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Abstract
Background: Healthcare workers (HCWs) in developed countries can be exposed to a wide range of hazards. The 
systematic identification of working conditions associated with the risk of occupational injury can significantly re-
duce this risk. Methods: From January 2000 to December 2021, a scoping review was performed using PCC 
(Population, Concept, and Context) criteria and searching major scientific databases. Studies conducted in Western 
Countries, defined as member countries of the Organisation for Economic Co-operation and Development (OECD), 
were selected. Results: We identified 282 studies for the present review. Studies focused more frequently on biological 
injuries (59%). Musculoskeletal injuries and injuries due to aggression and violence followed, based on the frequency 
of the investigated topic. Conclusions: Most studies focused on the risk of bloodborne infections, while a knowledge 
gap emerged on the epidemiology of accidental exposure to other transmission pathways. Although the proportion of 
injured workers is not negligible in most studies, the most common determinants and risk factors of injury are entirely 
preventable.

1. Introduction

Workers across various occupations and sectors 
face risk factors that can lead to occupational in-
juries. The International Labour Organization de-
fines these incidents as “any personal injury, disease 
or death resulting from an occupational accident,” 
which is described as “an unexpected and unplanned 

occurrence, including acts of violence, arising out of 
or in connection with work, which results in one or 
more workers incurring a personal injury, disease or 
death” [1]. In the first joint estimates released by the 
World Health Organization (WHO) and the In-
ternational Labour Organization (ILO) concerning 
the burden of work-related diseases and injuries, it 
was reported that in 2016, over 350 thousand deaths 
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and 26 million DALYs were attributed to occupa-
tional injuries [2]. Primary prevention, including 
occupational health and safety risk assessments, can 
mitigate the burden of loss of life and health.

The healthcare sector stands as one of the larg-
est and fastest-growing occupational fields glob-
ally. The global healthcare workforce is estimated at 
65 million [3], expanding to over 200 million when 
including unpaid personal care workers, private 
sector providers, cleaners, and caterers who con-
tribute to the health and social sectors worldwide 
[4]. In 2013, the Organisation for Economic Co-
operation and Development (OECD) reported that 
the healthcare sector represented more than 10% 
of total employment [5], with similar proportions 
noted in the US and the European Union (EU), the 
two largest and most developed economies in the 
Organisation [6, 7]. Healthcare workers (HCWs) 
is an umbrella term that includes individuals en-
gaged in the study, promotion, protection, and care 
of the population. This term encompasses various 
categories, ranging from medical doctors and nurses 
to allied health professionals, central supply work-
ers, and technicians [8]. In many Western nations, 
injury rates are higher among HCWs compared to 
workers in other fields [9, 10]. Indeed, this diverse 
group of workers may encounter a wide array of 
hazards, including biological, ergonomic, physical, 
and chemical risks, as well as psychosocial hazards 
such as work-related stress and violence [7].

Biological agents, specifically, have historically 
received significant attention in risk management 
and prevention within this occupational group. Rec-
ognisable occupational biological hazards, such as 
hepatitis B virus, hepatitis C virus, human immuno-
deficiency virus, measles, mumps, rubella, varicella, 
influenza, and tuberculosis, have been addressed 
with effective preventive measures, including vac-
cinations and post-exposure prophylaxis. Occu-
pational exposure and injury incidence can indeed 
be minimised through suitable preventive actions, 
such as adhering to standard and additional precau-
tions and implementing specialised training tar-
geted at workers at risk. However, several novel viral 
pathogens with pandemic potential, particularly 
from the influenza and coronavirus families, have 
emerged in recent decades. With the emergence 

of SARS-CoV-2, the seventh human coronavirus, 
this potential has been fully realised, and since the 
onset of the COVID-19 pandemic in March 2020, 
renewed attention has been directed towards the ef-
fective and appropriate control of other infectious 
biological agents in workplaces [11, 12].

Another significant cause of injury among 
HCWs is ergonomic risk: musculoskeletal injuries 
can arise from manual patient handling or load han-
dling as well as overexertion caused by exposure to 
force, vibration, repetitive movements, and awkward 
body postures. Many professionals, including those 
involved in patient care, housekeeping, laundry, 
food services, and maintenance, are at risk of such 
injuries. Patient characteristics play a crucial role in 
risk assessment and must be considered. With an 
increasingly ageing and overweight population in 
Western countries, patient handling can lead to a 
considerable burden of injury [13].

Growing attention has focused on injuries stem-
ming from violence and aggression, which seriously 
affect HCWs’ health, both physically and psycho-
logically, as well as their work capacity. According to 
WHO estimates, between 8% and 38% of HCWs 
have experienced physical assault from patients or 
visitors at least once in their careers [14]. In con-
trast, estimates indicate that all forms of workplace 
violence exceed 60% [15].

Less frequently addressed sources of injury 
among HCWs include exposure to chemicals (e.g., 
anaesthetics, pharmaceuticals, detergents, or rea-
gents) [16, 17] or physical agents (e.g., ionising and 
non-ionising radiation) [18, 19]. Although exposure 
to these hazards can be maintained below harmful 
levels with proper risk assessment and management, 
accidental exposure can occur at sufficient concen-
trations to cause occupational injuries, such as burns 
and mucous membrane irritation.

Moreover, various individual risk factors among 
workers may pose potential risks for occupational 
injuries, including characteristics of the individual 
HCWs (e.g., age, gender, comorbidities), traits of the 
patients under their care (e.g., sociodemographic fac-
tors, type of illness), and the healthcare setting (e.g., 
organisation, workload, or shift patterns), as well as 
specific procedures (e.g., invasive treatment). The 
simultaneous presence of these hazards in specific 
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workplaces can create complex interactions that may 
result in accidents, potentially imposing significant 
clinical, economic, and humanistic burdens [20, 21].

A comprehensive identification of working con-
ditions linked to health risk exposure is vital in pre-
venting injuries and diseases. In this context, and 
according to the previously published protocol [22], 
the aims of our study are as follows: (1) to provide 
a comprehensive overview of all studies concern-
ing injuries among HCWs in highly developed 
countries; (2) to identify the most common types 
of injuries among HCWs; (3) to determine which 
types of HCWs are most susceptible to injuries;  
(4) to identify which variables impact the occur-
rence of injuries among HCWs; (5) to quantify the 
burden of injuries among HCWs in terms of as-
sociated disabilities, residual work capacity, absence 
from work, and direct/indirect costs generated;  
(6) to identify preventive measures that can ef-
fectively reduce the occurrence of injuries among 
HCWs; and (7) to disseminate review findings in 
the published literature on injuries amongst HCWs.

2. Methods

The objectives, inclusion criteria and methods for 
this scoping review were prespecified and published 
in a protocol in the BMJ Open Journal [22]. We 
followed the methodological framework for scop-
ing reviews by Arksey and O’Malley, improved by 
Levac et al. and the Joanna Briggs Institute ( JBI) 
[23-25]. The Preferred Reporting Items for Sys-
tematic Reviews and Meta-Analyses for Scoping 
Reviews (PRISMA-Scr) checklist was followed to 
ensure the comprehensiveness of the review [26].

2.1. Search Strategy and Selection Criteria

The databases searched were PubMed/MED-
LINE (NLM), Scopus, SciVerse ScienceDirect, 
Web of Science, ProQuest Research Library, via 
the UNO per TUTTO platform databases. These 
databases were searched for articles published from 
January 2000 to December 2019. An updated search 
was conducted from December 2019 to December 
2021. We scrutinised the reference lists of pub-
lished review articles to locate additional relevant 

publications not identified during the database 
searches. Publication format was limited to peer-
reviewed journal original articles, and grey literature 
was omitted. We used variants and combinations 
of search terms relating to occupational injury or 
healthcare settings. The Medical Subject Headings 
terms were obtained and combined using Boolean 
operators “AND” and “OR”. Only studies per-
formed in Western Countries, defined for the study 
as member countries of the Organisation for Eco-
nomic Co-operation and Development (OECD), 
were selected. Further details of the search strategy 
are reported in the published protocol [22].

2.2. Publication Selection

Search results were imported into Mendeley 
(vers. 1.19.4), and duplicates deleted automati-
cally. Studies were eligible if they met the following 
PECO criteria: P (population): healthcare workers 
(including medical, nursing, dental practitioners, 
trainees/residents, and allied health professionals); 
E (exposure): any injuries; C (comparator): dif-
ferent kinds of HCWs; O (outcome): prevalence/
incidence and determinants of injuries, occupational 
and economic burden (e.g., direct and indirect 
costs). Included study designs: original articles and 
prevalence/incidence studies, published in English 
or Italian, or non-English publications with English 
abstracts containing sufficient evidence for extrac-
tion. A two-stage screening process was employed: 
first, independent screening of titles and abstracts by 
two reviewers (GD and AR); second, full-text re-
view of potentially relevant papers by two additional 
reviewers (GD, AR, AM, NLB). Manual searches 
of reference lists were conducted, and any uncer-
tainty about inclusion was resolved through dis-
cussion among the four reviewers. A fifth reviewer 
(PD) was consulted when consensus wasn’t reached. 
When full texts of potentially relevant publications 
were inaccessible, two attempts were made to con-
tact authors via email for requests.

2.3. Data Extraction, Synthesis and Analysis

An ad hoc data-extraction table was developed 
a priori, reflecting the research questions and the 
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3.1. Description of Included Studies

The majority of studies were published in three 
Regions: the USA, with 99 studies (35%), the 
European Union, with 86 studies (30%) (among 
which the country with most contributions was It-
aly, with 32 studies (11%)), and Australia and New 
Zealand, with 29 studies (10%). Most studies were 
published in two time-frames, between 2006-2011 
with 94 studies (33%) and between 2016-2021 with 
110 studies (39%). Concerning study design, the 
vast majority were observational, in particular cross-
sectional (154 studies, 55%). The primary type of 
injury investigated in the articles were needlestick/
sharp injuries and accidental Blood or other bod-
ily fluids (163 studies), followed by musculoskeletal 
injuries (41 studies) and injuries due to aggression 
or violence (29 studies). The most common study 
population was “any type of healthcare worker” 
(107 studies), followed by healthcare students and 
nurses, respectively investigated in 46 and 41 studies 
(Table 1). Thorough details of study characteristics 
can be found in Supplementary Table 1. Among the 
studies that included the student and trainee popu-
lation, the majority concerned medical and nursing 
students (18 and 16 studies, respectively), closely fol-
lowed by resident physicians (15 studies). In each of 
the subsections, findings concerning students have 
been kept in a separate and following paragraph.

3.2. Injuries Due to Biological Risks

As no single preventive definition for injuries 
due to biological risk has been established, the 
following section includes all injuries caused by 
exposure to potentially infectious agents retrieved 
from the literature, including accidental mucocu-
taneous and percutaneous exposures to body fluids 
and accidents involving contaminated needlesticks 
and sharps.

The majority of injuries among healthcare per-
sonnel were caused by exposure to biohazards. One 
hundred fifteen studies specifically investigated 
needle-stick and sharp injuries, and 52 investigated 
events involving Blood and other biological flu-
ids. The different outcomes have been summarized  
as follows.

purposes/objectives of the review. The charting ta-
ble was used to extract relevant data concerning the 
key characteristics of the studies. The extraction ta-
ble was revised iteratively during the screening of 
the first 100 studies, however without requiring any 
modifications. More details on the development of 
the charting table can be found in the published 
protocol [22]. Three authors independently ex-
tracted a third of the data, and verified the other 
two thirds of the data from (AR, GD and AM). 
Any discrepancies were resolved by re-review of the 
study or discussion with the fourth reviewer (NLB). 
The data collected was stored in a Microsoft Excel 
electronic database. In addition to a narrative syn-
thesis of the data relating to the review questions, 
we provided a table showing the main characteris-
tics of the studies included in the scoping review. 
Furthermore, we calculated the frequency of studies 
investigating the following items: (1) the type(s) of 
enrolled HCWs, (2) the types of injuries and (3) the 
outcomes studied.

2.4. Quality Assessment

The scoping review was broad and exploratory, so 
a detailed methodological quality assessment was 
not required [27].

2.5. Patient and Public Involvement

No specific patient involvement was performed. 
However, preliminary findings and patient involve-
ment were publicly debated at national and interna-
tional occupational health scientific conferences and 
in consultations with Italian occupational health 
and safety institutions.

3. Results

The initial systematic search resulted in a pool 
of 112.708 potentially relevant records, of which 
81.673 remained after duplicates were removed. Af-
ter applying restrictions on language, study design, 
and year of publication, 5.135 full-text articles were 
retrieved and reviewed. Finally, 282 studies satisfied 
the inclusion criteria and were included in the pre-
sent review (Figure 1).
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staff in the UK [36], 2.2 per 100 FTE physicians in 
France [37], 30 exposures every 1000 radiographers 
and 33 among theatre sterile supply staff in Britain 
[38], 3.66 events per 100 persons-years in HCWs 
in a teaching hospital in Ireland [39], 4.07/100 
person-years for predoctoral dental students in the 
US [35]. Furthermore, senior house officers in the 
UK showed an incidence of 45/1000 employees 
per year [38], 5.1 per 100 FTE among nurses, and  
1.0 per 100 FTE among aides in the US [34], while in a 
teaching hospital in South Korean a rate of 5.6 cases 
per 100 FTE-years was demonstrated [33]. Among 
French nurses, a rate of 7.0 per 100 was shown [37], 
with similar rates of 8.79 NSI per 100 FTE among 
nurses and 10.27 NSI per 100 FTE among medi-
cal staff in Australia [40], and 12.6 per 100 FTE 
among registered nurses in the US [41]. A study in  

3.2.1. Incidence Rate

NSI incidence rate of injury was measured with 
differing indicators and varied widely based on pro-
fessional role and seniority between studies, rang-
ing, in increasing order of events, from 0.6 per 1,000 
procedures among home healthcare workers in the 
United States and Canada [30], 13 injuries per 100 
beds in hospital HCWs in Italy [31], and a similar 
rate of 11.8 per 100 beds in Spain [32]. In contrast, 
in South Korea, a rate of 20.3 per 100 bed-years 
among healthcare personnel working in a teaching 
hospital was found [33] and 1.0 per 100 FTE in 
care aides in the US [34]. In a US dental teaching 
hospital, a rate of injury of 1.97/100 person-years 
was found for faculty and staff [35], and 2.73 oc-
cupational NSIs per 100 clinical general practice 

Figure 1. Study selection [28].
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the UK showed higher rates for phlebotomists of 
154/1000 employees and pre-registration house of-
ficers (164/1000) [38], increasing up to 31.6 NSIs 
per 100 FTEs among US operating room staff 
members [42], 42 events per 100 person-years 
for correctional HCWs with clinical job duties in 
the US [43], and 62.6 injuries/100 paramedics in 
Poland [44].

