
Bezpieczne i efektywne stosowanie
bezpiecznej igły pasywnej 

przez pracowników służby zdrowia 
w symulowanym środowisku, 

z uwzględnieniem postrzegania 
i preferencji

Anna Serafin, Aleksandra Ryk, Wojciech Fendler



Zranienia igłą (NSI, ang. „needlestick injury”) mogą potencjalnie narazić
pracowników ochrony zdrowia na kontakt z patogenami krwiopochodnymi. 
W celu ochrony przed zdarzeniami NSI opracowano bezpieczne igły pasywne.
Oceniliśmy, czy nowa w pełni pasywna igła może być bezpiecznie stosowana
przez pracowników ochrony zdrowia.

Bezpieczna igła pasywna została przetestowana przez lekarzy, pielęgniarki i
farmaceutów w scenariuszach iniekcji podskórnych lub domięśniowych w
badaniach symulacyjnych (1–3). Zebrane dane obejmowały przypadki użycia
zakończone powodzeniem, zagrożenia zdarzeniami NSI, trudności, błędy w
stosowaniu oraz przypadki użycia zakończone niepowodzeniem. W ramach
badania 4 pracowników ochrony zdrowia poproszono o ocenę bezpieczeństwa
wyrobu (kwestionariusz składający się z 21 pozycji).

Wyniki
Ogółem 104 uczestników wykonało 4772 symulowane zadania, w tym 932 iniekcji.
915 iniekcji (98,18%) wykonano pomyślnie i w żadnym z z tych przypadków nie
zaobserwowano NSI (0%). Badania 1 i 2: 84,15% zadań i 96,06% iniekcji zostało
wykonanych pomyślnie, lecz z błędami użycia wynikającymi głównie z modelu
mentalnego uczestników. W badaniu 3 nie odnotowano żadnych niepomyślnie
wykonanych zadań. W badaniu 4 ponad 98% uczestników odpowiedziało
pozytywnie na każde pytanie, a wszyscy uznali, że pasywny mechanizm
zabezpieczenia może przyczynić się do wyeliminowania zdarzeń NSI i lepiej
chronić przed patogenami krwiopochodnymi niż inne istniejące wyroby z
aktywnymi lub półpasywnymi mechanizmami zabezpieczeń.

Wnioski
Bezpieczna igła pasywna była z powodzeniem stosowana przez pracowników
ochrony zdrowia, nie doprowadziła do żadnych zdarzeń NSI i została oceniona
jako najbezpieczniejsza w porównaniu z podobnymi wyrobami.

Streszczenie
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ABSTRACT
Background: Needlestick injuries (NSIs) may potentially expose healthcare professionals (HCPs) to 
bloodborne pathogens. Safety needles are designed to protect against NSIs. We evaluated whether 
a new fully passive safety needle could be used safely by HCPs.
Research design and methods: The passive safety needle was tested by physicians, nurses, and 
pharmacists in subcutaneous or intramuscular injection scenarios in simulation studies (1–3). Data 
collected included successes, close calls, difficulties, use errors, and failures. In study 4, HCPs rated 
the device safety (21-item questionnaire).
Results: Overall, 104 participants completed 4772 simulated tasks, including 932 injections. 915 injec
tions (98.18%) were performed successfully and no NSIs (0%) were observed in any of the studies. 
Studies 1 & 2: 84.15% tasks and 96.06% injections were completed successfully, but use errors occurred, 
mostly arising from the participants’ mental model. There were no failures in Study 3. In Study 4, >98% 
of participants responded positively to every question, while all felt that the passive safety feature could 
eliminate NSIs and would better protect against bloodborne pathogens than other existing devices 
with active or semi-passive safety mechanisms.
Conclusions: The passive safety needle was used successfully by HCPs, did not lead to any NSIs, and 
was rated as the safest compared to similar devices.
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1. Introduction

Sharps injuries in healthcare workers are one of the most 
important occupational hazards globally, with more than 
two million exposures occurring annually [1]. Needlestick inju
ries (NSIs) are the most common type of sharps injury for 
healthcare professionals (HCPs), which mostly happen when 
the sharp point of a needle punctures or cuts skin [2]. Because 
NSIs can potentially lead to infection with hepatitis B or C or 
HIV, they should be treated seriously. The exact number of 
NSIs is underestimated, as many are unreported. Available 
data suggest that several million HCPs, particularly nurses, 
are at risk of occupational exposure to different bloodborne 
pathogens every year because of accidental NSIs [3].

