 board-feet of 2x4s at shoulder level)

(walking unladen)

(lifting a 4x8 sheet of plywood decking from knee level)

(carrying the sheet of plywood decking on the side of the body)
(handing the sheet of plywood decking to someone on second floor)
(standing unladen)

Of the 350 man-hours of framing videotape footage a sampling procedure was employed that

captured a representative sample of each level of worker (crew leader, carpenter, material handler) at

each phase of the framing process (first floor joists, first floor flooring, first floor walls, second floor

joists, second floor flooring, second floor walls, third floor joists, rafters (or roof trusses) and sheet

materials for the roof). In total there were 67.5 man-hours of coded video tape for framers. The

process of coding the videotapes took, on average, 3.5 hours per man-hour of videotape. It became

85



clear that it was not appropriate to assume that these datasets represented, in correct proportions, the
amount of time spent in each of the activities during the construction of a home. A within-trade time
weighting system was developed that involved getting estimates of proportion of time spent in each
phase of the construction of the average house and then weighting our coded dataset to reflect these
proportions.

Upon completion of this video analysis process, stick figure representations of these activities
were created using the 3DSSPPTM system. Due to the importance of accurate postural data as noted
by Chaffin and Erig (1991), subsequent laboratory simulations of the static postures were performed to
increase the accuracy of the postural data input into the model. In total, there were 1181 Tdsk Codes
for framers. It was felt that it was unnecessary to develop a stick figure for each of these tasks codes
because many were infrequent and/or were well represented by ofiler more frequent activities. The
following criteria were used for stick figure model development: if the Task Code contributed more
that .1% of the total time or if the task represented an acute trauma risk (large moments, awkward
postures, etc.) a model was developed for that Task Code. In total there were 487 stick figure models
developed for framing and these accounted for 95.9% of the total work time of the framing trade.
Figures C4:1 and C4:2 illustrate the process of representing the field activity with a stick figure and
subsequent laboratory LMM simulation (to be described below). From the biomechanical analysis of
the stick figure models, spine compression and the three-dimensional moments about the L5/S1 joint
(x-axis: extension moment, y-axis: lateral bending moment, z-axis: twisting moment) were calculated
from the 3DSSPPTM, as were the percent of the population capable of generating these moments. The

final result of this static modeling were seven measures (spine compression, X-axis moment, y-axis
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were simulated in the laboratory, accounting for about 87% of the total number of exertions in the
dataset. The LMM simulations of these MMH tasks were performed by two male experimenters of
approximately 50th percentile stature, who were extremely familiar with the construction tasks. Each of
the MMH tasks represented by a given Transition Code was performed multiple times utilizing the
different strategies that the on-site construction workers employed in getting from the starting point to
the ending point of each MMH activity, in essence simulating the breadth of trunk motions represented

by a single Transition code.

LMM Data Processing/Modeling

The three trunk motion parameters required for the Ohio State University LMM risk
assessment model (peak sagittal angle, peak twisting velocity and? average lateral velocity) were
captured from each simulated lift. The other two required input variables, peak sagittal moment and the
lifting frequency, were gathered from direct measurement during the laboratory simulations and on site,
respectively. The average of the PHRGM values for all lifts within a Transition Code was then

calculated. The output from this dynamic analysis was a single value of the PHRGM for each Transition

Code.

Data Analysis
Basic Model Output. Our approach to representing these data was to develop histograms documenting
the amount of time spent (or in the case of the LMM and NIOSH models, the number of lifts

performed) at different levels of low back stress as predicted by the individual models. The method
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used to develop the x-axis for these histograms was to identify the largest value encountered for each
unbounded measure (largest LI encountered for the NIOSH model, largest encountered spine
compression value, largest moment about the x-axis, etc.) or the high end of a bounded measure

(100% probability of high risk group membership for the LMM model, 100% capable for the 3DSSPP
model) and then divide the x-axis range into 10 equal size class intervals of the range of values (0-10%,
10-20% . . 90-100%). The y-axis values of these histograms were defined as the relative amount of
time spent in each interval. These histograms were then used to help identify the specific activities
(Task Codes and/or Transition Codes) that should be addressed in the intervention process. It was
interpreted that activities that were located in the right-hand tail of the distributions for the spine
compression or trunk moments or the left-hand tail of the percent capable measures placed the workers
at risk for the more acute trauma type of injuries, while activities.{hat were in the right-hand tail of the LI
or Probability of High Risk Group Membership (PHRGM) placed the workers at risk for more
cumulative trauma type injuries. In addition, activities that contributed large quantities of time to the
peaks of the distributions of spine compression and trunk moments were also investigated for their
potential influence on more cumulative trauma types of injuries. The individual high-risk activities that
were identified by one or more of these procedures were then compared across assessment tools to
illustrate the different points of emphasis of the constituent models, and to illustrate the benefit of the
hybrid model approach.

Inter-Coder Consistency. The coding of the video tapes was a subjective process inasmuch as the
coder had to estimate the hand height and object(s) being handled from the video footage with often

less than ideal resolution and periodically obstructed views, It was felt that these videotape
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characteristics could lead to differences in the codes keyed by different analysts. In order to assess the
effect that this variability would have on the resulting histograms of biomechanical stress, a test of the
consistency between coders was performed. One 30-minute section of videotape of a framer was
coded by the four researchers responsible for video coding. The construction worker chosen as the
subject for this inter-coder evaluation was a framer who performed various material handling as well as
carpentry tasks. The section of videotape chosen was from the construction of the first floor walls after
some of the interior walls had already been erected, hence slightly obscuring visibility. The video
resolution was such that the height of the worker was approximately half of the height of the video
screen. This situation was determined to be a realistic tape segment to test inter-coder consistency.
The histograms of the moments about the x- y- and z- axes were developed and the variance of the
times within each class interval rendered an estimate of the consiétency across coders. The moment
data were chosen for this analysis because of their sensitivity as compared to the more global variables
(LI, PHRGM and compression) which tend to aggregate the data and thereby lose responsiveness to
specific 3-dimensional moments.

Assessing Effects of Modeling Simplifications. The process of modeling the observed MMH
activities involved making some simplifications in both the static and dynamic representations. In the
static modeling, a “base model” was developed for each Task Code, but this model really represents a
range of three-dimensional postures, including variable hand heights (within the bounds shown in Table
1), variable levels of asymmetry (defined by the categories of asymmetry code), and variable horizontal
distances (within the observed reach envelope). Similarly, the Transition Code and the subsequent

average PHRGM value present a “base model” representation of the dynamic activities. We felt that it
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was important to quantify how well these base models represented the range of activities within a Task
Code/Transition Code.

To investigate the effects of the simplifications in the static modeling, a total of 250 “alternate
models” were constructed. These 250 altermate models were created by identifying five frequently
occurring Task Codes within each hand height and then altering the three-dimensional hand positions.
The five frequently occurring Task Codes within a hand height level included: two frequently-occurring
sagittally-symmetric Task Codes, one sagitally-symmetric Task Code with a heavy object, one
frequently-occurring 450 asymmetric Task Code, and one frequently-occurring side-carry Task Code,
Of the ten variations from the base model, two had different hand heights (one higher, one lower), two
had different moment arms of the load (one larger, one smaller), two had different angles of asymmetry
in the transverse plane (one to the left, one to the right), and four imriations with combined differences in
hand height, moment arm, and asymmetry. The distance of the variation in the hand location in any
direction was between 5cm and 13cm, depending on what was deemed realistic for that Task Code.

The locations of these ten points formed a 3-dimensional volume around the hand location of the base
model. To assess the impact of these simplifications on the assessment tools, the coefficient of variation
of the NIOSH Lifting Index and spine compression was computed for each of these 25 base models.

A similar type of analysis was performed on the dynamic Transition Codes dataset to assess the
effects of using the average of the multiple LMM simulations. As noted in the Trunk Kinematics Data
Collection Procedures section, multiple repetitions of the LMM simulations were performed for a given

Transition Code. Similar to the analysis of the static assessment tools the coefficient of variation of the
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PHRGM measure was computed for each of the Transition Codes and is the measure used to assess

the effects of representing all activities within a Transition Code by the group average.

Results

Basic Model Output

The main focus of this research was to develop a method to represent the biomechanical
stresses of the low back in such a way as to aid in the identification of the high risk activities performed
by construction workers. Figures C4:3-5 illustrate the basic output of this methodology. The time
spent in the “stand” code (~50% of total time) has been eliminated from these histograms.

