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Abstract: This article presents a late-stage formative usability study of an autoinjector platform 

device. Such devices are used for the subcutaneous delivery of biopharmaceuticals, primarily 

for self-administration by the patient. Previous usability work on autoinjectors reported in the 

literature has been specific to single indications. This study was instead conducted with a broad 

user population, defined to represent user characteristics across a range of indications. The goals 

of the study were to evaluate whether users could use the devices safely and effectively, and 

could understand the instructions for use (IFU) as well as the accompanying training. Further 

objectives were to capture any usability issues and to obtain participants’ subjective ratings on 

the IFU and training as well as the confidence and comfort in using the device. A total of 43 

participants in 5 groups received training and performed simulated injections either into an 

injection pad or a mannequin. All participants were able to successfully use the device. The 

device was well appreciated by all users, with a reported degree of confidence in using the device 

of 98%, of user comfort of 93%, and of comprehensibility of IFU and training of 98%. These 

values are higher than other comparable results reported in the literature. The presence of both 

audible and visible feedback during injection was seen to be a significant factor contributing 

to injection success. The observation that the device can be safely and efficiently used by all 

tested user groups provides confidence that the device and IFU in their current form will pass 

future summative testing in specific applications.

Keywords: human factors engineering, autoinjector, handling study, use error, instructions 

for use, YpsoMate™

Introduction
Autoinjectors provide a convenient alternative to manual syringe injections for the 

subcutaneous administration of drugs across a range of indications.1,2 Such devices, 

allowing the patient to self-inject, have been in use for more than a decade and have been 

shown to increase patient adherence and compliance during treatment of autoimmune 

inflammatory diseases such as rheumatoid arthritis and multiple sclerosis.3–10 There 

are currently a number of different autoinjectors with different operating principles 

and varying degrees of automation available to patients.1,11 Recently, there has been 

a trend to move from more complex, fully automated button-activated technologies 

to simpler push-on-skin activated devices which offer the same level of user comfort 

with fewer user steps and simpler device design.11

The application of knowledge of human capabilities and limitations to the design 

of artifacts, also known as usability or human factors, forms a central part in the devel-

opment of safe and reliable medical devices such as autoinjectors. The documented 
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Figure 1 The YpsoMate™ disposable autoinjector used in the study.
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application of usability methods, including usability testing, 

throughout the design cycle is also required by regulatory 

authorities.12–14 Usability testing during development is usu-

ally divided into three parts. First, during early development, 

early-stage formative studies are conducted with the aim 

of providing user feedback to iteratively refine the device 

design and instructions for use (IFU). Later, toward the end 

of development, late-stage formative tests are performed to 

confirm that the device is suitable for its intended use and 

likely to pass the usability part of design validation. Finally, 

summative testing, also known as usability validation, is car-

ried out to provide objective evidence that the intended use 

has been met and that the device can be reliably and safely 

used by the intended user population.15

Current guidance on the application of usability meth-

ods to medical device development is focused on single 

indications and provides no recommendations on dealing 

with device platforms intended to be used across multiple 

indications.12–15 One possibility to deal with this gap has 

been developed by the authors and applied to a pen injec-

tor device in a previous study.16 The approach consists 

of performing testing in two stages, first, subjecting the 

platform device to formative testing with a broad user 

population recruited to reflect general user characteristics 

rather than those for a specific indication. The second stage 

comprises customizing the device for a given application 

and conducting further formative testing followed by 

usability validation with the corresponding specific user 

population.

All of the usability work on autoinjectors reported in the 

literature has been specific to a single indication, and most 

of it has been in the form of clinical studies assessing patient 

compliance and ease of use of a single device, comparing 

different devices against each other or a device against a 

syringe.3–10 Some formative handling studies, analyzing user 

behavior with the aim of identifying potential user errors and 

providing design input, have been reported.17–20 Some of these 

studies contain elements of design validation although they, 

with the possible exception of the validation of a specific 

sharps injury prevention feature, do not report full formal 

summative study results.18,20

This article presents a late-stage formative study of a 

platform autoinjector with a user population defined to rep-

resent user properties across a broad range of indications. 