An NSI can occur during the whole injection process, start
ing from the introduction of a needle, withdrawal from tissue, 
and needle disposal. A considerable number of NSIs occur 
after the injection (41%), when a needle is contaminated and 
the risk of infection is the highest during the handling and 
disposal of a needle [4]. Global guidelines on proper handling 
and disposal of used sharps, combined with the introduction 
of safety-engineered needles, has led to a reduction in NSIs [2]. 
The Occupational Safety and Health Administration (OSHA) 
has recommended that safety-engineered devices be consid
ered whenever possible, as engineering controls isolate users 

from the hazard and have been shown to reduce sharps 
injuries [5,6]. Safety needles with a sharps injury prevention 
feature are devices designed with an active or passive compo
nent or attachment that should protect a user from accidental 
NSIs. Despite these features, NSIs still occur when using 
a safety needle [2,7–9]. The EPINet report indicated that 
57.5% of injuries in the US occurred during the use of the 
device, while disposable syringes were, along with suture 
needles, the devices responsible for the most NSIs (20.7% 
and 21% respectively) [10]. In a study in the Netherlands in 
2018 [7], for example, the rate of NSIs prior to implementation 
of safety needle devices was 1.9 per 100 healthcare workers. 
After the safety needle devices had been introduced, the 
incidence of NSIs increased to 2.2 per 100 healthcare workers. 
The most commonly-reported causes for NSIs were difficulties 
in operating the safety device and improper disposal of nee
dles. Thus, it is crucial to assess not only the safety feature of 
the device, but also its usage in terms of its ability to reduce 
the risk of accidental NSIs.

We performed four studies using a fully passive safety 
needle (DropSafe Sicura, manufactured by Pikdare S.p. 
A. and distributed by Pikdare S.p. A., HTL-Strefa, Inc., and 
HTL-STREFA S.A. companies of the MTD Group) designed to 
ensure safety before, during, and after injection. These 
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studies were in accordance with the relevant Human 
Factors and Usability Engineering regulations in the US, as 
well as with the European Union MDR and MHRA regula
tions, and represent a standard approach during the devel
opment and registration of such a device. It possesses an 
integrated, automatic sharps protection feature (Figure 1) 
that continuously protects the cannula and inactivates the 
device, thus preventing repeated use and helping to elim
inate NSIs. We aimed to determine whether HCPs could 
correctly and safely use the new device with minimal or 
no training in a simulated environment following standard 
injection procedures. We also collected feedback about 
whether HCPs felt that medical devices with safety features 
were important, and how they rated the new device com
pared to legacy safety devices used in their daily clinical 
practice.

2. Methods

2.1. Study designs

Three non-clinical simulation studies were performed to assess 
the usability of the passive safety needle. The fourth study 

aimed to evaluate the perception and preference of the users. 
Before each test began, all participants agreed to take part in 
the study and read and signed the informed consent form. As 
there was no significant risk to participants, no ethics review 
was required.

The aims of Studies 1&2 were to: 1) obtain evidence that 
the user interface of the new device could be used safely and 
ensure that product range was not vulnerable to potentially 
harmful use errors that could cause damage or compromise 
medical care to the patient or user; 2) confirm it was possible 
to perform all recommended techniques for subcutaneous 
and intramuscular injections. In Study 3, the primary objective 
was to demonstrate that the injury prevention feature of the 
new device was effective in preventing NSIs, and accordingly 
determine the true failure rate of devices. The secondary 
objective was to collect users’ feedback regarding their inter
actions with the new device related to the prevention of 
sharps injuries and general features of the device.

In Study 4, a survey was conducted after Study 2 to esti
mate: a) perceptions of the new device in relation to its safety 
aspects; b) perceptions of the safety of the new device itself 
and in comparison to similar products on the market (a hinge 
cap active safety needle, a retractable safety needle, and 
a retractable safety syringe); c) preference of the new device 
for its passive safety feature to eliminate NSIs and protection 
against bloodborne pathogens; d) perceptions and preference 
of the new device for its safety features to eliminate NSIs and 
protection against bloodborne pathogens compared to similar 
products on the market.