To illustrate the utility of this multiple assessment tool approach a list of four specific
construction activities are presented in Table C4:4. In the first two cases presented in this table it is
clear that one assessment tool has identified this as a very risky activity while the others do not. The
third case is not quite so dramatic, but with spine compression exceeding 6600N and the NIOSH
Lifting Index at 4.26 it was felt that spine compression highlighted the risk in a more dramatic way. To
further emphasize the differences between the assessment tools, listed below are three MMH activities
that were in the top five priority list for each of the assessment tools. Note the specific characteristics
of these activities and how the different tools cue on certain aspects of the MMH activity.

Compression

1. Lifting 4 sheets of plywood from the ground.

2

. Lifting 6 12’ lengths of 2x4 from the ground

L

. Lifting 3 12’ lengths of 2x10 from the ground
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NIOSH

1. Lifting one end of a large roof truss from waist to shoulder laterally (900 asymmetry)

2. Lifting a 2x10 from the ground in an asymmetric posture (450 asymmetry)

3. Lowering a 16’ length of 2x10 from the shoulder to the ground in an asymmetric posture (450
asymmetry)

LMM

1. Lifting a nail gun from ground to waist laterally (900 -900 asymmetry )

2. Lifting a nail gun from ground to waist (450 - 900 asymmetry)

3. Lifting two 12’ lengths of 2x4 from ground to side waist position (0o to 900 asymmetry)

The final entry in Table C4:4 illustrates the other importal;t aspect of this modeling approach:
the probabilistic representation of the time-weighted distributions of biomechanical stress. Reviewing
the dataset, we were able to identify that working at ground level with either a nailgun, circular saw or
no-load contributed to 51.9 percent of the productive time of these workers. The results of the risk
assessments showed that none of the three assessment tools employed would characterize these three
activities as high risk. In fact, the relative ranking of these particular tasks places them in the lower two-
thirds of all tasks encountered in this study. However, knowledge of the literature with regard to the
effects of flexed postures (McGill, 1997; Adams and Dolan, 1995), coupled with the our
documentation of the large amount of time spent in these postures made this one of the priority areas for

intervention in our work. Thus, not only does this technique provide insight into the high risk activities
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minute segment. A more detailed review of the data revealed that the principle difference between

coders was in the estimation of hand position and the estimation of hand load. See Figure C4:6.

Assessing Effects of Modeling Simplifications

The median coefficient of variation (CV) in the spine compression for the 25 codes analyzed
was 11% while the median CV for the NIOSH Lifting Index was 19%. These figures are somewhat
misleading however, because in many cases the mean value was quite low, which generated a high CV
even with a small variance. In fact, the average of the absolute values of the difference between the
base models and the alternate models was only 158 N in compression and only 0.08 in the NIOSH
Lifting Index. The median coefficient of variation of the probability of high risk group membership

values from the different activities which were described by a single Transition Code was 9%.

Discussion

Construction workers have exposure to a number of recognized occupational risk factors for
back pain including strenuous work, manual materials handling, pushing, pulling, twisting, frequent lifting
over 25 pounds, requirements for sudden unexpected maximal effort, and awkward postures (Bernold
and Guler, 1993; Schneider and Susi, 1994). The material presented in this paper is the first phase of
an intervention study undertaken to develop new tools and work practices to reduce loading on the low
back during construction work activities.

Observation of construction workers in the home building industry revealed a wide range of

work activities that resulted in highly variable biomechanical demands on the low back. It was realized
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that these characteristics would make it difficult to employ standard low back stress assessment tools
that have been developed for more traditional manufacturing environments and highlighted the need for
a probabilistic representation of low back stress. This realization led to the development of the CABS
methodology, an important tool in our efforts to prioritize tasks for ergonomic intervention.

We began this process with a group of nine dependent measures that were thought to assess
risk from different perspectives. These nine were: spine compression, NIOSH Lifting Index, LMM
PHRGM, x-axis moment, y-axis moment, z-axis moment, percent capable about the x-axis, percent
capable about the y-axis, percent capable about the z-axis. As the process of using these indices to
develop priority lists for ergonomics intervention proceeded, several of these measures were either
found to be redundant with other measures or lacking sufficient sensitivity to distinguish between high
and low risk construction activities. When the three-dimensional ?percent capable measures were
evaluated almost all tasks had percent capable estimates of >99%, indicating that this tool did not have
sufficient sensitivity for this application. Further, for those tasks that had percent capable levels lower
that 99%, spine compression, NIOSH lifting index or both had already identified the task as high risk
indicating a redundancy in these tools. Further analysis of the data revealed that three-dimensional
moment data was redundant with the spine compression and the lifting index. In the end, a set of three
measures (NIOSH lifting index, spine compression and LMM probability of high risk group
membership) were found to identify the breadth of high risk activities encountered.

Table C4:4 contains a set of specific tasks chosen specifically to illustrate the importance of the
CABS methodology (both the multiple assessment tool component and the probabilistic representation

of stress) and points to differences in the theoretical underpinnings of the different assessment tools.

96



The OSU LMM model is clearly the most distinct of the three. Two of the five factors considered in
this model are related to the dynamics of the task, one is related to posture and only two are related to
the “static** configuration of the workplace (lift frequency and moment). Not surprisingly then, the
LMM model placed many jobs that were dynamic (particularly those with complex three-dimensional
dynamics) in the high risk category, while leaving many of the more static, high force tasks in a more
low risk category. Examples of tasks identified by this tool include repetitive bending and twisting while
securing subflooring materials to floor joists with nailgun, repetitive bending and twisting during veneer
masonry work (getting mortar and brick from a stand and placing it in the wall), and repetitive bcﬁding
and twisting during the cutting of the drywall materials. None of these tasks require a great deal of
force, but instead create three-dimensional dynamic profiles that highlight the LMM model’s particular
sensitivities.

In contrast, the NIOSH Lifting Index and the spine compression estimates from the
3DSSPPTM were much more sensitive to the issues of external moment and trunk posture. Even with
these fundamental similarities, however, there were still differences in their assessments that were worth
noting. Specifically, the NIOSH equation is very sensitive to the three-dimensional location of a hand-
held load while spine compression is more sensitive to the deviation of the center of mass of the torso
from its neutral position. The two extremes of this spectrum would be 1) a person bending to the
ground with little or no load in the hands (such as using a tape measure to mark off a wall location) and
2) a person holding a small weight in their hands at shoulder height with arms extended. In the first case
the Lifting Index would be 0 while there would be a significant amount of spine compression due to the

body mass and in the second case the Lifting Index could be very high and the spine compression
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relatively modest. It is believed that the origin of these differences can be found in the differences
between the pure biomechanical approach of the spine compression assessment and the contributions
of the physiological and psychophysical aspects of lifting which played a role in the development of the
NIOSH Lifting Equation.

The often dramatic differences between the measures of risk predicted by these models is
consistent with findings of Lavender et al (1999). In their study five different low back injury risk
assessment tools were used: the three considered in the current study and two variations of the United
Auto Workers - General Motors Ergonomic Risk Factor Checklist. These authors studied 178
autoworkers from 93 production jobs in a metal fabrication plant. Their results showed poor
correlations between the various measures of low back disorder risk. For the three assessment tools
used in the current study their correlations were 0.54, 0.39 and O.él for LMM-NIOSH, LMM-
3DSSPP, and NIOSH-3DSSPP, respectively. These authors go on to note that the differences
between the assessment techniques may be the degree to which the tool is influenced by the individual
behavior as opposed to the job factors (ie human performance issues vs. workplace configuration
variables). In the current study we limited the influence that the individual behavior variables had on the
data by developing relatively generic representations of the work activities. The differences between
the models’ assessments in the current study indicate that while individual performance differences are
important, the differences in the theoretical underpinnings of these three tools create fundamentally
different approaches to risk assessment.

In addition to the use of three different assessment tools, the other novel aspect of this research

was the use of probabilistic representations of the biomechanical stress indices of these three
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assessment tools. While the time weighted histograms that are the output from this approach can be
used to identify the highly visible right-hand tail high risk activities, it can also help to identify the less
prominent high risk activities in the central portion of these distributions. Specifically, there were several
tasks that involved work at or near ground level that included little or no hand held load. The
contribution of these jobs to the histograms came in the form of the peaks in the central regions of the
distributions of the spine compression and moment about the x-axis. If we were to only prioritize for
intervention based on a pure ordinal ranking of the biomechanical stress indices, these activities would
not be set as priority items even though there is literature that highlights the risks in these postures (e.g.
McGill, 1997; Adams and Dolan, 1995). Further, if these tasks were only infrequent and/or short
duration activities we probably would not have considered them for intervention even though the
literature says there is some need for concern. It is only when cmtéi tabulates the significant amount of
time that construction workers spend in these postures that these activities move into the priority
rankings. This illustrates that the time-weighted probabilistic representation of the biomechanical

stresses gives an important insight into some of the activities performed by these workers that would

have gone unnoticed with more traditional task analysis procedures.