3.2.2. Period Prevalence

Results varied across different healthcare set-
tings regarding the annual prevalence of injured 
personnel without professional characterisation. 
The prevalence ranged from 9% among HCWs in 
New Zealand [45], 21% in various health centres in 
Poland [46], and 27.8% in another study conducted 
in the same country [47], to 30% in community 
hospitals in the USA [48], and 32% in a larger study 
involving over 250 Polish hospitals [49]. It reached 
38% in a district general hospital in the UK [50] 
and 41.7% in a teaching hospital in the same coun-
try [51]

In studies assessing the yearly prevalence among 
specific professional categories, the prevalence 
ranged from as low as 3.1% among home care aides 
in the US [52], 13.8% among medical doctors in 

Table 1. Summary of included studies characteristics.

Characteristic
Number (%)  

of Studies
Year of publication

2000-2003 30 (10.6)
2004-2007 54 (19.1)
2008-2011 60 (21.3)
2012-2015 28 (9.9)
2016-2019 79 (28.0)
2020-2021 31 (11.0)
Country of origin

United Stated of America 99 (34.4)
European Union 86 (29.9)
Australia-New Zealand 29 (10.1)
United Kingdom 22 (7.6)
Canada 18 (6.3)
Turkey 15 (5.2)
Japan 8 (2.8)
South Korea 4 (1.4)
Switzerland 2 (0.7)
Israel 2 (0.7)
Chile 1 (0.3)
Mexico 1 (0.3)
Norway 1 (0.3)
Study design

Cross-sectional (questionnaire 
based)

154 (54.0)

Longitudinal (surveillance  
and  database based)

122 (42.8)

Case-control study 5 (1.8)
Interventional study 4 (1.4)
Type of HCW

Any type of HCW 110 (39.0)
Nurses and care aides 53 (18.8)
Medical students, interns  
and residents

26 (9.2)

EMS personnel and paramedics 23 (8.2)
Medical doctors, surgical 
specialists

21 (7.4)

Nursing students 16 (5.7)
Allied health professionals 13 (4.6)

Characteristic
Number (%)  

of Studies
Medical doctors, medical 
specialists

12 (4.3)

Other healthcare students 8 (2.8)
Primary type of injury or 
accident
Biological injury 167 (59.2)
Musculoskeletal injury 42 (14.9)
Injury due to violence 39 (13.8)
Any type of injury 32 (11.3)
Chemical injury 2 (0.7)
Sample size

Questionnaire based Range 31 – 34,318
Surveillance and database Range 126 – 883,500
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(patient positive for HBV, HCV or HIV) [77], with 
similar results in another large academic hospital 
where 56% had been exposed to a sharp injury at 
some point in their careers (100% faculty members, 
83% residents/fellows, 28% of medical students) 
[78], and a prevalence of 55% in another study (of 
which 89% of attendings, 72% of residents, 68% of 
surgical technicians/or nurses and 2% of medical 
students) [79]. Indeed, 84.6% of orthopedic sur-
geons at four US institutions reported this type of 
injury [80], while among acute care nurses in US 
hospitals, it reached 78.3% [81]. In Germany, dental 
care workers reported a prevalence of 54.3% [82]. 
Among healthcare workers in Poland, a lifetime 
prevalence of 55% among physicians and 81.1% 
among nurses was reported [83], while in a study 
performed in Ireland, 58% of doctors reported past 
NSI [84]. Among hospital workers in Israel, 53% 
reported at least one NSI in the previous 5 years 
in one study [85], and in another, a prevalence of 
65.9% was reported [86]. Two studies on hospital 
workers in the UK reported a 53% lifetime preva-
lence in one [87] and 57% in the other [50].

In studies that focused on healthcare students and 
trainees, a lifetime prevalence of 22.6% was reported 
during training activities among healthcare students 
in the US [88], while 30% of medical students in 
the same country reported needlestick injuries, most 
commonly occurring in the operating room [75]. 
In a study performed among surgical residents at 
17 medical centers in the US, 83% reported NSIs 
during surgical training, while 59% during medical 
school [89], while among otolaryngology residents 
it reached 68% [90], and up to 76% among orthope-
dic residents [91].

3.2.4. Effect of Available Interventions

Studies have demonstrated significant reductions 
in incidence rates following the implementation of 
safety devices, interventions, and policies. For exam-
ple, a US study showed that targeted interventions 
decreased injury rates among students from 7.9% 
(2000-2001) to 2.6% (2001-2002) and among nurs-
ing staff from 9.2% (1997-1998) to 2.7% (2001-
2002) [92]. Another US study in a tertiary care 

Australia [53], and 14% in dentists working in pri-
mary dental care in Scotland [54]. Among this lat-
ter category, a study performed in the UK showed a 
prevalence of injury equal to 20.8% [55], 27.7% in an 
Australian study [56], and 40% in Italy [57]. Among 
emergency medical service (EMS) personnel, a 
prevalence of 18.2% was reported in the US [58].  
At the same time, higher values were seen among 
other surgical specialists and sub-specialists, up to 
28% among oral and maxillofacial surgeons in the 
UK [59], reaching values of 55% among operating 
room (OR) staff members in a US hospital [42] 
and 73.2% among surgeons in a UK hospital [60]. 
Among nurses, ranges varied widely from 42% in 
Japan [61], and 48.1% in Turkey [62], while 70.4% 
of registered nurses from 60 hospitals in South 
Korea reported this type of injury [63].

Similarly, wide variations were seen among 
healthcare students, with an annual prevalence 
among nursing students ranging from around 7% 
in the US [64], 10.5% in Belgium [65], 13.9% in 
Australia [66], 18% in Italy [67], reaching higher val-
ues of 35.5% among nursing and midwifery students 
in Turkey [68] and 49% among nursing students in a 
teaching hospital in Turkey [69]. Concerning medi-
cal students and residents, the proportion of injured 
subjects varied from 14.6% among medical students 
in a UK medical faculty [70], 14.8% in Italy [71], 
16.6% in Australia [72], 23% among medical stu-
dents in Germany, ranging from 12% (first-year 
students) to 41% (fourth-year students) [73], in a 
Canadian community teaching hospital, 25% of 
medical trainees reported an injury [74], with values 
up to 30% in the US [75] and among medical resi-
dents in Japan equal to 34% [76].

3.2.3. Lifetilme Prevalence

Concerning the prevalence of injury during the 
whole career, a study performed in the US found 
among home care nurses and aides a proportion of 
injury of 35.0% and 6.4%, respectively [34]. In the 
same country, 38.7% of surgical team HCWs in a 
teaching hospital reported at least one NSI (100% of 
fellows, 73.7% of residents, 51.3% of nurses, 21.7% 
of medical students), of which 11% were high-risk 
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$14.00 per healthcare worker at risk or $2.00 per 
occupied bed-day per year [40].

3.2.6. Determinants and Risk Factors

The main determinants of NSI and risk factors 
were found to be profession (nursing [34, 48, 86, 95, 
96, 103-110], physicians [108, 111-114], residents 
[76, 77, 89, 115-118] and particularly surgical resi-
dents [71, 74, 79, 90, 119, 120], but also trainees and 
students [121-124], especially nursing students [71], 
critical care paramedics [44, 58]), work factors such 
as time of day (diurnal [104, 109, 115, 117, 122, 125, 
126], but also night shift workers [127]), time con-
straints and workload [50, 102, 128-131], and most 
importantly, lack of work experience and inadequate 
training or information about personal protective 
equipment use and other preventive and protective 
measures [30, 35, 40, 50, 63, 67, 69, 106, 110, 114, 
124, 131-137], use of needles [51, 104, 109, 116, 
138, 139] of solid-bore [78, 89, 98, 117, 135, 140], 
or hollow-bore type [44, 62, 64, 68, 69, 141], and 
specific procedures (surgical [74, 75, 82, 89, 98, 103, 
104, 113, 115, 117, 118, 126, 132, 142-145], blood 
withdrawal [143], inserting intravenous (IV) lines 
[139]). Few studies found an association with age, 
particularly correctional HCWs older than 45 (with 
an aOR of 2.41) [43] and emergency medical ser-
vices personnel over 60 years old [58]. Furthermore, 
hospital size was also considered a determinant of 
injury [146-148].

3.3. Injuries Due to Musculoskeletal Risk

As no single preventive definition for injuries 
affecting the musculoskeletal system had been de-
fined, all injuries that resulted in trauma or lesions 
to this system, including biomechanical overload, 
prolonged fixed postures and slips, trips or falls, have 
been included in the following section.

Exposure to musculoskeletal risk caused the sec-
ond most common type of injury among healthcare 
personnel. Forty-two studies investigated this kind 
of injury, of which 33 focused on biomechanical 
overexertion, and nine studies concerned slips, trips, 
and fall injuries. The different outcomes have been 
narratively summarized as follows, starting each 

hospital found that introducing safety-engineered 
devices reduced percutaneous injury rates from 34.08 
to 14.25 per 1,000 FTE post-intervention [93].  
In France, a study across over 30 hospitals showed 
NSI rates of 2.9 per 100,000 SEDs and 11.1 per 
100,000 non-SEDs [94]. Contrarily, a UK den-
tal school study revealed that the introduction of 
safety devices dropped injury rates from 11.8 to  
0 per 1,000,000 hours worked, and from 20.5 to 0 
per 1,000 employees [95]. Conversely, a Dutch study 
reported no significant injury rate reduction despite 
introducing SEDs, changing incidence from 1.9 to 
2.2 per 100 HCWs [96]. In an Australian tertiary 
care hospital, safety education and SED implemen-
tation led to a 49% decrease in all hollow-bore NSI 
events [40]. Legislative efforts like the Needlestick 
Safety and Prevention Act (NSPA) in the USA 
reduced injury rates from 4.00 per 100 FTE to  
2.48 per 100 FTE [97]. Additionally, a study found 
declines in non-surgical settings from 24.1 to 16.5 
per 100 occupied beds, while surgical settings re-
mained stable [98]. In Italy, a safety-engineered 
intravenous catheter system reduced injury rates 
from 24.1 to 0.4 per 100,000 [99]. Lastly, a quasi-
experimental trial in Spain showed that introducing 
SEDs with appropriate training decreased injury 
rates in hospital wards and emergency departments 
from 44.0 to 5.2, and from 18.5 to 0.0 per 100,000 
patient days, respectively [100].

3.2.5. Attributed Costs

Direct and indirect costs related to this type of in-
jury in four US healthcare facilities varied by infec-
tion status of source patients: HIV-infected patients 
had the highest mean cost at $2,456, followed by 
hepatitis C-infected patients at $650, and unknown 
or negative infection status patients at $376 [101]. 
Another US study indicated that the introduction 
of NSPA legislation saved an estimated $69-$415 
million annually [97]. An Italian study found cost 
savings from reduced NSIs at €4,250 per 100 FTE, 
with the average cost of post-exposure interven-
tions per exposed worker at €850 per injury [102]. 
In an 800-bed teaching hospital in Australia, imple-
menting SEDs (devices with retractable syringes) is 
estimated to cost $46,000 annually, amounting to 
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back followed by shoulder [162]. Higher prevalence 
values were found among US radiation therapists, of 
which 76% reported a musculoskeletal injury, mainly 
to the lower back, neck and shoulders [163]. In 
comparison, prosthetists and orthotics in Australia 
reported a prevalence of 80%, primarily affecting the 
neck, back, and shoulder [164]. Among physiother-
apists in Poland, a prevalence of 78.1% was reported, 
particularly with upper limb symptoms affecting 
the shoulder, neck, and thumbs [165], and similarly, 
physiotherapists in Greece reported a prevalence of 
89% [166].

Concerning specific tasks and activities, health-
care professionals performing endoscopies reported 
high prevalence of musculoskeletal injuries: 75% of 
gastroenterologists performing endoscopies in the 
US [167], 79.6 % of GI specialists in the EU and 
UK performing colonoscopies reported injuries, 
mainly to lower back, neck and left thumb [168], 
while among those performing endoscopic retro-
grade cholangiopancreatography (ERCP) in the US 
a prevalence of 48% was reported, with the most 
prevalent injuries being De Quervain’s tenosynovitis 
and cervical radiculopathy [169]. Moreover, surgi-
cal specialists showed a high proportion of injured 
workers: 69.4% of surgical specialists in the US re-
ported significant discomfort while operating, with 
the most common affected area in both the lum-
bar and cervical regions [170], 78.3% among plastic 
surgeons in US, Canada and Norway [171], 63.9% 
among otolaryngologists in the US, particularly 
affecting neck and shoulders [172], while 73.6% 
among neurosurgeons in the Netherlands, particu-
larly affecting neck, back and shoulder areas [173]. 
Moreover, among Canadian ophthalmologists, 
54.6% experienced musculoskeletal pain [174], and 
among US orthopedic surgeons, 59.3% reported 
neck pain, with 22.8% showing signs of cervical ra-
diculopathy [175]. In a study performed among UK-
based podiatrists during the COVID-19 pandemic, 
66% reported musculoskeletal pain, mainly affecting 
shoulders and neck, with increased frequency and 
intensity due to changes in work practices enforced 
during the pandemic [176].

Regarding the annual reporting of musculoskel-
etal problems in the student population, one study 
was included, showing a prevalence of 34.5% among 

paragraph with the findings concerning muscu-
loskeletal injury due to overload, and ending with 
those concerning slips, trips, and falls.

3.3.1. Incidence Rate

The incidence rate of musculoskeletal injury due 
to overload was measured with differing indicators 
and varied widely between studies, ranging from 
5.3, 5.5, 7.4 per 100 person-years among part-time, 
casual, and full-time Canadian registered nurses, re-
spectively [149], 8.8/100 full-time hospital workers 
and 13.5/100 long-term care workers in the same 
country [150], 16.5 injuries per 100 FTEs among 
occupational therapists and 16.9 injuries per 100 
FTEs among physical therapists in the US [151].

Concerning injuries due to slips, trips, and falls, 
rates were 0.76-1.66 claims per 100 FTE in US 
hospitals [152], 1.35/100 worker-years among en-
doscopy personnel in a US academic hospital [153], 
with overall 39.1-40.6 events per 10,000 health-
care workers in the same country [154]. Studies in 
Canada showed similar findings, with 0.5-0.7 fall-
ing events per 100,000 productive hours [155], and 
a fall injury rate of 0.9-1.5 claims per 100 FTEs 
[156].