2.2. Study groups

All participants were HCPs and represented the three most 
significant and popular groups of intended users of the new 
device – nurses, pharmacists, and physicians. The distribution 
of the participants differed between the groups to reflect the 
frequency of performing injections in daily practice. The lar
gest group contained nurses, then pharmacists, and the smal
lest group contained physicians. All of them had experience in 
performing injections with safety pen needles, passive systems 
with a retractable syringe, and/or passive catheters, thereby 
preventing learning curve artifacts. No training was required 
for participants in Studies 1&2, apart from familiarization with 
the product prior to the study session, as per a real-life sce
nario. Training in the correct technique was provided in Study 
3 (10 min during the test session, before simulated use). 
Participants in Study 4 self-trained before test simulation and 
the subsequent questionnaire. All participants were recruited 
and managed by a clinical research organization (Thay 
Medical, Dorset, England, for Studies 1,2&4; Emergo, 
Massachusetts, U.S.A., for Study 3). Participants in Studies 
1&2 received payments to compensate for their time and 
travel expenses.

2.3. Device

The passive safety needle is a single use, sterile hypodermic 
needle with an integrated passive sharps protection feature 
(Figure 1). The device is used in combination with a (pre-)filled 

Figure 1. Passive safety needle, available in eight different needle gauges 
(0.3–1.3 mm) and lengths (13, 16, or 25 mm). A-Outer cover; B-Needle; 
C-Entire needle length penetrating the skin (L); D-Safety shield; E-Needle 
use indicator; F-Colored needle hub. This passive system means that the 
device does not require any activity of the user and is activated automati
cally during the movement of the needle slider when the needle is inserted 
into the tissue. The needle is packed in a cover that functions as an 
additional protection against accidental activation and blocking of the nee
dle. When a user removes the cover, the needle is contained within the 
safety shield. When administering the injection, the safety shield retracts 
while the needle inserts into the skin. After injection, the needle automati
cally locks within the safety shield, preventing further use. When the safety 
mechanism is activated, a red indicator appears.
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syringe for subcutaneous and intramuscular injection. The 
device is Luer-Slip and Luer-Lock compatible, but cannot be 
used for drawing up drugs from a vial/ampule. It is character
ized by an automatic activation of a sharps protection safety 
mechanism that permanently protects the cannula of the 
device, thus preventing accidental NSIs and rendering the 
device unusable after a single use. More specifically, before 
being used the needle use indicator is white (Figure 1, device 
part E). During the introduction of the needle into the injec
tion site the safety shield (Figure 1 device part D) that covers 
the needle, retracts automatically into the device. When the 
safety shield is fully retracted, the entire needle length has 
penetrated into the tissue. After the delivery of the drug is 
completed and the needle is withdrawn, the safety mechan
ism will activate automatically, and the needle use indicator 
will turn red.

2.4. Procedures

All studies took place at several sites in the U.S.A.: Study 1 in 
San Antonio, Texas (21 Oct to 3 November 2021); Study 2 in 
San Antonio, Texas and Clovis, California (25 Feb to 
9 March 2022); Study 3 in Concord, Massachusetts (10 ses
sions, 24–25 Feb, 2022) and Chicago, Illinois (10 sessions, 1–2 
Mar, 2022); Study 4 in San Antonio, Texas and Clovis, California 
(25 Feb to 9 March 2022).

All tasks with the safety needle took place in simulated 
environments, designed to be equivalent to a real hospital 
environment, patient exam room, etc. (e.g. Supplementary 
Figure). Simulated injection sites were suitable for either sub
cutaneous or intramuscular injections.

2.4.1. Usability and safety studies (Studies 1–3)
The study procedure followed the same process in Studies 
1&2: 1) introduction and participant paperwork; 2) simulated 
use assessment; 3) root cause analysis; 4) final interview and 
closing off. In Study 3, the procedure was as follows: 1) con
firmed informed consent, introduced the test session, con
ducted the background interview; 2) training; 3) simulated 
use testing; 4) final interview and closing off. In all three 
studies the moderator conducted the interview sessions with 
the participants in the interview room. Sessions in all studies 
were also recorded. Each study session lasted approximately 
90 (Study 1), 60 (Study 2), or 45 (Study 3) minutes.