Specifically, the study was designed and carried out with 

the aim of understanding whether the platform device, its 

IFU, and the accompanying user training are suitable for 

users in all targeted applications and whether the autoinjector 

would be likely to pass future summative testing in specific 

indications.

Materials and methods
Objectives
In this late-stage formative study, the primary objective 

was to evaluate whether a broad user population can use 

the YpsoMate™ (Ypsomed AG, Burgdorf, Switzerland) 

platform prototype devices safely and effectively and can 

understand the IFU and the accompanying training. Further 

objectives were to capture any usability issues that may 

affect user performance and satisfaction and to obtain par-

ticipants’ subjective ratings on the helpfulness of the IFU 

and training as well as the confidence and hand comfort in 

using the device.

study device
The YpsoMate™ (Ypsomed AG) is a single-dose, single-

use, two-step autoinjector intended for the subcutaneous 

self-injection of drugs in the context of various treatments 

requiring relatively infrequent (weekly, biweekly, or monthly) 

injections of a single-fixed dose.21 The device contains a 1 mL 

long prefilled syringe and features automated delivery of the 

drug to the subcutaneous tissue once triggered by pushing the 

device on skin. The device is presented in Figure 1. The tasks 

performed by the user to perform an injection are shown in 

Figure 2 and chiefly involve the actions of removing a protec-

tive cap, placing the device onto the skin, pushing down to 

start the injection, interpreting an “end” click, holding down 

for another 5 seconds, and then disposing of the device.

Participants and groups
The YpsoMate™ (Ypsomed AG) has been developed as a 

platform device, implying that it will be used for a number 

of different therapies. Therefore, no specific user popula-

tion has been defined for the development of the platform. 

Rather, a broader view of device use was taken, focusing on 
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1. Remove protective
cap

2. Place autoinjector on
injection pad

3. Push autoinjector
down, first click signals

start of injection

4. Hold autoinjector until
second click signals end
of injection and colored
plunger rod becomes

visible

5. Continue holding
autoinjector for 5

seconds

6. Remove autoinjector

7. Dispose of
autoinjector

Disposal

Injection

Preparation

Figure 2 Tasks performed by the user during an injection.
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impairments rather than illnesses. The device may be used by 

patients to inject a drug into themselves or may be used by 

another person, typically a health care professional (HCP) or 

a caregiver (CG), to inject drug into a patient who is unable 

to perform this task themselves.

Against this background, different user groups were 

defined, with the aim of selecting relevant user character-

istics which can reasonably be expected to be found in a 

wide range of applications. Ideally, any user population for 

subsequent products would be a subset of the user groups 

thus defined. Table 1 presents the five defined user groups 

together with the screening criteria for each group. The 

different user groups reflect possible differences in the 

abilities of potential end users. Thus the HCPs in group 1 

and CGs in group 2 interact with the device in a different 

way compared to the other groups as they inject into a 

patient rather than into themselves. HCPs also have clinical 

knowledge and training, which will positively affect their 

performance with the device in comparison to lay users 

(groups 2–6). CGs in group 2 are expected to have full 

command of their mental and physical abilities; therefore, 

they are likely to perform better than participants with 

impairments in groups 3–5.

Diabetics with retinopathy (DRs, group 3), diabetics 

with neuropathy (DNs, group 4), and arthritic patients (ARs, 

group 5) were also separated into distinct groups based on the 

type of impairment. Here, participants in group 3 have visual 

impairments, participants in group 4 have tactile impair-

ments, and participants in group 5 have motor impairments. 

Each of these groups therefore may present different chal-

lenges for user interface design.

Sex, age, and previous experience in device use were not 

considered as specific attributes to be examined individually 

in this study. Instead, each user group was recruited so as to 

achieve a representative mix or range of these characteristics.

It is currently recommended to have 5–8 participants 

per user group for formative studies.12 This range has been 

defined, based on experience, so as to be large enough to 

capture the whole range of behaviors within a user group. 

