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Abstract

Background:
This usability test investigated the overall preference and usability of the novel NovoTwist® insulin pen 
needle versus conventional screw-thread needles, when used with Next Generation FlexPen®, in children and 
adolescents with diabetes.

Methods:
This was an open-label, randomized, crossover usability test in children and adolescents with type 1 diabetes 
who administered insulin with an insulin pen. Test needles were NovoTwist and the participant’s current 
screw-thread needle (or NovoFine® needle). Following instruction, participants attached the needle to Next 
Generation FlexPen, made an injection into a foam cushion, and detached the needle. This procedure was 
conducted three times with both needles in a random order. Responses to 13 questions on user experience with  
each needle (including overall preference, ease of attachment/detachment of needle/cap, handling, learning, 
confidence in attachment, and convenience of use) were subsequently recorded on a six-point rating scale  
(1 = very difficult; 6 = very easy).

Results:
Fifteen children aged ≥6 to ≤12 years and 15 adolescents aged ≥13 to ≤17 years participated in the test.  
A significantly higher proportion of children and adolescents (77%) indicated that they would prefer to use 
NovoTwist compared with screw-thread needles (p = .005). NovoTwist was preferred by most children and 
adolescents for overall ease of use (77%; p = .005), for ease of attachment (87%; p < .001) and detachment 
(83%; p < .001), and as the most appropriate needle to handle for daily injections (73%; p = .016). The mean 
rating for confidence in correct needle attachment was not significantly different between the two needle types.  
Seven out of eight parents of children who required assistance for their daily insulin injections stated that they 
would be “very likely” to allow their child to attach NovoTwist. 

Conclusions:
These factors may promote confidence in this needle, and thus in self-injecting, among younger patients and 
their parents.
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Introduction

Optimum outcomes for patients with type 1 diabetes 
mellitus require consistent long-term adherence to complex 
invasive management. Children and adolescents have 
been shown to have worse adherence, even in groups 
selected for greater motivation1 and, unsurprisingly, they 
also have worse glycemic outcomes. The reasons for the 
worse outcomes are complex but include concerns over 
needle pain and needle phobia, a loss of control over 
lifestyle choices, and the premature shift in responsibility 
from parents.2 Offering greater choices for diabetes care 
can improve adherence. For instance, there is evidence 
that the use of insulin pens can improve adherence to 
insulin treatment compared with the use of vials and 
syringes,3 but the results on adherence and cost vary in 
different studies.4–6 The high degree of patient satisfaction 
with new insulin pens for pediatric use may also 
potentially contribute to improved treatment adherence in 
children.7 The reduction in pain is also an advantage of 
insulin pens compared with vials and syringes.8

Insulin pens reduce the injection phobia, improve the 
confidence in dose delivery, and remove the inconvenience 
associated with vial and syringe systems.9 Consequently, 
insulin pens are the predominant devices for insulin 
delivery, especially in Europe (reviewed by Perfetti10). 
Importantly, insulin pens provide a more accurate and 
precise delivery of insulin, particularly at low doses  
(≤5 IU), which can be of particular benefit to children who 
usually require smaller doses.11 The Next Generation 
FlexPen® (Novo Nordisk A/S, Denmark) is a prefilled 
insulin pen that, like Victoza® Pen (Novo Nordisk A/S, 
Denmark), can be used with NovoTwist®(Novo Nordisk A/S,
Denmark). The Next Generation FlexPen is also compatible 
with Penfill® cartridges for use with the NovoPen® 
family of durable devices (Novo Nordisk A/S, Denmark). 
NovoTwist is attached via a bayonet fitting, where the 
needle is pressed down and turned a quarter of a turn, 
compared with the conventional screw-thread needle, which 
requires several turns to attach and detach the needle 
correctly (Figure 1). Three studies showed that adult 
patients found NovoTwist easier to attach12,13 and detach12 
than other needles, and patients preferred12–14 NovoTwist 
to conventional screw-thread needles. If preference is also 
improved in children and adolescents, this may also 
assist in greater adherence to diabetes management.

