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Abstract

Objective: To identify ladder-related fracture injuries and determine how ladder fall fractures differ from other ladder-related injuries.

Methods: Ladder-related fracture cases were identified using narrative text and coded data from workers’ compensation claims. Potential cases
were identified by text searches and verified with claim records. Injury characteristics were compared using proportionate injury ratios.

Results: Of 9826 ladder-related injuries, 7% resulted in fracture cases. Falls caused 89% of fractures and resulted in more medical costs and
disability days than other injuries. Frequent mechanisms were ladder instability (22%) and lost footing (22%). Narrative text searches identified
17% more fractures than injury codes alone. Males were more likely to sustain a fall fracture than other injuries; construction workers were most
likely, and retail workers were the least likely to sustain fractures.

Conclusions: Fractures are an important injury from ladder falls, resulting more serious consequences than other ladder-related injuries. Text
analysis can improve the quality and utility of workers compensation data by identifying and understanding injury causes. Proportionate injury
ratios are also useful for making cross-group comparisons of injury experience when denominator data are not available. Greater attention to risk

factors for ladder falls is needed for targeting interventions.
© 2006 Elsevier Ltd. All rights reserved.
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1. Introduction

Falls are a significant problem in the workplace in terms of
deaths, lost work time, and costs to industry (Webster, 2000;
Bjornstig and Johnsson, 1992; Kines, 2002; Diggs et al., 2005;
Courtney et al., 2001). Falls from ladders are responsible for
16% of all fatal falls and 8% of non-fatal falls (Webster, 2000),
and may account for nearly 2% of reported occupational injuries
(Bjornstig and Johnsson, 1992).

Compared to all falls, falls from ladders appear to be among
the more serious (O’Sullivan et al., 2004; Cohen and Lin, 1991a;
Axelsson and Carter, 1995). One emergency department study
found that 68% of ladder fall injuries resulted in lost work-
days, with an average of 24 days lost per lost workday case
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(Cohen and Lin, 1991a). Axelsson and Carter (1995) reported
that nearly 40% of workers with ladder-related injuries (93%
were falls) were absent from work for more than a month, and
half of those injured “experienced continuing, possibly per-
manent disability”. Despite the seriousness of ladder injuries,
studies of the events surrounding ladder falls have been limited
and have only included small sample sizes or restricted popula-
tion groups (Axelsson and Carter, 1995; Bjornstig and Johnsson,
1992; Cohen and Lin, 1991a,b; Faergemann and Larsen, 2000,
2001; Hill et al., 2002; Muir and Kanwar, 1993; Partridge et al.,
1998; Tsipouras et al., 2001; O’Sullivan et al., 2004; Cattledge
et al., 1996).

Fractures are one of the most severe outcomes from occupa-
tional injuries. In construction for example they resulted in much
longer disability durations than other injuries (Courtney et al.,
2002). To date, most epidemiologic studies of fractures have
focused on events occurring in the general population (espe-
cially the elderly), and have not focused on workplace injuries
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(Black and Cooper, 2000; Davies et al., 2001; Campbell, 1990;
Karlsson, 2002; Melton and Cummings, 1987; Raisz, 2005;
Ivers et al., 2002; Sawyer et al., 2000; Robinson, 1998; Teh
et al., 2003). The demographic characteristics of individuals at
risk, and the context of their occurrence may be different for
occupational fractures because of different types of exposures,
environments, and tasks than the general population, as well as
differences in demographic composition. To date most studies
of occupational fractures have been clinical studies of specific
fracture types (lizuka et al., 1990; Conti and Silverman, 2002;
Campbell, 2002; Oleske and Hahn, 1992; Oleske et al., 1992;
Coughlin, 2000; McNamee et al., 1997). Islam et al. (2001) pre-
viously reported that the incidence of work-related fractures was
higher than previously thought (5.5/1000 workers) based on their
study of a state-managed workers’ compensation system. While
accounting for only 6% of all compensable injuries, fractures
were responsible for 13% of the total medical costs. Falls were
an important cause of these fractures, but few details on the fall
events or contexts were provided. However, among the limited
circumstances examined, if ladders were involved in the injury
(considered by Islam et al., as “exposure”), a fracture was 1.9
times more likely to occur than other types of injury.