It has not been selected to reach a particular statistical 

significance of the results. The target number of participants 

Table 1 Definition of the user groups and screening criteria for each group

Group Definition (abbreviation) Property Screening criteria and target composition Target size

group 1 health care  
professionals (hcP)

healthy  
qualified user

Registered nurses, diabetes specialist nurses 9

group 2 caregivers (cg) lay user Healthy adult fit to administer injections. No particular  
experience or training

9

group 3 Diabetics with  
retinopathy (DR)

impaired vision approximately 50% pen users and the rest non-pen users  
(eg, people who use infusion sets, syringes, or oral medication)

9

group 4 Diabetics with  
neuropathy (Dn)

impaired tactile 
perception

approximately 50% pen users and the rest non-pen users  
(eg, people who use infusion sets, syringes, or oral medication)

9

group 5 Patients with arthritis (aR) impaired  
dexterity

Male-to-female ratio approximately 1:2. approximately 50%  
with pen experience, remainder without device experience

9

all groups age Between 18 and 70 years of age
Education some education expected
cognitive skills cognitive capabilities to understand and follow the instructions  

for use after the device has been explained to them
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Participant greeted and
ushered to room

Participant signed a
consent form

Participant responded to
prestudy questionnaire

Researcher gave verbal
introduction to device

Participant read IFU

Participant completed
distraction task

Moderator gave verbal
introduction to study

Participant performed
injection 2

Moderator asked
questions on usability

Study evaluation
(Room 2, 25 minutes)

Distraction task
(Room 1, 5 minutes)

Prestudy steps
(Room 1, 5 minutes)

Training
(Room 1, 20 minutes)

Participant performed
injection 1

Researcher
demonstrated injection

Figure 3 sequence of events during the handling tests.
Abbreviation: iFU, instructions for use.
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to be recruited was set to nine per user group, with the aim 

of reaching at least eight active participants per user group. 

The absolute minimum number of users was set at five par-

ticipants per group.

Facilities and equipment
Usability tests were conducted in the Simulation and Clinical 

Skills Centre at the Napier University in Edinburgh, UK, 

and at the Clinical Skills Suite at Glasgow University in 

Glasgow. The setup was the same at both facilities, with 

a basic meeting room used for conducting training with 

the participants and a hospital room with video recording 

facilities for participants to perform tasks with the device. 

This setting was selected to reflect HCP use while provid-

ing comparable light and noise levels to what would be 

encountered in home use. In the hospital rooms, mannequins 

(Nursing Anne, Laerdal Medical AS, Laerdal, Norway) were 

used for the injections performed by user groups 1 and 2, 

whereas groups 3, 4, and 5 injected into an injection pad 

(Ypsomed AG). The equipment used for the injections was 

the YpsoMate™ disposable autoinjector with water-filled 

syringes (Ypsomed AG).

Procedure
A market research agency (Progressive Partnership Ltd, 

Glasgow, UK) recruited participants across the five groups, 

according to the screening criteria defined in Table 1. The 

participants were scheduled to attend an individual 55-minute 

session at either of the two facilities. The activities carried 

out by each participant were 1) read and sign a consent form, 

2) respond to a prestudy questionnaire, 3) receive training 

in device use, 4) complete a distraction task, and 5) conduct 

the handling tests. The detailed sequence of events during 

the session is depicted in Figure 3.

On arrival to the study venue, each participant was 

greeted and invited to the training room by a researcher. The 

participant was asked to sign a consent form and respond to a 

prestudy questionnaire, which captured some personal details 

including their experience with similar devices. Participants 

then received training, consisting of the following steps: 

1) the researcher provided a short verbal introduction to the 

device, 2) the participant read the IFU, and 3) the researcher 

demonstrated an injection. This training format, ie, a profes-

sional describing and demonstrating the device to the trainee 

without the trainee actually handling the device, was selected 

as a reasonable representation of how patients are expected 

to be trained in reality (L Kalt, Ypsomed AG, personal com-

munication, May 2014). Throughout the  training session, the 

participant was allowed to ask any questions. Any difficulties 

participants had in understanding the IFU or training were 

recorded by the researcher.

