
Article 2 

THE EFFECT OF ENTERPRISE SIZE ON THE RISK OF 

HOSPITAL TREATED INJURIES AMONG ALL MALE 

MANUAL CONSTRUCTION WORKERS IN DENMARK, 

2000-2006 

BETINA HOLBÆK PEDERSEN
 
 

National Research Centre for the Working Environment, Lersø Parkallé 105, DK-2100 Copenhagen, Denmark; 

Tel:+45 3916 5200; Fax: +45 3916 5201; E-mail: bhp@nrcwe.dk (corresponding author) 

HARALD HANNERZ 

National Research Centre for the Working Environment, Copenhagen, Denmark 

ULLA CHRISTENSEN 
Department of Public Health, Section of Social Medicine, University of  Copenhagen, Denmark 

 

 ABSTRACT  

Objectives 

This study examines male manual construction workers in Denmark and the degree to which their 

employment in either micro, small or medium-sized enterprises bears an elevated risk of hospital treatment 

for injury compared to employment in large enterprises.  

Methods 

A nationwide register-based follow-up study was conducted among all male subjects registered as manual 

workers in the construction industry in Denmark from January, 2000 to December, 2006 when aged 21-59 

years (n=183 738). The subjects were followed yearly through the national hospital patient register for injury 

in accordance to ICD-10 classification numbers S00-T98: ―Injury, poisoning and certain other consequences 

of external causes‖ and linked to data about enterprise size. Enterprise sizes were related to a Danish context 

and defined as micro when 0-4 employees; small when 5-9 employees; medium when 10-19 employees; and 

large when at least 20 employees. The term ‗enterprise‘ was defined as the local workplace unit, meaning 

each worker‘s workplace location from where orders are received. Poisson regression was used to assess the 

effect of enterprise size on injury rates for five year age groups.  

Results 

For all male manual construction workers in Denmark, the injury rates increased with enterprise size. With 

large enterprises as reference the age adjusted rate ratios were 0.90 (95% CI: 0.88 – 0.92) for micro, 0.94 

(95% CI: 0.92 – 0.97) for small, and 0.96 (95% CI: 0.94 – 0.99) for medium-sized enterprises.   

Conclusions 

This study suggests that, in a Danish context, injury prevention efforts on the political front and in research 

should target construction workers in large rather than small enterprises.  
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INTRODUCTION 

The improvement of safety and health in the construction industry remains a major global concern as it is 

one of the most hazardous industries to work in and at the same time a worldwide leading employer for both 

skilled and unskilled workers. Every five minutes a construction worker dies somewhere around the world [1], 

representing a massive loss of human lives due to the dangers inherent in construction work and the management 

hereof. Further, let alone for Europe, around 30 000 construction workers get so severely disabled every year that 

they can no longer work [2].  

Even though it is widely recognised that a large number of the deaths and injuries in the construction 

industry are entirely preventable, a recent Cochrane review of intervention studies among construction workers 

shows that it has proved difficult to find effective and evidence-based ways to combat fatal and non-fatal injuries 

[3, 4]. This also holds true for intervention studies aimed at preventing construction workers´ large share (55%) of 

musculoskeletal disorders which consequently lead to non-fatal injuries in the USA [5]. Typically, construction 

projects are such complex hazardous systems and ever-changing in terms of task at hand, workforce and 

workplace condition that it makes it problematic for researchers to intervene with randomised controlled studies 

[6]. Yet there is an immense need for methodologically well-founded intervention research that can help reducing 

hazards and risks among construction workers.   

In the designing process of intervention studies in the construction industry, it is important for safety 

experts to have a profound knowledge of the injury prevention potentials of the industry. Besides main risk factors 

such as behaviours of workers and work team; safety culture; organisational processes; and usage of work 

materials, technology and personal equipment, workplace size appears also to be a key issue in injury prevention. 

Several studies suggest that small and medium-sized enterprises (SMEs) are especially vulnerable workplaces in 

terms of guaranteeing a healthy and safe working environment [7] and that they carry an elevated injury risk [8-

11].  

Usually SMEs have fewer financial, human and technological resources available for organising safety and 

health precautions. This includes less ability to perform proactive or high-quality risk management [12-16]. In 

addition, the attitude of owners of SMEs to be more reluctant towards state regulation of employees´ health and 

safety and to underestimate risks may also compromise safety [17]. Thus, the overall impression of SMEs is that 

they seem less likely than large enterprises to provide a safer and healthier working environment. However, if you 

look at the statistical analyses of the relation between enterprise size and injury rates in construction, the picture is 

somewhat unclear. 

