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Abstract

Background Insulin treatment is widely used not only for type 1 but also for type 2 diabetes patients. Insulin must be
injected into the subcutaneous tissue to be effective. The needle length has been shortened for safety and efficiency.
However, whether patients use an appropriate needle length is unclear.

Methods Skin thickness was measured by ultrasound with patients in their usual posture during injection. Further-
more, the effect of the intervention in which the needle length was changed was investigated.

Results Thirty-eight percent of the patients had fluid leakage and injected the needle intradermally. The average skin
thickness was 3.3 mm while sitting, which was greater than that in a previous report including measurements taken
while lying down. Consequently, the skin thickness was>4 mm in 9.5% of the patients who used 4-mm needles.
Cases of leakage and intradermal injection decreased when the needle length was changed.

Conclusions This study identified that the needle length should be considered in patients with thick skin or a lower

body mass index due to possibility of intradermal injection.
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Background

Insulin treatment is widely used not only for type 1 but
also for type 2 diabetes patients [1, 2]. Insulin must be
injected into the subcutaneous tissue, and not into the
muscles, dermis, or nerves [3]. Blood flow through subcu-
taneous tissue is slow compared to that through muscles
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[4]. Intramuscular injection can lead to faster absorption
than the desirable rate, depending on whether the muscle
is at rest or tense [5], causing hypoglycemia [3-5]. Intra-
dermal injection causes hyperglycemia, insulin leakage,
and pain [6-8]. Insulin is administered when the needle
completely punctures the skin (epidermis and dermis)
and enters the fat but does not enter the fascia or muscle
[5]. The lengths of the needles are 4, 5, 6, or 8 mm. The
most appropriate needle length for patients depends on
the skin thickness (ST) and distance to the muscle fascia
[3]. Previous reports revealed that the mean ST is 2.20-
2.29 mm when lying down via ultrasound [3, 5, 7]. The
use of 4-mm needles is widely recognized to be appropri-
ate for all injections regardless of sex, age, and body mass
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index (BMI) [5]. Because ultrasound measurements are
conventionally performed in the lying position, the ST in
the usual posture during injection is unclear.

This study measured ST in the usual posture during
injection using ultrasound, and problems with injection
were investigated in diabetes patients using 4-mm nee-
dles to determine the most appropriate needle length.
Moreover, this study investigated the effect of the inter-
vention in which the needle length was changed.

Methods

Study population

This was a prospective observational study with diabe-
tes outpatients who had received insulin therapy and
started using 4-mm needles at Ito Physical Clinic in
Toyota, Japan between 27 February and 31 March 2018.
Moreover, Japanese patients with type 1 or 2 diabetes
were included in this study. Demographic characteristics,
including age, sex, weight, BMI, and HbA1c level (NGSP),
were obtained from electronic records. Any potentially
eligible patient from the clinic outpatients was invited
to participate in the study. The major exclusion criteria
for this study were an age less than 18 years, unstable
diabetes mellitus with repeated hypoglycemia or hyper-
glycemia, pregnancy, skin disorders, and cancer. Certi-
fied diabetes educators checked the injection technique
using an evaluation sheet (Table 1) referenced from the
Japanese diabetes educators’ guidebook [9]. Patients were
evaluated regarding elements of their injection technique
by the evaluation sheet. Patients who could not complete
any of the elements included in the evaluation sheet were
excluded. This study was approved by the ethics com-
mittee of Kinjo Gakuin University Pharmaceutical Ethics
Committee and performed following the Good Clinical
Practice Guidelines (approval number: H18018).

Measurement of skin thickness and subcutaneous adipose
layer thickness

The ST and subcutaneous adipose layer thickness (SCT)
were determined based on the total thicknesses of the
epidermis and dermis as well as the subcutaneous tissue

Table 1 Injection evaluation sheet

Rolling cloudy (In case of drug mixtures)
Positioning the needle along the axis
Removal of air

Setting the dose

Pressing the dose button

Holding the pen

Removing the needle

Discardment
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thickness [3]. ST and SCT were measured using ultra-
sound equipment (HONDA ELECTRONICS HS-1500,
Honda, Japan). The patients were placed in their usual
position when performing injections. The medical staff of
the clinic measured the patient’s ST and SCT. The ultra-
sound was calibrated for normality. Gel was applied to
the ultrasound probe at a right angle above the desired
location using the location chart created by Becton,
Dickinson and Company (Texas, USA). Abdominal injec-
tion sites were indicated by a total of four points using
a site chart as described in Fig. 1. The greatest thickness
at four points on the abdomen was analyzed to evalu-
ate whether a shorter 4-mm needle was appropriate for
patients undergoing site rotation. Moreover, ST and SCT
were measured by using 7.5 MHz as the basic frequency.
Thickness was measured by the automated machine after
the point where each constant thickness was identified by
scanning within the range of the desired location.