3.3.2. Period and Lifetime Prevalence

Concerning the prevalence of injured personnel, 
results varied between different healthcare settings 
and professions, ranging from 10.2% of health-
care workers in Denmark who reported at least one 
back injury incurring during patient transfer [157], 
20% of US gastrointestinal diseases specialists re-
ported experiencing an injury during the fellowship, 
mostly involving the hands and fingers [158], 36.2% 
of nurses and care aides in a US hospital, who re-
ported at least one patient-handling injury in the 
past 6 months [159], 56% among registered nurses, 
behavioral health specialists, and patient care as-
sistants in a pediatric hospital in the same country 
[160], among chiropractors in Canada a prevalence 
of 59.1%, mainly affecting lower back, wrists/hands 
and neck [161], while among obstetricians and gy-
necologists in Australia and New Zealand, 55.5% 
reported at least one injury, most commonly to the 



Dini et al10

healthcare personnel, assessed in 39 studies. The dif-
ferent outcomes have been narratively summarized 
as follows.

3.4.1. Incidence Rate

Violent injuries were measured with differing 
indicators and varied widely between studies. In a 
study performed in the US, EMS workers reported 
incidence rates of 0.6 per 100 FTE [185]. In a na-
tionwide survey in the same country on violent in-
juries from 2012 to 2015, an overall incidence rate 
of 6.38 events per 1000 FTE was recorded, with the 
highest incidence found amongst nursing assistants 
at 14.89 and nurses at 8.05 per 1000 FTE, while 
the lowest being pharmacists at 0.17 and physicians 
at 0.48 per 1000 FTE [186]. In a study on nurs-
ing staff in acute care in the US, an overall assault 
rate of 1.65 per 100 FTEs was recorded [187]. In 
an international survey of EMS workers, a rate of 
violent incidents of 229.3 per 100 FTE workers per 
year was found [188]. In the emergency department 
of a university hospital in Switzerland, a total of 
84 cases of workplace violence were reported from 
January 2013 to December 2016, with varying rates 
from 2013 equal to 4.5 cases per 10,000 patients, 
2014 equal to 6.3 cases, in 2015 equal to 4.9 cases, 
and in 2016 equal to 4.3 cases per 10,000 patients. 
In this study, most acts of violence were verbal 
(92.8%), while 56.6% were physical, and over half 
(51.8%) occurred during night shifts. The aggres-
sors were most frequently intoxicated with alcohol 
or suffered from mental disorders [189]. In an Ital-
ian hospital, from 2012 to 2015, 36 injuries on 539 
acts of aggression were recorded (proportion=7.2%), 
with a rate of 18.6/10.000 workers. In 300 events, 
the violent act was verbal, while it was physical in  
142 events [190].

3.4.2. Period and Lifetime Prevalence

Regarding findings on prevalence, values ranged 
from 3.6% reporting physical violence among US 
nurses over the past year [191]. Home care aides 
in the US reported 6.6% for physical violence and 
18.8% for verbal violence [192]. In Italy, a study 
showed 9.2% of healthcare workers reported 

medical students in laboratory settings, mostly refer-
ring to the lower back, neck, and upper back [177].

Finally, regarding slips, trips, and falls, only one 
study in the US showed a prevalence of 18% among 
home healthcare workers [178].

3.3.3. Effect of Available Interventions

Only one study assessed the impact of interventions 
and policies in the reduction of MSI incidence rates: in 
a study performed in three long-term care facilities in 
Vancouver, Canada, the implementation of overhead 
ceiling lifts contributed to reducing musculoskeletal 
injury by 56% (RR=0.44; preintervention 0.16 MSI/
bed; postintervention 0.09 MSI/bed) [179].

3.3.4. Determinants and Risk Factors

The main determinants of MSI and risk factors 
were found to be the professional role (nurses, nursing 
aides, surgeons, endoscopists [150, 159, 168, 171], spe-
cific task or procedure (endoscopy [158], laparoscopic 
surgery [162], microsurgery [171], loupe magnifica-
tion surgery [180], microdiscectomy and laminectomy 
[173], slit lamp examinations [174], arthroscopic sur-
gery [175]), type of ward (orthopedic ward), working 
full-time, type of HCW (assistant nurse), transferring/
moving patients [157, 179, 181], age (being younger 
than 40 years old [181, 182], being older [173, 175]), 
gender (female [158, 163, 164, 168, 182], male 
[175, 183]), and importantly protracted fixed body 
posture [150, 161, 170, 171, 172, 174, 177]. Several 
other work factors were found to be determinants 
of injury, such as job dissatisfaction [159], time con-
straints and workload [162-164, 171, 184], and lack of 
adequate training [184].

Regarding injuries due to slips, trips, and falls, the 
occupational categories most affected were food ser-
vices, transport/emergency medical service, house-
keeping staff [152], and nurses and aides during 
home care activities [155, 156, 178]. Predictors were 
females and older people [154-156].

3.4. Injuries Due to Violence and Aggression

Aggression and violent acts resulted as the 
third most common form of injury studied among 
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medical categories, violence on general practitioners 
(GP) was assessed by several studies, with propor-
tions of verbal violence in the UK of 54%, more fre-
quently acted towards women. In comparison, 6% 
reported physical violence, which is more prevalent 
among men [208]. In a study on Australian GPs, 
mainly concentrated in metropolitan areas, an an-
nual prevalence of 57% of at least one form of vio-
lence and aggression was reported, with the majority 
being verbal abuse (44%). In comparison, sexual 
harassment was experienced by 8%, and physical 
abuse by 3%. Only sexual abuse showed an associa-
tion with female gender [209]. Another Australian 
survey performed on workers in general practice 
showed that 59.3% of GPs and 74.6% of non-GPs 
experienced violent episodes during the previous  
12 months [210]. Among rural general practitioners 
in Australia, 73% reported having been abused in 
some way during their careers, a 12-month preva-
lence of 45.5% for verbal violence and 3.2% for phys-
ical violence. Sexual harassment during the career 
was three times more common among female rural 
GPs (45.1%) compared to male colleagues (14.6%) 
[211]. Among physicians in an Italian study, 66.5% 
reported at least one episode of aggression during 
their career, of which 74.2% of verbal aggression and 
16.5% of physical violence [212]. In comparison, a 
career prevalence of 83.3% in a Turkish sample was 
recorded (34.7% in the previous 12 months), 77.2% 
verbal and 11.7% physical [213]. Furthermore, one 
study on US anaesthesiologists showed that 20.1% 
of workers reported physical violence, with 69.0% 
reporting nonphysical abuse during their careers 
[214].

Studies show a significant occurrence of violence 
against healthcare students. In a study of Australian 
nursing students, violence-related injuries ranked 
fourth among reported injuries, making up 9.2%, 
mostly during placements by patients or relatives 
[215]. In Spain, 16.1% of nursing students reported 
similar incidents [216]. An assessment of para-
medic and midwifery students in Australia revealed 
that 32% experienced some form of violence, pre-
dominantly verbal abuse (17.6%), with midwifery 
students facing more violent acts than paramedic 
students. Only one instance of physical violence was 
noted among paramedic students [217]. Another 

physical aggression, while 19.6% reported verbal 
aggression [193]. In a US university hospital, 34.4% 
of healthcare workers faced any incident of abuse, 
including 13.5% physical violence [194].

Higher prevalence values were observed among 
nurses: 32.1% among Turkish nurses over their ca-
reers [195], 59% reported exposure to verbal abuse 
in US home health care, and 3.3% experienced 
physical assault [196]. A German study noted that 
79.5% of nurses and aides reported violence in the 
previous year, with 94.1% being verbal abuse and 
69.8% physical violence [197]. Incidents were more 
frequent in general wards than in psychiatric wards, 
linked to the lack of de-escalation training among 
general ward staff. The highest incidence of sexual 
harassment was found in senior care at 18.1% [197]. 
Newly licensed US nurses reported verbal violence 
(70%); physical violence was noted by 25% in their 
early licensure years [198]. In Italy, 76.0% of emer-
gency nurses faced verbal violence, and 15.5% expe-
rienced both types of violence [199]. A study among 
correctional nurses found 96.5% experienced at least 
one episode of violence, often from problematic in-
mates [200].

In EMS studies, 4.5% reported violent acts dur-
ing US pre-hospital care in one month, with 20.7% 
being verbal and 48.8% physical [201]. Another US 
study noted 7.0%, with over half involving physical 
violence [185]. In another analysis, 22.6% reported 
physical assaults in the past year, affecting 12.9% of 
incidents [202]. A French study found a lifetime 
prevalence of 23% for workplace violence among 
workers [203]. An international survey revealed 65% 
of EMS workers experienced physical attacks, with 
36.5% injured last year [188]. A US survey found 
68% of EMS personnel were assaulted by a patient at 
least once [204]. Moreover, 69.0% reported at least 
one form of violence, primarily verbal (67.0%), while 
43.6% faced physical violence [205]. In Australia, 
87.5% of paramedics experienced workplace vio-
lence, with verbal abuse at 82%, physical abuse at 
38%, and sexual harassment at 17%, notably among 
females [206]. A Turkish study noted 94.9% of 
EMTs and paramedics reported verbal abuse, while 
39.8% experienced physical violence in two years, 
with female workers facing more verbal and male 
workers facing more physical violence [207]. Among  
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15 injured ED personnel sustained 29 injuries; the 
most commonly reported were respiratory irritation 
and eye irritation. None of the 15 wounded ED per-
sonnel was wearing any form of personal protective 
equipment (PPE) at the time of injury.

4. Discussion

This article is the first to systematically collect 
and synthesize current evidence on injuries among 
healthcare workers in Western countries, where oc-
cupational hazards are evolving. Research on this 
topic has significantly increased since 2010, mainly 
addressing injuries from accidental exposure to 
biological agents, partly due to emerging microor-
ganisms, as seen during the COVID-19 pandemic. 
Long-existing pathogens like m. tuberculosis and 
hepatitis B still cause recurrent epidemics, as rapid 
global movement allows pathogens to spread quickly 
[225-227]. Moreover, these agents can evolve, 
necessitating constant monitoring of occupationally 
acquired infections and improved infection control 
measures.

Our review revealed that most studies focus on 
needle sticks and sharp injuries, largely concerning 
bloodborne pathogens. Although these injuries persist 
worldwide—with estimated occupational attributable 
fractions for HCV, HBV, and HIV infections among 
healthcare workers at 39%, 37%, and 4.4% [228], 
respectively—many effective prevention measures, 
such as antivirals, vaccinations, and safety-engineered 
instruments, have reduced these injuries [229-232]. 
However, there remains a knowledge gap regarding 
the epidemiology of accidental exposure to other path-
ways, especially airborne pathogens.

The incidence of percutaneous injuries varies by 
job category, with nurses exhibiting higher rates 
than physicians, mainly from hollow-bore needles. 
Most incidents involve surgical staff, linked to solid-
bore needles and scalpels. Studies show a lifetime 
prevalence of needlestick injuries (NSIs) ranging 
from 10% to over 80%, generally lower for health-
care students and nurses than for surgical personnel 
and OR specialists. Most studies report a lifetime 
prevalence of 20-60%, indicating significant risks 
remain. Key risk factors include professional 
role, training status, use of needlestick and sharp 

study found that 32.6% of paramedic students had 
been exposed to violence during ambulance place-
ments, with 21.2% experiencing verbal abuse and 
one case each of sexual harassment (0.08%) and 
physical abuse (0.08%) [218].

3.4.3. Determinants and Risk Factors

Key risk factors for violent injuries include pro-
fessional role (nurses [78, 193, 212, 219], paramedics 
[205], midwifery students [217]), care setting (psy-
chiatric, emergency, geriatric, rural [187, 190, 193, 
194, 197, 210]), patient type (psychiatric, intoxi-
cated [193, 201, 208, 211, 219, 220]), gender (males 
linked to physical abuse, females to verbal or sexual 
abuse) [187, 188, 190, 194, 197, 206, 208, 212, 217, 
221, 222], young age [187, 199, 209], social depriva-
tion (e.g., police presence, poverty) [201, 208, 220], 
direct patient contact hours [209, 212, 221], time 
of day [188], insufficient training and inexperience 
[194, 199, 209], and organizational factors (e.g., 
long waiting times, overcrowding, lack of care).

3.5. Injuries Due to Chemical Risk

Accidental exposure to chemical risk was assessed 
in two studies, one performed among cleaners in 
the healthcare setting in British Columbia, Canada 
[223], and the other among emergency medical 
services workers in the US [224]. In the first study, 
among an overall annual incidence of 145 reported 
injuries identified among cleaners, 10% caused al-
lergies or irritations, of which 43% were caused by 
exposure to chemicals. The accidental exposure was 
caused during garbage handling or inhaling chemi-
cals and bleach during cleaning. The most common 
cleaning solutions mentioned in injury incidents 
contained chlorine, hydrogen peroxide, n-alkyl 
dimethyl benzyl ammonium chloride, and didecyl 
dimethyl ammonium chloride.

The second study, which evaluated injuries among 
EMS personnel, found that from 1995 to 2001, six 
events involved injuries to this working category. 
Exposures ranged from the nonlife-threatening 
tearing agent o-chlorobenzylidene malononi-
trile (pepper spray) to extremely lethal substances, 
such as hydrofluoric acid and chlorine gas. Overall,  



Occupational Injuries in Healthcare Workers 13

factors such as long waiting times and department 
overcrowding also increased this risk.

Few studies assessed accidental exposure to 
chemicals, showing potential injury risks for health-
care workers using cleaning agents and sterilis-
ers and exposures in emergency medical response 
teams. While some exposures could be prevented 
with proper risk assessment, others are unpredicta-
ble, often occurring when responders lack sufficient 
training. Occupational health professionals can help 
train responders in hazard recognition and rapid 
assessment at contamination scenes. However, the 
limited studies indicate a need for further research 
on chemical or physical exposure injuries.

Throughout this review, we noted a high under-
reporting rate of various injuries. Few injuries were 
reported according to recommended procedures due 
to a workplace culture that diminishes risk perception. 
Senior staff often view such events as routine, under-
estimating health risks and only reporting severe cases, 
while junior staff may fear repercussions. Specific cat-
egories, like home care workers, may also underreport 
injuries due to less controlled occupational settings.

Injuries affect healthcare workers and students 
differently, with students being less studied. When 
considered together, professionals showed a higher 
injury prevalence due to their more demanding 
roles. Enhancing training and risk awareness for stu-
dents could help reduce occupational injuries [234].  
Active surveillance and periodic intervention re-
views are crucial, especially in high-turnover set-
tings like university hospitals. Lastly, violence and 
aggression increased the likelihood of other inju-
ries, such as needlestick injuries (NSIs), indicating 
a complex interaction between these risks that must 
be considered in risk assessments.