Previously published ladder studies have generally not pro-
vided detailed information on the severity and context of ladder-
related injuries or how ladder falls that result in a fracture differ
from falls that do not result in a fracture. This study uses nar-
rative text analysis to identify ladder cases, confirm fracture
diagnoses, and code injury circumstances. It describes the epi-
demiology of work-related ladder falls involving fractures by
age, gender, circumstances, industry, treatment-related costs,
and duration of disability, and also compares outcomes specific
to ladder fall fractures among different groups. Our investigation
was designed to examine whether occupational ladder fall frac-
tures were more likely to result in higher relative costs and more
disability time than other ladder-related injuries, and if ladder
injuries were more likely to result in fractures in older workers
or in specific industries (e.g., construction).

2. Methods
2.1. Identification of ladder-related injuries

Workers” compensation (WC) claims from a large insur-
ance company were used to study ladder-related fractures. The
insurer provides coverage for approximately 9% of the national
WC market in the United States, which includes a broad range
of industries. Claims for injuries occurring from the period 1
January 2000 through 31 December 2000 (N=1535,605) were
examined to identify work-related ladder fall injuries and other
work-related ladder injuries (e.g., struck by). Pre-coded data and
two narrative text data fields were used in this analysis.

As there was no single code for ladder involvement used
consistently across all claim reporting environments, we iden-
tified ladder cases from WC claims using a combination of
search strategies. First, the narrative text fields containing the
description of the injury (“injury description”) and injury cir-
cumstances (“accident description”) were searched to identify
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Fig. 1. Case selection flow chart of ladder fall fractures from year 2000 workers
compensation claims; comparison of narrative vs. coded data.

potential ladder-related injuries. Based on our earlier approaches
on narrative text analyses (Lombardi et al., 2005; Wellman et al.,
2004; Lincoln et al., 2004; McCullough and Smith, 1998) we
determined that locating the index terms “ladd”, “lader”, “lan-
der” and “latter” contained in any words in the text fields was
the most efficient way to identify potential ladder cases. Once
cases were identified, the narrative text was examined to deter-
mine if these injuries were truly ladder-related cases. In addition
a small proportion of claims involved specific ladder-related
codes, which only identified an additional 149 potential ladder
injury cases. Of the 9917 potential ladder-related claims identi-
fied, 91 were duplicate claims and were therefore excluded.

2.2. Selection of fracture cases

An important objective was to select all fracture cases from
the available 9826 potential ladder-related injury cases. Because
only one NCCI standard “nature of injury” code was available
(NCCI, 2005), we used multiple strategies to identify all frac-
tures, as preliminary analyses revealed that some cases with
fracture had been coded as other injuries with “multiple injuries”
or “dislocations” as the single assigned nature of injury code
(Fig. 1). First, cases were identified using the available “nature
of injury” code for fractures (code 28). Next, we developed index
terms for fractures using the method described earlier for iden-
tifying ladder injuries. A search of the “injury” and “accident
description” narrative text fields using the terms “frac”, “frc”,
“fx”, “broke”, “bone”, “crack”, and “chip” was then conducted
to ascertain any other fracture cases which were missed. Index
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term searches were also used to identify cases coded as fractures
without the index terms in their injury description. In addition
we selected all cases coded as dislocation or containing the term
“dislocat”. For all the above new potential fracture cases identi-
fied, and those coded as fractures without fracture index terms,
we then reviewed each individual claim to verify if an ICD code
for fractures (National Center for Health Statistics, 1997) was
assigned in the treatment records, as the injury description often
reported suspected or possible fractures and was not updated
with the final diagnosis.

2.3. Coding of ladder circumstances

All potential ladder-related fracture cases were reviewed for
further coding of the circumstances of the injury. Circumstances
were coded using our adaptation of the International Classifica-
tion of External Causes of Injury (WHO, 2003) and included falls
and non-falls (codes available on request). Based on the “injury”
and “accident” descriptions, we coded the initiating mechanism,
task involved, and the height of the fall (where reported) for all
cases. The industry of the injured person was coded in the claims
data by 4-digit Standard Industrial Classification (SIC) codes
(OMB, 1987).