McVittie et al. [18] investigated the effect of enterprise size on injury rates among construction workers in 

the Canadian province Ontario for the years 1988-1993. Based on records from the Workers' Compensation 

Board, this study showed that injury rates went down every single time the enterprise size increased. However, 

there was no control for occupational distribution within the enterprises that could explore if the lower injury rates 

among workers in the larger enterprises were due to more white-collar (office) workers performing less hazardous 

tasks. Also, the estimates may be biased by under-reporting since a Canadian study has shown that, overall seen, 

40 % (48 % for Ontario) of those eligible for Workers Compensation report do not submit a claim [19]. 

Jeong [20] investigated the effect of enterprise size on injury rates among construction workers in South 

Korea for the years 1991-1994.  Based on statistics from the South Korean Ministry of Labour of workers´ 

compensation claims and employers´ injury reports, this study showed that enterprises with fewer than 10 

employees have a clearly higher injury rate and the largest enterprises with more than 1000 employees the lowest 

injury rate, but like in the study by McVittie et al., there was no control for occupational distribution within the 

enterprises and the results may be biased by under-reporting, too. 

Fabiano et al. [10] investigated the effect of enterprise size on injury rates in the Italian industry including 

construction for the years 1995-2000. Based on employers´ injury reports made to the Italian National 

Organization for the Labour Insurance, this study showed that enterprises with 1-30 workers had a nearly double 

as high injury rate compared to the largest enterprise size. However, despite the fact that Italian employers are 

strictly obliged to report injuries to the insurance and may face criminal charges if they do not, they also have to 

face possible legal proceeding if a reported injury involves more than 40 days absence from work. This may 

discourage employers from reporting injuries and add to the general problem with under-reporting.  

Kines et al. [21] investigated the effect of enterprise size on injury rates due to elevation falls among 

construction workers in Denmark for the years 1993-1999. This study showed inconclusive results since no 

noticeable trend was found. As noted by the authors, the result was possibly biased due to an under-reporting of 

approximately 50 % of the injuries. Moreover, enterprise size was not given in 13 % of the reported injuries, and 
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there was no control for the occupational distribution within the enterprises. According to Danish national data, 

injury rates among blue-collar workers are on average twice as high as they are among white-collar workers [22].  

Statistics from the European Commission, from year 2005, show a higher non-fatal injury incidence rate of 

around 6 500 per 100 000 construction workers in SMEs (1 to 249 employees) compared to an injury incidence 

rate of 4 700 per 100 000 construction workers in large enterprises (more than 250 employees)[2]. For fatalities in 

construction, the incidence rate is around 9 per 100 000 in SMEs while 5.5 for large enterprises [2]. 

The comparisons of SMEs and large enterprises, when based on the European enterprise categorizations, is, 

however, not very useful in a Danish context. In Denmark, a EU member state of 5.5 million inhabitants and with 

just 2 % of its enterprises employing more than 50 workers [23], the enterprise categorization differs from that of 

EU in the way that Danish enterprises are considered large when they employ more than 20 workers [24]. (Over 

the past few years, the Danish definition of a large enterprise has changed and now sets the minimum number of 

employees to either 20, 35 or 50). When looking at the Eurostat injury data for the relation between the smallest 

enterprise sizes, data do not indicate that injury rates decrease with enterprise size [2]. In fact, the reported injury 

rates among enterprises with 1-9 employees were lower than in enterprises with 10-49 employees in each of the 

studied calendar years (1996-2005). However, EU´s injury data could also be subject to under-reporting because 

data, in the case of Denmark (and UK and Ireland), are based on reports made by employers to the National 

Labour Inspectorate and not all employers file injury reports. The Danish National Working Environment 

Authority has assessed the degree of under-reporting of injuries to be approximately 50 % [25] 

The question of whether small construction enterprises account for a higher injury risk cannot be answered 

satisfactorily with existing evidence. Partly because data in most of the studies may be influenced by biased 

under-reporting and may lead to conclusions of under- or overstated risks, and partly because most of the studies 

do not control for the occupational distribution within the enterprises which may lead to conclusions of white- and 

blue-collar work in construction being equally risky. 

The primary aim of this study is to investigate the relation between enterprise size and injury rates in the 

Danish construction industry, on a register based data set that is free from reporting bias and conducted among 

manual (blue-collar) workers only. A conditional aim is to investigate if a change in Danish legislation, which was 

implemented from July 1, 2002, affected the injury rates among construction workers in enterprises with 5-9 

employees. The change in legislation cancelled the requirement to have a safety organisation for Danish 

enterprises with 5 – 9 employees and may have resulted in a higher risk of injury in these enterprise sizes.  