In Studies 1&2, participants were assigned to perform simu
lated injections within the following ‘normal use’ scenarios. 
Study 1: a) subcutaneous injection with 13 mm needle (30 G, 90 
degrees with a skin fold); b) subcutaneous injection with 13 mm 
needle (30 G, 90 degrees without a skin fold); c) subcutaneous 
injection with 13 mm needle (30 G, 45 degrees with a skin fold); 
d) subcutaneous injection with 13 mm needle (30 G, 45 degrees 
without a skin fold); e) subcutaneous injection with 16 mm nee
dle (25 G, 90 degrees with a skin fold); f) subcutaneous injection 
with 16 mm needle (25 G, 90 degrees without a skin fold) g) 
subcutaneous injection with 16 mm needle (25 G, 45 degrees 
with a skin fold); h) subcutaneous injection with 16 mm needle 
(25 G, 45 degrees without a skin fold); i) intramuscular injection 
with 25 mm needle (25 G, 90 degrees without a skin fold). Study 
2: a) subcutaneous injection with 13 mm needle (30 G, 45 
degrees with a skin fold); b) intramuscular injection with 25 mm 
needle (25 G, 90 degrees without a skin fold); c) subcutaneous 
injection with 16 mm needle (25 G, 45 degrees with a skin fold). 
Each task was categorized as a safety critical (i.e. a user task 
which, if performed incorrectly or not performed at all, would 
or could cause serious harm to the patient or user, where harm 
was defined to include compromised medical care), essential, or 
non-critical task and corresponded to a potential harm and 
a severity of that harm, where applicable. In Study 3, each 
participant performed 25 simulated injections at 45 degrees 
without a skin fold, using one selected version of the device 
(30 G, 13 mm) during their simulation session.

2.4.2. Perception and preference study (Study 4)
The study procedure in Study 4 was as follows: 1) introduction 
and participant paperwork (pretest); 2) simulated injections 
(test); 3) perception and preference study (posttest). All HCPs 
performed simulated injections according to four scenarios: a) 
subcutaneous injection with a 13 mm needle (45 degrees with 
a skin fold); b) intramuscular injection with a 25 mm needle 
(90 degrees without a skin fold); c) subcutaneous injection 
with a 16 mm needle (45 degrees with a skin fold); d) knowl
edge task assessment. Once all scenarios had been completed, 
the participants took part in the survey.

2.5. Data collection

2.5.1. Usability and safety studies (Studies 1–3)
During each simulation session in Studies 1&2, the moderator 
used a printed copy of the script to hand-annotate successes, 

Table 1. Results from two usability and safety studies of the passive safety needle in nurses, pharmacists, and physicians (studies 1&2).

Study 1, n (%) Study 2, n (%)

UG1 UG2 UG3 Total UG1 UG2 UG3 Total

No. participants 15 10 5 30 24 24 6 54
Tasks performed 570 380 190 1140 (100) 1392 1392 348 3132 (100)
Successa 433 (75.96) 278 (73.16) 124 (65.26) 835 (73.25) 1234 (88.65) 1213 (87.14) 313 (89.94) 2760 (88.12)
Close callsb 4 (0.70) 5 (1.32) 2 (1.05) 11 (0.96) 9 (0.65) 20 (1.44) 3 (0.86) 32 (1.02)
Difficultiesc 6 (1.05) 9 (2.37) 6 (3.16) 21 (1.84) 16 (1.15) 12 (0.86) 5 (1.44) 33 (1.05)
Use errorsd 127 (22.28) 88 (23.16) 58 (30.53) 273 (23.95) 133 (9.55) 147 (10.56) 27 (7.76) 307 (9.8)

aThe participant was able to complete the task correctly and as intended. bThe participant deviated from correct task completion initially or made a use error that 
could result in harm, but swiftly managed to recover, self-correct and complete the task as intended, preventing harm from occurring. cThe participant 
experienced difficulty and delay completing the task as intended, but self-corrected to complete the task, without the lead investigators intervention. dThe 
participant was unable to complete the task as intended or where the task was temporarily halted, or the Moderator had to intervene for the task to be 
completed. Abbreviations: UG (user group) 1, nurses; UG2, pharmacists; UG3, physicians. 
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close calls, difficulties, and use errors (definitions in Table 1) 
with their frequency and corresponding root cause. This data 
was also collected by the observer directly in the spreadsheet, 
and was later verified against the moderator data and checked 
against the recorded videos, if necessary. A final interview with 
targeted questions from the moderator was conducted after 
completion of all scenarios to assess whether the tasks had 
been comprehended. All scenarios and instruction materials 
were addressed in the form of a questionnaire, which included 
open answers and answers where the participant used a Likert 
scale from 1 (strongly disagree) to 5 (strongly agree) to 
express their opinion.