A rigorous methodological approach in the liter-
ature search and review bolsters the present study’s 
results. However, it faced limitations, notably a lack 
of a unified international definition of injury. This 
heterogeneity is particularly evident with inju-
ries from biological agents, such as SARS-CoV-2, 
among healthcare workers. Despite extensive lit-
erature, few countries, including China and Italy, 
classify this as an accident or injury, while most 
designate it as an occupational disease. For instance, 
Italian legislation includes infectious diseases as 

instruments, procedure type (like IV insertion and 
surgery), as well as work conditions such as shifts, 
time constraints, excessive workloads, lack of experi-
ence, and training inadequacies. HCWs frequently 
injure themselves recapping needles or during scal-
pel handling. These practices are known risks but 
are preventable with proper training. The high inci-
dence of these injuries in developed nations under-
scores the need for occupational health services to 
implement targeted training to reduce such injuries. 
Preventing occupational exposure to blood is crucial 
for minimising costs.

Regarding musculoskeletal injuries (MSIs), en-
doscopists and surgeons are among the most affected 
due to manual instruments and poor body position-
ing. At the same time, nurses and physiotherapists 
are impacted by patient handling, particularly in the 
back, neck, and shoulder areas. Most studies indi-
cate over 50% of workers have experienced work-
related musculoskeletal injuries. Key risk factors 
include professional roles, specific procedures (like 
laparoscopic and arthroscopic surgery), and exces-
sive workloads coupled with inadequate training, 
which can lead to improper lifting techniques and 
muscle strain. Occupational health professionals 
should monitor workers’ techniques to mitigate 
risks associated with patient handling. Additionally, 
job dissatisfaction is linked to MSIs, supporting the 
correlation between psychosocial factors and mus-
culoskeletal disorders [233].

Variability among studies was notable for inju-
ries caused by work-related violence, the third most 
common injury type, with prevalence ranging from 
less than 5% to over 95%. Different ranges were 
found for physical and verbal violence. This type of 
injury primarily depends on organisational factors 
and specific patient populations, with the highest 
prevalence reported among correctional health-
care workers (HCWs), emergency medical service 
(EMS) personnel, paramedics, and HCWs in emer-
gency departments, psychiatric wards, and geriatric 
wards. Assisting patients with mental health issues 
or substance intoxication increased the risk of vio-
lent behaviour, as did prolonged direct patient con-
tact, working in socially deprived areas, and lack 
of training. Workers trained in de-escalation tech-
niques had a reduced risk of violence. Organisational 



Dini et al14

Funding: This research was co-funded by the “Istituto Na-
zionale per l’Assicurazione contro gli Infortuni sul Lavoro 
(INAIL, National Institute for Insurance Against Accidents 
at Work)” and the Department of Health Sciences, Occupa-
tional Medicine - University of Genoa, Italy.

Conflict of Interest: None to declare.

Author Contributions: G.D. did the conceptualiza-
tion, methodology, software, formal analysis, data curation, 
original draft preparation, review and editing. A.Rah. did 
the conceptualization, methodology, software, formal analy-
sis, data curation, original draft preparation, review and 
editing. A.Mo. did the software, formal analysis, data cura-
tion, original draft preparation, review and editing. B.K.V. 
did the review and editing. N.L.B. did the review. S.Z. did 
the data curation. A.Ma. did the data curation. C.B. did the 
review and editing. R.L. did the review and editing. M.M. 
did the supervision and project administration. A.Raz. 
did the supervision. P.D. did the supervision and project 
administration.

Declaration on the use of AI: none.

References

1.	 International Labour Organization (ILO). Quick guide 
on sources and uses of statistics on occupational safety and 
health. 2020. Geneva, Switzerland. Available at: https://
www.ilo.org/wcmsp5/groups/public/---dgreports/---​
stat/documents/publication/wcms_759401.pdf.  
Accessed June 25, 2024.

2.	 WHO/ILO joint estimates of the work-related bur-
den of disease and injury, 2000-2016: global monitor-
ing report: Geneva: World Health Organization and 
the International Labour Organization, 2021. Available 
at: https://apps.who.int/iris/rest/bitstreams/1370920​ 
/retrieve. Accessed June 25, 2024.

3.	 World Health Organization (WHO). Global Strat-
egy on Human Resources for Health: Workforce 2030: 
Reporting at Seventy-fifth World Health Assembly. 
2022. Available at: https://www.who.int/news/item/02 
-06-2022-global-strategy-on-human-resources-for 
-health--workforce-2030. Accessed June 25, 2024.

4.	 World Health Organization (WHO). Working for health 
and growth: investing in the health workforce. Report of 
the High-Level Commission on Health Employment and 
Economic Growth. 2016. Available at: https://apps.who.int 
/iris/bitstream/handle/10665/250047/9789241511308 
-eng.pdf. Accessed June 25, 2024.

5.	 OECD (2016), Health Workforce Policies in OECD 
Countries: Right Jobs, Right Skills, Right Places, 
OECD Health Policy Studies, OECD Publishing, 
Paris, https://doi.org/10.1787/9789264239517-en.

work-related injuries due to the virulent cause being 
equated with violent causes, which defines work-
related injuries [235-236]. Consequently, studies 
that did not encompass this specific concept could 
not be retrieved, limiting discussions on biological 
hazards to needlestick injuries (NSIs).

Additionally, musculoskeletal injuries were defined 
variably, with some studies referring to symptoms 
like pain and discomfort, while others addressed ac-
cidents or injuries, often using terms interchangeably 
with musculoskeletal diseases. Despite a substantial 
number of studies, results predominantly stem from 
a few developed countries, with limited focus on spe-
cific topics (e.g., NSIs, MSI) and quality of evidence 
(mostly observational based on reporting databases 
and questionnaires). Among 38 OECD countries, 
only a few, notably the USA, Australia, and Italy, 
produced over half of all published research, indicat-
ing limited knowledge in other regions.

Another limitation was the time filter applied, 
which included studies up to December 2021, po-
tentially omitting newer evidence, particularly on 
occupational infections and injuries due to aggres-
sion against healthcare workers, which may have 
risen during pandemic waves [237].

In conclusion, the scoping review illustrates that 
while numerous studies have investigated injury ep-
idemiology in healthcare settings, many injuries re-
main preventable through effective safety measures. 
Employers are responsible for ensuring a safe work-
place, but occupational health professionals must 
also engage in risk assessment and management, 
providing training and information to workers. In-
formed workers can actively participate in fostering 
a safer work environment, creating a positive cycle. 
This study aims to equip safety and health profes-
sionals with current evidence to enhance existing 
protocols. Lastly, there is a need for high-quality 
studies in under-researched areas to analyse this 
evolving issue thoroughly and to advance risk man-
agement towards injury-free workplaces.

Ethics Approval and Consent to Participate: Not 
applicable.

Data and Materials: supporting this study’s findings are 
available upon request from the corresponding author.



Occupational Injuries in Healthcare Workers 15

17.	 Centers for Disease Control and Prevention (CDC). 
The National Institute for Occupational Safety and 
Health (NIOSH). Chemical Hazards for Health-
care Workers. Available at: https://www.cdc.gov/niosh 
/healthcare/risk-factors/chemical-hazards.html?CDC 
_AAref_Val=https://www.cdc.gov/niosh/topics 
/healthcare/chemical.html. Accessed June 25, 2024.

18.	 Smalley PJ. Laser safety: Risks, hazards, and control 
measures. Laser Ther. 2011;20(2):95-106. Doi: 10.5978 
/islsm.20.95

19.	 International Atomic Energy Agency (IAEA). Radia-
tion protection and safety in medical uses of ionizing ra-
diation. 2018. Vienna, Austria. Available at: https://www 
-pub.iaea.org/MTCD/Publications/PDF/PUB1775 
_web.pdf. Accessed June 25, 2024.

20.	 Institute of Medicine (US) Committee on Qual-
ity of Health Care in America; Kohn LT, Corrigan JM, 
Donaldson MS, editors. To Err is Human: Building a Safer 
Health System. Washington (DC): National Academies 
Press (US); 2000. 8, Creating Safety Systems in Health 
Care Organizations. Available from: https://www.ncbi.
nlm.nih.gov/books/NBK225188/. Accessed June 25, 2024.

21.	 Schulte PA, Pandalai S, Wulsin V, Chun H. Interac-
tion of occupational and personal risk factors in work-
force health and safety. Am J Public Health. 2012;102(3):  
434-448. Doi: 10.2105/AJPH.2011.300249

22.	 Bragazzi NL, Dini G, Parodi V, et al. Protocol of a 
scoping review assessing injury rates and their determi-
nants among healthcare workers in western countries. 
BMJ Open. 2019 Jan 30;9(1):e023372. Doi: 10.1136 
/bmjopen-2018-023372

23.	 Arksey H, O’Malley L. Scoping studies: towards a 
methodological framework. Int J Soc Res Methodol. 2005;  
8:19–32.43.

24.	 Levac D, Colquhoun H, O’Brien KK. Scoping studies: 
advancing the methodology. Implement Sci. 2010;5: 
69.45.

25.	 Peters MDJ, Godfrey C, McInerney P, Munn Z,  
Tricco AC, Khalil, H. Chapter 11: Scoping Reviews 
(2020 version). In: Aromataris E, Munn Z (Editors). JBI 
Manual for Evidence Synthesis, JBI, 2020. Available from 
https://synthesismanual.jbi.global. Doi: https://doi.org 
/10.46658/JBIMES-20-12.

26.	 Tricco AC, Lillie E, Zarin W, et al. PRISMA Extension 
for Scoping Reviews (PRISMA-ScR): Checklist and 
Explanation. Ann Intern Med. 2018;169(7):467-473. 
Doi: 10.7326/M18-0850

27.	 Colquhoun HL, Levac D, O’Brien KK, et al. Scoping 
reviews: time for clarity in definition, methods, and re-
porting. J Clin Epidemiol. 2014;67:1291–4.46.

28.	 Page MJ, McKenzie JE, Bossuyt PM, et al. The 
PRISMA 2020 statement: An updated guideline 
for reporting systematic reviews. BMJ. 2021;372:71.  
Doi: 10.1136/bmj.n71.

29.	 World Health Organization (WHO). The impact of 
COVID-19 on health and care workers: a closer look at 

6.	 Centers for Disease Control and Prevention (CDC). 
The National Institute for Occupational Safety and 
Health (NIOSH). Healthcare Workers. Available at: 
https://www.cdc.gov/niosh/healthcare/?CDC_AAref 
_Val=https://www.cdc.gov/niosh/topics/healthcare 
/default.html. Accessed June 25, 2024.

7.	 European Commission, Directorate-General for Em-
ployment, Social Affairs and Inclusion, Occupational 
health and safety risks in the healthcare sector, Publica-
tions Office, 2014, https://data.europa.eu/doi/10.2767 
/27263. Accessed June 25, 2024.

8.	 World Health Organization (WHO). Classifying health 
workers: mapping occupations to the international 
standard classification. 2019. Available at: https://cdn.
who.int/media/docs/default-source/health-workforce 
/dek/classifying-health-workers.pdf?sfvrsn=7b7a472d_
3&download=true. Accessed June 25, 2024.

9.	 Dressner MA. Hospital workers: an assessment of 
occupational injuries and illnesses. Monthly Labor 
Review, U.S. Bureau of Labor Statistics, 2017. Available at: 
https://www.bls.gov/opub/mlr/2017/article/hospital-
workers-an-assessment-of-occupational-injuries-and 
-illnesses.htm. Accessed June 25, 2024.

10.	 Miller K. Risk factors and impacts of occupational in-
jury in healthcareworkers: A critical review. OA Muscu-
loskeletal Medicine. 2013;1:4.

11.	 International Labour Organization (ILO). Biological 
hazards in the working environment. Geneva, Switzer-
land. 2022. Available at: https://www.ilo.org/wcmsp5 
/groups/public/---ed_norm/---relconf/documents 
/meetingdocument/wcms_863811.pdf. Accessed June 25, 
2024.

12.	 International Labour Organization (ILO). Techni-
cal guidelines on biological hazards in the working 
environment. 2022. Geneva, Switzerland. Available 
at: https://www.ilo.org/wcmsp5/groups/public/---ed_
dialogue/---lab_admin/documents/meetingdocument 
/wcms_846253.pdf. Accessed June 25, 2024.

13.	 European Agency for Safety and Health and Work (EU-
OSHA). Musculoskeletal disorders in the healthcare 
sector. Discussion paper, 2020. Available at: https://osha​
.europa.eu/en/publications/musculoskeletal-disorders​
-healthcare-sector/view. Accessed June 25, 2024.

14.	 World Health Organization (WHO). Preventing vio-
lence against health workers. Available at: https://www​
.who.int/activities/preventing-violence-against-health​
-workers. Accessed June 25, 2024.

15.	 Liu J, Gan Y, Jiang H, et al. Prevalence of workplace 
violence against healthcare workers: a systematic review 
and meta-analysis. Occup Environ Med. 2019;76(12): 
927-937. Doi:10.1136/oemed-2019-105849

16.	 Charlier B, Coglianese A, De Rosa F, et al. Chemi-
cal risk in hospital settings: Overview on monitoring 
strategies and international regulatory aspects. J Public 
Health Res. 2021;10(1):1993. Published 2021 Mar 24. 
Doi: 10.4081/jphr.2021.1993



Dini et al16

Am J Ind Med. 2009;52(7):563-570. Doi:10.1002 
/ajim.20701

42.	 Nicholas J, Grimmond T, Bradywood A, Church E, 
Moran J, Ogg M. Addressing Underreporting of Blood 
and Other Body Fluid Exposures Among Periopera-
tive Personnel. AORN J. 2021;114(4):368-375. Doi: 
10.1002/aorn.13502

43.	 Gershon RR, Sherman M, Mitchell C, et al. Prevalence 
and risk factors for bloodborne exposure and infection 
in correctional healthcare workers. Infect Control Hosp 
Epidemiol. 2007;28(1):24-30. Doi: 10.1086/510813

44.	 Ganczak M, Topczewska K, Biesiada D, Korzeń M. 
Frequency of Occupational Bloodborne Infections and 
Sharps Injuries among Polish Paramedics from Selected 
Ambulance Stations. Int J Environ Res Public Health. 
2020;18(1):60. Published 2020 Dec 23. Doi: 10.3390/
ijerph18010060

45.	 Fullerton M, Gibbons V. Needlestick injuries in a 
healthcare setting in New Zealand. N Z Med J. 2011; 
124(1335):33-39. Published 2011 May 27.

46.	 Rybacki M, Piekarska A, Wiszniewska M, Walusiak-
Skorupa J. Work safety among Polish health care work-
ers in respect of Bloodborne pathogens. Med Pr. 2013; 
64(1):1-10.