Following training, the researcher asked each participant 

to complete a short distraction task in order to minimize 

short-term memory recall for the study session. This con-

sisted of two eye tests 1) a Snellen eye chart to measure the 

participant’s distance visual acuity and 2) a Jaeger eye chart 

to measure the participant’s near visual acuity. Once the 

distraction task was complete, the participant was invited to 

the study room for the evaluation session, where they were 

introduced to the moderator. The moderator began by provid-

ing a short introduction to the evaluation and then responded 

to any questions. Participants were also informed at this stage 

that they could refer to the IFU at any time.

Each participant was then asked to perform two injections, 

which were video recorded and observed by the moderator who 

was present in the room at all times. Participants in groups 3–5 

simulated the injection using an injection pad on the table. 
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Table 2 Participant characteristics

Group N Sex Age Handedness Pen experience Self-reported impairments

1.  health care  
professionals (hcP)

10 9 female,  
1 male

38–54, mean 45 1 left-handed,  
9 right-handed

6 naïve,  
4 experienced

none

2.  caregivers (cg) 9 6 female,  
3 male

19–52, mean 37 1 left-handed,  
8 right-handed

6 naïve,  
3 experienced

1 with arthritis, 1 with vision impairment, 1 with 
dyslexia, 6 without impairments

3.  Diabetics with 
retinopathy (DR)

8 6 female,  
2 male

34–76, mean 59 1 left-handed,  
7 right-handed

4 naïve,  
4 experienced

all reported some degree of blurriness of vision 
in one or both eyes

4.  Diabetics with 
neuropathy (Dn)

8 5 female,  
3 male

22–83, mean 51 1 left-handed,  
7 right-handed

1 naïve,  
7 experienced

1 with blurred vision, 2 with tenderness in 
hands, 2 with pins and needles in hands, 2 with 
numbness in hands, 1 without any impairments

5.  Patients with  
arthritis (aR)

8 7 female,  
1 male

43–70, mean 58 0 left-handed,  
8 right-handed

6 naïve,  
2 experienced

all reported varying degrees of stiffness, soreness, 
and numbness in fingers, hands, and wrists

Overall 43 33 female, 
10 male

19–83, mean 49 4 left-handed,  
39 right-handed

23 naïve,  
20 experienced

26 with impairments, 17 without impairments
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However, two participants in each of these groups held the pad 

onto their abdomen for one of the injections in order to evaluate 

a simulated self-injection. The order of pad positioning dur-

ing injection was alternated randomly across participants. To 

simulate injecting the device into another person, HCPs (group 

1) and CGs (group 2) injected the device into the upper arm 

of a mannequin lying on a hospital bed. During the injections, 

the moderator observed and recorded any usability issues, 

consisting of use errors, near misses, assistance required, and 

references to the IFU. The final set of questions involved asking 

the participants to rate on a 5-point scale the comprehensibil-

ity of the IFU and training and the level of hand comfort and 

confidence when performing injections.

Results
Participants
The characteristics of the participants in the study are pre-

sented in Table 2. A total of 45 participants were recruited, 

of whom 43 participated in the study. The target number of 

nine participants was reached in two groups, with the other 

three groups each having eight participants. Overall, 77% of 

the participants were female, 47% had previous experience 

using pen injectors, and 60% reported suffering from some 

kind of impairment. The mean age of the participants was 

49 years, with a range from 19 to 83 years.

Injection success rate, confidence, 
comfort, and iFU rating
All participants were successful (ie, required no assistance) in 

performing the first injection, which corresponded to a 100% 

success rate. Everybody except one person in the DR group 

succeeded in performing the second injection, leading to a suc-

cess rate of 98% for this injection. All injections performed 

into a pad held onto the abdomen and into a mannequin were 

successful. The detailed results are given in Figure 4.

Figure 5 presents the self-reported data on confidence 

in using the device. About 70% of the participants reported 

that they would “strongly agree” with the statement that they 

felt confident in using the YpsoMate™ (Ypsomed AG) and 

28% reported that they would “agree” with this statement. 

