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Abstract

Background: 
Advances in insulin pen technology continue to improve the usability of these devices for patients with 
diabetes. In this study, ergonomic features and injection force, as measured by glide force (GF) and glide force 
variability (GFV), were evaluated for the new Humalog® Mix75/25 KwikPen™ (KwikPen) and compared with 
the NovoLog® Mix 70/30 FlexPen® (FlexPen).

Methods: 
Fifty prefilled insulin pen devices (25 of each type) were measured for diameter at the cartridge holder and 
dose window, length and weight with cap attached, and thumb reach at 30 and 60 units. GF was also determined 
for 100 devices (50 of each type); GFV at 30 and 60 unit doses was calculated for the plateau portion of the 
force curve based on the minimum and maximum force measured in that portion of the curve.

Results: 
While FlexPen was lighter in weight than KwikPen, and presented a slightly smaller diameter at the cartridge 
holder and dose window, KwikPen had a shorter overall pen length compared to FlexPen, with a shorter thumb 
reach at both the 30- and 60-unit dose settings. The maximum GF for KwikPen was less than FlexPen at both 
the 30-unit (3.42 vs 5.36 lb, p <0.0001) and 60-unit doses (3.61 vs 5.62, p <0.0001). KwikPen GFV was lower 
across both doses (mean difference: -0.46 lb at 30 units, -0.44 lb at 60 units; p <0.0001 for both).

Conclusions: 
While FlexPen was lighter with a slightly smaller cartridge holder and dose window diameter, KwikPen 
was shorter in length with less thumb reach than FlexPen. KwikPen also demonstrated lower GF and GFV, 
resulting in a smoother injection profile than FlexPen. These features of KwikPen’s design and function may 
offer important advantages for the user during insulin administration.
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Introduction

Since it was introduced in 1985, the “insulin pen” has 
been shown in most studies to be a viable and preferred 
alternative to the vial/syringe injection method of insulin 
delivery, contributing broadly to diabetes management.1-4 

Technological advancements in insulin pen devices 
continue to provide design improvements that take 
into consideration factors such as patient lifestyle, 
age, preference, and potential physical limitations (i.e., 
limited joint mobility and neuropathology).5-9 In addition 
to industrial design features that affect ergonomic 
functionality, clinical experience and recent empirical 
data have demonstrated that the overall insulin pen 
delivery system (comprising internal design and 
mechanics) strongly influence injection force dynamics—
objective measures of the relative smoothness and 
physical effort required for the injection process—and 
thus the experience of the patient during insulin 
administration.5,10,11

In this study, we evaluated a select set of ergonomic 
and injection force characteristics of a new, prefilled 
insulin pen, Humalog® Mix75/25 KwikPen™ (KwikPen) 
(Trademark of Eli Lilly, Indianapolis, IN), and a currently 
available prefilled pen, NovoLog® Mix 70/30 FlexPen® 
(FlexPen) (Tademark of Novo Nordisk, Princeton, NJ) 
(Humalog® Mix25 KwikPen™ and NovoMix® 30 FlexPen®, 
respectively, outside of the United States).

Methods and Study Design
This study involved ergonomic and force-measurement 
evaluations of KwikPen and FlexPen prefilled insulin 
devices. Respective devices tested are presented in 
Figure 1.

Ergonomic Testing
Ergonomic testing of 25 KwikPen devices (Lot no. A414346) 
and 25 FlexPen (Lot nos. SP51812, SP52026, TP50862, 
TP51077, TP51003, and SP51441) was performed by Eli 
Lilly and Company Pharmaceutical Delivery Systems 
(Indianapolis, IN). An optical comparator was used to 
measure overall length. A digital caliper was used to 
measure the diameter of the pen near the midpoint of 
the cartridge holder, the diameter of the pen at the dose 
window, and the thumb reach of the pen when the dose 
knob was dialed out to 30 units and 60 units. Weight of 
the full pen device containing 3 ml of insulin with the 
cap attached was measured by a digital scale.

Injection Force Evaluation
Injection force (as measured by glide force and glide force 
variability in this study) is the peak force attained when 
pushing the dose knob of a pen device during injection. 
As injection force increases, a user would need to exert 
proportionately greater effort in self administering a 
prescribed dose. Glide force variability is the variation 
of force during steady-state dosing. In this study, the 
glide force variability measurement is used to quantify 

“smoothness” of injection as a means of translating a 
technical measure into clinical application.

Fifty KwikPen devices containing Humalog® Mix75/25 
[75% insulin lispro protamine suspension and 25% 
insulin lispro injection (rDNA origin)] were compared 
with 50 FlexPen devices containing NovoLog® Mix 70/30 
[70% insulin aspart protamine suspension and 30% 
insulin aspart injection (rDNA origin)] for injection force 
characteristics (mean plateau, maximum-dose glide force, 
and maximal/minimal glide force variation throughout 
the injection stroke) at 30- and 60-unit dose sizes. Pens 
were fitted with needles consistent with the device 
manufacturer’s label—Becton Dickinson 31G needles  
(Franklin Lake, NJ) for the KwikPen devices, and 
NovoFine® (Novo Nordisk) 31G needles for the FlexPen 
devices.