Here we report the results of a usability test of NovoTwist 
needles versus conventional screw-thread needles, when 
used with the Next Generation FlexPen, in children and 

adolescents with diabetes. The primary objective of the 
test was to evaluate the overall preference for NovoTwist 
versus screw-thread needles in children and adolescents. 
Secondary end points included the perception of ease of 
using the needle.

Methods

Materials
A Next Generation FlexPen with test medium was used in 
conjunction with either NovoTwist 32 G tip 5 mm needles 
(Novo Nordisk A/S, Denmark) or the patient’s own 
screw-thread needles (if the patient did not bring their 
own needles, NovoFine® 32 G tip 6 mm needles (Novo 
Nordisk A/S, Denmark) were used for the comparison). 

Test Procedures
This was an open-label, randomized, crossover usability 
test in children aged 6 to 12 years and adolescents aged 
13 to 17 years with type 1 diabetes who were already 
self-injecting with an insulin pen. Following instruction, 
participants attached the needle to a Next Generation 
FlexPen, made an injection into a foam cushion, and 
detached the needle—this procedure was conducted 
three times using a new needle each time.

This process was conducted with NovoTwist and the 
participant’s current screw-thread needle (or NovoFine 
needle) in a random order.

Participants
The test was carried out at nine centers in the United 
Kingdom. Male or female children/adolescents ≥6 to 
≤17 years of age with type 1 diabetes being treated with 

Figure 1. (A) Bayonet fitting on NovoTwist needle, and (B) NovoTwist 
5 mm 32 G tip (left) and NovoFine 6 mm 32 G tip (right).
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insulin and who were using an insulin pen were included 
in the test. Participants were accompanied by a parent 
to the interview. Parents accompanying young children 
were allowed to moderate the interview questions and 
reply so as to help the understanding for the child and 
to facilitate the process for a more valid result of the 
test. Exclusion criteria included language barriers that 
precluded an adequate understanding of the procedures 
or cooperation of the test, visual impairment requiring 
assistance when injecting, and any personal or family 
ties to a pharmaceutical company or marketing research 
agency. In addition, Penfine® (Ypsomed AG, Burgdorf, 
Switzerland) users were excluded from the test, as this 
needle and NovoTwist both have different attachment 
features and this test aimed to evaluate NovoTwist 
among patients who were using conventional screw-
thread needles. Informed consent and confidentiality 
agreement regarding the test products were obtained 
before any test-related activities, in line with local ethics 
committee requirements. 

Questionnaire and Statistical Analysis
The questionnaire (Appendix) used in the test contained 
two types of questions:

• Preference questions, which were asked following 
handling of both needles, and

• Rating questions (including ease of attachment/
detachment of needle/cap, handling, and learning; 
confidence in attachment; and convenience of use) 
in which each needle was evaluated immediately 
following handling.

Responses to preference questions were recorded as a 
direct preference for needle A or needle B or no preference. 
However, for the primary end point of overall preference, 
only two options were provided, a preference for needle 
A or needle B. The preference for NovoTwist was tested 
against a value of 50% (null hypothesis), with a two-
tailed, one-sample binomial test using a 95% confidence 
interval. Responses to questions on user rating were 
recorded on a six-point rating scale (1 = very difficult;  
6 = very easy). Parents of children who required assistance 
when injecting rated the likelihood of allowing their 
children to attach NovoTwist on a scale of 1 (unlikely)  
to 6 (very likely).

The primary objective of the test was to evaluate the overall 
preference for NovoTwist versus screw-thread needles in 
children and adolescents. Secondary end points included 

perceptions of overall ease of handling, overall ease of 
learning how to use, ease of attachment and detachment 
of the needle, and ease of disposal of the needle, as 
assessed by patients answering an overall rating question 
related to the process they had just carried out. 