A secondary aim of this study is to estimate injury rate ratios in the occupational groups included in the 

analysis; bricklayers, carpenters, plumbers, electricians, painters, and unskilled construction workers. A special 

attention is given to the rates among bricklayers, carpenters and plumbers whose working environment we plan to 

investigate in a subsequent project funded by the same grant as the present study. The findings of this research can 

be used as valuable information for policy makers, safety researchers as well as construction contractors who are 

occupied with the development and implementation of ways to improve safety in the construction industry.  

Note 

Before we performed any of the statistical analyses, a statistical model was completely specified and 

published as an open access study protocol [26], thereby eliminating hindsight bias from the study. 

MATERIALS AND METHODOLOGY 

The study was designed as an observational analytical population study. The population consisted of all 

male manual construction workers in Denmark aged 21-59 years. It was a dynamic population, i.e. open for both 

entry and departure. The public registration of all local workplace units in Denmark was launched in 1999. In the 

present study, a person‘s work category during a certain calendar year was determined by his enterprise 

association according to the population census performed in the end of November the preceding year. The study 

period began January 1, 2000 with the first calendar-year in which data on enterprise size could be merged with 

hospital records, and ended December 31, 2006 with the year of the latest accessible statistical returns from 

Statistics Denmark by the time of finalizing the research design of the study (2009). Note: In our study protocol 

[26] it was erroneously stated that the study period would begin January 1, 1999.  

The population was followed one year at a time for first hospital treated injury during the year. The injuries 

were diagnosed on the basis of ICD-10 classification numbers S00-T98: ―Injury, poisoning and certain other 

consequences of external causes‖ [27]. Included in the study was the principal diagnosis as concluded either by 
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discharge from the hospital or by transfer to another hospital division. Hence, the principal diagnosis was the 

condition which best described the reason for the admission of the injured patient to the hospital for care.  

Data sources and classifications 

The Danish Occupational Hospitalisation Register (OHR) was used to identify injured individuals. Included 

in the OHR are all persons who have been a legal/registered inhabitant of Denmark, aged 20 or more, at one time 

or another since 1980. OHR consists of a record-linkage between three national registers: 1) the central person 

register, 2) the national hospital patient register, and 3) the employment classification module [28, 29].  

The central person register contains information on gender, addresses, and dates of birth, death and 

migrations for everyone registered as living in Denmark sometime from 1968 to present.  

The national hospital patient register contains data from all public hospitals in Denmark. Patient diagnoses 

have been coded according to the international classification of diseases version ten (ICD-10) since 1994. Since 

1995, the register has covered all inpatients, outpatients, and emergency ward visits [30]. Relevant for the present 

study was that no private emergency wards existed in Denmark in the follow-up period, and that less than 1% of 

all planned surgery on in- and outpatients took place in private hospitals in the follow-up period [31]. 

The employment classification module contains annually registered information on a person‘s industry, 

occupation, and employment status from 1975 onwards [30]. For the time-period spanned by the present study, 

the industries were initially coded according to the 1993 and then to the 2003 version of the Danish Industrial 

Classification of All Economic Activities [32, 33]. These classification systems are national versions of the 

European Industrial Classification of All Economic Activities (NACE rev. 1). NACE rev.1 divides industries 

hierarchically into 17 level-1 sections identified by alphabetical letters A to U; 60 level-2 divisions identified by 

two-digit numerical codes (01 to 99); 222 level-3 groups identified by three-digit numerical codes (01.1 to 99.0), 

and 503 level-4 classes identified by four-digit numerical codes (01.11 to 99.00). In the present study only levels 1 

and 2 were used; at level 1, the letter ―F‖ refers to the construction industry and its level 2 number is ―45‖.  

The occupations in the employment classification module were coded according to DISCO-88 [34], which 

is a national version of the international standard classification of occupations (ISCO-88) [35]. DISCO-88 divides 

the occupations hierarchically into 10 major groups; 27 sub-major groups; 111 minor groups, and 372 unit groups. 

In the present study the major groups related to manual construction work were included in the study, that is 

belonging to group 7 ―Craft and related trades workers‖; group 8 ―Plant and machinery operators and assemblers‖, 

and/or group 9 ―Elementary occupations‖.  

OHR-data of each injured individual was linked to the latest national statistical returns of workplace size 

and local workplace unit. The statistical returns are assessed by Statistics Denmark every year in week 48, i.e. the 

last week in November, and imply that the employment data about each injured individual in the population stem 

from the year before the hospital treatment of the injury. Data about workplace size identifies the number of 

employees in addition to the owner of the workplace. Data about workplace unit identifies the local workplace 

unit where the injured individual was mainly carrying out his job. The local workplace unit can be the exact same 

as the mother enterprise unit, or it can be a unit belonging to the mother enterprise, but with a different 

geographical location and therefore with a different unit number. If a person worked in more than one place, 

which is often the case for construction workers, the local workplace unit is taken to be the workplace from where 

instructions emanate, or from where the work is organised.  