The combined rating for the two categories (the highest 

two ratings on the 5-point scale) is 98% of all participants. 

Looking at the rating per user group, it appears that 100% of 

participants in all groups except the DR group would either 

agree or strongly agree that they felt confident in using the 

device.

About 49% of the participants rated the YpsoMate™ 

(Ypsomed AG) as “very comfortable” to use and 44% rated 

it as “comfortable” to use, giving a combined result of 93% 

of participants rating the device as at least “comfortable” to 

use (the two top ratings on the scale). None of the participants 

rated the YpsoMate™ (Ypsomed AG) as “uncomfortable” to 

use, with the remaining 7% rating the degree of comfort as 

“neutral”. The results per user group are shown in Figure 6.

Figure 7 presents the reported degree of comprehensibil-

ity of the IFU. About 51% of the participants rated the IFU 

as “very easy to understand” and 47% rated it as “easy to 

understand”, bringing the total to 98% of participants finding 

the IFU easily comprehensible.

The training was rated as “very easy to understand” by 

72% of participants, with 26% finding the training “easy to 

understand”, resulting in a total of 98% rating the training to 

various degrees easily understandable. The breakdown per 

group is provided in Figure 8.

Use errors, deviations from iFU 
procedure, and references to iFU
A use error was defined as an event which potentially could 

lead to the participant failing a user task. It is important to 

distinguish between use errors, representing potential sources 
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0%

20%

40%

60%

80%

100%

(n=10)

HCP

Very comfortable Comfortable

TotalARDNDRCG

(n=43)(n=8)(n=8)(n=8)(n=9)

Figure 6 Reported degree of comfort in using the YpsoMate™; number of 
participants who rated their comfort in using the YpsoMate™ as “very comfortable” 
or “comfortable”.
Notes: The “very comfortable” and “comfortable” ratings are the two highest ratings 
on the 5-point scale. The three participants who did not rate the YpsoMate™ as 
either “very comfortable” or “comfortable” to use, all rated the degree of comfort 
as “neutral” (the third rating on the 5-point scale).
Abbreviations: hcP, health care professionals; cg, caregivers; DR, diabetics with 
retinopathy; Dn, diabetics with neuropathy; aR, patients with arthritis.

0%

20%

40%

60%

80%

100%

(n=10)

HCP

Very easy to understand Easy to understand

TotalARDNDRCG

(n=43)(n=8)(n=8)(n=8)(n=9)

Figure 7 Reported degree of comprehensibility of the iFU; number of participants 
who rated the iFU as “very easy to understand” or “easy to understand”.
Note: The “very easy to understand” and “easy to understand” ratings are the two 
highest ratings on the 5-point scale.
Abbreviations: iFU, instructions for use; hcP, health care professionals; cg, 
caregivers; DR, diabetics with retinopathy; Dn, diabetics with neuropathy; aR, 
patients with arthritis.

0%

20%

40%

60%

80%

100%

(n=10)

HCP

1st injection 2nd injection

(n=43)(n=8)(n=8)(n=8)(n=9)

TotalARDNDRCG

Figure 4 Observed injection success rates for the first and second injection, per 
user group.
Note: an injection was deemed successful when all user tasks could be completed 
by the participant without any assistance.
Abbreviations: hcP, health care professionals; cg, caregivers; DR, diabetics with 
retinopathy; Dn, diabetics with neuropathy; aR, patients with arthritis.
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of failure for individual tasks, and actual injection failure 

as described in the previous section. Participants may thus 

well commit use errors without necessarily failing a task or 

the injection.

Table 3 presents an overview of the observed use errors 

across all user tasks. Overall, 23 errors were seen across all 

86 injections, corresponding to a rate of 0.27 per injection. 

Considering that no more than one use error was observed 

during any injection, this translates into 73% of all injections 

being performed without any error. Except one use error 

committed during the second user task, “Place autoinjector 

on injection pad”, all errors occurred during the fifth task, 

“Continue holding autoinjector for 5 seconds” after the end of 

injection. The number of errors varied significantly between 

groups, with DNs and ARs having the highest numbers and 

DRs the lowest. For all groups except DRs, the number of 

errors was higher for the second injection. No user errors 

were observed during injections into a pad held onto the 

abdomen.