In addition to the primary and secondary end points, 
further evaluation and safety objectives were assessed 
in the questionnaire, including improvement of ease of 
daily injection and preference for appropriateness for 
everyday use and safety.

Results
Fifteen children aged ≥6 to ≤12 years and fifteen adolescents 
aged ≥13 to ≤17 years participated in the test (Table 1). 
Mean duration since diagnosis with type 1 diabetes was 
5.4 ± 2.75 years. Mean duration of injecting insulin was 
4.8 years (range 6 months to 13.6 years).

Table 1.
Baseline Patient and Disease Characteristics

Characteristic Patients (n = 30)a

Mean age, years ± standard deviation 13.2 ± 2.75

Male 11

Left-handed 2

Duration of insulin self-injection
<1 year 
1–3 years 
>3–6 years 
>6–9 years 
>9 years

5 
6 
9 
5 
5

Injection device usedb

Autopen®

FlexPen®

Humapen®

NovoPen®

OptiClik®

SoloSTAR®

Other

5 
5 
2 

22 
1 
4 
4

Needle used
MicroFine®

NovoFine®
19 
11

a Number, unless stated otherwise in left-hand column.
b More than one pen type may have been used.

Of the 30 children and adolescents, 23 (77%) indicated 
that they would prefer to use NovoTwist, the primary end 
point of the study, and 7 (23%) indicated a preference for 
screw-thread needles (p = .005). Most participants found 
NovoTwist easier to use (23/30, 77%; p = .005), easier to 
attach (26/30, 87%; p < .001), and easier to detach (25/30, 
83%; p < .001) than conventional screw-thread needles 
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(Figure 2). Most children and adolescents also rated Novo-
Twist as the safest needle to handle (18/30, 60%; p = .362) 
and the most appropriate needle for everyday use (22/30, 
73%; p = .016) compared with conventional screw-thread 
needles (Figure 3).

Higher ratings were given for NovoTwist than for screw-
thread needles for overall ease of use (mean score 5.7 
and 5.2, respectively; p = .029), ease of attaching the 
needle (mean score 5.6 and 4.9, respectively; p = .003), 
ease of detaching the needle (mean score 5.7 and 5.0, 
respectively; p = .004), ease of removing the needle cap 
(mean score 5.7 and 5.0, respectively; p = .011), ease of 
handling needle when disposing of it (mean score 5.8 and 
5,4 respectively; p = .014), and convenience (in making life 
simpler; mean score 5.4 and 4.6, respectively; p = .007). 
A similar rating was given for NovoTwist and screw-
thread needles for confidence in correct needle attach-
ment (mean score 5.3 and 5.4, respectively; p = .45). 
Seventy-three percent of respondents rated NovoTwist 
as very easy to learn to use (mean overall score 5.7 out 
of 6.0). Intuitiveness of learning how to use the needle 
was also highly rated, with a mean score of 5.1, and 87% 
(26/30) scored NovoTwist as either 5 or 6 out of 6 as a 
great deal of improvement for ease of daily injections 
of insulin (mean overall score 5.3 out of 6.0; Figure 4). 
All respondents also rated NovoTwist as very easy to 
handle when disposing of the needle, with a mean score 
of 5.8 out of 6.0 versus 25/30 who rated conventional 
screw-thread needles easy to handle when disposing 
of (mean score 5.4 out of 6.0). As individual verbatim 
answers were given in response to “please tell us why 
you prefer this needle,” the results to this question are 
not reported here.

However, seven of the eight parents of children who 
required assistance in attaching needles/injecting insulin 
stated that they would be very likely to allow their 
children to attach NovoTwist themselves (p = .004).

Discussion
This usability test showed that significantly more children 
and adolescents had an overall preference for NovoTwist 
needles compared with screw-thread needles. The findings 
of this study are in agreement with three other studies12–14 
of NovoTwist in adults, which showed that adults with 
diabetes preferred NovoTwist for ease of use,12 ease of 
attachment,12,13 and ease of detachment12 compared with 
conventional screw-thread needles. Similarly, in this study, 
most children and adolescents also found NovoTwist 
the easiest needle to use, easier to attach, and easier to 

Figure 2. Overall preference for ease of use, attachment, and 
detachment of NovoTwist compared with a traditional screw-thread 
needle (n = 30).