Conclusions

Presented in this paper was a new methodology for quantifying low back stress. The strengths
of this approach is that it utilizes several well-documented assessment tools and capitalizes on the
strengths of each individual tool. The methodology also presents the data in such a manner that one

gets an appreciation for distribution of stress throughout the workday, a characteristic that makes this
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approach appealing for jobs that contain variable biomechanical demands. This technique has proved
itself invaluable as we have begun the process of developing interventions for the construction industry
because it has given us a more detailed description of risk associated with the various tasks performed

by these workers.
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Application of CABS Methods to Active Surveillance Data

As noted in the Specific Aims of this project, one goal was to create profiles of exposure to low
back injury stressors for carpenters who experienced back injuries. This characterization was to be
accomplished in two ways. First, using the CABS methodology to establish a description of the activity
being performed at the time the low back pain was first sensed (the inciting event) to gain an
appreciation for the acute trauma event, and second to use the CABS methodology to create a time-
weighted historical exposure to gain an appreciation for the more cumulative exposures of these
individuals.

While the quantification of the inciting event is limited to the specific biomechanical
characterization of the activity being performed at the time of low back pain (spine compression, level
of the Lifting Index of the activity being performed and level of tﬁe Probability of High Risk Group
Membership of the activity being performed, etc.) characterizing the time weighted historical exposure
is much more open-ended. Since the workers' exposures are described as distributions there are a
number of potential candidates for variables that might lend important information to the description of
the cumulative trauma potential. Figure C4:7 illustrates this point by showing a couple of values of spine
compression at different percentiles of this generic distribution. In evaluating this distribution, one could
argue that the 50" percentile of this distribution is important because it shows the average exposure
throughout the workday. It could be equally argued that it is the higher, less frequent loads that are
leading to the cumulative deterioration of the tissues. Qur approach in this work was to consider a

number of these variables and quantify them for each of the assessment tools employed.
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Methods
Job Specific CABS Histograms

Using the same basic approach outlined in the previous section, job specific histograms were
created for the positions labeled "laborer", "carpenter”, and "foreman". These histograms were
developed using the same data sets that previously described. The difference is that in the data
processing phase the specific work activities performed were partitioned in such a way that only those
work activities performed by each of these worker classifications were included in the characterization
of that worker's activities. What results from this analysis are nine histograms, one for each
combination of worker type and assessment tool. The results of this effort is shown below in Figures
C4:8-C4:16.

The next step in the process of evaluating this exposure data data was to fit a parameterized
distribution to these histograms. This was accomplished by using the multivariate Johnson distribution
fitting technique (Mirka et al, 2000) to best fit these histograms with a four parameter distribution from
the Johnson family of distributions. This was necessary to facilitate the calculation of percentiles as will

be described in the modeling section of this technical report. These distributions are shown in the lower

graphs of Figures C4:8 - C4:16.

Work History Characterization

As part of the SLIPP surveillance interview for those with back injuries the work profile of each
of the 51 subjects was provided. This data included the number of years that the individual was part of

the union, the number of years in the apprenticeship program, the number of years functioning as a
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Journeyman carpenter, and the number of years that the individual served in a foreman/supcrvisory

capacity.

Modeling

The theoretical construct underlining the modeling of this historical data is that by characterizing
the cumulative and acute biomechanical stresses that occur before a low back injury/pain event occurs
a deeper understanding may be generated. Therefore, the approach taken in the biomechanical
modeling phase of this project was to generate a biomechanical representation of the activity that the
individual is performing at the time of his injury, as well as a more cumulative assessment of the stresses
that he accumulated during his work life as a carpenter. The approach taken to model the inciting event
was simply to take a verbal description of the work activity being performed at the time of the injury
from the surveillance interviews and to convert it into the 5 - 6 character of the CABS methodology.
This code then represents a single value for the probability of high-risk group membership, lifting index,
spine compression and the X-, Y- and Z moments about the spine.

The approach taken to model the cumulative exposure was to identify, for each of the nine
CABS distributions the 50th, 75th, 90th, 95th, and 99th percentiles of these distributions. This was
accomplished by using the best fit Johnson distribution and identifying that level of stress wherein the
percent of the distribution to the left of that value corresponded to that percentile. Then, for each
individual member of the cohort the number of years spent working in each of the three levels of the

union system (apprentice, journeyman, foreman) were tabulated. Finally, to gain an appreciation for the
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cumulative stresses the number of years spent working at each of these levels was multiplied by the
stress levels for that particular task. For example:
Subject worked 2 years as an apprentice, 14 years as a journeyman carpenter and 3 years as a
foreman before injuring his back. From the CABS distributions for spine compression we find
that:
50" %ile for the apprentice (laborer position) is 408 N
50" %ile for the journeyman (carpenter position) is 748 N

50" %ile for the foreman (foreman position) is 544 N

The cumulative exposure measure would be calculated as follows:

408N * 2 years + 748N * 14 years + 544N *3 years = 12920 Newton-years

This process was followed for each five different percentiles (50th, 75th, 90th, 95th, and 99"), the
three different jobs (apprentice, laborer and foreman), and the three different assessment tools (Lifting

Index, Spine Compression, and Probability of High Risk Group Membership).

Results

Table C4:5 is a documentation of the inciting event data while Table C4:6 shows the results of
the cumulative exposure modeling. The one line of missing data in Table C4:5 resulted from a verbal
description of a task that had the individual lying on the ground and pushing a piece of sheeting into

place with his feet. This task description was too far out of the standard modeling procedure for us to
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be able to model this activity using CABS. The multiple blank lines in Table C4:6 are the result of
incomplete survey data wherein the subjects left out critical data necessary to recreate their work
history.

It should be noted that the data in Table C4:5 is by necessity often a rough approximation of the
specific task codes used in the CABS modeling. Specifically, there were often times where the verbal
description of the task was not an exact match with a specific code existing in the database that we had
created in the original CABS project. For example, one of the acute events described the lifting of a
cabinet. In the original project on which the CABS data is based we did not have aﬁyone lifting
cabinets. However, the description of the task was such that we could approximate the biomechanical
loading using existing codes and hand held loads of similar magnitude.

In addition to the necessity of doing approximations on a number of the 51 inciting events there were
some other noteworthy aspects of these verbal descriptions. Twenty eight out of 51 of the inciting
events occurred with the individual's hands at ground (23) or knee (5) level. Eight of the events
involved some type of unexpected loading (slips and falls, co-worker dropping their end of the load
being lifted/carried, etc.). In addition to the more structured descriptions from the CABS methodology

it is thought that these more qualitative aspects of the task might also add discriminative power to the

analysis.

Limitations
The CABS methodology was developed using data from non-union residential carpenters in

North Carolina. To apply the original data to estimate cumulative spinal stress for these union
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carpenters, a number of assumptions or decisions had to be made. For example, based on information
available on typical apprenticeship responsibilities, the framing laborers’ loads were assigned to
apprentices in their first two years. A more accurate assessment could have been made if video data

were available to allow application of the CABS methodology specifically to union carpenters.
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C5 Back Injuries

AS mentioned in the previous section, in addition to the standard injury investigation questions,
carpenters who experienced back injuries were asked about past work history — specifically time spent
as an apprentice and periods of time as a foreman or supervisor in the last 10 years. These data were
used in the estimation of cumulative occupational back stress using the Continuous Assessment of Back
Stress methodology (Mirka) described in detail in the preceding section. Information collected on the
activity at the time of injury was used to estimate acute spinal stress. These individuals also were asked
about past history of back pain and whether any previous symptoms were severe enough to have
required activity limitation, medical care or surgery.

Seventy-six back injuries were investigated. Of those 14 (8.4%) resulted in lost time from work
of more than 30 days. The mechanism and nature of these injuriég and characteristics of the injured
carpenters are presented in Table C5:1 by time away from work following injury. Those with
prolonged work loss involved a greater proportion of acute events including falls from height and being
struck and were more likely to have involved fractures. The individuals with these injuries were
slightly younger and had been in the union fewer years and they were less likely to have had prior
history of back problems.