In Study 3, the moderator documented key observations on 
paper, and reconciled the data and reviewed the video record
ings, if needed. The primary objective was to demonstrate that 
the sharps injury prevention features of the new device were 
fully effective in preventing NSIs, and thus to determine the true 
failure rate of device. This objective was measured by calculating 
the number of sharps injury prevention feature failures, where 
failure was defined as one or all of the following outcomes 
during a particular simulated injection: 1) failure to activate the 
sharps injury prevention feature; 2) needlestick injury; 3) needle 
contact after administering the dose resulting in a needlestick. 
The secondary objective was to collect participants’ feedback 
regarding their interactions with the new device related to the 
sharps injury prevention feature, such as their overall impres
sions of the device’s safety and usability, opinions on the extent 
of the learning curve, ability to detect activation of the safety 
feature, and general acceptability of the device (based on the 
answers to a questionnaire, which included data on how much 
participants agreed or disagreed with a series of statements on 
a scale of 1 (strongly disagree) to 5 (strongly agree).

2.5.2. Perception and preference study (Study 4)
The questionnaire was based on a Likert scale design, 
a universal method where each question was rated on 
a scale of 1 (strongly disagree) to 4 (strongly agree), and 
included 21 ranking statement- and imagery-based questions 
about the passive safety needle (Supplementary Table). The 
data from each session was collected directly on a paper 
questionnaire. Any adverse incidents that were experienced 
were also recorded.

3. Results

3.1. Usability and safety studies (Studies 1–3)

A total of 104 participants completed 4772 tasks (Tables 1 and 
2): Study 1, ��= 30 participants, ��= 1140 tasks; Study 2, ��= 54 
participants, ��= 3132 tasks; Study 3, ��= 20 participants, ��=  
500 tasks. Tasks related to the whole injection process, from 
reading the instructions to disposal of the needle, were com
pleted successfully 73.25%, 88.12%, and 100% of the time in 
the three studies, respectively. However, some use errors, 
difficulties, and close calls deemed safety critical were made 
in Studies 1&2, as outlined in Table 3. A part of the assessed 
tasks in the three studies, concerned successfully performing 
the injection itself. In total 932 injections were performed with 
915 of them being concluded successfully (98.18%),

Study 1. All participants completed all of their 38 different 
tasks. Out of the 270 planned injections, 263 (97.4%) were 
successfully performed by the participants. Tasks were asso
ciated with use errors in 23.95% (related to integrity verifica
tion, checking the expiry date, priming the needle, and 
peeling the blister pack of the needle halfway using an aseptic 
technique), close calls in 0.96% (mostly related to reading the 
instructions for use (IFU) before use and selecting the correct 
needle size and syringe for the medication being prescribed), 
and difficulties in 1.84% (particularly when using the 13 mm 
needle). The number of use errors was high, but was fairly 
evenly distributed amongst all 30 participants; only three 
participants completed all of their tasks with ≤ 5 use errors. 
The average frequency indicated that physicians (11.8) experi
enced more use errors than nurses (9) and pharmacists (9), but 
it should be noted that the physician sample size (��= 5) was 
lower than the other groups. Even though 273 errors occurred 
in this study, the majority of them did not affect the successful 
completion of the simulated injections. The mental model (i.e. 
the participant’s preexisting perception of the injection pro
cess) was deemed to be the biggest issue (��= 107 errors) 
followed by simulation (��= 41 errors, which included stress, 
the nature of the tasks, and the simulated use environment). 
Trust (��= 22) and design-related (��= 10) use errors were more 
uncommon, the latter mainly associated with the IFU materials 
(which were unclear about the inability of using the device 
with a non-prefilled syringe) and the ‘priming’ task.

Overall, the device was regarded as ‘good’ or ‘very good’ by 
the majority of the participants (>67%) for each individual 
scenario tested (Table 4). Furthermore, the participants 
responded favorably to the usability of the safety needle 
device, with 70–97% answering ‘good’ or ‘very good’ to all 
specific questions (Figure 2a).

Table 2. Characteristics of participants in a usability and safety study of the 
passive safety needle in nurses, pharmacists, and physicians (Study 3).