In addition to the user errors, a couple of usability issues 

and deviations from the procedure as described in the IFU 

were observed. One participant (in the AR group, corre-

sponding to 2% of the overall number) had some difficulties 

in removing the cap. Three participants (1 CG, 1 DR, and 

1 DN, equivalent to 7% of all participants) reported not 

hearing the first click. A total of nine participants (four in 

0%

20%

40%

60%

80%

100%

(n=10)

HCP

Strongly agreed Agreed

TotalARDNDRCG

(n=43)(n=8)(n=8)(n=8)(n=9)

Figure 5 Reported degree of confidence when using the YpsoMate™; number of 
participants who “strongly agreed” or “agreed” that they felt confident when using 
the YpsoMate™.
Note: The “strongly agree” and “agree” ratings are the two highest ratings on the 
5-point scale.
Abbreviations: hcP, health care professionals; cg, caregivers; DR, diabetics with 
retinopathy; Dn, diabetics with neuropathy; aR, patients with arthritis.
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0%

20%

40%

60%

80%

100%

HCP

Very easy to understand Easy to understand

(n=43)(n=8)(n=8)(n=8)(n=9)(n=10)
TotalARDNDRCG

Figure 8 Reported degree of comprehensibility of the training; number of participants 
who rated the training as “very easy to understand” or “easy to understand”.
Note: The “very easy to understand” and “easy to understand” ratings are the two 
highest ratings on the 5-point scale.
Abbreviations: hcP, health care professionals; cg, caregivers; DR, diabetics with 
retinopathy; Dn, diabetics with neuropathy; aR, patients with arthritis.

Table 3 Observed use errors per user group and injection

User task HCP (n=10) CG (n=9) DR (n=8) DN (n=8) AR (n=8) Total (n=43)

1st 2nd 1st 2nd 1st 2nd 1st 2nd 1st 2nd 1st 2nd

1.  Remove protective cap 0 0
2.  Place autoinjector on  

injection pad
1 0 1

3.  Push autoinjector down, first  
click signals start of injection

0 0

4.  hold autoinjector until  
second click signals end  
of injection

0 0

5.  continue holding  
autoinjector for 5 seconds

2 3 2 3 1 2 4 2 3 9 13

6.  Remove autoinjector 0 0
7.  Dispose of autoinjector 0 0
sum over all steps 2 3 2 3 1 1 2 4 2 3 9 14
Rate (occurrence/n) 0.20 0.30 0.22 0.33 0.13 0.13 0.25 0.5 0.25 0.38 0.21 0.33
number of injections  
performed without any  
error, n (%)

8 (80%) 7 (70%) 7 (78%) 6 (67%) 7 (88%) 7 (88%) 6 (75%) 4 (50%) 6 (75%) 5 (63%) 34 (79%) 29 (67%)

Notes: A user error is defined as an event which could potentially lead the participant to fail at a user task. No participant made more than one error during any single 
injection.
Abbreviations: hcP, health care professionals; cg, caregivers; DR, diabetics with retinopathy; Dn, diabetics with neuropathy; aR, patients with arthritis.
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than one reference each during the first injection. The rate 

was seen to decrease between the first and second injection 

in all user groups.

Time required to complete the injections
Table 5 provides the time required to complete the injections 

for the different user groups. The average time across all par-

ticipants decreased from 34.2 seconds for the first injection 

to 21.0 seconds for the second injection. For the individual 

user groups, the average time for the first injection varied 

by almost 50% between the longest (DN) and the shortest 

(CG) times. Much smaller variations between user groups 

were observed for the second injection.