Records were linked by means of a unique personal identification number and are kept at Statistics 

Denmark. Researchers are authorized to use data with encrypted personal identification numbers, and it is secured 

so that no analyses identifying any person or enterprise can be transferred outside Statistics Denmark. 

Study population 

Inclusion criteria for the study population were:  

 main employment in the construction industry (NACE code = ‗45‘);  

 employment status as employee or self-employed, that is with the highest income as such during the year; 

 job function as manual worker (DISCO-88 code = 7, 8 or 9);  

 age from 21 to 59 years – the former time limit due to available OHR-data from the age of 20 and the first 

available enterprise size data from Statistics Denmark from year 2000 at age 21; the latter time limit due 

to the possibility of job release scheme from the age of 60; 

 male worker – the women were left out of  the study since they constitute less than four percent of the 

blue-collar workers of the Danish construction industry. 
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A person entered the population as soon as all of the above criteria were fulfilled, and departed whenever they 

were no longer met.  

Statistical analyses 

A person became a case once receiving a principal diagnosis in the ICD-10 interval S00-T98 (―injury, 

poisoning and certain other consequences of external causes‖) according to the OHR. For any given calendar year, 

a person was censored at the time he became a case, emigrated or died. Time-dependent dummy variables were 

used to categorise the manual workers into micro enterprises (fewer than 5 employees), small enterprises (5-9 

employees), medium-sized enterprises (10-19 employees), and large enterprises (20 or more employees).  

The null hypothesis stating that ―the injury rates among workers are independent of enterprise size‖ was 

tested. If the null hypothesis was rejected meaning that the observed injury rates most likely depend on enterprise 

size, a second null hypothesis would be tested. This second null hypothesis would test if ―the injury rate ratio 

among workers in enterprises with 5-9 employees compared with other workers is independent of time period 

(January 1, 2000 – June 30, 2002 versus July 1, 2002 – December 31, 2005)‖. By this, it would be tested if it can 

be assumed that the legislative change that took place in Denmark on 1 July, 2002, which cancelled the 

requirement of having a safety organisation in enterprises with 5-9 employees, did not have any effect on the 

injury rates among the workers in enterprises with 5-9 employees. 

To deal with intra-enterprise correlations, a multi-level Poisson regression was used to model the outcome, 

where the enterprises were treated as the subjects while observations within the enterprises were treated as 

correlated repeated measurements. 

The analyses were controlled for age (five-year age groups), calendar year (as categorical variable) and 

occupation. Occupation unit groups were: Bricklayers and stonemasons (DISCO-88 = 7122); Carpenters and 

joiners (DISCO-88 = 7124); Plumbers and pipe fitters (DISCO-88 = 7136); Electricians (DISCO-88 = 7137); 

Painters and wall-paper workers (DISCO-88 = 7141); Unskilled manual workers in construction workers 

(DISCO-88 = 9313). 

The analyses were performed by use of the GENMOD procedure in SAS version 9.1. Only main effects 

were considered. Initially, an exchangeable correlation structure (EXCH) was assumed. The co-variance 

estimation procedure did, however, not converge when this correlation structure was used, so we had to resort to 

the simpler independent structure (IND). The empiric standard error estimates were used. The significance level 

was set to 0.05.   

RESULTS  

194 109 persons fulfilled the inclusion criteria for at least one of the studied calendar years. 10 371 persons 

(5.3%) were excluded due to missing information about enterprise size. The remaining 183 738 were included in 

the analysis. The follow-up encompassed 653 525 person years, in which 100 534 cases were observed. On 

average, 20.5% of the workers were employed in micro enterprises, 16.0% were employed in small enterprises, 

17.8% were employed in medium-sized enterprises and 45.7% were employed in large enterprises. The age 

distribution of the workers (five year age groups) is given in Figure 1. 
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Figure 1.  Age distribution among the included construction workers. 

 

Test of our first null-hypothesis  

The first null hypothesis stating that ―the injury rates among workers are independent of enterprise size‖ 

had to be rejected. The injury rates among the workers were not statistically independent of enterprise size 

(P<0.0001). The lowest rate was observed among workers in micro enterprises (fewer than 5 employees), and 

each increase in enterprise size category was followed by an increase in injury rate [RR=0.90 (95% CI: 0.88 – 

0.92) to RR=0.96 (95% CI: 0.94 – 0.99)] (see table 1).  

Table 1.  
Injury rate ratios* (calculated through poisson regression) among manual construction workers, by enterprise 

size. 