The majority of injuries involved overexertion, such as lifting, pushing, or pulling activities
involving manual materials handling. The wide variety of materials being handled are presented in Table
C5:2 including building materials, equipment, and constructed components. The estimated weights of

materials being handled varied from insignificant weight to 800 pounds.
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Information on spinal load and postures involved in overexertion injuries are presented in Table
C5:3. A greater proportion of individuals with delayed return to work handled a load that was
unexpected and were working in awkward posture. This group also involved proportionately more
activities with a lifting index estimate over 5, higher mean spinal compression and mean sagital moment,
and more had 75 percent probability or greater of high risk group membership. Fewer were working
alone, a likely indication of the heavy nature of the work they were doing which is reflected in the spinal
load measures.

The mjuries in which the carpenter was struck involved an eight foot high framed wall weighing
300 pounds, 4 trusses estimated at 100 pounds each, two 2x12x16's estimated at 90 pounds, and a
steel I-beam weighing over 400 pounds. In the first case, the carpenter had framed a partition and
leaned it up against a wall and the wind blew it over on him.' In tﬁe second case a crew was setting
trusses an‘d 4 fell over on the carpenter. In the third case, the boards were being set up to used as
walkboards and they fell on him. In the last case, a 42 foot steel I-beam was being set by hand with
other crew members. The beam kicked sideways and hit the carpenter.

The falls were from ladders (2), floor joists (2), trusses or rafters(2), the top plate of framed
walls (2), a scaffold, a front porch roof, a foundation wall, a third floor window, a walkboard, the

second level sub-floor, and an elevated work decking. Falls have been described in detail in Section

C3.
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Discussion

The original intent of these analyses had been to evaluate risk factors for prolonged loss of time
from work following back injuries including the acute and cumulative biomechanical measures presented
in the preceding section. Due to the small number of back injuries investigated, our analyses were
limited to a descriptive presentation. Cumulative biomechanical load measures were only able to be
estimated for 2 of the more severe injuries limiting the utility of these data in the analyses.

However, the data provide some interesting findings, even if they are of a preliminary nature.

A significant proportion of back injuries (28.6%), including those which resulted in prolonged loss of
time from work were the result of acute traumatic injuries involving falls or being struck. The injuries in
which the carpenters were struck involved the handling of heavy materials including failure to adequately
brace a framed wall. These acute events were responsible for a d‘:isproportionate share of injuries
resulting in prolonged loss of time from work.

Among the overexertion injuries there was also some indication that injuries resulting in
prolonged work loss were more likely to have involved greater acute spinal load measured by the lifting
index, spinal compression, sagital moment and PHRGM. The workers with delayed return to work
were younger, had been in the union less time, and were less likely to have had prior history of back
problems — all of which go against an etiology of cumulative stress for more serious injury and resulting
delayed work absence. Those with prolonged time away from work also were more likely to be

working with someone else -- a reflection of the very heavy nature of the tasks being done at the time

of injury.
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The data also provide clear documentation of the significant spinal load imposed by residential
carpentry work among those with less and more severe injury. Sixty-five percent (75%)of the manual
materials handling tasks involved a lifting index of over 3 and over half (52.7%) had a lifting index of

greater than five.
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C6 Self-insured Homebuilders Workers’ Compensation Experience 1995-2000
Site of work and data sources

Computerized workers’ compensation loss information from January 1, 1995 through
December 31, 2000 were obtained from Canon-Cochran Management Services, Inc. the management
service for a group of 5 large, self-insured homebuilders in the St. Louis, Missouri area. This is the only
area of United States with a large unionized residential workforce; all five contractors hire union
carpenters. Contractors were requested to report all injuries to the management company, but were
required to report all injuries that involved medical care of more than $1000 dollars or lost time from
work beyond the day of injury.

These data included coded descriptors of body part injured, loss cause (mechanism of injury),
and nature of injury using modifications to the American Nationai Standards Institute (ANSI) injury
coding scheme. Information was available on costs incurred for medical treatment, indemnity and
permanent impairment for each injury. Limited free text descriptions (50 characters) of the injuries from
the first reports of ipjury were also provided. No information was available on sex, age, or race of the
injured worker.

Union carpenters receive health and retirement benefits through trusteed health and welfare
funds, and contractors hiring union labor pay into these trusts based on the hours worked by the
workers they hire. The local health and retirement trust provided the union carpenter hours worked by

contractor for each of the six years of interest documenting work hours at risk.
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Analyses

To define injuries and time at risk on the same basis, all analyses were limited to claims of
carpenters. The distributions of the coded mechanisms of injury, body parts injured, and nature of
injury were examined. Total costs incurred for medical, indemnity, and permanent impairment were
stratified by cause of injury. For claims that remained open at the time of the analyses (<5%) reserve
amounts (estimated for the specific injury) were used in these calculations. Costs per hour of carpenter
work and mean costs per claim were also calculated overall and for the more costly causes of injury by
year, as were costs per hour worked for paid lost time injuries.

Carpenter hours worked were stratified by year and summed for the entire six year period.
Overall and paid lost time injury rates, which occur in Missouri after the seventh day beyond the day of
injury, were calculated per 200,000 person-hours of work (or 106 full-time equivalents). Stratified
rates for the more costly injury causes, including injuries resulting from being struck by or against
something, falls and overexertion injuries, were calculated by year.

In an attempt to learn more about circumstances surrounding more serious events and possible
prevention recommendations, the text descriptions of higher cost claims, initially those resulting in over

$10,000 and then $50,000 of direct costs, were reviewed.

RESULTS
Description of hours worked and injuries sustained
Ower this six year period a total of 5,267,268 hours were worked by carpenters hired by these

five contractors; equivalent to 440 carpenters each working 2,000 hours each year. Carpenter hours
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hired per year averaged 175,575 per contractor. During the same time period, 945 workers
compensation claims were filed by carpenters, of which 53 (5.6%) did not involve medical care or paid
lost time (indemnity).

The distribution of the causes of injury are presented in Table C6:1. The most common causes
of injury were being struck by or against something (25%), overexertion (19%), cuts (9%), falls from
elevations (8%), and puncture wounds (7%).

The body parts injured in these events are presented in Table C6:2 by region of the body
injured. The upper extremity was involved in over a third (38%) of the injuries followed by injuries to
the lower extremity (22%) and the trunk (18%). The nature of these injuries were most commonly

coded as sprains or strain (27%), cuts, crushes, or abrasions (22%), and puncture wounds (15%)

(Table C6:3).

Costs

In Table C6:4 the distribution of direct costs for medical care, indemnity, and permanent
impairment are presented by cause of injury. Falls from elevations ranked first in overall costs, ( as
well as mean, median and maximum costs per claim) while ranking third in frequency. Overexertion
injuries and injuries that resulted from being struck ranked second and third in overall costs, influenced
largely by their frequencies. The majority of the costs were associated with lost time claims.

Injuries that were the result of being caught were responsible for a disproportionate share of

costs per claim ranking second in maximum and median costs and third in mean costs even though they
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ranked 10™ in frequency. The injuries which resulted in being caught most commonly resulted in an
injury nature described in these coded data as ‘cut/crush/mash.’

Costs per hour of work are presented in Figure C6:1 by year. Over the six year period direct
costs averaged $0.66 per hour worked, with the lowest costs in 2000. Costs per hour worked
declined most dramatically for injuries from falls.

Mean costs per claim by year are presented in Figure C6:2. Among the three most costly
injury causes, falls remained responsible for the highest costs per claim but the costs decreased
markedly (>25% reduction) from 1999. In 1999 and 2000 overexertion injuries were responsible for
the greatest costs. Mean costs per fall were markedly down in 2000 averaging approximately $7500

per fall compared to the range in previous years of $30,000 per fall (1995) to $12,000 per fall (1998).

Injury rates

The overall injury rates was 35.9 per 200,000 hours worked, and the paid lost time injury rate
was 14.5 per 200,000 hours worked. Overall and lost time injury rates by year from 1995 through
2000 are presented in Figure C6:3. The highest rates occurred in 1997 and the lowest rates were seen
in 2000. Overall rates and rates of lost time injuries declined 16% and 12%, respectively, over the six
years with declines of 40% and 38% between the peak years of 1997 and 2000.

Patterns for the more costly causes of injury were variable (Figure C6:4). Injuries from being
struck by or against something increased particularly in 1998 but declined in 1999 and 2000. Falls
from elevations increased slightly in 1997 from the baseline year, but remained lower after that.