47.	 Ganczak M, Topczewska K, Budnik-Szymoniuk M, 
Korzeń M. Seroprevalence of anti-HBc, risk factors of 
occupationally acquired HBV infection and HBV vac-
cination among hospital staff in Poland: a multicenter 
study. BMC Public Health. 2019;19(1):298. Published 
2019 Mar 12. Doi: 10.1186/s12889-019-6628-1

48.	 Doebbeling BN, Vaughn TE, McCoy KD, et al. Percu-
taneous injury, blood exposure, and adherence to stand-
ard precautions: are hospital-based health care providers 
still at risk?. Clin Infect Dis. 2003;37(8):1006-1013.  
Doi: 10.1086/377535

49.	 Garus-Pakowska A, Górajski M. Behaviors and At-
titudes of Polish Health Care Workers with Respect 
to the Hazards from Blood-Borne Pathogens: A 
Questionnaire-Based Study. Int J Environ Res Pub-
lic Health. 2019;16(5):891. Published 2019 Mar 12.  
Doi: 10.3390/ijerph16050891

50.	 Elmiyeh B, Whitaker IS, James MJ, Chahal CA, Galea A,  
Alshafi K. Needle-stick injuries in the National Health 
Service: a culture of silence [published correction ap-
pears in J R Soc Med. 2004 Sep;97(9):458]. J R Soc 
Med. 2004;97(7):326-327. Doi: 10.1177/014107680 
409700705

51.	 Dobie DK, Worthington T, Faroqui M, Elliott TS. 
Avoiding the point. Lancet. 2002;359(9313):1254. Doi: 
10.1016/s0140-6736(02)08245-4

52.	 Amuwo S, Sokas RK, McPhaul K, Lipscomb J. 
Occupational risk factors for blood and body fluid ex-
posure among home care aides. Home Health Care Serv 
Q. 2011;30(2):96-114. Doi: 10.1080/01621424.2011. 
569690

deaths. Health Workforce Department – Working Paper 1.  
2021. Geneva, Switzerland. Available at: https://apps 
.who.int/iris/bitstream/handle/10665/345300/WHO-
HWF-WorkingPaper-2021.1-eng.pdf ?sequence=1&is 
Allowed=y. Accessed June 25, 2024.

30.	 Beltrami EM, McArthur MA, McGeer A, et al. The 
nature and frequency of blood contacts among home 
healthcare workers. Infect Control Hosp Epidemiol. 
2000;21(12):765-770. Doi: 10.1086/501730

31.	 Castella A, Vallino A, Argentero PA, Zotti CM. Pre-
ventability of percutaneous injuries in healthcare work-
ers: a year-long survey in Italy. J Hosp Infect. 2003;55(4): 
290-294. Doi:10.1016/j.jhin.2003.08.013

32.	 Hernández Navarrete MJ, Campins Martí M, Martínez 
Sánchez EV, et al. Exposición ocupacional a sangre 
y material biológico en personal sanitario. Proyecto 
EPINETAC 1996-2000 [Occupational exposures to 
blood and biological material in healthcare workers. 
EPINETAC Project 1996-2000]. Med Clin (Barc). 
2004;122(3):81-86. Doi: 10.1157/13056811

33.	 Lee JH, Cho J, Kim YJ, et al. Occupational blood expo-
sures in health care workers: incidence, characteristics, 
and transmission of bloodborne pathogens in South 
Korea. BMC Public Health. 2017;17(1):827. Published 
2017 Oct 18. Doi:10.1186/s12889-017-4844-0

34.	 Quinn MM, Markkanen PK, Galligan CJ, et al. Sharps 
injuries and other blood and body fluid exposures among 
home health care nurses and aides. Am J Public Health. 
2009;99 Suppl 3(Suppl 3):S710-S717. Doi: 10.2105 
/AJPH.2008.150169

35.	 Younai FS, Murphy DC, Kotelchuck D. Occupational 
exposures to blood in a dental teaching environment: 
results of a ten-year surveillance study. J Dent Educ. 
2001;65(5):436-448.

36.	 Atenstaedt R, Roberts R, Russell I, Payne S, Parry R, 
Capewell S. Needle-stick injuries presenting to GP 
practices across north Wales. Commun Dis Public Health. 
2004;7(2):151

37.	 Venier AG, Vincent A, L’heriteau F, et al. Surveillance 
of occupational blood and body fluid exposures among 
French healthcare workers in 2004. Infect Control Hosp 
Epidemiol. 2007;28(10):1196-1201. Doi: 10.1086/520742

38.	 Waclawski ER. Evaluation of potential reduction in 
blood and body fluid exposures by use of alternative 
instruments. Occup Med (Lond). 2004;54(8):567-569. 
Doi:10.1093/occmed/kqh116

39.	 O’Connell T, Hayes B. Occupational sharps injuries in a 
Dublin teaching hospital. Ir Med J. 2003;96(5):143-145

40.	 Whitby RM, McLaws ML. Hollow-bore needlestick 
injuries in a tertiary teaching hospital: epidemiology, 
education and engineering. Med J Aust. 2002;177(8): 
418-422. Doi: 10.5694/j.1326-5377.2002.tb04881.x

41.	 Lipscomb J, Sokas R, McPhaul K, et al. Occupational 
blood exposure among unlicensed home care workers 
and home care registered nurses: are they protected?. 



Occupational Injuries in Healthcare Workers 17

Care Nurses. Undergraduate nursing students’ knowl-
edge and perception of infection prevention and con-
trol. J Hosp Infect. 2008;68(1):92-94. Doi: 10.1016 
/j.jhin.2007.10.013

66.	 Smith DR, Leggat PA. Needlestick & sharps inju-
ries among nursing students. J Adv Nurs. 2005;51(5):  
449-455. Doi: 10.1111/j.1365-2648.2005.03526.x

67.	 Massaro T, Cavone D, Orlando G, Rubino M,  
Ciciriello M, Musti EM. Infortuni da dispositivi tag-
lienti tra gli studenti di infermieristica: un rischio lavor-
ativo emergente [Needlestick & sharps injuries among 
nursing students: an emerging occupational risk]. G Ital 
Med Lav Ergon. 2007;29(3 Suppl):631-632.

68.	 Karadağ M. Occupational Blood and body fluids among 
a group of Turkish nursing and midwifery students dur-
ing clinical practise training: frequency of Needlestick 
& sharps injuries. Jpn J Nurs Sci. 2010;7(2):129-135. 
Doi: 10.1111/j.1742-7924.2010.00148.x

69.	 Talas MS. Occupational Blood and body fluids among 
Turkish nursing students during clinical practice train-
ing: frequency of needlestick/sharp injuries and hepatitis 
B immunisation. J Clin Nurs. 2009;18(10):1394-1403. 
Doi: 10.1111/j.1365-2702.2008.02523.x

70.	 Sullivan M, Masters O, Venkatesan P. Needlestick 
injuries amongst medical students in Birmingham, 
UK. J Hosp Infect. 2000;44(3):240-241. Doi: 10.1053 
/jhin.1999.0697

71.	 Papadopoli R, Bianco A, Pepe D, Pileggi C, Pavia M.  
Sharps and needle-stick injuries among medical 
residents and healthcare professional students: pat-
tern and reporting in Italy-a cross-sectional analyti-
cal study. Occup Environ Med. 2019;76(10):739-745.  
Doi: 10.1136/oemed-2019-105873

72.	 Marjadi B, Nguyen JD, Hoppett P, McLaws ML. 
Needlestick Injury among Medical Students in an 
Australian University. J Infect Dis Epidemiol. 2017, 3:034.

73.	 Deisenhammer S, Radon K, Nowak D, Reichert J. Nee-
dlestick injuries during medical training. J Hosp Infect. 
2006;63(3):263-267. Doi: 10.1016/j.jhin.2006.01.019

74.	 Ouyang B, Li LD, Mount J, et al. Incidence and char-
acteristics of needlestick injuries among medical train-
ees at a community teaching hospital: A cross-sectional 
study. J Occup Health. 2017;59(1):63-73. Doi:10.1539 
/joh.15-0253-FS

75.	 Patterson JM, Novak CB, Mackinnon SE, Ellis RA. 
Needlestick injuries among medical students. Am J 
Infect Control. 2003;31(4):226-230. Doi: 10.1067/mic 
.2003.44

76.	 Wada K, Narai R, Sakata Y, et al. Occupational Blood or 
body fluids as a result of needlestick injuries and other 
sharp device injuries among medical residents in Ja-
pan. Infect Control Hosp Epidemiol. 2007;28(4):507-509.  
Doi: 10.1086/513448

77.	 Hasak JM, Novak CB, Patterson JMM, Mackinnon SE.  
Prevalence of Needlestick Injuries, Attitude Changes, 

53.	 Smith DR, Leggat PA. Needlestick & sharps Inju-
ries among Australian medical students. J UOEH. 
2005;27(3):237-242. Doi: 10.7888/juoeh.27.237

54.	 Leavy P, Templeton A, Young L, McDonnell C. Re-
porting of occupational exposures to blood and body 
fluids in the primary dental care setting in Scotland: an 
evaluation of current practice and attitudes. Br Dent J. 
2014;217(4):E7. Doi: 10.1038/sj.bdj.2014.734

55.	 Trayner KMA, Hopps L, Nguyen M, Christie M, Bagg J,  
Roy K. Cross-sectional survey of a sample of UK pri-
mary care dental professionals’ experiences of sharps 
injuries and perception of access to occupational health 
support [published online ahead of print, 2018 Nov 
30]. Br Dent J. 2018;10.1038/sj.bdj.2018.1031. Doi: 
10.1038/sj.bdj.2018.1031

56.	 Leggat PA, Smith DR. Prevalence of percutaneous 
exposure incidents amongst dentists in Queensland. 
Aust Dent J. 2006;51(2):158-161. Doi: 10.1111/j.1834 
-7819.2006.tb00420.x

57.	 Vitale F, Di Benedetto MA, Casuccio A, et al. Influenza 
dei percorsi formativi sulle conoscenze di infezioni da 
HIV, HBV e HCV nella pratica odontoiatrica [The in-
fluence of professional degree on the knowledge of HIV, 
HBV and HCV infections in dentistry practice]. Ann Ig. 
2005;17(3):185-196.

58.	 Alhazmi RA, Parker RD, Wen S. Needlestick Inju-
ries Among Emergency Medical Services Provid-
ers in Urban and Rural Areas. J Community Health. 
2018;43(3):518-523. Doi: 10.1007/s10900-017-0446-0

59.	 Lazenby MG, Anderud J, Whitley SP. Blood-borne vi-
ruses: are we taking them seriously? A survey of UK oral 
and maxillofacial surgeons. Br J Oral Maxillofac Surg. 
2011;49(5):400-403. Doi: 10.1016/j.bjoms.2010.06.004

60.	 Kerr HL, Stewart N, Pace A, Elsayed S. Sharps injury 
reporting amongst surgeons. Ann R Coll Surg Engl. 
2009;91(5):430-432. Doi: 10.1308/003588409X432194

61.	 Smith DR, Mihashi M, Adachi Y, et al. Organizational 
climate and its relationship with Needlestick & sharps 
injuries among Japanese nurses. Am J Infect Control. 
2009;37(7):545-550. Doi: 10.1016/j.ajic.2008.11.004

62.	 Ayranci U, Kosgeroglu N. Needlestick & sharps inju-
ries among nurses in the healthcare sector in a city of 
western Turkey. J Hosp Infect. 2004;58(3):216-223. 
Doi:10.1016/j.jhin.2004.06.029

63.	 Cho E, Lee H, Choi M, Park SH, Yoo IY, Aiken LH. 
Factors associated with Needlestick & sharp injuries 
among hospital nurses: a cross-sectional question-
naire survey. Int J Nurs Stud. 2013;50(8):1025-1032.  
Doi: 10.1016/j.ijnurstu.2012.07.009

64.	 Black Thomas LM. Underreporting of Bloodborne 
Pathogen Exposures in Nursing Students. Nurse Educ. 
2020;45(2):78-82. Doi: 10.1097/NNE.00000000000 
00696

65.	 Vandijck DM, Labeau SO, De Somere J, Claes B, Blot SI;  
Executive Board of the Flemish Society of Critical 



Dini et al18

89.	 Sharma GK, Gilson MM, Nathan H, Makary MA. 
Needlestick injuries among medical students: in-
cidence and implications. Acad Med. 2009;84(12):  
1815-1821. Doi: 10.1097/ACM.0b013e3181bf9e5f

90.	 Ahadizadeh EN, Quintanilla-Dieck L, Pfeifer H,  
Wax MK. Needlestick Injury in Otolaryngology-Head 
and Neck Surgery Resident Programs. Laryngoscope. 
2021;131(4):E1076-E1080. Doi: 10.1002/lary.29234

91.	 Manoli A, Hutzler L, Regan D, Strauss EJ, Egol KA. 
Unreported Sharps Exposures in Orthopedic Surgery 
Residents A Silent Majority. Bull Hosp Jt Dis. (2013). 
2018;76(2):133-138.