Intervention

The needle length was changed from 4 to 6 mm when
the ST was 2.9 mm or greater. When injections are per-
formed with 4-mm needles at an angle of 45 degrees,
intradermal injections occur at 2.8 mm depth from the
skin surface. With a 4-mm needle, it is recommended
that patients inject at a 90° angle and avoid pinching-up
the skin at the injection site to prevent insulin leakage
and intradermal injection. This protocol differed from
that for a 6-mm needle. The insulin technique produced
two metrics: (1) the insertion angle (vertical or tilted)
and (2) pinching-up (yes or no). If a change in the needle
length necessitated a change in the injection technique,
we taught the technique to the patient. The problems
related to injections using 4-mm needles produced two
metrics: (1) insulin leakage (yes or no) and (2) intrader-
mal injection (yes or no). A certified diabetes educa-
tor scheduled the next (second) visit within less than
3 months after the first visit.

Statistical analyses

ST and SCT are expressed in millimeters. The charac-
teristics of the patients and their answers to the ques-
tionnaire are reported as a percentage of the number
of patients. The relationships between two parameters

Fig. 1 Measurement site of skin thickness on the abdomen
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were determined using Spearman’s rank correlation
coefficient. Analysis of HbAlc changes before and after
the intervention was performed using the Mann—Whit-
ney U test. Analysis of changes in injection techniques
was performed using the chi-square test. P<0.05 was
considered statistically significant.

Results

The clinical characteristics of the patients

There were 26 eligible patients who had received insu-
lin therapy between 27 February and 31 March 2018.
Four patients were excluded for using 6-mm needles.
A patient who had not done “Removal of air” in the
evaluation sheet were excluded. Thus, this study was
conducted with 21 subjects (81%). The clinical char-
acteristics of the 21 patients are shown in Table 2. The
mean BMI and HbAlc level were 25.7 +8.7 kg/m? and
7.3+0.8%, respectively. The patients had type 1 (four
patients, 19%) or type 2 (17 patients, 81%) diabetes. All
patients performed injections in the abdomen while sit-
ting in a chair, and pen-type 4-mm needles were used.
A total of 86% and 14% of the patients performed injec-
tions in the vertical and tilted positions, respectively.
Eighty-one percent of the patients pinched-up the skin.
Consequently, 38% of the patients had insulin leakage
and injected the needle intradermally.

Skin thickness and subcutaneous adipose layer thickness
The mean ST and SCT were 3.3+0.6 mm (range,
1.9-4.3 mm) and 16.1 +8.7 mm (range, 5.8—44.4 mm),
respectively, in the usual posture during injection. Two
patients (9.5%) had ST >4 mm.

Table 2 Background of patients

Patients 21
Gender
Male 7(33%)
Female 14(67%)
Age (years) 56.5+16.8
Weight (kg) 628+16.7
BMI (kg/m?) 257+87
HbA1c (%) 73408
Type of diabetes
Type 1 4(19%)
Type 2 17(81%)

Values in age, weight, BMI, and HbA1c indicated mean + SD. The other indicated
number (percentage) of patients
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The relationship between intradermal thickness and BMI
ST was related to BMI (P<0.05; Fig. 2A). Patients
with a BMI>25 kg/m? had a significantly thinner ST
(P<0.05; Fig. 2B).

The relationship between the injection technique and skin
thickness

The results of the questionnaire are shown in Fig. 3.
Patients without intradermal injection tended to have a
high ST (P=0.07; Fig. 3B). ST was not associated with
insulin leakage (P=0.1; Fig. 3A).

The effect of changing the needle length and injection
technique interventions

The needle length and injection technique were
changed for 71% (n=15) and 14% (n =3) of the patients,
respectively. The results of the interventions are
shown in Fig. 4. HbAlc and insulin requirements did
not change before or after the intervention. However,
insulin leakage and intradermal injection significantly
decreased from 46% (n=6) to 8% (n=1) and from 46%
(n=6) to 23% (n=3), respectively (P<0.01; Fig. 4A, B).