Figure 3. Child and adolescent preference for NovoTwist as the safest 
and most appropriate needle to use compared with traditional screw-
thread needle (n = 30).

Figure 4. Ratings for ease of learning and improvement in ease of 
daily injection of NovoTwist among children and adolescents (n = 30).

detach than screw-thread needles. Most participants 
in this study also rated NovoTwist the safest needle to 
handle, very easy to learn, and appropriate for daily 
injections over conventional screw-thread needles, which 
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may assist in reducing the time spent on daily insulin 
injections and improve adherence to treatment. In a 
previous study, NovoTwist was evaluated as being the 
least time consuming and most user-friendly needle 
for attachment and detachment.14 Furthermore, in a test 
of the usability of NovoTwist in adults with manual 
dexterity impairment, significantly more respondents 
preferred NovoTwist and most respondents found 
NovoTwist the most appropriate needle for performing 
everyday injections compared with conventional screw-
thread needles.12

The participants’ response to NovoTwist in this study is 
encouraging, as it is a novel needle attachment system 
that the patients had no previous experience with, 
compared with screw-thread needles that the patients 
may have used since initiating their insulin regimens. 
Seven out of eight parents of children who required 
assistance in their daily treatment stated that they 
would be very likely to allow their children to attach 
NovoTwist. Although speculative, this finding suggests 
that parents have confidence in the handling features of 
NovoTwist and may be more willing to hand over more 
responsibility to the child, if this is relevant. In many 
situations, of course, what is desired is improved parent/
child/health care professional teamwork in managing 
the child’s diabetes, but any improvements in the needle-
pen systems that enhance confidence will improve this 
team effort. This is a significant finding, given the major 
concerns that parents have over the self-management 
of diabetes in their children.15 It may also provide an 
important stepping stone to overcoming a number of 
barriers to self-management of diabetes in adolescents.16 
However, this is likely to be just one of many factors that 
may enhance self-management in adolescents or children.

Parent–child relationships are extremely important for 
the successful management of diabetes in young patients, 
particularly in relation to adherence to insulin treatment 
regimens.17–23 One of the major concerns of parents is 
their child’s ability to manage his or her own diabetes 
treatment.15,17,22 Indeed, a large study of adolescents 
reported parents as being too protective, worrying too 
much, or trying to control the diabetes regimen most or 
all of the time.15 Ability for self-management of diabetes 
in teenagers has been cited as one of the major reasons 
for conflict within families.18,22

Previous studies showed a positive significant correlation 
between injection pain and needle diameter.24 Needles with 
the thickest diameters caused the most pain on insertion 
into skin, while thin needles caused significantly less 

pain in both children and adults. Furthermore, use of 
NovoTwist 5 mm 32 G tip needles, which is one of the 
thinnest commercially available needles, further reduced 
the frequency and severity of injection pain in children 
compared with the NovoFine 6 mm 32 G tip.25

NovoTwist is available in 5 and 8 mm needle lengths, and 
the length of the needle is important for the depositing 
of insulin to the subcutaneous layer. If the needle is too 
long, there is a risk of intramuscular depositing of insulin, 
and if the needle is too short, then insulin may be 
deposited intradermally.26 Indeed, shorter needles (8 mm) 
have previously been shown to reduce the risk of intra-
muscular injections in children with type 1 diabetes 
compared with longer needles (12.7 mm).26 Furthermore, 
NovoFine 5 mm 32 G tip needles have been shown to  
be safe for subcutaneous injections in children with low 
risk of intramuscular injections and limited back flow 
when an angled pinched skin-fold technique was used.25 

These factors may have contributed to the preference in 
this study for NovoTwist as the safest needle to handle 
and the most appropriate needle for everyday use.