2.4. Cost and disability estimates

Aggregated costs were based on the claim status as of 6
November 2003 to allow a minimum 2.8 years claim cost devel-
opment period. Cost calculations were conducted using the
methods described earlier by Courtney et al. (Courtney et al.,
2002; Webster, 2000) and identified medical and indemnity costs
(wage replacement) separately. Open claims costs were esti-
mated based on actual and estimated future indemnity payments.
Disability duration was calculated by summing the temporary
total and temporary partial disability days.

2.5. Analyses

Injuries of workers engaged in using ladders were described
by age, gender, initiating mechanism, body part, task, duration
of disability, incurred medical costs, and industry. The 1.6% of
total cases with unknown causes (involved a ladder but could not
specify mechanism) were included as “non-falls” in our analy-
ses.

The underlying population at risk of reporting a ladder-related
injury claim (denominator) was unknown in this study, preclud-
ing the calculation and comparison of the incidence rates of
serious ladder fall fractures. Proportionate injury ratios (PIRs)
were estimated to compare the proportion of serious ladder fall
fractures by gender, age, industry, and body part. PIRs and asso-
ciated 95% confidence intervals were calculated using methods
for calculating proportionate mortality ratios (Checkoway et al.,
2004; Lombardi et al., 2005; Lipscomb and Li, 2001) and the
statistical significance of the observed to expected ratios was
assessed using x>-tests. The PIR is calculated by comparing the
observed proportions of claims of one group of interest (e.g.,
females in the retail trade) to that which would be expected if

they were to have the same injury experience as areference group
of interest (e.g., males in the retail trade). Since proportions must
equal 100%, an increase in one nature of injury category will be
offset by a decrease in another.

In order to compare injuries across gender and age groups
we used two categories of medical costs and disability dura-
tion. High cost injuries were defined as those resulting in $
5000 or more in direct medical costs and serious disability was
defined as those injuries resulting in 28 or more days of disabil-
ity. These criteria were developed based on consultation with
experts. More detailed cut points of costs and outcome were not
conducted since it was beyond the scope of this paper and also
because of small numbers in some subgroups. All data analy-
ses were performed using SAS PC software version 9.1.2. The
Liberty Mutual Research Institute for Safety and the Harvard
School of Public Health Human Subjects Committees reviewed
and approved the study.

3. Results
3.1. Case identification and selection

A total of 589 claims were identified by the fracture code, of
which 555 (94%) contained one or more of the fracture index
terms (Fig. 1). Manual review of narrative text for these cases
revealed that all cases with the index term were fractures. How-
ever, 4 of the 34 cases not containing the index term had been
miscoded and after reviewing the individual claims we deter-
mined they were not fractures (3 were contusions and the other
a sprained knee). Because some fractures could have been coded
as dislocations, a review of claims for all 12 dislocation cases
containing the index terms uncovered only 2 additional fractures.

A search of the remaining potential ladder injury cases not
coded as fractures using the fracture or dislocation index terms
identified an additional 175 potential ladder-related fractures.
Verification by reviewing electronic claims records found 118
cases to be true fractures (only 7 of the 47 cases identified by
“dislocat” were true fractures). In total, 705 cases with frac-
tures were identified among the potential ladder-related cases,
of which 120 (17%) were identified only by the narrative text
search.

Of the 705 fracture cases identified by initial searches as
potential ladder-related injuries 15 (2%) were found on review of
the records, to be false positives (i.e., non-ladder cases) (Fig. 1).
This includes, for example, cases such as “standing near ladder”
or “looking at ladder”. In addition we excluded 78 cases from
further analyses that were either fractured teeth or uncompen-
sated fractures. These excluded cases included 30 fall fractures
cases with only injuries to the teeth which although coded as
fractures by NCCI, are not considered fractures according to the
International Classification of Diseases (ICD) (National Center
for Health Statistics, 1997) but rather as part of the group “open
wounds head, neck and trunk” (ICD-9CM 873.63). In addi-
tion 23 fall fracture cases (3.5%) which incurred no medical
costs or did not lose enough work time to exceed state thresh-
olds for indemnity payments were excluded as we did not have
cost or outcome data on these. Among the non-fall fractures the
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Table 1

Distribution (number and column percent) of all ladder-related fractures by fall and non-fall, and by gender, age, and body part

Fall fractures (%)