92.	 Trapé-Cardoso M, Schenck P. Reducing percutane-
ous injuries at an academic health center: a 5-year 
review. Am J Infect Control. 2004;32(5):301-305.  
Doi: 10.1016/j.ajic.2003.12.003

93.	 Sohn S, Eagan J, Sepkowitz KA, Zuccotti G. Effect 
of implementing safety-engineered devices on percu-
taneous injury epidemiology. Infect Control Hosp Epi-
demiol. 2004;25(7):536-542. Doi: 10.1086/502436

94.	 Lamontagne F, Abiteboul D, Lolom I, et al. Role of 
safety-engineered devices in preventing needlestick 
injuries in 32 French hospitals. Infect Control Hosp 
Epidemiol. 2007;28(1):18-23. Doi: 10.1086/510814

95.	 Zakrzewska JM, Greenwood I, Jackson J. Introducing 
safety syringes into a UK dental school--a controlled 
study. Br Dent J. 2001;190(2):88-92. Doi: 10.1038/sj 
.bdj.4800891

96.	 Schuurmans J, Lutgens SP, Groen L, Schneeberger PM.  
Do safety engineered devices reduce needle-
stick injuries?. J Hosp Infect. 2018;100(1):99-104.  
Doi: 10.1016/j.jhin.2018.04.026

97.	 Phillips EK, Conaway M, Parker G, Perry J, Jagger J. 
Issues in understanding the impact of the Needlestick 
Safety and Prevention Act on hospital sharps injuries. 
Infect Control Hosp Epidemiol. 2013;34(9):935-939. 
Doi: 10.1086/671733

98.	 Jagger J, Berguer R, Phillips EK, Parker G, Gomaa AE. 
Increase in sharps injuries in surgical settings versus 
nonsurgical settings after passage of national needle-
stick legislation. J Am Coll Surg. 2010;210(4):496-502. 
Doi: 10.1016/j.jamcollsurg.2009.12.018

99.	 Sossai D, Puro V, Chiappatoli L, et al. Using an in-
travenous catheter system to prevent needlestick in-
jury. Nurs Stand. 2010;24(29):42-46. Doi: 10.7748 
/ns2010.03.24.29.42.c7628

100.	 Valls V, Lozano MS, Yánez R, et al. Use of safety 
devices and the prevention of percutaneous injuries 
among healthcare workers [published correction ap-
pears in Infect Control Hosp Epidemiol. 2008 Mar;29(3): 
288]. Infect Control Hosp Epidemiol. 2007;28(12): 
1352-1360. Doi: 10.1086/523275

101.	 O’Malley EM, Scott RD 2nd, Gayle J, et al. Costs 
of management of occupational exposures to blood 
and body fluids. Infect Control Hosp Epidemiol. 2007; 
28(7):774-782. Doi: 10.1086/518729

and Prevention Practices Over 12 Years in an Urban 
Academic Hospital Surgery Department. Ann Surg. 
2018;267(2):291-296. Doi: 10.1097/SLA.0000000000 
002178

78.	 Bernard JA, Dattilo JR, Laporte DM. The incidence 
and reporting of sharps exposure among medical stu-
dents, orthopedic residents, and faculty at one institu-
tion. J Surg Educ. 2013;70(5):660-668. Doi: 10.1016 
/j.jsurg.2013.04.010

79.	 Choi LY, Torres R, Syed S, et al. Sharps and Needle-
stick Injuries Among Medical Students, Surgical Resi-
dents, Faculty, and Operating Room Staff at a Single 
Academic Institution. J Surg Educ. 2017;74(1):131-136. 
Doi: 10.1016/j.jsurg.2016.06.003

80.	 Maniar HH, Tawari AA, Suk M, Bowen TR,  
Horwitz DS. Percutaneous and Mucocutaneous Ex-
posure Among Orthopaedic Surgeons: Immediate 
Management and Compliance With CDC Protocol.  
J Orthop Trauma. 2015;29(10):e391-e394. Doi: 10.1097 
/BOT.0000000000000360

81.	 Lee WC, Nicklasson L, Cobden D, Chen E, Conway D,  
Pashos CL. Short-term economic impact associated 
with occupational needlestick injuries among acute care 
nurses. Curr Med Res Opin. 2005;21(12):1915-1922. 
Doi: 10.1185/030079905X65286

82.	 Wicker S, Rabenau HF. Occupational exposures to 
bloodborne viruses among German dental professionals 
and students in a clinical setting. Int Arch Occup Environ 
Health. 2010;83(1):77-83. Doi: 10.1007/s00420-009 
-0452-3

83.	 Garus-Pakowska A, Szatko F. Ekspozycje przezskórne 
personelu medycznego [Percutaneous exposures in 
medical personnel]. Med Pr. 2011;62(5):473-480.

84.	 O’Connor MB, Hannon MJ, Cagney D, et al. A study 
of needle stick injuries among non-consultant hospital 
doctors in Ireland. Ir J Med Sci. 2011;180(2):445-449. 
Doi: 10.1007/s11845-010-0667-z

85.	 Bahat H, Hasidov-Gafni A, Youngster I, Goldman M,  
Levtzion-Korach O. The prevalence and underre-
porting of needlestick injuries among hospital work-
ers: a cross-sectional study. Int J Qual Health Care. 
2021;33(1):mzab009. Doi: 10.1093/intqhc/mzab009

86.	 Tabak N, Shiaabana AM, Shasha S. The health beliefs 
of hospital staff and the reporting of needlestick in-
jury. J Clin Nurs. 2006;15(10):1228-1239. Doi: 10.1111 
/j.1365-2702.2006.01423.x

87.	 Raghavendran S, Bagry HS, Leith S, Budd JM. Needle 
stick injuries: a comparison of practice and attitudes in two 
UK District General Hospitals. Anaesthesia. 2006;61(9): 
867-872. Doi: 10.1111/j.1365-2044.2006.04751.x

88.	 Kessler CS, McGuinn M, Spec A, Christensen J, Baragi R,  
Hershow RC. Underreporting of blood and body fluid 
exposures among health care students and trainees in 
the acute care setting: a 2007 survey. Am J Infect Con-
trol. 2011;39(2):129-134. Doi: 10.1016/j.ajic.2010 
.06.023



Occupational Injuries in Healthcare Workers 19

113.	 Bakaeen F, Awad S, Albo D, et al. Epidemiol-
ogy of Blood borne pathogens on a surgical service. 
Am J Surg. 2006;192(5):e18-e21. Doi: 10.1016/j.
amjsurg.2006.08.013

114.	 Wada K, Yoshikawa T, Lee JJ, et al. Sharp injuries in 
Japanese operating theaters of HIV/AIDS referral 
hospitals 2009-2011. Ind Health. 2016;54(3):224-229. 
Doi: 10.2486/indhealth.2015-0066

115.	 Davanzo E, Bruno A, Beggio M, et al. Il rischio bio-
logico da incidente nel personale sanitario universitario 
[Biologic risk due to accident in academic personnel]. 
G Ital Med Lav Ergon. 2007;29(3 Suppl):761-762.

116.	 Davanzo E, Frasson C, Morandin M, Trevisan A. 
Occupational blood and body fluid exposure of uni-
versity health care workers. Am J Infect Control. 
2008;36(10):753-756. Doi:10.1016/j.ajic.2008.04.254

117.	 Ertem M, Dalar Y, Cevik U, Sahin H. Injury or body 
fluid splash incidence rate during three months pe-
riod in elective surgery procedures, at Dicle University 
Hospital, Diyarbakir, Turkey. Ulus Travma Acil Cerrahi 
Derg. 2008;14(1):40-45

118.	 Marnejon T, Gemmel D, Mulhern K. Patterns of 
Needlestick & sharps Injuries Among Training 
Residents. JAMA Intern Med. 2016;176(2):251-252. 
Doi:10.1001/jamainternmed.2015.6828

119.	 Tabachnick DL, Peña JP, Nabeel I, Klingman KJ. 
Understanding Causes of Needlestick and Other 
Sharps Injuries Among OR Personnel. AORN J. 
2021;114(4):361-367. Doi:10.1002/aorn.13499

120.	 Ugonabo N, Shah P, Adotama P, Zampella JG. Nee-
dlestick & sharps Injuries Among Resident Physi-
cians. JAMA Surg. 2021;156(1):96-97. Doi: 10.1001 
/jamasurg.2020.4112

121.	 Fica C A, Jemenao P MI, Ruiz R G, et al. Accidentes 
de riesgo biológico entre estudiantes de carreras de la 
salud: Cinco años de experiencia [Biological risk ac-
cidents among undergraduate healthcare students: five 
years experience] [published correction appears in Rev 
Chilena Infectol. 2010 Apr;27(2):178]. Rev Chilena 
Infectol. 2010;27(1):34-39

122.	 Morinaga K, Hagita K, Yakushiji T, Ohata H, Sueishi K,  
Inoue T. Analysis of Needlestick and Similar Injuries 
over 10 Years from April 2004 at Tokyo Dental Col-
lege Chiba Hospital. Bull Tokyo Dent Coll. 2016;57(4): 
299-305. Doi: 10.2209/tdcpublication.2015-0036

123.	 Nunn A, Prakash P, Inaba K, et al. Occupational ex-
posure during emergency department thoracotomy: 
A prospective, multi-institution study. J Trauma Acute 
Care Surg. 2018;85(1):78-84. Doi: 10.1097/TA.00000 
00000001940

124.	 Foytl J, Chisholm F, Varsou O. Sharps Injuries dur-
ing Dissection: A Five-Year Retrospective Study in the 
Context of Safety. Anat Sci Educ. 2020;13(2):158-167. 
Doi: 10.1002/ase.1894

125.	 Duarte Rico R, Loya Loya M, Helena Sanín L, Reza 
López S. Accidentes por Objetos Punzocortantes en 

102.	 d’Ettorre G. Job stress and needlestick injuries: which 
targets for organizational interventions?. Occup Med 
(Lond). 2016;66(8):678-680. Doi:10.1093/occmed 
/kqw110

103.	 Puro V, De Carli G, Petrosillo N, Ippolito G. Risk of 
Bloodborne infection for Italian healthcare workers, 
by job category and work area. Studio Italiano Rischio 
Occupazionale da HIV Group. Infect Control Hosp 
Epidemiol. 2001;22(4):206-210. Doi: 10.1086/501890

104.	 Smith DR, Leggat PA, Takahashi K. Percutane-
ous exposure incidents among Australian hospi-
tal staff. Int J Occup Saf Ergon. 2005;11(3):323-330.  
Doi: 10.1080/10803548.2005.11076654

105.	 Sindoni L, Calisto ML, Alfino D, et al. Indagine 
retrospettiva sul monitoraggio epidemiologico degli 
infortuni biologici da esposizione professionale nel- 
i’A.O.U. “G. Martino” di Messina [Retrospective sur-
vey on epidemiologic monitoring of accidents due to 
professional exposure to biological agents in A.O.U. “G. 
Martino” of Messina, Italy)] [published correction ap-
pears in Ann Ig. 2006 Jan-Feb;18(1):9 p following 96. 
Squeri, L [corrected to Squeri, R]]. Ann Ig. 2005;17(1): 
67-74

106.	 Leigh JP, Wiatrowski WJ, Gillen M, Steenland NK. 
Characteristics of persons and jobs with needle-
stick injuries in a national data set. Am J Infect Con-
trol. 2008;36(6):414-420. Doi: 10.1016/j.ajic.2007 
.07.020

107.	 Kiss P, De Meester M, Braeckman L. Needlestick in-
juries in nursing homes: the prominent role of insu-
lin pens. Infect Control Hosp Epidemiol. 2008;29(12): 
1192-1194. Doi: 10.1086/592407

108.	 Ghauri AJ, Amissah-Arthur KN, Rashid A, Mushtaq B,  
Nessim M, Elsherbiny S. Sharps injuries in oph-
thalmic practice. Eye (Lond). 2011;25(4):443-448.  
Doi: 10.1038/eye.2011.13

109.	 Garus-Pakowska A, Ulrichs M, Gaszyńska E. Cir-
cumstances and Structure of Occupational Sharp Inju-
ries among Healthcare Workers of a Selected Hospital 
in Central Poland. Int J Environ Res Public Health. 
2018;15(8):1722. Published 2018 Aug 10. Doi: 10.3390 
/ijerph15081722

110.	 Erturk Sengel B, Tukenmez Tigen E, Bilgin H, Dogru A,  
Korten V. Occupation-Related Injuries Among 
Healthcare Workers: Incidence, Risk Groups, and the 
Effect of Training. Cureus. 2021;13(4):e14318. Pub-
lished 2021 Apr 6. Doi: 10.7759/cureus.14318

111.	 Oh HS, Yi SE, Choe KW. Epidemiological charac-
teristics of occupational blood exposures of health-
care workers in a university hospital in South Korea 
for 10 years. J Hosp Infect. 2005;60(3):269-275. Doi: 
10.1016/j.jhin.2004.11.026

112.	 Bi P, Tully PJ, Pearce S, Hiller JE. Occupational blood 
and body fluid exposure in an Australian teaching 
hospital. Epidemiol Infect. 2006;134(3):465-471. Doi: 
10.1017/S0950268805005212



Dini et al20

status for vaccine-preventable diseases among resident 
physicians in specialist training at Ferrara University 
Hospital]. Ig Sanita Pubbl. 2017;73(6):633-648.

137.	 Dulon M, Lisiak B, Wendeler D, Nienhaus A. Un-
fallmeldungen zu Nadelstichverletzungen bei Be-
schäftigten in Krankenhäusern, Arztpraxen und 
Pflegeeinrichtungen [Workers’ Compensation Claims 
for Needlestick Injuries Among Healthcare Personnel 
in Hospitals, Doctors’ Surgeries and Nursing Institu-
tions]. Gesundheitswesen. 2018;80(2):176-182. Doi: 
10.1055/s-0043-114003

138.	 Gillen M, McNary J, Lewis J, et al. Sharps-related 
injuries in California healthcare facilities: pilot study 
results from the Sharps Injury Surveillance Registry. 
Infect Control Hosp Epidemiol. 2003;24(2):113-121. 
Doi: 10.1086/502181

139.	 Clarke SP, Schubert M, Körner T. Sharp-device in-
juries to hospital staff nurses in 4 countries. Infect 
Control Hosp Epidemiol. 2007;28(4):473-478. Doi: 
10.1086/513445

140.	 Nagao M, Iinuma Y, Igawa J, et al. Accidental expo-
sures to blood and body fluid in the operation room 
and the issue of underreporting. Am J Infect Control. 
2009;37(7):541-544. Doi: 10.1016/j.ajic.2009.01.009

141.	 Garus-Pakowska A, Górajski M, Gaszyńska E. Oc-
cupational Safety and Hygiene of Dentists from 
Urban and Rural Areas in Terms of Sharp Injuries: 
Wound Structure, Causes of Injuries and Barriers to 
Reporting-Cross-Sectional Study, Poland. Int J En-
viron Res Public Health. 2018;15(8):1655. Published 
2018 Aug 4. Doi: 10.3390/ijerph15081655

142.	 Bilski B. Needlestick injuries in nurses--the Poznań 
study. Int J Occup Med Environ Health. 2005;18(3): 
251-254.

143.	 Wicker S, Nürnberger F, Schulze JB, Rabenau HF. 
Needlestick injuries among German medical students: 
time to take a different approach?. Med Educ. 2008;42(7): 
742-745. Doi:10.1111/j.1365-2923.2008.03119.x

144.	 Rice BD, Tomkins SE, Ncube FM. Sharp truth: 
health care workers remain at risk of bloodborne in-
fection. Occup Med (Lond). 2015;65(3):210-214. 
Doi: 10.1093/occmed/kqu206

145.	 Kanamori H, Weber DJ, DiBiase LM, et al. Impact of 
Safety-Engineered Devices on the Incidence of Oc-
cupational Blood and Body Fluid Exposures Among 
Healthcare Personnel in an Academic Facility, 2000-
2014. Infect Control Hosp Epidemiol. 2016;37(5):  
497-504. Doi: 10.1017/ice.2016.10

146.	 Panlilio AL, Orelien JG, Srivastava PU, et al. Estimate 
of the annual number of percutaneous injuries among 
hospital-based healthcare workers in the United 
States, 1997-1998. Infect Control Hosp Epidemiol. 
2004;25(7):556-562. Doi: 10.1086/502439

147.	 Yoshikawa T, Wada K, Lee JJ, et al. Incidence rate 
of Needlestick & sharps injuries in 67 Japanese 
hospitals: a national surveillance study. PLoS One. 