 

Person 

Years 

Cases Injury Rate 

Ratio 

Confidence Interval 

(95 % CI) 

Micro (0-4 employees) vs.  

large (at least 20 employees)  
134013 18072 0.90 0.88 - 0.92 

Small (5-9 employees) vs. large 104334 16710 0.94 0.92 - 0.97 

Medium-sized (10-19 employees) vs. 

large 

116377 18732 0.96 0.94 – 0.99 

Large (20 or more employees) 298800 47020 1.00 - 

 

* The injury rate ratios were obtained by dividing rates (adjusted for age, calendar year and occupational 

distribution) among workers in the respective enterprise size categories with the rate among workers in large 

enterprises (the reference category). 

Test of our second null-hypothesis  

The second null hypothesis stating that ―the injury rate ratio among workers in enterprises with 5-9 
employees compared with other workers is independent of time period (January 1, 2000 – June 30, 2002 versus 

July 1, 2002 – December 31, 2005)‖ could not be rejected. We did not find any effect of the legislative change 

that took place in Denmark on 1 July, 2002, which cancelled the requirement of having a safety organisation in 

enterprises with 5 – 9 employees; the injury rate ratio among workers in this size category compared with other 
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workers was statistically independent of time period [RRR (relative rate ratio) = 1.02 (95% CI: 0.98 –1.05), (P = 

0.418)]. With relative rate ratios (RRR) we mean the ratio of two rate ratios. 

Injury rates in occupational groups 

We found a significant association between type of occupation and injury rate (P < 0.0001). As mentioned 

in the introduction, we highlight the rates among bricklayers, carpenters and plumbers because their work 

environment will be explored in a later analysis. Compared with the average construction worker, the injury rates 

among bricklayers were significantly lower [RR= 0.82 (95% CI: 0.80 – 0.84)], whilst the rates among carpenters 

and plumbers were significantly higher [RR= 1.15 (95% CI: 1.13 – 1.17) and [RR= 1.17 (95% CI: 1.16 – 1.22), 

respectively]. The injury rate ratios of all analysed occupational groups are given in table 2.  

Table 2.  
Injury rate ratios* (calculated through poisson regression) among manual construction workers,by type of 

occupation. 

 Person 

Years 

Cases Injury Rate 

Ratio 

Confidence 

Interval 

(95 % CI) 

Bricklayers and stonemasons vs. all other manual 

construction workers 
65189 7796 0.82 0.80 - 0.84 

Carpenters and joiners vs. all other manual 

construction workers 
160997 27647 1.15 1.13 - 1.17 

Plumbers and pipe fitters vs. all other manual 

construction workers 
66864 12409 1.19 1.16 - 1.22 

Electricians vs. all other manual construction 

workers 
79317 11347 0.80 0.78 - 0.82 

Painters and wall-paper workers vs. all other 

manual construction workers 
46383 5400 0.80 0.77 - 0.82 

Unskilled construction workers vs. all other 

manual construction workers 
33731 5551 1.12 1.08 - 1.16 

 

* The injury rate ratios were obtained by dividing rates (adjusted for age, calendar year and enterprise size 

distribution) among workers in the respective occupations with the rate among all other manual construction 

workers. 

DISCUSSION  

This study investigated all Danish men aged 21-59 years who were employed or self-employed as manual 

(blue-collar) construction workers some time during the time period 2000-2006 (n=183 738). The workers were 

followed up for hospital contacts due to injury and linked to prior-year information about occupational group and 

enterprise size. After control for age, calendar year and occupation, the analysis showed that construction workers 

in micro, small, and medium-sized enterprises had a lower injury rate than construction workers in large 

enterprises, and that the injury rates were steadily increasing with enterprise size. Construction workers in micro 

enterprises thus showed the lowest injury risk. One explanation for this difference in risk may be that construction 

workers in large enterprises presumably more often engage in building or construction projects of greater 

complexity where the degree of safety hazards is significantly higher than in smaller construction or building 

projects. In line with this assumption it has been shown that construction workers who worked with the 

construction of a large Danish high-level bridge (1988-1998) had an almost twice as high injury rate than 

averagely recorded for construction workers in Denmark [36].  

Since the follow-up was done through registers and included the entire target population we were able to 

eliminate response and sampling, bias. Under-reporting in the construction industry is considered a serious 

problem and a recent study argues that particularly small construction enterprises (1-10 employees) fail to report 
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injuries to the authorities [37]. Another strength of this study is that we obtained a detailed insight into the 

variable enterprise size and were able to include in the analysis not just the level of mother plants (e.g. a 

company‘s head office) in the construction industry but the local workplace units, too. In this way we could 

distinguish between the enterprise size of mother plants and their workplace locations and hence detect the more 

accurate size of the workplace where the workers work on a daily basis or receive their daily orders from.  