Non-fall fractures (%) Total fractures (%)

Gender
Female 92 (17.2)
Male 444 (82.8)

Age
16-24 65 (12.1)
25-34 102 (19.0)
35-44 147 (27.4)
45-54 140 (26.1)
55-64 62 (11.6)
65-79 13 (2.4)
Unknown 7(1.3)

Body part
Head/neck 24 (4.5)
Upper extremity 94 (17.5)
Hand/wrist 127 (23.7)
Chest 42 (7.8)
Back 31(5.8)
Pelvis 6(1.1)
Hip 12 (2.2)
Ankle/foot 133 (24.8)
Other lower extremity 43 (8.0)
Multiple body parts 20 (3.7)
Unknown 4.(0.7)
Total 536 (87.6)*

20 (26.3) 112 (18.3)
56 (73.7) 500 (81.7)
6(7.9) 71 (11.6)
18 (23.7) 120 (19.6)
14 (18.4) 161 (26.3)
26 (34.2) 166 (27.1)
8 (10.5) 70 (11.4)
0(0) 13 (2.1)
4(5.3) 11(1.8)

8 (10.5) 32(5.2)
5(6.6) 99 (16.2)
25 (32.9) 152 (24.8)
2 (2.6) 44 (7.2)
0(0) 31(5.1)
0(0) 6(1.0)
1(1.3) 13 (2.1)
26 (34.2) 159 (26.0)
9(11.8) 52 (8.5)
0(0) 20 (3.3)
0(0) 4(0.7)

76 (12.4)* 612 (100.0)

2 Percents here are row percents.

same procedures excluded 25 cases with either fractured teeth
or uncompensated fractures.

3.2. Narrative analysis

Among the remaining 612 confirmed ladder-related injury
fracture cases occurring at work, almost 88% were falls from
a ladder, the remainder were non-fall ladder-related injuries
(Table 1). Most cases were males (82%) and there was no signif-
icant difference in the distribution of falls and non-fall fractures
between males and females. Workers aged 35-54 accounted for
53% of ladder-related fractures and 14% were over age 55 years
old (Table 1). There was no significant difference in the distri-
bution of ladder fall and non-ladder fall fractures by age.

The body parts most often fractured were the ankle or foot,
hand or wrist, upper extremity and lower extremity (Table 1).
Males had a higher percentage of fractures to upper body struc-
tures (head/neck, upper extremity, hand/wrist, and chest), while
females had a higher percentage of fractures to lower body struc-
tures (hip, ankle, foot, other lower extremities) (data not shown).

Falls were the leading cause of ladder-related fractures
(Table 2) with slipping or losing balance on a ladder (includes
missed step, slip on rung, or falling over backwards) as the
most common reason for falling, followed by ladder instabil-
ity (including ladder slipping, sliding out, tipped backwards,
collapsed or bumped) and stepping on or off a ladder. The dis-
tribution of initiating mechanism was different in males and
females (females had a predominance of ladder fractures as a
result of slipping/losing balance) (Table 2). For only 1.6% of

cases could we determine no specific mechanism and in 29.3%
of falls the text only allowed us to identify them as a defi-
nite ladder-related fall. For the 60 fracture fall cases for which
the height of the fall was recorded (11%), 41% occurred at a
height of 10 feet (3.05m) or greater (20%, >15ft.) (data not
shown). The small number of records with information pre-
vented more detailed analyses, as did any analyses of the task
involved.