Overexertion injuries fluctuated but remained slightly higher in 2000 than in 1995.
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Free text injury descriptions
Higher cost claims

There were 136 claims (14.4%) which resulted in direct costs of over $10,000; these injuries
cost a total of $4,597,891, representing 83% of all direct costs. These more serious injuries are
described in Table C6:4. Falls were responsible for 37% of the costs associated with these injuries and
the falls occurred from a wide variety of work surfaces. Overexertion injuries primarily involved lifting
with the most common materials being framed walls, steel beams, or wood (not described in detail).
Carpenters were also struck by a variety of objects with the most common being nails from pneumatic
nail guns which were also associated with the puncture wounds. Walls that fell were involved in injuries
classified as both caught and struck by.

There were 21 injuries with costs over $50,000; these 2.2':% of claims resulted in $1,961,704
(43%) of direct costs. Nine (42.9%) of these were falls; four (19%) were the result of walls falling,
including one incident in which the wall was being handled by a crane; two (9.5%) occurred when
lifting walls; and two (9.5%) from setting steel beams. The remaining three involved head, shoulder and

back injuries which were not well described in the available text.

Discussion
Summary
Data from a workers’ compensation management company were combined with union records

of hours worked to examine injury patterns and rates for union residential carpenters for a six year time
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period. Injuries were most commonly caused by the carpenter being struck by or against something
(including being rubbed or abraded), overexertion, and falls from heights.

Overall, falls from elevations, which ranked third in frequency, were responsible for the highest
costs and the highest costs per claim. The rate of falls, as well as the mean costs per fall and cost for
falls per hour worked all declined markedly over the period of observation. Considering that costs for
medical care and wages (on which indemnity payments are based) increased in this time period, the
cost declines are particularly impressive. Injuries resulting from being struck by or against something
declined 35% over this six year period, but with lesser declines in associated costs. Overexertion
injuries, largely involving manual materials handling, increased 20% in 2000 compared to 1995 but
without the corresponding increases in cost.

Although overexertion injuries resulted from multiple taslis, the majority of costs associated
with these injuries resulted from two tasks - lifting framed walls and setting steel beams. Unfortunately,
from the brief descriptions in the electronic data the size, weight or conditions on site where these walls
were lifted or beams set could not be determined, nor could the number of workers involved or their
levels of experience or training.

While the pattern of these injuries are consistent with reports of other residential construction
workers (Dement and Lipscomb, 1999) and residential carpenters in particular ( Lipscomb, Dement et
al, 2003). The injury rates reported here are higher than those reported by the Bureau of Labor
Statistics (BLS) for the same time period, but are not really comparable to BLS rates. Higher rates
have been reported previously among union carpenters in the State of Washington (Lipscomb, 1996)

and by Glazner et al. (1998), in the building of the Denver International Airport. These studies,
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representing commercial and residential sectors, also used hours worked as measures of time at risk,
whereas BLS rates are based on estimates of aggregate hours for the sector,

The BLS reported declining injury rates during this period but not of the magnitude seen here.
These homebuilders took steps to decrease injuries on their sites during this time period including hard
hat/safety glasses policy, required training in use of pneumatic tools, addition of designated safety
personnel, and changes in fall prevention policies. Policies were not mandated by the group, and each
contractor made decisions about what steps he/she would take for their own companies. The workers’
compensation management company also worked to decrease costs for all the contractors through
claims management and injury prevention efforts. These included job site surveys with written reports,
updating of safety manuals, investigation of large losses including collection of information from the
injured worker, on site tool box talks and briefings or “mini tool l;ox talks™ with job foremen about

safety issues. These efforts likely made substantial contributions to the observed decline in both rates

of injuries and costs involved.

Limitations and Strengths

As with any claims analyses, the findings are based on events that were reported. Anything
that influenced whether a person filed a workers’ compensation claim will be reflected in the findings.
Although total carpenter time at risk was available, no information was available about time exposed to
any given risk factor such as work at heights, specific tool use, etc. No details were available on the
circumstances surrounding the injuries beyond what was available from the first reports which could

have been more revealing.
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Data were used from a group of large, self-insured homebuilders who hired union lahor, and for
several reasons the data may not be representative of the homebuilding industry. The findings may, in
fact, fail to adequately represent risk across this sector of the industry for several reasons. Union
carpenters typically go through a required four year apprenticeship program involving classroom
instruction and supervised work. In addition, much homebuilding, is done by smaller contractors who
may not have the same safety resources. While there were significant improvements over the six year
period, and the overall effect of these efforts appear obvious, the contribution of individual components
made by the homebuilders and the management company could not be assessed through these
analyses.

Despite these limitations, there were several strengths to this approach, the major one being
that, while not perfect, the methods allowed insight into the expciiiences of a group of construction
workers who are particularly challenging to study. Through computerized records, full ascertainment of
reported injuries was available, and by using a union workforce an accurate measure of work hours
was possible. The combined data sources provided events of interest and person-time at risk over a 6
year period, allowing rate calculations and identification of patterns of injury risk over time. Although
very limited (50 characters), the free text information was much more useful than coded data in
understanding the circumstances surrounding these injuries and making concrete preventive

recommendations.
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Conclusions/Recommendations

Residential carpentry is hazardous work, but these data also document significant improvement
in safety performance over a six year time period among a group of self-insured contractors. The
group would not have been able to self-insure, unless they had reasonable safety records. As members
of the self-insured group, each contractor had the incentive to improve not only his/her own work site
safety performance, but also those of others in the self-insured group.

Cost data provide a measure of injury severity that is useful in focusing prevention efforts.
Specifically, it was clear from these analyses that there are a group of activities or tasks associated with
particularly severe injuries. Falls from elevations resulted in serious injuries which were responsible for
a disproportionate share of costs. Carpenters often work at elevations and the surfaces from which
they fell were varied -- consistent with the varied nature of their vfrork. This indicates the need for a
multi-faceted approach to fall protection including comprehensive training efforts, appropriate fall
protection plans, and use of personal protective equipment. The data indicate that efforts should
include ladder safety, safe work practices around openings (stairwells, sub-flooring, windows) and in
trusses, on roofs, and on scaffolding.

Raising and bracing framed walls and handling beams are activities that should be targets for
innovative engineering improvements. In the absence of engineering solutions careful attention to
adequate manpower to avoid these serious injuries would be prudent. Cranes provide assistance, but

injuries result form those as well, and crews and operators must be appropriately trained to use these

safely.
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Methods to prevent injuries from power tools, particularly pneumatic nail guns/staplers are
needed. Although these data do not identify specific prevention strategies, other data indicate
prevention should be through both engineering improvements and training (Dement and Lipscomb,
2003 and Lipscomb and Dement 2003).

Relatively few injuries involved a worker being caught in or between objects, but these injuries
were also responsible for a disproportionate share of costs. The brief text descriptions identified that
these high cost events resulted, in large part, from carpenters being caught by walls that fell over.
Careful attention to appropriate bracing of walls is indicated. Supervisors and foremen should be
aware of the risks and apprentices and more seasoned workers should be trained in appropriate
techniques to safely secure walls as the structure is going up. Based on the small number of events of
this nature, the vast majority of walls are braced adequately. Hoxi;ever, being hit by a 200-300 pound
wall can cause a devastating injury.

Residential construction has changed considerably in the last 20 years. Many new homes have
more square footage, large open expanses, higher ceilings, and steeper roofs, to name a few common
examples. These architectural changes result in longer, taller, and consequently heavier walls; increased
needs for heavy steel or laminated beams that can provide wider expanses of support; and
requirements for carpenters to work at significant heights. Safety efforts in this sector of construction

must keep pace with these innovations.
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Key Points

. Overall, falls from elevations are the most costly injuries responsible for the greatest overall
costs (even though they rank third in frequency) and the greatest cost per claim. However, fall
rates for this group of self-insured contractors declined 46% since 1997, and total costs for falls
fell to a rank of 4" in 1998, 2™ in 1999, and again 4™ in 2000. Mean costs per fall were
markedly down in 2000 averaging about $7500 per fall compared to a range in previous years
of $30,000 per fall (1995) to $12,000 per fall (1998).

. Improvements were not limited to falls. Injuries resulting from being struck by or against
something declined 35% over this six year period. Overexertion, largely involving manual
materials handling, injuries are up 20% in 2000 compared to 1995, however, the rate is lower
than in the three preceding years (the rate was up 60% in 1998 compared to 1995).

. Back injury costs of at least $280,834 (25.7% of costs for back injuries) were not the result of
manual materials handling tasks or exertion. These injuries were the result of falls, being struck
by walls, or slipping. The greatest costs for back injuries are from injuries resulting from lifting
framed walls or setting steel beams.
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C7 Focus groups

Findings from the focus groups are summarized below under key headings. Fifty-four participants
were apprentices, taken consecutively on days that were convenient to conduct the sessions. The majority
were residential apprentices with at least 6 months of experience, although the groups included commercial
and industrial apprentices and apprentices up to fourth term. Based on attrition reports from the
apprenticeship school, a number of apprentices would already have dropped out of the program in these
early months. One group was conducted with eleven residential journeymen. The journeymen had been in
that capacity for 3-20 years. Seven (64%) had completed an apprenticeship program; the others had
grand-fathered in based on their non-union carpentry experience.