Discussion
The characteristics of the participants are comparable to what 

has been reported in other studies, with a range of ages and 

different degrees of experience in device use.18,19 However, 

the presence and variety of disabilities are wider than in other 

studies, except for the case where a broad user population 

has been explicitly defined.16

With the exception of a single occurrence in the sec-

ond injection, all injections in the study were completed 

successfully. The participant who failed in the second injec-

tion, a diabetic with retinopathy suffering from impaired 

vision and arthritis, made the mistake of orienting the device 

upside down and was therefore unable to complete the injec-

tion. It should be noted that this participant performed the first 

the HCP group, one in the CG group, and four in the DN 

group, corresponding to 21% of all the participants) either 

intentionally or unintentionally did not observe the window 

and the plunger rod during the injection as mentioned in 

the IFU. This deviation from IFU procedure was observed 

in all types of injections (into a pad on table, into a pad on 

abdomen, and into a mannequin).

The number of references made to the IFU during each 

injection is shown in Table 4. The overall rate was 0.53 for 

the first and 0.14 for the second injection. The rates for each 

user group vary widely, with CGs making no reference to 

the IFU in any injection and DRs and ARs making more 
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Table 4 References to iFU per user group and injection

User task HCP (n=10) CG (n=9) DR (n=8) DN (n=8) AR (n=8) Total (n=43)

1st 2nd 1st 2nd 1st 2nd 1st 2nd 1st 2nd 1st 2nd

1.  Remove protective cap 3 1 1 1 5 1
2.  Place autoinjector on injection pad 1 1 4 6 0
3.  Push autoinjector down, first click  

signals start of injection
0 0

4.  hold autoinjector until second  
click signals end of injection

2 1 1 2 2

5.  continue holding autoinjector  
for 5 seconds

4 2 1 1 6 2

6.  Remove autoinjector 0 0
7.  Dispose of autoinjector 1 1 3 4 1
sum over all steps 3 0 0 0 8 5 3 1 9 0 23 6
Rate (occurrence/n) 0.30 0 0 0 1.00 0.63 0.38 0.13 1.13 0 0.53 0.14

Abbreviations: iFU, instructions for use; hcP, health care professionals; cg, caregivers; DR, diabetics with retinopathy; Dn, diabetics with neuropathy; aR, patients with 
arthritis.
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injection correctly without any error or deviation but then, 

after having failed in the second injection, appeared absent-

minded and confused, and when asked was unable to explain 

what led to the mistake during the second attempt. The 

moderator was also unable to identify any apparent reason 

for the event. This injection failure is therefore attributed to 

temporary user inadvertence, and thus is not believed to have 

any direct relation to the device, the IFU, or the training.

Virtually all participants reported high rates of confidence 

and hand comfort in using the device. The same holds for 

the rating of understanding of IFU and training. There were 

no meaningful differences in the scores reported by the dif-

ferent user groups. It may be noted that the results compare 

favorably with similar evaluations reported in the literature. 

In these studies comparing different devices, the scores 

observed for the most preferred devices were generally lower 

than the ones found in the present study.17,19

With the exception of the failed second injection attempt, 

all observed user errors were due to users not holding the 

device for a sufficient time after injection. Interestingly, this 

error was more common in the second injection compared 

to the first. It was committed by all user groups to varying 

degrees. In some cases, users forgot the holding time and 

removed the device directly after the second click. However, 

in many cases, the users attempted to respect the hold time 

but nevertheless removed the autoinjector too early. There 

were also some observations of users holding for longer 

than the required time (data not shown). It thus appears that 

holding for a specific time period without any external aid, 

admittedly a subjective measure, is the most challenging task 

during the entire injection procedure.

Results on holding time are not often reported in the 

literature, but where they are, it is found that users often 

have difficulties respecting the defined time.17,22 It is worth 

mentioning that most autoinjectors currently on the market 

do not have an audible click at the end of injection and do not 

require a specific holding time after the end of injection in 

the IFU. Instead they specify an overall holding time after the 

first click, ie, start of injection, which is supposed to cover the 

injection itself as well as a holding time after the injection has 

been completed.23–28 Furthermore, it can be debated whether 

there actually is a need to continue holding after the injection 

is complete. Two marketed autoinjectors which include an 

end-of-injection click do not require patients to further hold 

and count after this second click.29,30 Two other autoinjec-

tors with end-of-injection clicks instruct patients to hold 

and count only in case they do not hear the second click.31,32 

Although no specific studies on the influence of holding time 

after injection on treatment outcome have been found in the 

literature, the fact that this step is omitted for devices with 

end-of-injection clicks is a strong indication that it may not 

be clinically necessary. Furthermore, simulated absorption 

studies on epinephrine have also shown that at least for this 

Table 5 Time required to complete the injections

User group First  
injection (s)

