


Dove

Auto-injector and motion capture system
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Figure 10 Needle displacement at every 1/60 second for each subject, split by injection site.
Notes: Black curves represent healthy subjects, and colored curves represent RA subjects. The color scale (blue to red) indicates the severity of the disease (low to high).

Abbreviation: RA, rheumatoid arthritics.

the maximum needle displacement. However, caution needs
to be applied in the interpretation of the results. Because of
the complexity of the data, no statistical inference had been
performed. Also, since the subjects injected the needle in the
pad, pain was not a factor.

Device acceptance and usability

The mean scores (£SD)/percentages of all the survey questions
were calculated for both all the subjects and the subjects in
the RA group (Tables 4 and 5). Device acceptance was high
for most of the questions (ie, >4; >80%) except Q3 and Q5
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Figure |1 Maximum distance reached up to time t.
Notes: The vertical line is t=15 seconds. Blue curves represent healthy subjects, and red curves represent RA subjects.
Abbreviation: RA, rheumatoid arthritics.
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Table 3 Percentage of subjects who reached a given percentile of their distance at |5 seconds

Injection 50th 75th 90th 95th 100th percentile
site percentile percentile percentile percentile (maximum)
Abdomen 89.19% 78.38% 59.50% 56.76% 32.43%

Thigh 83.78% 67.57% 62.16% 56.76% 29.73%

(ie, >3; >68%). Q3 was related to the probability of the
subjects feeling like they would make a mistake. As reported
by the subjects, some felt like they made a mistake because
they could not decide whether the correct dose was given or
whether a dose had been given at all. This was because they
failed to monitor the viewing window on the injector, which
indicated the volume of the dose. However, the percentage for
Q3 increased after second injection, which indicated that fewer
subjects made mistakes compared to the first injection. Q5 was
about the difficulty of removing the cap of the injector. Most
subjects complained that it required a lot of force to remove
the cap, especially those RA subjects who had severe hand dis-
ability. However, when they were asked whether this amount
of force to remove the cap was acceptable or not (Q5.a), a high
acceptance (86.84% for overall, 82.76% for RA subjects) was
achieved because they thought the amount of force to open
the cap is necessary due to safety considerations.

Device usability was also evaluated based on the percent-
age of injections where all steps were correctly performed

for both the first injection and the second injection. The
mean percentage of correctly executed steps for the overall
subjects was 96.05% for the first injection and 98.02% for the
second injection. In the RA group, the corresponding mean
percentages were 95.69 and 98.71. We can find that after
second injection, a higher usability was achieved than the first
injection both for all the subjects and the RA subjects, which
may have been due to greater familiarity with the device.
According to the notes made by the observers, the step that
the subjects failed most frequently was placing the viewing
window in their line of sight (S3 in Table 1).

Conclusion

In this study, we developed the first, to the best of our knowl-
edge, motion analysis system to objectively measure simu-
lated self-injection with an auto-injector. We demonstrated
the feasibility of tracking the motions of injection to compare
the performances between healthy and RA subjects. The
quantitative analysis of needle displacement showed a similar
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Figure 12 Maximum distance reached at 15, 30, 45, and 60 seconds per subject.
Note: Healthy subjects are on the left and RA subjects on the right.
Abbreviation: RA, rheumatoid arthritics.
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Table 4 Overall device acceptance

Questions Mean (£SD)/percentage

Injection | Injection 2
Ql 4.53 (+0.92) 4.76 (+0.59)
Q2 4.70 (+0.56) 4.68 (+0.62)
Q3 73.68% 81.58%
Q4 RA only
Q5 3.84 (+1.05)
Q5.a 86.84%
Qé 4.76 (£0.49)
Qéb.a 97.37%
Q7 4.29 (+0.96)
Q7a 89.47%
Q8 4.59 (£0.77)
Q8a 94.74%

Abbreviation: RA, rheumatoid arthritics.

level of performance among all the subjects with slightly
larger, but not statistically significant, needle displacement
in the RA group. Subgroup analyses showed that previous
experience in self-injection, grip method, pain in hand, and
Cochin score did not have significant effects on the perfor-
mance of injection. The analysis of needle displacement in
different durations of injection showed that most subjects
could hold the injector in place without significant increase of
displacement from 15 to 60 seconds. However, caution needs
to be applied in interpreting the results because the injec-
tion was performed in an injection pad and not actual skin.
Finally, the observed high device acceptance and percentage
of successfully handling the auto-injector (in compliance
with the IFU) suggest that the system is convenient and easy
to use. However, one limitation of this study was the small
sample size, especially the size of the healthy group, which

Table 5 Device acceptance in RA group

Questions Mean (£SD)/percentage

Injection | Injection 2
Ql 4.48 (£0.91) 4.72 (+£0.65)
Q2 4.62 (+0.62) 4.62 (+0.68)
Q3 68.97% 79.31%
Q4 82.75% 89.66%
Q5 3.90 (+1.05)
Q5.a 82.76%
Qé 4.76 (£0.51)
Qéb.a 96.55%
Q7 421 (+1.02)
Q7a 86.21%
Q8 4.50 (+0.85)
Q8a 93.10%

Abbreviation: RA, rheumatoid arthritics.

may reduce the stability of the factor analysis and limit the
interpretation of the results. The small sample size and the
observational nature of the statistical analysis mean that
the P-values reported in this study should be used to guide
interpretation rather than being definitive answers.
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