3.3. Gender, age and industry

The majority of ladder fall fractures occurred in males (83%).
Using proportionate analyses to compare fall fractures with
all other ladder-related injuries we found that, among all peo-
ple reporting ladder-related injuries, males were nearly 30%
more likely to sustain a fall-related fracture than other injuries
(PIR =1.29), while females were 52% less likely to sustain a
fall-related fracture (Table 3). Older age groups with claims
for any ladder-related injury were also more likely to sustain
a fall-related fracture than were workers in age groups less than
35 years, although the difference was only significant in those
45-54 years of age (PIR 1.33; 95% CI=1.12—-1.57). Analyses
by industry showed that workers with ladder-related injuries
in construction were the most likely to have sustained a fall-
related fracture, while those in retail were the least likely group
to sustain a fall-related fracture. However, there were consid-
erable gender differences in ladder fall fractures by industry
(Fig. 2); among females the majority (63%) occurred in retail,
while among males 28% of ladder fall fractures occurred in con-
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Table 2
Distribution (number and column percent) of all ladder-related fractures by initiating mechanism (injury cause); comparison by gender
Initiating mechanism Female (%) Male (%) Total (%)
Falls
Slipped/lost balance 37 (33.0) 118 (23.6) 155 (25.3)
Ladder instability 15 (13.4) 125 (25.0) 140 (22.9)
Stepping on/off ladder 6(5.4) 36 (7.2) 42 (6.9)
External ladder cause 2(1.8) 18 (3.6) 20 (3.3)
Falls with unspecified mechanism 32 (28.6) 147 (29.4) 179 (29.3)
Total falls 92 (82.1) 444 (88.8) 536 (87.6)
Non-falls
Slip, no fall 5(4.5) 8 (1.6) 13 (2.1)
External source (no slip/fall) 4 (3.6) 8 (1.6) 12 (2.0)
No external source (but on ladder) 2 (1.8) 3(0.6) 5(0.8)
Other ladder-related 9 (8.0) 27 (5.4) 36 (5.9)
Unknown/unspecified mechanism 0(0) 10 (2.0) 10 (1.6)
Total non-falls 20(17.9) 56 (11.2) 76 (12.4)
Total 112 (18.3)* 500 (81.7)* 612 (100.0)

 Percents here are row percents.

struction and only 12% in retail. The proportion of females with
ladder fall fractures was significantly higher than males in retail
(PIR 5.4; 95% CI=4.1-7.0, data not shown). The small num-
ber of women with fractures in each industrial group prevented

more detailed analyses in other industries.

Table 3

3.4. Disability and costs

When using medical cost and disability duration as a proxy
for severity, ladder fall fracture cases had worse outcomes as
compared to all other ladder injury cases. About 48% of the lad-

Proportionate injury ratio (PIR) analyses of ladder-related injuries comparing ladder fall fractures to all other ladder-related injuries by gender, age, and industry

Fall fracture (%)

All other ladder injuries (%)

Expected fall fracture®

PIR® (95% CI)

Gender
Female 92 (2.7)
Male 444 (6.9)

Age
16-24 65 (3.7)
25-34 102 (4.7)
35-44 147 (6.1)
45-54 140 (7.1)
55-64 62 (6.7)
65-79 13 (7.1)
Unknown 7.7

Industry
Construction 127 (12.7)
Retail 110 (2.5)
Manufacturing 69 (6.4)
Services 69 (7.2)
Transportation 46 (4.6)
Finance, RE, Ins 27 (7.9)
Wholesale 25(8.4)
Agriculture 5(6.0)
Mining 3(10.0)
Public admin 1(12.5)
Non-classifiable 0(0)
Not assigned 54 (7.9)
Total 536 (5.5)

3332 (97.3)
5958 (93.1)

1674 (96.3)
2073 (95.3)
2273 (93.9)
1824 (92.9)
865 (93.3)
169 (92.9)
412 (98.3)

870 (87.3)
4238 (97.5)
1011 (93.6)
891 (92.8)
947 (95.4)
315 (92.1)
273 (91.6)
78 (94.0)
27 (90.0)

7 (87.5)

6 (100.0)
627 (92.1)

9290 (94.5)

192
344

97
120
131
105

50

10

50
244
58
51
55
18
16
4.5
1.6
0.4
0.4
36

0.48 (0.39-0.59)"
1.29 (1.17-1.42)"

0.67 (0.52-0.86)"
0.85 (0.70-1.04)
1.12 (0.95-1.32)
1.33 (1.12-1.57)"
1.24 (0.95-1.59)
1.33 (0.71-2.28)

2.53 (2.11-3.01)"
0.45 (0.37-0.54)"
1.18 (0.92-1.50)
1.34 (1.04-1.70)"
0.84 (0.62-1.12)
1.49 (0.98-2.16)"
1.59 (1.03-2.34)"
1.11 (0.36-2.59)
1.93 (0.39-5.63)
2.48 (0.03-13.78)
0.00 (0.0-10.60)
1.49 (1.12-1.95)"

2 Expected frequency for fall fractures by category if they had the same distribution by category as those for all other injuries.
b The proportionate injury ratio (PIR) is calculated by dividing the observed fall fracture by expected fall fracture within a category.