That the study subjects were not randomised into the various enterprise size categories is a limitation to this 

study; our analysis cannot differentiate between selection effects and effects that are due to the work environment. 

Another potential limitation is that the register does not differentiate between work-related and leisure time 

injuries. However, our study subjects form a rather homogenous occupational group and there are no obvious 

reasons to believe that their leisure time injury rates depend on enterprise size.  

Substantial research has been carried out with the intention of reducing injury rates among various groups 

of construction workers. Among carpenters a lot of attention has been given to the reduction of back injuries [38, 

39 ], knee injuries [40], and injuries due to falls [41-44]. Among plumbers, being struck by objects seems to be a 

common cause of injury [45]. Among bricklayers, risk of musculoskeletal injury due to back, neck, and shoulder 

problems is well discussed [46-48]. In this study we also compared injury rates among various occupations within 

the construction industry. We found that the injury rates among carpenters and plumbers were statistically 

significantly higher than those of bricklayers, painters, and electricians. Due to the high frequency of injuries 

these results, too, are of great practical significance. To give a concrete example, the injury rates among carpenters 

would decline by approximately 3000 injury related hospital contacts per year if their risk level were to be brought 

down to the level of bricklayers, electricians, and painters. If the same could be done for plumbers an additional 

reduction of approximately 4000 injury cases per year would be obtained. For Denmark, these are rather high 

numbers since alone the reported cases of work-related injuries to the National Working Environment Authority 

constitute 4000-6000 cases per year. 

In conclusion, this study provides accurate estimates of the number of injuries that are linked to the Danish 

construction industry. Our results highlight the importance of viewing enterprise size and injury rates in its 

national business context. In Denmark, injury prevention efforts should be directed more towards the larger 

construction enterprises, rather than the smaller.  

LIST OF ABBREVIATIONS 

SMEs: Small and medium-sized enterprises: Firstly, the term ―SME‖ contains micro, small as well as medium-

sized enterprises. In a European context, SMEs are distinguished as: Micro enterprises with fewer than 10 

employees, small enterprises with 10 to 49 employees, and medium-sized enterprises with 50 to 249 employees 

[16]. Secondly, in this study the distinction of the enterprise size-classes is based on the Danish business pattern: 

Micro enterprises include the self-employed and enterprises with fewer than 5 employees, small enterprises have 5 

to 9 employees; medium-sized enterprises have 10 to 19 employees; and large enterprises employ at least 20 

persons.  

EU: The European Union. At present (2012), EU has 27 member states. By 2004, Cyprus, Czech Republic, 

Estonia, Hungary, Latvia, Lithuania, Malta, Poland, Slovakia, and Slovenia joined the EU. By 2007, Bulgaria and 

Romania joined the EU. 

ICD-10: International Classification of Diseases version number 10. ICD-10 was endorsed by the Forty-third 

World Health Assembly in May 1990 and came into use in WHO Member States as from 1994.  

OHR: The Danish Occupational Hospitalisation Register.  

DISCO-88: National version of the international standard classification of occupations (ISCO-88). 

NACE rev. 1: Statistical classification of economic activities in the European community from 1 January 1993. 

The word NACE is a French acronym for ―Nomenclature generale des Activites economiques dans les 

Communautes europeennes‖, the first classification from 1970 covering the whole range of economic activity. 

CONFLICT OF INTEREST 

The authors declare that they have no conflict of interest. 



 9 

AUTHOR CONTRIBUTIONS 

BHP and HH designed the study and prepared the first draft of the manuscript. All authors contributed in a 

critical revision of the manuscript. All authors have given their final approval of the version submitted for 

publication. 

ACKNOWLEDGEMENTS  

This study is supported by the Danish Working Environment Research Fund, project number 2008-00-

53324/3. The Fund supports research in health and safety aimed at preventing and limiting occupational accidents, 

work-related illnesses, forced retirement from the labour market etc. 

(http://www.at.dk/ENGELSK/Research/Arbejdsmiljoforskningsfonden.aspx?sc_lang=en). 

We would particularly like to thank Elizabeth Bengtsen from the Danish National Research Centre for the 

Working Environment for assisting with literature searches and Frank De Wett Brodersen and Karin Ørum Elwert 

from Statistics Denmark for their great help with data retrieval. 

REFERENCES 

[1] International Labour Organization. The role of worker representation and consultation in managing health and 

safety in the construction industry. Geneva: ILO 2010. 

[2] Commission of the European Communities. Causes and circumstances of accidents at work in the EU.  

Luxembourg: EU 2009.  