Discussion
The recommended needle lengths for insulin injection
have been changing for a long time. Although almost
half of the patients used 8-mm needles until 2010 [10],
4-mm needles were common at the time of study [11].
Shorter needles are less likely to put patients at risk for
an intradermal injection [8, 12, 13]. Shorter needles
are less painful, easier to use, and more favorable for
adult Japanese diabetes patients [14—16]. Gibney et al.
reported that an insertion angle of 45° with a 4-mm
needle increases the risk of intradermal injections by
7.7% [7]. In this study, more patients (38%) had fluid
leakage and injected the needle intradermally although
subjects with poor injection techniques were excluded.
It was hypothesized that a 4-mm needle might not be
appropriate for some patients. Thus, we focused on ST.
Consideration of ST is important for subcutaneous
tissue injections to avoid injection site pain and uncon-
trolled blood glucose [5]. The average ST was shown to
be 2.20-2.29 mm across several races [7] and in Asians
[3, 17, 18] when the usual measurement method was
used. Many diabetes patients now use shorter nee-
dles, especially 4-mm needles, regardless of their BMI.
However, the ST in the actual posture during injection
(e.g., while sitting) is unclear. Although a shorter needle
length is the standard, diabetes educators should assess
its appropriateness and effectiveness on a case-by-case
basis and should recommend longer needles when
needed [19].
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Fig. 2 The relationship between BMI and skin thickness. A The correlation between BMI and ST (n=21). P<0.05, * P<0.05 (Spearman coefficient
index). B Difference in ST based on BMI. The figure indicates median and ranges. (n=21). * P<0.05 vs.>25% (Mann-Whitney U test). BMI body mass
index
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Fig. 3 The relationship between injection techniques and skin thickness. The figures indicate the median and ranges (n=21). A Insulin leakage.
p=0.1.B Intradermal injection. P< 0.1, # P< 0.1 vs. yes (Mann-Whitney U test)

This study investigated ST in the usual posture while related. The ST was>4 mm in 9.5% of the patients.
lying down. The average ST when sitting was 3.3 mm, Thus, injection into the subcutaneous tissue with ver-
which was greater than that while lying down. The tical puncture was not performed. Previous reports
average SCT in this study was 16.1 mm. However, mentioned that ST increased with increasing BMI
another study showed that it was 10.15-13.92 mm [3, 7]. However, this study confirmed that the higher
[3, 7]. The difference in posture was suggested to be the BMI, the lower the ST. It is suggested that ST is
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(B) Intradermal injection
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Fig. 4 The effect of the intervention injection technique and skin thickness. A Insulin leakage. B Intradermal injection. Values indicate the rate of

yes or no answers (n=13). P<0.01,** P<0.01 vs. yes (chi-square test)

increased when measured in the actual posture dur-
ing injection. Attention should be given to fluid leak-
age and intradermal injection in patients with lower
BMI. Additionally, the needle should be changed to a
longer needle in patients with lower BMI. The num-
ber of subjects in this small study necessitates further
investigation.

In this study, the needle length was changed to 6-mm
based on the ST results. Leakage and intradermal injec-
tion decreased after the intervention. The average ST
did not change with any needle length [20]. Partial or
full remission of tissue swelling due to insulin injection
can take up to one year [21]. Injection-related prob-
lems may be reduced by changing the needle length in
a custom-made manner according to each patient’s ST.
However, ST needs to be measured after intervention.
The proper selection of needles and professional educa-
tion can result in improved insulin injection techniques,
higher patient satisfaction, and better glycemic control
[22, 23]. No changes in insulin dosage or HbAlc levels
were observed in this study. The patients’ STs were not
compared via ultrasound while lying down and sitting.
Further analyses are needed to determine the effect
of glycemic control using different interventions with
larger sample sizes.

Conclusions

This study revealed that needle length should be con-
sidered in cases of high ST or low BMI because of the
risk of intradermal injection. These findings support
the idea of establishing individualized supportive thera-
pies for diabetes patients. This study theoretically con-
tributes to increased safety of insulin injection therapy
and greater quality of life for patients.

Abbreviations

IM Intramuscular

BMI Body mass index

ST Skin thickness
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