Second 
injection (s)

Mean Range Mean Range

hcP (n=10), injection into  
mannequin

35.5 19–47 26.1 17–39

cg (n=9), injection into  
mannequin

28.6 16–57 22.6 14–29

DR (n=8), injection into pad 34.1 19–56 22.6 20–30
Dn (n=8), injection into pad 53.0 20–203 21.8 14–40
aR (n=8), injection into pad 32.8 17–66 19.9 13–38
Total (n=43) 34.2 17–203 21.0 13–40

Abbreviations: hcP, health care professionals; cg, caregivers; DR, diabetics with 
retinopathy; Dn, diabetics with neuropathy; aR, patients with arthritis.
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drug, the complete amount is absorbed already early in the 

injection phase.33,34

The fact that holding after injection appears to be of ques-

tionable clinical relevance and at the same time is the largest 

source of user error suggests that this user task may not be 

necessary, and its removal from the IFU may be considered. 

If the task is maintained, however, it is recommended that the 

corresponding description in the IFU as well as the training 

be reworked and improved.

It is important to note that in the present study, none of the 

users removed the autoinjector before the end of the actual 

injection, in spite of some of them not hearing the first click 

and others, for different reasons, not observing the plunger 

rod. This points to the significance of the dual feedback 

provided by the device. It appears that the presence of both 

visible (plunger rod movement) and audible (start and end 

click) signals in the YpsoMate™ (Ypsomed AG) renders 

the handling procedure robust enough to allow for a certain 

variability in user behavior without impacting the outcome 

of the injection.

The difficulty in removing the protective cap encoun-

tered by one participant in the AR group could be taken 

as an indication that alternative industrial designs should 

be considered for device versions to be used by manually 

impaired patients. However, this issue was observed only 

once in a total of 30 injections performed by participants with 

reported dexterity impairments, indicating that the device 

in its current design can be easily handled by such users. 

This conclusion is also in line with results from separate 

studies with female arthritis patients, where it was found 

that even severely impaired users were able to remove the 

cap (data not shown).

The number of references to the IFU varied between 

user groups, with CGs and HCPs consulting the IFU the 

least and the DRs and ARs the most. This can presumably 

be explained by the two former user groups being the most 

experienced (HCPs and CGs) and least impaired and the two 

latter the most impaired. As could be expected, the occurrence 

decreased from the first to the second injection.

The average time required to complete the injection was 

seen to decrease from the first to the second injection in 

all groups. Considering that the HCP and CG groups took 

about as long to inject into a mannequin on a bed as the other 

groups did to inject into a pad on the table, it is believed 

that the HCPs and CGs would have been much quicker than 

the other groups under comparable conditions. This would 

be consistent with the difference in impairments between 

the groups.

Conclusion
All participants were able to successfully use the device. Except 

for a single event, believed to be unrelated to the device, the 

IFU, or the training, all attempted injections were completed. 

The device was appreciated by all users with a reported degree 

of confidence in using the device of 98%, of user comfort of 

93%, and of comprehensibility of IFU and training of 98%.

Virtually all observed use errors concerned the holding 

time after injection, with users either not holding at all or for 

less than the required time. This finding is consistent with 

other results reported in the literature. As this handling step 

also is known to be of debatable clinical relevance, it may 

be considered for removal from the IFU.

The presence of both audible and visible feedback during 

injection was seen to be a significant factor contributing to 

injection success.

The observation that the device can be safely and effi-

ciently used by all tested user groups provides confidence 

that the device and IFU in their current form will pass future 

summative testing in specific applications.
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