These carpenters reported, overall, that most things that should be done are done — somewhere by

somebody — but they are not accepted industry wide.

Career Decisions
The reason many participants gave for choosing to go into the trades was primarily the type of
work. The apprentices expressed satisfaction at seeing a tangible product, working outdoors, moving from
job to job and site to site. There was satisfaction in being able to meet physical and fear factor demands of
the job — “ I"'m doing a man’s job.” One man noted that he had worked at a desk job and couldn’t stand it.
The trade is not easy to break into, with one barrier being the letter of intent. Although the letter is
not a commitment to hire, they can be hard to get, particularly from a chosen contractor. Having a relative

or a friend in the trade seemed the surest shot at getting a desired letter. Choosing carpentry for many may
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be more of a factor of who they know than of exactly the trade they are looking for. If they knew a laborer
or a cement mason they might have gone a different way.

Choosing to go union seems to be a more deliberate choice. People could quickly run down a
pretty consistent list of reasons -- more money, security, a grievance system, someone to stand up for you,
pension, training, and job satisfaction. Participants seemed pretty well grounded about what the union did
for them.

Apprentice participants who went into commercial or industrial work, as millwrights, seemed to
have lucked into those jobs. Although the jobs seemed more desirable in many aspects they did not carry
the panache of residential work. They were less macho -- less pain, less fear, less freedom, less mobility.
Residential carpenters thought they were learning more basic carpentry skills. Residential apprentices saw

commercial work as something they might want to do later — after they had learned more skills.

Job Sites

Industrial, commercial, and residential sites were described in very dissimilar terms. Work on
industrial sites was more characteristic of manufacturing work than typical construction work. Protective
equipment was not only provided but its wear was often strictly enforced. Training and supervision were
abundant, at least relative to the other areas. More attention seems to be paid to job quality than to speed.
The few participants who work industrial seemed to have a sense of being fortunate.

Commercial work was described more in construction terms but it was a lot better than residential
by most objective measures. Commercial work pays more, is not as rushed, provides better supervision,

and uses more mechanical assists such as cranes, for example. The down sides reported were bigger
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hazards (not more prevalent, just physically bigger and thus posing greater potential for severity). There
was less opportunity reported to learn a wide range of carpentry skills in commercial work.

Residential work was described as extremely demanding both physically and psychologically. The
physical demands of heavy lifting (packing lumber, setting beams) did not seem to be beyond the ability of
anyone participating though these demands may have been for apprentices who had already dropped out.
At six months of experience working at heights was still viewed as a challenge to many. Standing, walking,
stooping on a 3.5 inch wide top plate was mentioned most often. There was clearly great pride in being
able to meet those challenges — enough that many could still admit to being terrified at first and even still.

Residential job crews varied somewhat but most consisted of a small team of men (3-5) working
very rapidly to erect a structure. At times the majority of the crew are apprentices and later term
apprentices may function as job foremen. These was little direct sui)ervision or outside support from
equipment or laborers reported. When additional manpower is needed for very heavy tasks, crew from
another site are recruited to help. Clutter seemed to be pervasive.

The common theme on residential sites seemed to be “time is money — and there isn’t enough of
either.” Everyone seems to know how many hours have been allotted to finish a structure, and when they
are behind the curve. The perception is that in commercial there are both the time and the money to do
things right, but there isn’t in residential.

There was recognition among apprentices that safety is more variable, even negotiable, on
residential sites than commercial sites. There was, however, a great deal of variation reported between
contractors and foremen. Where things were done right and attention was paid to safety, they were

respected. Apprentices volunteered names of “safe contractors” who make a commitment to their
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apprentices, as well as those who are known to hire anyone with the plan to use them as laborers knowing

many will leave the apprenticeship.

Progression of tasks and exposure differences between apprentices and journeymen

In the industrial area, task progression seemed to be fairly methodical. In commercial there was
less job variety described, and some respondents were stuck on the same task (interior structures)
consistently because they knew that task well.

In residential the first task was uniformly carrying, or “packing,” lumber. That task might last a few
weeks to months depending on the crew, foreman, individual skill, and whether a newer apprentice arrived.
Journeymen freely discussed “having paid my dues” hauling materials, and that those tasks were jobs * for
the cubs.” The journeymen report this is in part helping the crew with a task they have owrked beyond
and also an opportunity for the apprentice to show “their hustle.” During the early period they want to see
an apprentice show up, act enthusiastic, and “haul more lumber than asked.”

Beyond carrying lumber, tasks were reported to be assigned primarily by need, and sometimes just
by where a person was at a given time. Training was minimal to non-existant at times. The apprenticeship
school does not teach job skills before apprentices go on the inital job and on the job training at the early
stages may be the absolute minimum needed — or less. Event the best on the job training was often
prefaced by “pay attention, cause I’m only going to show you this once.”

Apprentices do much of the pneumatic nailing on framing jobs. This was viewed as an early task
someone can be transitioned to from hauling. Sometimes training was limited to “don’t shoot yourself.”

Use of a circular saw was also seen as a relatively early task, but one that required more training/skill in part
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because of the need to know how to measure and make the appropriate cuts. Little safety training was

incorporated into early experiences with these tools as well.

Learning to do dangerous work

In terms of learning to do dangerous work, the industrial sector, again, was described in relatively
glowing terms. Residential apprentices described essentially learning by jumping in and doing. They would
first work on setting a beam or raising a wall, for example, by being one of the group providing support
while more experienced carpenters set them in place. Other learning was by observation.

Although the journeymen said they would assume an apprentice knew nothing, some of their other
rhetoric would indicate that is not always the case. For example, journeymen reported the expectation,
than even an early apprentice would know basic rules of ladder and-;caffold safety - how to set the ladder,
which ladders to use, height needed, etc. Apprentices lack this knowledge early in their career at times
when they are expected to use ladders and scaffolds.

In terms of teaching apprentices to use nail guns or circular saw, they reported showing them how
to “hold your hand back™ from a nail gun and talking about how saws might bind and how to keep their
hand “out of the way.” One journeyman explained that “sometimes you just have to learn the hard way” as
he acknowledged that all carpenters experience nail gun injuries. Apprentices were described as being
more quick to report their injuries, a reason for their higher injury rates. A journeyman might “ remove a

nail he had shot in his hand, duct tape it, and keep on going,” when an apprentice “has to be taken to the

hospital.”
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On residential sites the foreman might be a senior apprentice. No one described any systematic
approach to training or mentoring, although some apprentices had experienced very good examples of

teaching from more experienced carpenters.

Risk Perception

Consistently apprentice carpenters in residential felt working at heights, particularly on the top plate
of'a framed wall or “riding the ridge” when setting trusses, were the most dangerous aspects of their jobs.
One carpenter described changes he had seen in residential building in his lifetime that affected safety..

“The houses are getting bigger, are getting taller,. Ceilings are getting higher, vaults are getting bigger, the
houses are phenomonal. They’re getting to a point now where you’ll be sixty feet in the air a lot. You get
these forty foot houses, I mean, walkout basements, you're up anothiar twenty foot with the peak. And
you’re riding that ridge. You know, don’t fall. 1 mean they say “well set ladders, and set your gables first.”
That sounds nice in a perfect world.”

In contrast when asked about covering openings, stairwells, or windows these were not perceived
to be high risk areas for falls. *“ Falling out of windows and falling in openings and all that.. That’s
ridiculous. You got to be pretty stupid to walk yourself right off the window. That’s the kind of things
they’re wanting you to do; board off a stairwell and windows, guys. That’s not where we’re falling, we're
falling through floors from rafters.”

Apprentices also reported that they had difficulty transferring training from school to the job sites.
They describe jouneymen getting too comfortable with doing things “their way” and getting careless.

“Once you get used to working in an environment that unsafe, and you get used to working unsafe, then
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being unsafe is not unsafe to you anymore. It’s just the norm.” Joumeymen reported that apprentices can
practice working at height (walking a beam for example) but that they felt capable of being able to tell
“whether an apprentice has it” and is going to be able to work at height in a few days.

Another issue that apprentices raised regarding risk was working in mud. They describe that “you
don’t know what that is like until you do it. You don’t realize how heavy it is, how hard it can make it to

work safely. And someone is always going to get hurt; slip, pull a muscle, fall.”