[3] van der Molen H, Lehtola MM, Lappalainen J, Hoonakker PLT, Hsiao H, Haslam RA et al. Interventions for 

preventing injuries in the construction industry. Cochrane Database of Systematic Reviews 2007; Issue 4. Art. 

No.: CD006251. DOI: 10.1002/14651858.CD006251.pub2. Published in Issue 3 2008. 

[4] Lehtola MM, van der Molen HF, Lappalainen J, Hoonakker PLT, Hsiao H, Haslam RA et al. The 

effectiveness of interventions for preventing injuries in the construction industry: A systematic review. Am J 

Prev Med 2008; 35: 77-85. 

[5] Rinder MM, Genaidy A, Salem S, Shell R, Karwowski W. Interventions in the construction industry: A 

systematic review and critical appraisal. Hum Factor Ergon Man 2008; 18: 212-229. 

[6] Ringen K, Englund A, Welch L, Weeks JL, Seegal JL. Why construction is different. Occup Med-State Art 
1995; 10: 255-259. 

[7] Commission of the European Communities. Improving quality and productivity at work: Community strategy 

2007-2012 on health and safety at work. Brussels: EU 2007. Available from: 
http://eurlex.europa.eu/LexUriServ/LexUriServ.do?uri=COM:2007:0062:FIN:EN:PDF 

[8] Hasle P, Limborg HJ. A review of the literature on preventive occupational health and safety activities in 

small enterprises. Ind Health 2006; 44: 6-12. 

[9] Walters D. Worker representation and health and safety in small enterprises in Europe. Ind Rel J 2004; 35: 

169-186. 

[10]  Fabiano B, Curro F, Pastorino R. A study of the relationship between occupational injuries and firm size and 

type in the Italian industry. Safety Sci 2004; 42: 587-600. 

[11]  Stevens G. Features – workplace injuries in small and large manufacturing workplaces – an analysis of the 

risks of fatal and non-fatal injuries, including figures for 1994/5 -1995/6. Labour Market Trends 1999; 107: 

19-26. 

[12] Gambatese JA, Behm M, Rajendran S. Design‘s role in construction accident causality and prevention: 

Perspectives from an expert panel. Safety Sci 2008; 46: 675-91.  

[13] Sørensen O, Hasle P, Bach E. Working in small enterprises – Is there a special risk? Safety Sci 2007; 45: 

1044-1059. 

[14] Behm M. Linking construction fatalities to the design for construction safety concept. Safety Sci  2005; 43: 

589-611. 



 10 

[15] Teo EAL, Ling FYY, Chong AFW. Framework for project managers to manage construction safety. Int J 

Proj Manag 2005; 23: 329-341. 

[16] Champoux D, Brun J. Occupational health and safety management in small size enterprises: an overview of 

the situation and avenues for intervention and research. Safety Sci 2003; 41: 301-318. 

[17] Hasle P, Kines P, Andersen LP. Small enterprise owners' accident causation attribution and prevention. 

Safety Sci 2009; 47: 9-19. 

[18] McVittie D, Banikin H, Brocklebank W. The effects of firm size on injury frequency in construction.  

Safety Sci 1997; 27: 19-23.  

[19] Jeong BY. Occupational deaths and injuries in the construction industry. Appl Ergon 1998; 29: 355-360. 

[20] Kines P, Mikkelsen KL. Effects of firm size on risks and reporting of elevation fall injury in construction 

trades. J Occup Environ Med 2003; 45: 1074-1078. 

[21] Shannon HS, Lowe GS. How Many Injured Workers Do Not File Claims for Workers‘ Compensation 

Benefits? Am J Ind Med 2002; 42: 467-473.  

[22] Statistics Denmark 2011. Available (in Danish) from: 

http://www.dst.dk/pukora/epub/Nyt/2011/NR388_2.pdf  

[23] Fløcke T, Sønderstrup-Andersen H, Roepstorff C, Mikkelsen KL. Overvågning af virksomhedernes 

forebyggende arbejdsmiljøarbejde (VOV). [Surveillance of preventive working environment efforts held by 

Danish enterprises]. Copenhagen: Danish National Research Centre for the Working Environment, 2008. 

[24] Danish Working Environment Authority. Analyse af stigning i anmeldte arbejdsulykker 2003 til 2006 

[Analysis of the rise in reported work-related injuries 2003–2006]. Copenhagen: Danish Working 

Environment Authority, 2008. 

[25] Pedersen BH, Hannerz H, Christensen U, Tüchsen F. Enterprise size and risk of hospital treated injuries 

among manual construction workers in Denmark: a study protocol. J Occup Med Toxicol 2011; 6: 11. 