Participants

Total number of participants, n 20
Nurses 10
Pharmacists 5
Physicians 5

Total number of devices, n 500
Nurses 250
Pharmacists 125
Physicians 125

Age (years), average (range) 49.8 (30–65)
Frequency of administering injections to patients, n

5–10 times per week 6
10–25 times per week 7
25+ times per week 7

Length of experience using active and/or passive needles, n
2–10 years 9
10–15 years 7
15+ years 4

Handedness, n
Right-handed 17
Left-handed 2
Ambidextrous 1

Visual impairments, n
None 6
Corrected – glasses for reading 5
Corrected – glasses for reading and distance 3
Corrected – glasses for distance 1
Corrected – contacts 5
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Study 2. All participants completed all of their 58 different 
user tasks (Table 3). Out of the 162 planned injections, 152 
(93.8%) were successfully performed by the participants. Tasks 
were associated with use errors in 9.8% (difficulties as per 
Study 1, but also included reading the IFU), close calls in 
1.02% (such as reading the IFU and filling the syringe using 
a blunt fill needle), and difficulties in 1.05% (particularly when 
trying to hold the correct angle). Once again, use errors were 
fairly evenly distributed between groups (data not shown). 
Awareness of the simulated environment contributed to 
most use errors, while the mental model accounted for 
a large number of use errors and most close calls.

Study 3. All observations met the criteria for success. No failures 
were recorded in any group, i.e. no NSIs, no contact with the 
needle after simulated injection, and no failure of the sharps injury 
prevention feature. Furthermore, all 500 simulated injections were 

performed successfully (100%). There were four unanticipated 
events not considered a failure of the sharps injury prevention 
feature: two deviations from the planned injection method (one 
needle shield activated before injection, one participant did not 
wear gloves); one device malfunction (the shield locked in place 
before injection, but still prevented the needle from being 
exposed); one test artifact (two occurrences in one participant 
where the needle was pressed through the injection pad at an 
angle that caused the needle to bend; the participant performed 
an additional two injections to compensate). The impressions of 
the participants with respect to the safety and usability of the 
device, opinions on the extent of the learning curve, ability to 
detect activation of the safety feature, and general acceptability of 
the device are shown in Figure 2b. All of these factors were rated 
favorably in 85–100% of participants, but slightly less favorably for 
the statement, ‘It is easy to avoid unintended device activation’ 
(where 65% ‘agreed’ or ‘strongly agreed’).

Table 3. Most problematic errors, difficulties, and close calls encountered that were deemed safety critical* in the usability and 
safety studies of the passive safety needle in nurses, pharmacists, and physicians (studies 1&2).

Study 1 
(1140 tasks, 

30 
participants)

Study 2 
(1392 tasks, 

54 
participants)

Total use errors, no. tasks (no. participants) 273 (30) 307 (51)
Verify integrity 69 105a

Check expiry date 84 129
Prime needle 78 —
Peel blister pack of the needle halfway using aseptic technique 20 —
Read instructions before use 11 14
Wash your hands before using the device — 22

Total difficulties, no. tasks (no. participants) 21 33
Administration using 13 mm x 30 G (45° angle with skin fold) 2 —
Administration using 13 mm x 30 G (45° angle without skin fold) 3 —
Administration Using 16 mm x 25 G (90-degree angle with skin fold) 2 —
Attach passive safety needle to a luer slip/lock syringe filled with the drug by pushing when 
attaching to luer slip syringe or by twisting and screwing on luer lock syringe

7 —

Select injection site and position passive safety needle at a 45° angle at the injection site to 
administer the drug

— 2

Hold the desired angle of 45° while pushing the needle in one continuous movement to administer 
the drug

— 3

Fill the syringe (5 ml) with the drug using a blunt fill needle — 2
Select injection site and position passive safety needle at a 90° angle at the injection site to 
administer the drug

— 2

Hold the desired angle of 90° while pushing the needle in one continuous movement to administer 
the drug

— 5

Total close calls, no. tasks (no. participants) 11 (30) 32 (19)
Read the instructions before use 4 7
Select the correct needle size and syringe for the medication being prescribed 3 —
Fill the syringe with the drug using a blunt fill needle — 14

*Safety critical=a user task which, if performed incorrectly or not performed at all, would or could cause serious harm to the patient 
or user, where harm is defined to include compromised medical care. aVerify integrity of the blister pack, n = 49; verify integrity of 
the device, n = 56. 