* Statistically significant (p-value < 0.05).
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Fig. 2. Comparison of ladder fall fractures by gender and industry.

der fall fracture cases incurred $ 5000 or more in direct medical
costs (high cost) compared to only 10% of all other ladder injury
cases (data not shown). Similarly 56% of all ladder fall fracture
cases had more than 28 days of disability compared to only 12%
of the other ladder injury cases. Most of the high cost injury
cases (80%) resulted in more than 28 days of disability. Only
35% of fall fracture cases were not high cost or had less than 28
days of disability compared to 86% for other ladder injury cases.
Males had a significantly greater proportion of high cost ladder
fall fracture injuries than females (49.8% versus 39.1%, respec-
tively, data not shown). The proportion of ladder fall fractures
that were high cost also increased significantly with increasing
age group (27.5% among 16-34 years olds, 46.9% ages 35-44
years and 50.5% for persons 55 years and older).

4. Discussion

Fractures sustained in work-related ladder falls are a signifi-
cant problem, more costly, and result in more time off work than
other ladder-related injuries. Females had a lower proportion of
high cost ladder fall fracture injuries when compared to males
and costs increased with increasing age. Further, several groups
of workers appear more likely to sustain a work-related ladder
fall fracture. Males were nearly 30% more likely to sustain
a fall-related fracture than any other ladder-related injuries.
Females were more likely to have fractures as a result of
slipping/losing balance while males were more likely to fall due
to ladder instability. Construction workers experienced a higher
proportion of fractures in ladder falls compared to other ladder
injuries, while retail workers experienced a lower proportion.
To our knowledge this is one of the largest sample of ladder
injuries to date and our narrative text analyses provide important
new information on case identification and the mechanisms and
outcomes for a severe group of injuries. It is also the first such
study to look specifically at fracture injuries and examine how
ladder fall fractures differ from other ladder-related injuries,
including non-fall fractures.

The higher likelihood among males that a ladder injury is a
fall fracture may reflect their involvement in more hazardous
tasks involving higher heights, or impacting more hazardous

surfaces, as suggested by the fact that the highest proportion
of male injuries occurred in construction, whereas for females it
was in retail. The greater proportion of high cost ladder fractures
in males than females also supports this hypothesis, although it
could also be influenced by challenges of return to work in con-
struction versus other industries (Courtney et al., 2002). The
differences by gender in injury mechanisms may reflect differ-
ences in ladder use and type, such as greater use of stepladders
in retail industries, or differences in describing mechanisms.
However, specific ladder type was infrequently recorded in the
“accident” descriptions. The lack of denominator data restricts
determining if females have higher rates of injury in retail or
other industries, and how rates vary by age. Similarly we cannot
say that males have higher rates of fractures from ladder falls,
but given that females accounted for over one-third of ladder
injuries, we would expect that they might also account for one-
third of fractures. However, our PIR analyses show they do not.

The increased proportion of high cost ladder fall fractures
among older age groups found in our study is consistent with
studies of other injuries which found that older persons are more
likely to suffer complications post injury, have prolonged recov-
ery following an injury, and have coexisting health problems that
delay full recovery or restrict agility and ability to prevent or
recover from a fall (Wang and Schneider, 1999; Summala and
Mikkola, 1994; Wegman, 1999, 2000; Wegman and McGee,
2004). However, more detailed analyses of our data, controlling
for factors such as injury mechanism, type of fracture, body part
injured, or coexisting medical problems, are needed to determine
the exact relationship of age and medical costs and is beyond
the scope of this paper. Vision, balance and strength also decline
with age, which may also increase the risk of falling (Shaheen
and Niemeier, 2001; Coy and Davenport, 1991; McCarter, 1990;
Wegman and McGee, 2004; Laflamme and Menckel, 1995;
Zwerling et al., 1998). Older persons who fall are more likely
to sustain a fracture, and more serious and complex fractures
(Wegman and McGee, 2004; Kujala et al., 2000; Laflamme and
Menckel, 1995; Wang and Schneider, 1999; Raisz, 2005; Black
and Cooper, 2000). While in general the frequency of injury
decreases with age, the injury severity, including likelihood of
death, increases with age. However, the relationship between
injury severity and age may also vary by job type (Laflamme
and Menckel, 1995; Wegman, 1999, 2000; Wegman and McGee,
2004).