Under ambient conditions (23 ± 5 oC), all pen devices 
were primed to a stream and then inserted into a Zwick 
TC-FR2.5TS Test System (Zwick testXpert 11.02 software, 
Kennesaw, GA) with a 100 N load cell zeroed prior to 
commencing each dose, using procedure PDS2078-AC 
(Operation of the Zwick Test System), as a reference.12 
Dosing speed was set such that each pen would deliver 
the dose at 10 units/s into the air. Force was applied to 

Figure 1. Photographs of (A) KwikPen and (B) FlexPen prefilled 
insulin devices.
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the dose knob until the force reached a fixed value, to 
ensure that the full stroke of the device was utilized 
for each dose setting. Injection force was measured for 
the duration of the dosing, generating force curves for 
each dose. Each pen was dosed three times at 30 units 
and three times at 60 units, using a randomized dosing 
sequence. In addition to capturing the peak and average 
values in the plateau region of the force curve, variability 
(i.e., the maximal and minimal force variations at the 
plateau portion of the curve) of the force curves for each 
dose setting was determined using the Zwick software.

Statistical Methods
To determine whether the mean injection forces generated 
from the KwikPen and FlexPen testing were significantly 
different from each other, data were analyzed using SAS 
JMP 5.1.1 (SAS Institute, Cary, NC). Data were evaluated 
for normality, and an analysis-of-variance (ANOVA) was 
performed. If the test for homogeneity of variances did 
not pass at the 95% confidence level, the Welch ANOVA 
test was applied for unequal variances between groups. If 
the test passed for equal variances, the Student’s t-test 
was used. In all cases, both the Welch ANOVA test and 
Student’s t-test were indicated to test for the robustness 
of the analysis.

Results

Ergonomic Evaluation
Laboratory measurements demonstrated that KwikPen 
devices, compared to FlexPen devices, averaged 0.54 
inches shorter (5.69 vs 6.23 in, respectively) and 7.14 g 
heavier (31.12 vs 23.98 g), with a slightly greater diameter 
across the cartridge holder (0.56 vs 0.51 in) and dose 
window (0.66 vs 0.60 in). In addition, the “thumb reach” 
distance required for activating the dose knob, with the 
pen device dialed out to 30 or 60 dosage units (Figure 2), 
was notably less for KwikPen relative to FlexPen (at 30 
units: 0.95 vs 1.20 in; at 60 units: 1.50 vs 1.83 in).

Injection Force Testing
Across both dose sizes tested, KwikPen demonstrated a 
lower maximum glide force (mean difference: -1.94 lb at 
30 units, -2.01 lb at 60 units; p <0.0001 for both), as well 
as a lower average glide force (mean difference: -1.64 lb at  
30 units, -1.70 lb at 60 units; p <0.0001 for both). Glide force 
variability was also significantly lower with KwikPen 
devices compared to FlexPen devices across both doses 
(mean difference: -0.46 lb at 30 units, -0.44 lb at 60 units;  
p <0.0001 for both) (Table 1). Figure 3 provides a graphical 
representation of glide force variability with respect 

Figure 2. Photographs of thumb reach at 60 units: (A) KwikPen and  
(B) FlexPen. Arrows indicate distance measured.

Figure 3. Comparison of glide force profiles for a representative 
KwikPen and FlexPen at (A) 30 units and (B) 60 units.
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to time (force fluctuations exhibited over the course of 
the injection process), wherein it is demonstrated that 
KwikPen achieved and sustained a lower and smoother 
(less variable) injection-curve profile for the 30- and 60- 
unit insulin dose tests.

Discussion

KwikPen is a new prefilled (3 ml) insulin pen approved 
in the United States (2007) for the administration of 
Humalog® (insulin lispro injection (rDNA origin)), 
Humalog® Mix75/25, and Humalog® Mix50/50 (50% 
insulin lispro protamine suspension, 50% insulin lispro 
injection (rDNA origin)). In this study, FlexPen was 
found to be lighter in weight and smaller in diameter 
at the cartridge holder and dose window than KwikPen. 
The KwikPen device was more compact, being shorter 
in overall length, and provided a shorter thumb reach 
to activate the injection mechanism than FlexPen. 
Additionally, injection force analysis demonstrated that 
KwikPen required approximately 36% less effort to eject 
the specified doses of insulin (mean maximum glide 
force), while providing for a smoother, less variable 
delivery throughout the injection stroke (44% less at 30 
units, and 60% less at 60 units).

Although insulin pen device studies reporting injection 
force are limited, this dynamic of insulin delivery 
performance appears to vary widely across insulin 
pens and positively impacts patient satisfaction and the 
likelihood of continued insulin pen usage—with patients 
preferring devices with lower injection forces.5,6,10,13  
Several factors that influence injection force dynamics 
have been reported, including plunger mechanism 
differences, a device’s internal frictional properties, and 
injection needle characteristics, however, the primary 
concern for a patient, at a practical performance level, 

is the overall effect of a pen’s delivery system on the 
injection force required to deliver a desired dose.5,10

Conclusions

In summary, the ergonomic design, glide force, and glide 
force variability characteristics of KwikPen may offer 
important insulin administration advantages and improve 
the injection experience in patients with diabetes. Further 
research to evaluate the potential clinical significance of 
the KwikPen design features is warranted.
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