Table 4. Overall evaluation of the passive safety needle by the participants (Study 1).

Rating (n)*

Question
Very 
bad Bad Normal Good

Very 
good

‘Good’ and ‘Very 
Good’ %

What is your general impression of the device for subcutaneous 
injections with a 13 mm needle?

0 6 4 9 11 67%

What is your general impression of the device for subcutaneous 
injections with a 16 mm needle?

0 0 7 10 13 77%

What is your general impression of the device for intramuscular 
injections with a 25 mm needle?

0 2 1 7 20 90%

*n = 30 participants. 

EXPERT REVIEW OF MEDICAL DEVICES 967



3.2. Perception and preference study (Study 4)

In total, 54 HCPs who took part in Study 2 were included in 
Study 4 (24 nurses, 24 pharmacists, 6 physicians). Of these, 
55.6% had >10 years of experience at giving injections and 
83.3% had >2 years of experience using both passive and 
active safety needle devices. More than 98% of participants 
responded positively to every question (Figure 3), with none 
‘strongly disagreeing’ with any; there were no significant dif
ferences in responses between groups. Most participants 
(94.44%, ��= 51) thought that the passive safety needle was 
the safest option compared to an active syringe, active safety 
needle, or retractable needle/syringe (Figure 4).

4. Discussion

Needlestick injuries are a common hazard in everyday clinical 
practice for HCPs [3], usually caused by unsafe practices [2]. In 
the US, for example, most NSIs occurred in nurses (39.4%) and 
doctors (30.9%), usually in the operating room/recovery 
(37.4%) or the patient ward/room (30.1%) [10]. The NSIs hap
pened most often during use of the item (57.5%), between 
steps of a multi-step procedure (10.2%), or any other task 
occurring after use and before disposal (11.0%) [10]. It is 
important to ensure that safety needle devices can be used 
safely and effectively by the HCPs who regularly use them in 
daily clinical practice (i.e. nurses, pharmacists, and physicians).

We evaluated the performance of a new device in 104 HCPs 
who completed 4772 simulated tasks. In Studies 1&2, 84.15% 
(3595/4272) of tasks were completed successfully (performed 

according to product’s intended use) and the experience of 
using all three different needle sizes in various types of injec
tions was evaluated positively by > 98% of HCPs in the percep
tion and preference study. In particular, no NSIs occurred in 
any of these studies.

However, use errors, difficulties, and close calls did occur 
(Table 3). Use errors deemed safety critical, but unlikely to 
result to a NSI, included reading the IFU, washing hands, 
selecting appropriate protective equipment before use, verify
ing the integrity of the device or blister pack before use, 
checking the expiry date, peeling the blister pack of the 
needle halfway using an aseptic technique, and priming the 
needle. Checking the integrity and expiry date were both 
linked to a very clear and strong mentally-formulated model 
driven by current practice. For example, the expiry date was 
normally checked by other staff members or never checked 
because their institution did not have chance to reach the end 
of the expiry date of their used needles; ‘trust’ was commonly 
mentioned as a reason for not checking the integrity. Close 
calls were mostly related to reading the IFU before use, select
ing the correct needle size and syringe for the medication 
being prescribed, and filling the syringe with the drug using 
a blunt fill needle. Difficulties encountered included attaching 
the device to a Luer slip/lock syringe, filling the syringe using 
a blunt fill needle, and holding the device at the correct angle 
at the injection site while administering the drug (particularly 
the 13 mm needle, which requires much more push force for 
successful administration). In Study 3, there were no failures, 
i.e. no NSIs, no contact with the needle after simulated injec
tion, and no failure of the sharps injury prevention feature.

Figure 2. Evaluation of usability of the passive safety needle across all participants in a) Study 1 and b) Study 3. The values above the columns are number of 
patients in Study 1 and average rating in Study 3. * in Study 3: 17 right-handed evaluators and one ambidextrous evaluator (who performed all 25 injections with 
their right hand) responded to statement no. 10; two left-handed evaluators responded to statement no. 11.
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Our results indicate that the passive safety needle can be 
used safely and effectively and is unlikely to result in user 
errors that could lead to NSIs and they support other studies 
that demonstrate that passive safety needles are associated 
with the lowest rate of NSIs and are 10 times less likely to be 
connected with NSIs [11,12]. This is crucial because although 
some studies have found that safety needles can reduce NSIs 
[11–14], this is not always the case [7–9]. For example, in one 
analysis of 100,000 NSIs exposures, 18% were related to the 
use of safety needles [8]. Most of these exposures occurred 
during the procedure, including disposal, and 92% involved 
a device with a manual activation mechanism. Other studies 
have demonstrated that passive safety needle devices are 
associated with the lowest rate of NSIs [11], and are 10 times 
less likely to be connected with an NSIs incident [12].