Estudiantes de una Escuela de Odontología. Ciencia 
& Trabajo. 2006;8(21):131-34

126.	 Cofini V, Capodacqua A, Calisse S, Galassi I,  
Cipollone L, Necozione S. Trend analysis and factors as-
sociated with biological injuries among health care work-
ers in Southern Italy. Med Lav. 2018;109(4):308-315. 
Published 2018 Aug 28. Doi: 10.23749/mdl.v109i4.7245

127.	 d’Ettorre G. Needlestick & sharp Injuries Among Reg-
istered Nurses: A Case-Control Study. Ann Work Expo 
Health. 2017;61(5):596-599. Doi: 10.1093/annweh 
/wxx027

128.	 Kotelchuck D, Murphy D, Younai F. Impact of under-
reporting on the management of occupational blood-
borne exposures in a dental teaching environment.  
J Dent Educ. 2004;68(6):614-622

129.	 Trinkoff AM, Le R, Geiger-Brown J, Lipscomb J. 
Work schedule, needle use, and needlestick injuries 
among registered nurses. Infect Control Hosp Epide-
miol. 2007;28(2):156-164. Doi: 10.1086/510785

130.	 Lukianskyte R, Gataeva J, Radziunaite L. Needle 
sticks and sharps injuries experienced by staff nurses 
and nursing students and their prevention. Int J Infect 
Control. 2011;8(1): 3–9

131.	 Leiss JK. Work experience, work environment, and 
blood exposure among home care and hospice nurses. Ind 
Health. 2012;50(6):521-528. Doi: 10.2486/indhealth 
.ms1313

132.	 McCarthy GM, Britton JE. A Survey of Final-Year 
Dental, Medical and Nursing Students: Occupational 
Injuries and Infection Control. J Can Dent Assoc. 
2000;66(10):561

133.	 Schmid K, Schwager C, Drexler H. Needlestick inju-
ries and other occupational exposures to body fluids 
amongst employees and medical students of a Ger-
man university: incidence and follow-up. J Hosp Infect. 
2007;65(2):124-130. Doi: 10.1016/j.jhin.2006.10.002

134.	 Petrucci C, Alvaro R, Cicolini G, Cerone MP, Lancia L. 
Percutaneous and mucocutaneous exposures in nursing 
students: an Italian observational study. J Nurs Schol-
arsh. 2009;41(4):337-343. Doi: 10.1111/j.1547-5069 
.2009.01301.x

135.	 Stefanati A, Boschetto P, Previato S, et al. Indagine 
sugli infortune tra il personale infermieristico e gli 
studenti del corso di laurea in infermieristica: analisi 
epidemiologica descrittiva nel period 2002-2012 in 
un’Azienda Ospedaliero-Universitaria [A survey on 
injuries among nurses and nursing students: a descrip-
tive epidemiologic analysis between 2002 and 2012 at a 
University Hospital]. Med Lav. 2015;106(3):216-229.  
Published 2015 May 4

136.	 Stefanati A, Brosio F, Kuhdari P, et al. Studio di 
incidenza sugli infortuni biologici nei medici in 
formazione specialistica dell’Azienda Ospedaliero 
- Universitaria di Ferrara e stato immunitario nei 
confronti delle principali infezioni prevenibili [In-
cidence of biological accidents at work and immune 



Occupational Injuries in Healthcare Workers 21

among nursing personnel. Work. 2009;33(1):117-128. 
Doi: 10.3233/WOR-2009-0847

160.	 Macaluso F, Macaluso M, Daraiseh NM. The psycho-
social work environment, musculoskeletal disorders 
and their functional consequences among pediatric 
healthcare providers. Ann Epidemiol. 2021;58:76-82. 
Doi: 10.1016/j.annepidem.2021.02.015

161.	 Howarth SJ, Abbas A, Hogg-Johnson S, Mior S. Re-
ported 1-year prevalence of occupational musculoskel-
etal disorders in Ontario chiropractors. Chiropr Man 
Therap. 2020;28(1):55. Published 2020 Oct 23. Doi: 
10.1186/s12998-020-00345-2

162.	 Kapoor S, Mahomed K, Kapoor V. Work-related mus-
culoskeletal injuries among obstetricians and gynae-
cologists: A cross-sectional survey of Fellows of Royal 
Australian and New Zealand College of Obstetri-
cians and Gynaecologists (RANZCOG). Aust N Z 
J Obstet Gynaecol. 2021;61(5):785-792. Doi: 10.1111 
/ajo.13339

163.	 Hanania AN, Cook A, Threadgill MP, Conway SH, 
Ludwig M. Prevalence of Musculoskeletal Work-
related Injuries Among Radiation Therapists. Radiol 
Technol. 2020;91(5):414-421

164.	 Anderson S, Stuckey R, Oakman J. Work-related 
musculoskeletal injuries in prosthetists and orthotists 
in Australia. Int J Occup Saf Ergon. 2021;27(3):  
708-713. Doi: 10.1080/10803548.2018.1485335

165.	 Greiner BA, Nolan S, Hogan DAM. Work-Related 
Upper Limb Symptoms in Hand-Intensive Health 
Care Occupations: A Cross-Sectional Study With a 
Health and Safety Perspective. Phys Ther. 2019;99(1): 
62-73. Doi: 10.1093/ptj/pzy124

166.	 Anyfantis ID, Biska A. Musculoskeletal Disorders 
Among Greek Physiotherapists: Traditional and 
Emerging Risk Factors. Saf Health Work. 2018;9(3): 
314-318. Doi: 10.1016/j.shaw.2017.09.003

167.	 Pawa S, Banerjee P, Kothari S, et al. Are All 
Endoscopy-Related Musculoskeletal Injuries Created 
Equal? Results of a National Gender-Based Survey. Am 
J Gastroenterol. 2021;116(3):530-538. Doi: 10.14309 
/ajg.0000000000001136

168.	 Al-Rifaie A, Gariballa M, Ghodeif A, Hodge S, 
Thoufeeq M, Donnelly M. Colonoscopy-related injury 
among colonoscopists: an international survey. En-
dosc Int Open. 2021;9(1):E102-E109. Doi: 10.1055 
/a-1311-0561

169.	 Campbell EV 3rd, Muniraj T, Aslanian HR, Laine L,  
Jamidar P. Musculoskeletal Pain Symptoms and In-
juries Among Endoscopists Who Perform ERCP. 
Dig Dis Sci. 2021;66(1):56-62. Doi: 10.1007/s10620 
-020-06163-z

170.	 Aaron KA, Vaughan J, Gupta R, et al. The risk of er-
gonomic injury across surgical specialties. PLoS One. 
2021;16(2):e0244868. Published 2021 Feb 9. Doi: 
10.1371/journal.pone.0244868

2013;8(10):e77524. Published 2013 Oct 30. Doi: 
10.1371/journal.pone.0077524

148.	 Różańska A, Szczypta A, Baran M, Synowiec E, 
Bulanda M, Wałaszek M. Healthcare workers’ occu-
pational Bloodborne pathogens: a 5-year observation 
in selected hospitals of the Małopolska province. Int 
J Occup Med Environ Health. 2014;27(5):747-756.  
Doi: 10.2478/s13382-014-0307-3

149.	 Alamgir H, Yu S, Chavoshi N, Ngan K. Occupational 
injury among full-time, part-time and casual health 
care workers. Occup Med (Lond). 2008;58(5):348-354. 
Doi: 10.1093/occmed/kqn026

150.	 Ngan K, Drebit S, Siow S, Yu S, Keen D,  
Alamgir H. Risks and causes of musculoskeletal in-
juries among health care workers. Occup Med (Lond). 
2010;60(5):389-394. Doi: 10.1093/occmed/kqq052

151.	 Darragh AR, Huddleston W, King P. Work-related 
musculoskeletal injuries and disorders among oc-
cupational and physical therapists. Am J Occup Ther. 
2009;63(3):351-362. Doi: 10.5014/ajot.63.3.351

152.	 Bell JL, Collins JW, Wolf L, et al. Evaluation of a com-
prehensive slip, trip and fall prevention programme 
for hospital employees. Ergonomics. 2008;51(12):  
1906-1925. Doi: 10.1080/00140130802248092

153.	 Cappell MS. Injury to endoscopic personnel from 
tripping over exposed cords, wires, and tubing in the 
endoscopy suite: a preventable cause of potentially 
severe workplace injury. Dig Dis Sci. 2010;55(4):  
947-951. Doi: 10.1007/s10620-009-0923-0

154.	 Yeoh HT, Lockhart TE, Wu X. Non-fatal occupational 
falls on the same level. Ergonomics. 2013;56(2):153-
165. Doi: 10.1080/00140139.2012.746739

155.	 Drebit S, Shajari S, Alamgir H, Yu S, Keen D. Oc-
cupational and environmental risk factors for falls 
among workers in the healthcare sector. Ergonomics. 
2010;53(4):525-536. Doi: 10.1080/00140130903 
528178

156.	 Alamgir H, Ngan K, Drebit S, Guiyun Li H, Keen D. 
Predictors and economic burden of serious workplace 
falls in health care. Occup Med (Lond). 2011;61(4):234-
240. Doi: 10.1093/occmed/kqr025

157.	 Vinstrup J, Villadsen E, Jay K, Jakobsen MD. Physical 
and Psychosocial Work Environmental Risk Factors 
for Back Injury among Healthcare Workers: Prospec-
tive Cohort Study. Int J Environ Res Public Health. 
2019;16(22):4528. Published 2019 Nov 15. Doi: 
10.3390/ijerph16224528

158.	 Austin K, Schoenberger H, Sesto M, Gaumnitz E,  
Teo Broman A, Saha S. Musculoskeletal Inju-
ries Are Commonly Reported Among Gastroen-
terology Trainees: Results of a National Survey. 
Dig Dis Sci. 2019;64(6):1439-1447. Doi: 10.1007 
/s10620-019-5463-7

159.	 Lipscomb HJ. Job characteristics and work organiza-
tion factors associated with patient-handling injury 



Dini et al22

183.	 Parikh JR, Bender C, Bluth E. Musculoskeletal Injuries 
Affecting Radiologists According to the 2017 ACR 
Human Resources Commission Workforce Survey. J 
Am Coll Radiol. 2018;15(5):803-808. Doi: 10.1016 
/j.jacr.2018.01.033

184.	 Gilchrist A, Pokorná A. Prevalence of musculoskel-
etal low back pain among registered nurses: Results 
of an online survey. J Clin Nurs. 2021;30(11-12):  
1675-1683. Doi:10.1111/jocn.15722

185.	 Reichard AA, Marsh SM, Tonozzi TR, Konda S, 
Gormley MA. Occupational Injuries and Exposures 
among Emergency Medical Services Workers. Pre-
hosp Emerg Care. 2017;21(4):420-431. Doi: 10.1080 
/10903127.2016.1274350

186.	 Groenewold MR, Sarmiento RFR, Vanoli K, Rauda-
baugh W, Nowlin S, Gomaa A. Workplace violence 
injury in 106 US hospitals participating in the Occu-
pational Health Safety Network (OHSN), 2012-2015. 
Am J Ind Med. 2018;61(2):157-166. Doi: 10.1002 
/ajim.22798

187.	 Rodríguez-Acosta RL, Myers DJ, Richardson DB, 
Lipscomb HJ, Chen JC, Dement JM. Physical as-
sault among nursing staff employed in acute care.  
Work. 2010;35(2):191-200. Doi: 10.3233/WOR-2010 
-0971

188.	 Maguire BJ, Browne M, O’Neill BJ, Dealy MT, Clare D, 
O’Meara P. International Survey of Violence Against 
EMS Personnel: Physical Violence Report. Prehosp 
Disaster Med. 2018;33(5):526-531. Doi: 10.1017 
/S1049023X18000870

189.	 Kaeser D, Guerra R, Keidar O, et al. Verbal and Non-
Verbal Aggression in a Swiss University Emergency 
Room: A Descriptive Study. Int J Environ Res Pub-
lic Health. 2018;15(7):1423. Published 2018 Jul 6.  
Doi: 10.3390/ijerph15071423

190.	 Sossai D, Molina FS, Amore M, et al. Analisi de-
gli episodi di violenza in in grande ospedale italiano 
[Analysis of incidents of violence in a large Italian 
hospital]. Med Lav. 2017;108(5):6005. Published 
2017 Oct 27. Doi: 10.23749/mdl.v108i5.6005

191.	 Kim KM, Lee SJ. Work-Related Perceptions, Injuries, 
and Musculoskeletal Symptoms: Comparison Between 
U.S.-Educated and Foreign-Educated Nurses. Work-
place Health Saf. 2019;67(7):326-337. Doi: 10.1177 
/2165079918821699

192.	 Quinn MM, Markkanen PK, Galligan CJ, et al. Oc-
cupational health of home care aides: results of the 
safe home care survey. Occup Environ Med. 2016;73(4): 
237-245. Doi: 10.1136/oemed-2015-103031

193.	 Magnavita N, Heponiemi T. Violence towards health 
care workers in a Public Health Care Facility in Italy: 
a repeated cross-sectional study. BMC Health Serv Res. 
2012;12:108. Published 2012 May 2. Doi: 10.1186/1472 
-6963-12-108

194.	 Rosenthal LJ, Byerly A, Taylor AD, Martinovich Z. 
Impact and Prevalence of Physical and Verbal Violence 

171.	 Khansa I, Khansa L, Westvik TS, Ahmad J, Lista F, 
Janis JE. Work-Related Musculoskeletal Injuries in 
Plastic Surgeons in the United States, Canada, and 
Norway. Plast Reconstr Surg. 2018;141(1):165e-175e. 
Doi: 10.1097/PRS.0000000000003961

172.	 Ho TT, Hamill CS, Sykes KJ, Kraft SM. Work-related 
musculoskeletal symptoms among otolaryngologists 
by subspecialty: A national survey. Laryngoscope. 
2018;128(3):632-640. Doi: 10.1002/lary.26859

173.	 Gadjradj PS, Ogenio K, Voigt I, Harhangi BS. 
Ergonomics and Related Physical Symptoms Among 
Neurosurgeons. World Neurosurg. 2020;134:e432-
e441. Doi: 10.1016/j.wneu.2019.10.093

174.	 Diaconita V, Uhlman K, Mao A, Mather R. Sur-
vey of occupational musculoskeletal pain and injury 
in Canadian ophthalmology. Can J Ophthalmol. 
2019;54(3):314-322. Doi: 10.1016/j.jcjo.2018.06.021

175.	 Wyatt RW, Lin CC, Norheim EP, Przepiorski D, 
Navarro RA. Occupation-related Cervical Spine Dis-
ease in Orthopaedic Surgeons. J Am Acad Orthop 
Surg. 2020;28(17):730-736. Doi: 10.5435/JAAOS-D 
-19-00834