Improvement in apprenticeship training

Apprentices and journey men had concrete suggestions for improvements in apprenticeship training.
Journeymen wanted apprentices to know how to use a framing square, speed square and tape measure
when they walk on the job. They also should know how to safely us_:é pneumatic tools, including how they
feel to operate and recoil issues. They should be familiar with a circular saw, a reciprocating saw, and
drills, and they should know how to drive nails with a hammer. These were all tasks that the apprentices
also reported would have been useful very early in their work.

Apprentices also reported the need to know different types of lumber and how to carry materials.
They cited examples of lifting and carrying lumber through doorways. They felt the labor history training
they are required to have very early would have been more appreciated later, and would have allowed
more time for practical training very early. They would like more practice early on in laying out and
actually framing a wall. They wanted more time actually using a nail gun in tasks they will face on site such
as these instead of making a toolbox , for example. Other things asked for included theories and practice

bracing, making a walk board and securing it, and getting a pick board up a scaffold.
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C8 DISCUSSION

The pattern of injuries among these carpenters was as expected - commonly involving being struck
by or against something, overexertion, and falls. Injuries from pneumatic nail guns were the most common
cause of injuries in which a carpenter was struck. Manual materials handling injuries often involved very
heavy objects and tasks - setting of I-beams, trusses, pre-manufactured beams, or sheets of 16 foot
drywall, for example. The stress associated with manually moving these objects was compounded by the
fact that there are few workers on any given residential site. Acute injuries were predominantly associated
with this very heavy work, although the contribution o.f stress over time could not be measured. Falls -
occurred from a variety of surfaces making prevention challenging. The injuries that resulted from falls, as
well as those from being caught, tended to be more severe. Poor hoﬁsekeeping was involved in
circumstances leading to the majority of injuries resulting from same level falls, as well as some overexertion
injuries - particularly moving large objects where view was obstructed. On residential sites, injuries most
commonly occurred in framing followed by exterior finish and roofing, a likely reflection of the time union
carpenters spend working in these stages in constructing homes.

The overall estimated injury rate (>16 per 200,000 hours worked) is considerably higher than
recent Bureau of Labor Statistics (BLS) rates for the construction trades (8.3 per 200,000 hours worked)
despite the fact that there was less than complete ascertainment of injuries. Injury rates higher than those
reported by BLS have been reported previously among union carpenters in the State of Washington
(lipscomb, 1996), and by Glazner et al. (1998), in the building of the Denver International Airport. These

studies, representing commercial and residential sectors, also used hours worked as measures of time at
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risk, whereas BLS rates are based on estimates of aggregate hours for the sector. The two methods of rate
calculations consistently reveal quite different results and seem to indicate that the rates are not reasonable
comparisons.

Consistent with past BLS attempts to survey construction laborers workers about their injuries
(1986), these carpenters were quick to accept responsibilities for their injuries — even when it appeared the
injury may have been caused by others or involved multiple-factors. Lack of awareness of on-site safety
programs was associated with less time on the site and working for the contractor. This finding is unlikely
to be due to biased reporting from injured workers in light of their acceptance of responsibility and the

associations with time on site and experience with the contractor.

Limitations and Strengths

We know we did not get full reporting of injuries among participating contractors. The rates we
report from the active surveillance are considerably lower than those we calculated from the self-insured
contractors compensation records including time largely before the active surveillance effort. Their records
were not limited to OSHA recordables and their injury rates were declining significantly during the six years
for which we had data. However, we still recognize the likelihood that a number of injuries were never
reported for investigation. At times absence of staff responsible for reporting injuries resulted in late or
under-reporting. There likely was also some failure to report due to inconvenience, or not wanting to
report, and the latter particularly could create bias. One large drywall contractor chose to ask all workers
if they wanted to participate before reporting any injuries. Obviously, no information was available about

mjuries the carpenter chose not to report as work-related. No information was available on exposures of
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the uninjured members of the cohort and thus, injury rates could not be calculated by exposure to specific
tasks or tools.

Since this was an entirely union workforce, questions arise as to whether the experience of union
carpenters is generalizable to a non-union environment. Union carpenters receive training through
established apprenticeship programs. They also might be less likely to report injuries since they have other
insurance coverage through the union. Davis et al. (2001), reported that union workers are more likely to
report musculoskeletal disorders earlier; however, few of these were seen. The project was conducted
with predominantly large contractors (hiring a mean of 80 full-time carpenters per year) who may have
more resources for health and safety than smaller contractors. Higher rates may have been seen under
different circumstances.

Rapid evaluation is difficult to achieve even under these circ;mstances, and this level of surveillance
is time consuming. The interviews with injured workers took a minimum of 20 minutes to complete. Much
of the interview involved closed ended questions based on knowledge from earlier analyses of
compensation records. However, it was felt to be important to understand in detail the circumstances
surrounding injuries among this group of workers who are difficult to study, resulting in open ended items
and text data with which to deal. An OSHA reportable definition was used for this project to ease the
administrative burden on participating contractors and to capture a fuller understanding of all injuries. To
decrease costs involved, a threshold for data collection could be established.

The only information available on the injuries came from interviews with workers done shortly after
injury. While this provided some idea about severity, particularly for devastating events, severity can be

difficult to quantify at this early stage. Better severity measures could be particularly useful in trying to
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establish priorities for prevention. The data from the self-insured homebuilders provided some data on
severity that, while not matching the exact dates of the active surveillance, were still quite useful.

Despite these limitations, there are also a number of strengths to this approach. High participation
rates among injured workers are likely a reflection of the investigations having been done by fellow union
carpenters, who have in-depth knowledge of situations encountered in the field and were able to quickly
establish rapport with the injured carpenters. These data come directly from injured workers - a
perspective that is important, not just in understanding events, but in planning interventions. At the outset
there was concern that the process would lead to blaming of contractors. Patterns are not suggestive of this
and, in fact, workers were quite willing to take responsibility for their own injuries — even at times when the
trained investigators felt there were other explanations for the events. They reported circumstances when

the contractor bore some responsibility, but this was, by no means, across the board.

Conclusions

This project utilized a combination of active injury reporting and surveillance with passive
surveillance involving analyses of existing workers’ compensation records. The latter provided access to
information on cost of injuries which was useful in establishing prevention priorities. These data provide
information that allowed the identification of rare but more serious injuries which should be targets for
prevention. The hours worked provided by the union were particularly useful in allowing rate-based
analyses that could document differences in risk between apprentices and journeymen carpenters. Lastly,
the focus group information provided qualitative data that helped contextualize the work of these

carpenters, giving us insight into exposure differences by union status, risk perception, and safety practices.
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Active surveillance yields information on factors that contribute to injuries among high risk construction
workers who are difficult to study for practical reasons. The approach of collecting data on injuries, and
the injured individuals, as they occur, provides the opportunity to later compare different types of injuries on
variables collected from all of the injured population at the time of injury. This avoids the problem of recall
bias which is typically of concern in other case-control analyses. Unfortunately in this project the sample
size was too small for the planned analyses on back injuries. The process is more time consuming than
passive surveillance activities, but the information is more useful for understanding the circumstances
surrounding injuries and in formulation of concrete preventive recommendations. Collaboration with the
union, and participating contractors, provided venues for sharing of findings. The rapid feedback to those
“who need to know” from the Centers for Disease Control and Prevention surveillance definition (1987) is

more likely to occur in a meaningful manner through this type of collaborative activity.
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Council Congress and Expo. Atlanta, Georgia. September 2001.

St. Louis Injury Prevention Project. St Louis University School of Public Health and University of
Missouri Labor Education Program. Health and Safety Conference. Workers’ Memorial Day, St.
Louis, Missouri, May 2002.
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Lipscomb HIJ, Dement JM, Nolan J, Patterson D, Fuchs M, Rouse D, Heinlen C, Hutchinson L.
Roundtable presentation: Understanding and preventing injuries from pneumatic nail guns. 12" Annual
Construction Safety and Health Conference and Exposition, May 2002.

Lipscomb HJ, Nolan J, Patterson D. Presentation to construction trade students, Rankin Technical
College, St Louis Missourri. Fall 2001.

Lipscomb HIJ. Presentation to St. Louis Homebuilders Self-insured Workers’ Compensation group,
Sept 2002. Results of data analyses of self-inured funds over 6 year period and SLIPP results.

Nolan J, Patterson D. Injury Patterns and Prevention. Piledrivers and Shops and Mills Local.
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Publications

Academic

In press

Lipscomb HJ, Dement JM, Li L, Nolan J, Patterson D.