When examining the factors leading to NSIs when safety 
needle devices are used, it was found that the majority could 
be prevented by proper use and safe disposal of the needles, 
but also by providing feedback to manufacturers with respect 
to product design and usability [7]. In our perception and 

preference survey (Study 4), participants first became thor
oughly familiar with the new device while performing subcu
taneous and intramuscular injections using different 
techniques and different needle size versions of the device. 
Based on this experience, more than 98% of the HCPs 
responded positively to every question and all had a high 
estimation of the safety of the passive technology used in 
the new device, particularly in comparison to similar products 
present on the market (a hinge cap active safety needle, 
retractable safety needle, and retractable safety syringe). All 
HCPs felt that the passive safety feature of the needle could 
eliminate NSIs and would better protect against bloodborne 
pathogens compared to the other products, and that this 
passive safety needle was the safest medical device. This is 
accordance with the hierarchy of controls recommended by 
organizations such as the OSHA, where improvements in engi
neering controls (such as those that remove the manual com
ponent of safety mechanisms, for example) can protect users 
from the hazard [6]. The perspective from different and experi
enced users of safety needles obtained in our study with 

Figure 3. Responses provided in the perception and preference study for questions relating to the perception of nurses, pharmacists, and physicians for the passive 
safety needle. Please refer to the Supplementary table for the corresponding questions.

EXPERT REVIEW OF MEDICAL DEVICES 969



respect to the safety and usability of the passive safety needle 
is important to help other HCPs decide whether to use an 
active (hinge-cap or similar), semi-passive (retractable syringe), 
or fully passive safety device to reduce the risk of NSIs. It 
should be noted, however, that proper adherence to NSIs 
safety guidelines is always essential [2,14].

The inclusion of different types of users experienced in 
performing injections with safety needles and the simulation 
setting that avoids harm to patients and monitored by 
a moderator to prevent any risk to the users are strengths of 
these studies. Users were able to provide feedback regarding 
any aspect of the new device that caused problems. However, 
the simulation setting itself was a weakness because the 
awareness that participants were not injecting patients some
times had an effect on their performance (and contributed to 
most use errors in Study 2). Furthermore, one should consider 
that the users used a new device, which was not similar to 
other routinely used, resulting to users needing some time to 
familiarize themselves with it. The participant’s preexisting 
perception of the injection process (their mental model, 
based on their own experience and workplace habits/proce
dures) also had an influence on the success of the tasks. In 
Study 1, for example, participants were aware that needle 
priming was not necessary when using a prefilled syringe, 
but some thought that priming would be necessary because 
of the size of the safety needle device compared to 
a conventional needle (it was also thought that priming 
might activate the locking mechanism of the needle or that 
it was quite difficult to see the drop coming out of the needle 
through the safety shield). In Study 2, all participants had 
experience in using needles and assumed the safety needle 
device would be similar to other passive safety needles cur
rently on the market. The mental model was also associated 
with most close calls, as participants often assumed that the 
working principle of the safety needle device was the same or 
very similar to other needles, leading them to apply the 

experience they had gained working in their current practices. 
It is clearly important to verify whether the new passive safety 
needle can reduce or even prevent NSIs in a real-world setting, 
where the bias of simulation is likely to be eliminated because 
the mind-set of the user will be different. The mental model 
may also represent a learning curve that must be overcome to 
ensure that safety needles are used correctly according to 
their specific IFU. Our results indicate that the IFU for this 
new safety needle require adjustments to ensure that all 
instructions are clear and precise.

5. Conclusions

These presented studies provide a realistic perspective of how 
the passive safety needle could be safely and effectively used 
in combination with a (pre-)filled syringe for subcutaneous 
and intramuscular injections in real life. The new device was 
used successfully by most participants in usability and safety 
studies with no NSIs. Minor errors of use were observed but 
none resulted in NSIs in any of the studied groups. In the 
perception and preference study, all participants rated the 
device as the safest compared to similar devices and poten
tially useful in NSI prevention.
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