176.	 Adams R, Branthwaite H, Chockalingam N. Preva-
lence of musculoskeletal injury and pain of UK-based 
podiatrists and the impact of enforced altered working 
practices. J Foot Ankle Res. 2021;14(1):53. Published 
2021 Sep 1. Doi: 10.1186/s13047-021-00491-7

177.	 Penkala S, El-Debal H, Coxon K. Work-related mus-
culoskeletal problems related to laboratory training in 
university medical science students: a cross sectional 
survey. BMC Public Health. 2018;18(1):1208. Pub-
lished 2018 Oct 29. Doi: 10.1186/s12889-018-6125-y

178.	 Merryweather AS, Thiese MS, Kapellusch JM, 
Garg A, Fix DJ, Hegmann KT. Occupational factors 
related to slips, trips and falls among home healthcare 
workers. Safety science. 2018;107:155-160

179.	 Alamgir H, Yu S, Fast C, Hennessy S, Kidd C, Yassi A.  
Efficiency of overhead ceiling lifts in reducing muscu-
loskeletal injury among carers working in long-term 
care institutions. Injury. 2008;39(5):570-577. Doi: 
10.1016/j.injury.2007.11.420

180.	 Howarth AL, Hallbeck S, Mahabir RC, Lemaine V, 
Evans GRD, Noland SS. Work-Related Musculoskel-
etal Discomfort and Injury in Microsurgeons. J Re-
constr Microsurg. 2019;35(5):322-328. Doi: 10.1055 
/s-0038-1675177

181.	 Engkvist IL, Hjelm EW, Hagberg M, Menckel E,  
Ekenvall L. Risk indicators for reported over-exertion 
back injuries among female nursing personnel. Epi-
demiology. 2000;11(5):519-522. Doi: 10.1097/0000 
1648-200009000-00006

182.	 Amaro J, Magalhães J, Leite M, et al. Musculoskel-
etal injuries and absenteeism among healthcare 
professionals-ICD-10 characterization. PLoS One. 
2018;13(12):e0207837. Published 2018 Dec 14.  
Doi: 10.371/journal.pone.0207837



Occupational Injuries in Healthcare Workers 23

206.	 Boyle M, Koritsas S, Coles J, Stanley J. A pilot 
study of workplace violence towards paramedics. 
Emerg Med J. 2007;24(11):760-763. Doi: 10.1136 
/emj.2007.046789

207.	 Gülen B, Serinken M, Hatipoğlu C, et al. Work-
related injuries sustained by emergency medical tech-
nicians and paramedics in Turkey. Ulus Travma Acil 
Cerrahi Derg. 2016;22(2):145-149. Doi: 10.5505/tjtes 
.2015.94224

208.	 Ness GJ, House A, Ness AR. Aggression and violent 
behaviour in general practice: population based sur-
vey in the north of England. BMJ. 2000;320(7247): 
1447-1448. Doi: 10.1136/bmj.320.7247.1447

209.	 Koritsas S, Coles J, Boyle M, Stanley J. Prevalence and 
predictors of occupational violence and aggression to-
wards GPs: a cross-sectional study. Br J Gen Pract. 
2007;57(545):967-970. Doi: 10.3399/096016407782 
604848

210.	 Magin PJ, May J, McElduff P, Goode SM, Adams J, 
Cotter GL. Occupational violence in general prac-
tice: a whole-of-practice problem. Results of a cross-
sectional study. Aust Health Rev. 2011;35(1):75-80. 
Doi: 10.1071/AH10874

211.	 Tolhurst H, Baker L, Murray G, Bell P, Sutton A, 
Dean S. Rural general practitioner experience of 
work-related violence in australia. Aust J Rural Health. 
2003;11(5):231-236

212.	 Marte M, Cappellano E, Sestili C, Mannocci A, La 
Torre G. Workplace violence towards healthcare work-
ers: an observational study in the College of Physicians 
and Surgeons of Rome. Med Lav. 2019;110(2):130-
141. Published 2019 Apr 19. Doi: 10.23749/mdl 
.v110i2.7807

213.	 Çevik M, Gümüştakim RŞ, Bilgili P, Ayhan Başer D, 
Doğaner A, Saper SHK. Violence in healthcare at a 
glance: The example of the Turkish physician. Int J Health 
Plann Manage. 2020;35(6):1559-1570. Doi: 10.1002 
/hpm.3056

214.	 Udoji MA, Ifeanyi-Pillette IC, Miller TR, Lin DM. 
Workplace Violence Against Anesthesiologists: We 
are not Immune to this Patient Safety Threat. Int 
Anesthesiol Clin. 2019;57(3):123-137. Doi: 10.1097 
/AIA.0000000000000237

215.	 Boucaut R, Knobben L. Occupational health and 
safety incidents at a university school of nursing:  
A retrospective, descriptive appraisal. Nurse Educ Pract. 
2020;44:102776. Doi:10.1016/j.nepr.2020.102776

216.	 García-Gámez M, Morales-Asencio JM, García-
Mayor S, et al. Adverse events encountered during clin-
ical placements by undergraduate nursing students in 
Spain [published online ahead of print, 2020 May 22].  
Nurse Educ Today. 2020;91:104480. Doi: 10.1016 
/j.nedt.2020.104480

217.	 Boyle M, McKenna L. Paramedic and midwifery 
student exposure to workplace violence during clini-
cal placements in Australia - A pilot study. Int J 

Toward Healthcare Workers. Psychosomatics. 2018; 
59(6):584-590. Doi: 10.1016/j.psym.2018.04.007

195.	 Çelikkalp Ü, Dilek F. Factors affecting the occupa-
tional accident rates among nurses. Rev Esc Enferm 
USP. 2019;53:e03524. Published 2019 Dec 2. Doi: 
10.1590/S1980-220X2018049703524

196.	 Gershon RR, Pearson JM, Sherman MF, Samar SM, 
Canton AN, Stone PW. The prevalence and risk fac-
tors for percutaneous injuries in registered nurses 
in the home health care sector. Am J Infect Con-
trol. 2009;37(7):525-533. Doi: 10.1016/j.ajic.2008 
.10.022

197.	 Schablon A, Wendeler D, Kozak A, Nienhaus A, 
Steinke S. Prevalence and Consequences of Aggres-
sion and Violence towards Nursing and Care Staff in 
Germany-A Survey. Int J Environ Res Public Health. 
2018;15(6):1274. Published 2018 Jun 15. Doi: 10.3390 
/ijerph15061274

198.	 Unruh L, Asi Y. Determinants of Workplace Injuries 
and Violence Among Newly Licensed RNs. Work-
place Health Saf. 2018;66(10):482-492. Doi: 10.1177 
/2165079918756909

199.	 Ramacciati N, Gili A, Mezzetti A, Ceccagnoli A, 
Addey B, Rasero L. Violence towards Emergency 
Nurses: The 2016 Italian National Survey-A cross-
sectional study. J Nurs Manag. 2019;27(4):792-805. 
Doi: 10.1111/jonm.12733

200.	 El Ghaziri M, Dugan AG, Zhang Y, Gore R, Castro ME. 
Sex and Gender Role Differences in Occupational 
Exposures and Work Outcomes Among Registered 
Nurses in Correctional Settings. Ann Work Expo 
Health. 2019;63(5):568-582. Doi: 10.1093/annweh 
/wxz018

201.	 Grange JT, Corbett SW. Violence against emer-
gency medical services personnel. Prehosp Emerg Care. 
2002;6(2):186-190. Doi: 10.1080/10903120290938526

202.	 Heick R, Young T, Peek-Asa C. Occupational inju-
ries among emergency medical service providers in 
the United States. J Occup Environ Med. 2009;51(8): 
963-968. Doi: 10.1097/JOM.0b013e3181af6b76

203.	 Duchateau FX, Bajolet-Laplante MF, Chollet C, 
Ricard-Hibon A, Marty J. Exposition à la violence 
en Smur [Exposure of French emergency medi-
cal personnel to violence]. Ann Fr Anesth Reanim. 
2002;21(10):775-778. Doi: 10.1016/s0750-7658(02) 
00796-7

204.	 Boland LL, Kinzy TG, Myers RN, et al. Burnout and 
Exposure to Critical Incidents in a Cohort of Emer-
gency Medical Services Workers from Minnesota. 
West J Emerg Med. 2018;19(6):987-995. Doi: 10.5811 
/westjem.8.39034

205.	 Gormley MA, Crowe RP, Bentley MA, Lev-
ine R. A  National Description of Violence toward 
Emergency Medical Services Personnel. Prehosp Emerg 
Care. 2016;20(4):439-447. Doi:10.3109/10903127.2015. 
1128029



Dini et al24

Am J Ind Med. 2005;48(6):482-490. Doi: 10.1002 
/ajim.20230

229.	 Centers for Disease Control and Prevention (CDC). 
The National Institute for Occupational Safety and 
Health (NIOSH). Bloodborne Infectious Diseases: 
HIV/AIDS, Hepatitis B, Hepatitis C. Available at: 
https://www.cdc.gov/niosh/healthcare/risk-factors 
/bloodborne-infectious-diseases.html?CDC_AAref 
_Val=https://www.cdc.gov/niosh/topics/bbp/default 
.html. Accessed June 25, 2024.

230.	 Schillie S, Vellozzi C, Reingold A, et al. Prevention 
of Hepatitis B Virus Infection in the United States: 
Recommendations of the Advisory Committee on 
Immunization Practices. MMWR Recomm Rep 2018; 
67(No. RR-1):1–31. Doi: http://dx.doi.org/10.15585 
/mmwr.rr6701a1

231.	 Moorman AC, de Perio MA, Goldschmidt R, et al. 
Testing and Clinical Management of Health Care 
Personnel Potentially Exposed to Hepatitis C Virus —  
CDC Guidance, United States, 2020. MMWR 
Recomm Rep 2020;69(No. RR-6):1–8. Doi: http://
dx.doi.org/10.15585/mmwr.rr6906a1

232.	 Kuhar, David T. et al. Updated U.S. Public Health Ser-
vice guidelines for the management of occupational 
exposures to HIV and recommendations for postex-
posure prophylaxis. 2013. Available at: https://stacks 
.cdc.gov/view/cdc/20711. Accessed June 25, 2024.

233.	 van den Heuvel S. OSHwiki. Psychosocial risk factors 
for musculoskeletal disorders (MSDs). 2012. Available 
at: https://oshwiki.osha.europa.eu/en/themes/psycho-
social-risk-factors-musculoskeletal-disorders-msds. 
Accessed June 25, 2024.

234.	 Boini S, Colin R, Grzebyk M. Effect of occupational 
safety and health education received during school-
ing on the incidence of workplace injuries in the first 
2 years of occupational life: a prospective study. BMJ 
Open. 2017;7(7):e015100. Published 2017 Jul 18. 
Doi:10.1136/bmjopen-2016-015100

235.	 International Labour Organization (ILO). State prac-
tice to address COVID-19 infection as a work-related 
injury. 2021. Geneva, Switzerland. Available at: https://
www.ilo.org/wcmsp5/groups/public/---ed_emp/---
emp_ent/documents/publication/wcms_741360.pdf. 
Accessed June 25, 2024.

236.	 International Labour Organization (ILO). Interna-
tional Journal of Labour Research. Work-related inju-
ries, diseases and Covid-19. 2021. Geneva, Switzerland. 
Available at: https://www.ilo.org/wcmsp5/groups 
/public/---ed_dialogue/---actrav/documents/publication 
/wcms_810045.pdf. Accessed June 25, 2024.

237.	 Thornton J. Violence against health workers rises 
during COVID-19. Lancet. 2022;400(10349):348.  
Doi: 10.1016/S0140-6736(22)01420-9

Med Educ. 2016;7:393-399. Published 2016 Dec 11.  
Doi: 10.5116/ijme.582e.ac04

218.	 Boyle M, McKenna L. Paramedic student exposure 
to workplace violence during clinical placements - A 
cross-sectional study. Nurse Educ Pract. 2017;22:93-97. 
Doi: 10.1016/j.nepr.2017.01.001

219.	 Papalia F, Magnavita N. Un rischio professionale 
misconosciuto: la violenza fisica sul luogo di la-
voro [Unknown occupational risk: physical violence 
at the workplace]. G Ital Med Lav Ergon. 2003;25 
Suppl(3):176-177

220.	 Thomsen TW, Sayah AJ, Eckstein M, Hutson HR. 
Emergency medical services providers and weapons in 
the prehospital setting. Prehosp Emerg Care. 2000;4(3): 
209-216. Doi: 10.1080/10903120090941218

221.	 Koritsas S, Boyle M, Coles J. Factors associated with 
workplace violence in paramedics. Prehosp Disaster 
Med. 2009;24(5):417-421. Doi: 10.1017/s1049023 
x0000724x

222.	 Maguire BJ, O’Neill BJ. Emergency Medical Ser-
vice Personnel’s Risk From Violence While Serving 
the Community. Am J Public Health. 2017;107(11): 
1770-1775. Doi:10.2105/AJPH.2017.303989

223.	 Alamgir H, Yu S. Epidemiology of occupational injury 
among cleaners in the healthcare sector. Occup Med 
(Lond). 2008;58(6):393-399. Doi: 10.1093/occmed 
/kqn028

224.	 Horton DK, Berkowitz Z, Kaye WE. Second-
ary contamination of ED personnel from hazard-
ous materials events, 1995-2001. Am J Emerg Med. 
2003;21(3): 199-204. Doi: 10.1016/s0735-6757(02) 
42245-0

225.	 European Centre for Disease Prevention and Control, 
WHO Regional Office for Europe. Tuberculosis sur-
veillance and monitoring in Europe 2023 – 2021 data. 
2023. Stockholm, Sweden and Copenhagen, Denmark. 
Available at: https://www.ecdc.europa.eu/sites/default 
/files/documents/tuberculosis-surveillance-monitoring 
-2023.pdf. Accessed June 25, 2024.

226.	 European Centre for Disease Prevention and Con-
trol. Hepatitis B. In: ECDC. Annual epidemiological 
report for 2021. 2022. Stockholm, Sweden. Avail-
able at: https://www.ecdc.europa.eu/sites/default/files 
/documents/hepatitis-b-annual-epidemiological 
-report-2021.pdf. Accessed June 25, 2024.

227.	 Gohil SK, Okubo S, Klish S, Dickey L, Huang SS, 
Zahn M. Healthcare Workers and Post-Elimination 
Era Measles: Lessons on Acquisition and Expo-
sure Prevention. Clin Infect Dis. 2016;62(2):166-172.  
Doi: 10.1093/cid/civ802

228.	 Prüss-Ustün A, Rapiti E, Hutin Y. Estimation of 
the global burden of disease attributable to contami-
nated sharps injuries among health-care workers. 



Occupational Injuries in Healthcare Workers 25