The proportionate analyses also identified important differ-
ences by industry categories. The higher proportion of fractures
in construction has been discussed earlier and reflects the high
risks of serious injury in this industry (Courtney et al., 2002;
Kisner and Fosbroke, 1994; Glazner et al., 1998; Ringen, 1994;
Cattledge et al., 1996; Lipscomb et al., 2003; Wang et al., 1999).

The majority of published ladder studies have only small
sample sizes (usually under 100). We also found only two ladder
studies that used more than purely descriptive statistics. One
used secondary data and had limited findings with regard to
ladder safety (Coleman, 1981), and the other case control study
(Cohen and Lin, 1991b) did not use multivariate analyses, adjust
for frequency of ladder use between cases and controls, and
largely only examined personal risk factors.
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The strengths of our study are our large sample size and the
linkage of injury event and outcome with information on cost
and disability. The workers’ compensation (WC) insurer covers
a diversity of industries across the U.S., and our data are poten-
tially more representative of the national experience than the
earlier ladder studies with small sample sizes in restricted pop-
ulations. Our study also confirms other reports promoting the
value of narrative text data to enhance WC claims data for ana-
lytic study (Lombardi et al., 2005; Lincoln et al., 2004; Wellman
et al., 2004; Sorock et al., 1997). Narrative text searches identi-
fied 17% more fractures than were identified by the single nature
of injury code for fractures alone and we were able to verify
both coded and suspected fractures with medical reports. The
text records provide a valuable tool for checking the accuracy
of diagnostic codes in administrative databases especially as the
injury codes are often assigned when the initial claim is made
and usually not subsequently updated.

The narrative text analyses also enabled us to specifically
identify ladder-related injuries, which is often not possible in
many coded databases that use only general codes such as “falls
from elevation”. Our ability to provide detailed coding of fall
circumstances from the text enabled us to provide more detailed
understanding of fall circumstances than the earlier study of
occupational fractures (Islam et al., 2001).

It is possible that the index terms did not identify all frac-
tures or ladder terms, but the numbers are likely to be small and
not alter our findings. While we were not able to verify through
detailed coding of injury mechanisms all of the 9290 other poten-
tial ladder cases identified by our search strategies, only 2%
of the fracture cases reviewed were false positives. In addition
the available exposure information (case only data) did not per-
mit the calculation of rate-based risk factor information on the
most hazardous situations or activities performed on ladders.
Our study shares some of the same limitations as other workers’
compensation claims studies. Workplace injury reports are vul-
nerable to a variety of filtering effects and employer, location and
state variations in reporting and recording practices for workers’
compensation may limit the results (Webb et al., 1989; Smith et
al., 2005). We did however restrict ourselves only to compens-
able claims (medical costs or paid disability days) which may
limit the influence of this reporting variation.

There are also limitations associated with utilizing propor-
tionate analyses. One limitation is that the sum of proportionate
ratios must be equal to one. Therefore, the magnitude of a high
ratio is offset by relative or corresponding lower magnitude of
other ratios, making the ratios of the different injury categories
interdependent. However, proportionate analyses (e.g., propor-
tionate mortality ratio or PMR) which are similar to the PIR have
proven to be useful as indicators of risk (Checkoway et al., 2004;
Lombardi et al., 2005; Lipscomb and Li, 2001), and provided
important new information in our study.

5. Conclusions
Our study clearly identifies that fractures are a significant

and costly injury in work-related ladder falls and result in higher
medical costs and more disability days than other ladder injuries.

This study provides useful information on the work contexts
involved in serious ladder injuries particularly differences by cir-
cumstances and industry in addition to those by age and gender.
It also expands on our use of narrative text analysis to vali-
date injury diagnoses, in addition to its use to identify cases.
More studies are needed to define more specific injury mecha-
nisms and address modifiable risk factors. Greater attention to
risk factors for ladder falls is necessary to guide development of
interventions to prevent ladder falls, and direct future training
and targeted prevention efforts.
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