Descriptive Epidemiology of Work-related Injuries in Residential and Drywall Carpentry from Active
Injury Surveillance.

In press Applied Occupational and Environmental Hygiene ( December 2002)

Dement JM, Lipscomb H, Li Leiming, Epling C, Desai T.
Surveillance of Nail Gun Injuries Among Construction Workers.
In press Applied Occupational and Environmental Hygiene ( November 2002)

Lipscomb HJ, Dement JM, Li L, Nolan J, Patterson D.
Nail Gun Injuries in Residential Carpentry: Lessons from Active Surveillance.
In press Injury Prevention ( November 2002)

In internal review now

Lipscomb HJ, Dement JM, Li L, Nolan J, Patterson D.

Falls in Residential Carpentry and Drywall Installation: Findings from Active Injury Surveillance.
Planned submission to: Journal of Occupational and Environmental Medicine

Lipscomb HJ, Dement JM, Behlman R, Sullivan P
Patterns of work-related injuries among residential carpenters, 1995-2000

Planned submission to: Journal of Occupational and Environmental Medicine

Lipscomb HJ, Dement JM, Mirka G. Back injuries in residential and drywall carpentry.
Planned submission to: undecided
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Union and trade publications

Published

Article series in Cutting Edge, official newsletter of the Carpenters District Council of Greater St.
Louis and Southern Illinois

List articles

Carpenter Magazine - Official publication of the United Brotherhood of Carpenters and Joiners of
North America

Title

Builders News - Official publication of Homebuilders Association of Greater St. Louis

WEB Site

Carpenters’ District Council of Greater St. Louis
Summary findings located at: http://www.carpdc.org/slipp
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Appendices

A. St. Louis Injury Prevention Project (SLIPP): Injury Investigation Protocol for Worker Interviews
Site Visit Checklist ( for sites where falls occurred)

B. Focus Group Discussion Guides
Apprentices
Journeymen

C. Cutting Edge (carpenter newsletter) articles

D. Carpenter Magazine (Official publication of United Brotherhood of Carpenters and Joiners of
North America) Article
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Appendix A

St Louis Injury Prevention Project

. Injury Investigation Protocol for Worker Interviews
. Site Visit Checklist ( for sites where fall occurred)






Information for Participants in project ‘Etiology of Injury in Drywall and Residential Carpentry’
Investigators are to provide possible participants with the following information.

Hello. My name is [YOUR NAME] and I am a carpenter working with the St. Louis Injury
Prevention Project. You may have read about this research project in the ‘Cutting Edge’ newsletter.
The United Brotherhood of Carpenters and Joiners and the Carpenters’ District Council are working with
researchers from Duke University to identify measures to prevent injuries to carpenters who do drywall or
residential work.

You are being asked to help us with this project. Journeymen carpenters, such as myself, are
talking to union carpenters in the St. Louis area who have had injuries on the job, and we are visiting job
sites where falls occur. We want to learn what kind of injury you had and how your injury happened. We
are also interested in things you think might have prevented the injury from ever happening. Through this
research project, carpenters have an opportunity to talk to other carpenters about their injuries.

Please rest assured that:

. Participation is voluntary.

. You can decline participation with no repercussions.

. Any reports resulting from this project will only summarize the information that groups of workers
provided. No workers will be identified by name.

. The information you provide is confidential.

. No information will be shared with your employer, union business agents, or workers’

compensation insurer,

This study has been given a Certificate of Confidentiality. This means anything you tell us will not
have to be given out to anyone, even if a court orders us to do so, unless you say it is okay. The
information will be used to help identify causes of injuries and things that might prevent injuries in drywall
and residential carpenters. The form I use to record this information only contains a code number and does
not include your name. The information you and other carpenters provide will be sent to Duke University
where it will be computerized without any personal information, such as your name.

If you have any questions you may call Dr. Hester Lipscomb or Dr. John Dement at Duke
University at (919) 286-3232. You may also call Buck Cameron with the Center to Protect Workers”
Rights in Seattle, Washington. (206) 935-7748. Any of these calls can be made collect. In addition, you
may call the Office of Risk Management at Duke University Medical Center (919) 684-3277 for any
questions you may have about your rights as a research subject.

We hope you will help us with this important work. The interview will take about 45 minutes to

complete. Do you have any questions or is there any other information I can give you about the project?

Are you willing to participate in the project? ___ No. Alright, thank you for your time.
__Yes. Great, Is this a convenient time to ask you some
questions?

If not a convenient time -- can you tell me a time when it would be convenient for me to call back?
[RECORD DATE AND TIME FOR CALL BACK]

If convenient time —-- then proceed with interview.



INJURY DESCRIPTION .
L. T am interested in learning about an injury that you recently sustained on:
Please tell me what kind of injury you had that day.

Interviewer checklist:
Body parts injured
Nature of injuries
Time lost

List all body parts injured
the nature of each injury :
[examples: Back sprain,
hand cut, broke hand
scratched eye).

2. Tell me about how the injury happened and what you were doing when you got hurt.

Interviewer checklist:
What happened

Type of injury
(fall, struck by, etc)

Task at time

Other factors

PROMPT After description —---> Were there any particular things that you think led to the injury?



3. What tools or equipment were you working with at the time of the injury?  (list all)
Equipment Any malfunction? If Yes, describe*
No Yes—>

Brand:
Age:
Maintenance:

No Yes —>

Brand:
Age:
Maintenance:

No Yes—>

Brand:
Age:
Maintenance:

(*Describe what happened. Record details of equipment including brand name if known, age of tool,
maintenance of tool)

4. Did any tools or equipment contribute to your injury in any other way (other than malfunctioning)?
No
Yes_
If yes, what tool or equipment was that?
Were safety guards or devices present?
Yes -
Nao .
Describe;

Were they used?

Yes

No
Describe:

5. What materials were you working with at the time of the injury?

6. Was the activity you were doing at the time of your injury a NEW or unfamiliar job task?
Yes
No

7. How much experience do you have with the specific task you were doing when injured? (Record number)

years months weeks days


















18. Was the load unexpected?
No
Yes

19. Were you in an awkward posture when you got hurt?
No
Yes
If yes, describe your position or

posture:

20. What other tasks had you done that day before you got hurt?
List:

Skip to Page 13 ‘JOB SITE’

























































That is all the questions I have. Is there anything else you would like to tell me about your injury?
Or do you have any questions for me?
(Record questions or comments)

Thank you for your help.

INVESTIGATOR ASSESSMENT OF WHAT COULD HAVE PREVENTED INJURY OR
CONTRIBUTING FACTORS
(Large free text field)
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Appendix B

Focus Group Discussion Guides
» Apprentices
. Journeymen




































Appendix C

Articles from The Cuiting Edge














































































SLIPP ALERT

Saint Louis Injury Prevention Project
Recent problems with heat

We wanted to alert you to recent heat related problems on job sites that have been reported
through SLIPP. In the last wave of data collection 5 carpenters had heat related problems while
working. All of these resolved, although care in the emergency room with intravenous fluids
was required in some cases. In one case a carpenter lost consciousness. A worker who faints
on the job because of heat may experience devastating injuries as well as their heat related
problems. Loss of consciousness while working on a roof or ladder or operating power tools or
helping others with a complex task could be devastating! In addition, to these directly heat
related events, a number of summer injuries appear to have been related to heat and fatigue.

Heat can cause very severe problems as we are all aware after the publicity this summer
following the death of a professional football player from heat stroke. Construction tasks are
known to generate significant body heat even under normal conditions. Hopefully the intense
summer heat in the St. Louis area will be letting up, but it is likely that there are still a number of
very hot days ahead. Be sure foremen, and all crew members, are aware of basic things that can
prevent problems related to heat as well as basic first aid measures for heat exhaustion. These
simple measures can prevent devastating outcomes.

. Always have fluids, preferably Gatoraid type drinks, readily available on job sites.

. Insist that everybody take regular fluid breaks. Do not rely on thirst to signal the need
for fluids!

. Do not allow people to work to the point of fatigue in the heat.

. Work earlier hours and/or shorter hours on very hot days to avoid exposure to intense
heat.

In the event of any question about heat related problems, always be cautious.

- Never hesitate to call 911 for a worker in trouble. A quick response can make a huge
difference in the outcome.
e Move the affected person to a shaded area.
. Have them lie down to maximize blood flow to the brain.
. If they are conscious, have them drink fluids.
. Application of cool water, damp towels or ice will help lower body temperature.
I3
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Appendix D

Carpenter Magazine
Article, January 2003
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