[26] Hannerz H, Mikkelsen KL, Nielsen ML, Tüchsen F, Spangenberg S. Social inequalities in injury 

occurrence and in disability retirement attributable to injuries: a 5 year follow-up study of a 2.1 million 

gainfully employed people. BMC Public Health 2007; 7: 215. 

[27] World Health Organization. ICD-10 International statistical classification of diseases and related health 

problems. Geneva: WHO 1992. 

[28] Tüchsen F, Bach E. Occupation, morbidity, and hospital admissions. Scand J Public Health 2011; 39(7 

Suppl): 141-146. 

[29] Bach E. Validering af EIR – Et arbejdsepidemiologisk moniteringssystem. [Validation of OHR—a work 

epidemiologic monitoring system]. PhD [dissertation]. Roskilde: Roskilde University& Danish National 

Research Centre for the Working Environment; 1998. 

[30] Soll-Johanning H, Hannerz H, Tüchsen F. Referral bias in hospital register studies of geographical and 

industrial differences in health. Dan Med Bull 2004; 51: 207-210. 

[31] Kærlev L, Dahl S, Nielsen PS, Olsen J, Hannerz H, Jensen A et al. Hospital contacts for chronic diseases 

among Danish seafarers and fishermen: A population-based cohort study. Scand J Public Health 2007; 35: 

481-489. 

[32] Statistics Denmark. Danish industrial classification of all economic activities 1993. Second edition. 

Copenhagen: Statistics Denmark 1995. 

[33] Statistics Denmark. Danish industrial classification of all economic activities 2003. Second edition. 

Copenhagen: Statistics Denmark 2002. 

[34] Statistics Denmark. DISCO-88, Statistics Denmark's official standard classification of occupation. First 

edition. Copenhagen: Statistics Denmark 1996. 



 11 

[35] International Labour Organisation. International standard classifications of occupations: ISCO-88. Geneva: 

ILO 1990. 

[36] Spangenberg S. Large construction projects and injury prevention. Doctoral dissertation. National Research 

Centre for the Working Environment & University of Aalborg; 2010. 

[37] Dong XS, Fujimoto A, Ringen K, Stafford E, Platner JW, Gittleman JL. Injury underreporting among small 

establishments in the construction industry. Am J Ind Med 2011; 54: 339-349. 

[38] Lipscomb HJ, Cameron W, Silverstein B. Back injuries among union carpenters in Washington State, 

1989–2003. Am J Ind Med 2008; 51: 463-474. 

[39] Lipscomb HJ, Cameron W, Silverstein B. Incident and recurrent back injuries among union carpenters. 

Occup Environ Med 2008; 65(12): 827-834. 

[40] Yuan L, Buchholz B, Dale AM. Knee Disorders Among Carpenters in the St. Louis Area. The Occup 

Health Saf 2011; 3 (Suppl 1-M4) 31-38. 

[41] Lipscomb HJ, Li L, Dement JM. Falls among union carpenters. Am J Ind Med 2003; 44: 148-156. 

[42] Lipscomb HJ, Li L, Dement JM. Work-related falls among union carpenters in Washington State before and 

after the Vertical Fall Arrest Standard. Am J Ind Med 2003; 44: 157-165. 

[43] Kaskutas V, Dale AM, Lipscomb H, Gaal J, Fuchs M, Evanoff B. Fall prevention among apprentice 

carpenters. Scand J Work Environ Health 2010; 36(3): 258-265. 

[44] Kaskutas V, Dale AM, Lipscomb H, Gaal J, Fuchs M, Evanoff B. Carpenters' Joint Apprenticeship Program 

Instructor Team: Changes in fall prevention training for apprentice carpenters based on a comprehensive 

needs assessment. J Saf Res 2010; 41: 221-227. 

[45] Kinn S, Khuder SA, Bisesi MS, Woolley S. Evaluation of safety orientation and training programs for 

reducing injuries in the plumbing and pipefitting industry. J Occup Environ Med 2000; 42(12): 1142-7. 

[46] Boschman JS, van der Molen HF, Sluiter JK, Frings-Dresen MHW. Ocupational Demands and Health 

Effects for Briscklayers ad Construction Supervisors: A Systematic Review. Am J Ind Med 2011; 54: 55-

77. 

[47] Davis KG, Kotowski SE, Albers J, Marras WS. Investigating reduced bag weight as an effective risk 

mediator for mason tenders. Appl ergon 2010; 41: 822-831. 

[48] Anton D, Rosecrance JC, Gerr F, Merlino LA, Cook TM. Effect of concrete block weight and wall height 

on electromyographic activity and heart rate of masons. Ergonomics 2005; 48(10): 1314-1330. 

 

 

 