Limitations of the current test include the small sample  
size, and the results of this test should be ratified in larger 
randomized studies of child and adolescent preference 
for needle-pen systems. Larger studies should also 
investigate if there are any ethnic or gender differences 
in the preference for needle-pen systems and whether 
this needle would be preferred by certain groups with 
diabetes such as children and adolescents with manual 
dexterity problems. One factor that requires clarification 
is the link between child preference for a needle-pen 
system and adherence to insulin regimens; this could be 
the focus of future larger studies.

Previous studies have shown that, among users of insulin 
injection pens, Next Generation FlexPen was a popular 
choice of pen,13 and the introduction of NovoTwist 
needle is likely to enhance patient preference for this 
system. However, few preference studies include data 
from children, and the current test is therefore 
important in providing information on the preferences 
of children and adolescents. A further limitation of 
the current test was that the children/adolescents were 
accompanied by parents, and it is not known whether 
the responses of children were influenced by their 
parent’s perceptions of the two needles. However, it was  
considered necessary for a parent to accompany a young 
child in order to facilitate the child’s understanding of 
the process to produce more valid test results.
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Appendix: Questionnaire

Complete for each needle following handling.
1. How easy/difficult was it to attach the needle? (Please circle one number only.)

Very difficult Very easy

Needle A 1 2 3 4 5 6

Needle B 1 2 3 4 5 6

2. How easy or difficult was it to remove the needle cap? (Please circle one number only.)

Very difficult Very easy

Needle A 1 2 3 4 5 6

Needle B 1 2 3 4 5 6

3. How confident were you that the needle was correctly attached? (Please circle one number only.)

Not at all 
confident Very confident

Needle A 1 2 3 4 5 6

Needle B 1 2 3 4 5 6

4. How easy or difficult was it to detach/remove the needle from the pen? (Please circle one number only.)

Very difficult Very easy

Needle A 1 2 3 4 5 6

Needle B 1 2 3 4 5 6

5. After removing the needle from the pen, how easy or difficult was it to handle the needle when disposing of it? 
(Please circle one number only.)

Very difficult Very easy

Needle A 1 2 3 4 5 6

Needle B 1 2 3 4 5 6

6. Overall, how easy or difficult was it to learn how to use this needle? (Not applicable for Needle B. Please circle 
one number only.)

Very difficult Very easy

Needle A 1 2 3 4 5 6

7. Overall, how intuitive was it to learn how to use this needle? (Not applicable for Needle B. Please circle one 
number only.)

Not at all intuitive Very intuitive

Needle A 1 2 3 4 5 6
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8. Overall, how easy or difficult was it to use this needle? (Please circle one number only.)

Very difficult Very easy

Needle A 1 2 3 4 5 6

Needle B 1 2 3 4 5 6

9. Overall, how convenient (in terms of making your life simpler) do you find this needle to be? (Please circle one 
number only.)

Very 
inconvenientt

Very 
convenient

Needle A 1 2 3 4 5 6

Needle B 1 2 3 4 5 6

10. To what extent would this new needle make it easier for you to inject on a daily basis? (Not applicable if Needle 
B is respondent’s own needle. Please circle one number only.)

Not at all A great deal

Needle A 1 2 3 4 5 6

Interviewer, when both needles are assessed individually ask following questions:

Comparing the needles:

In your opinion, which needle... Needle A Needle B Both the same

is the easiest to attach? 1 2 3

is the easiest to detach? 1 2 3

is easiest to use overall? 1 2 3

is safest to handle? 1 2 3

is most appropriate for performing everyday injections overall? 1 2 3

11. Overall, which needle would you prefer to use?

Needle A:  
twist needle

Needle B: 
own needle/screw-thread needle

1 2

12. Please tell me why you prefer this needle?

13. If your current needle was Needle A, how likely would you be to allow your child to attach this needle 
themselves? (Please circle one number only.)

Not at all likely Very likely

1 2 3 4 5 6


