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Abstract

Background: This study aimed to measure the least initial and maintenance forces of syringe
and needle combinations to provide a reference for local anesthetic injection.

Methods: An experimental study was conducted in our Physics Laboratory during
September 2015. A series of syringes sized 1 mL, 3 mL, 5 mL, 10 mL and 20 mL were paired with
the original needles, 27G, 27G spinal and 30G. Each combination was tested three times using a
compression testing Instron 5940 Series to measure initial and maintenance forces. Statistical
analysis was performed using One-way ANOVA.

Results: The lowest initial force was shown by the combination of 1 mL syringe and 27G
spinal needle. However, the 1 mL syringe showed no significant difference across the needles
[F(3, 8) = 3.545; P < 0.068]. The original and 27G needle showed mean difference 0.28 (95%CI:
—-0.19, 0.75; P = 0.420). The lowest maintenance force was measured in the combination of 1 mL
syringe and its original 26G needle. On the contrary, both the highest initial and maintenance
forces were shown by the combination of 10 mL syringe and 30G needle.

Conclusion: The 1 mL syringe with original 26G needle shows the best combination.
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practiced widely for many surgical procedures,
including in finger (2).

Besides creating a clear operative field,
FAHS is expected to be pain-free throughout the
surgery (3). Technically, pain sensation starts
when the first needle punctures the skin. It may
also be elicited while injecting the amount of
anesthesia solution under tumescent concept;
especially if it is injected too fast. One common
method used to minimise the pain caused by
needle insertion is to use a small-sized needle.

Introduction

Injection into the volar side of the hand
and digit may be considered as one of the most
painful local injection; thus, it could be a good
model to discuss the idea of providing the least
pain possible while local anesthesia injection.
The tumescent solution, which contains local
anesthetic epinephrine and lidocaine, has been
practiced by surgeons to facilitate FAHS (full
awake hand surgery) (1). FAHS needs not to

apply a pneumatic tourniquet, which obviously
needs general anesthesia. Local infiltrative, as
well as tumescent anesthesia injection, are also
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Several syringes can be used to deliver the
injection; ranging from 1 mL to 20 mL syringe
(4, 5). Utilisation of 20 mL syringe and 27G
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needle with “hole-in-one” principle is said to
minimise the pain (6). However, this technique
may potentially create painful sensation because
the amount of solution delivered cannot be
meticulously controlled due to the large force
needed to pass the solution through a small
needle calibre. The strong force effect along with
the steadiness of the personnel injecting the
solution would physically complicate the pain
stimulation. Many doctors use a 1 mL syringe
and 27G needle to lower the resistance created
when the amount of solution has to pass through
a small needle. Hence, the power or force needed
to expel the solution is much lower (7).

While the needle geometry and the surface
smoothness of the syringe affect injectability
(7), it is hypothetically the matched-pair of the
syringe and needle calibre that matters. Injection
of solution requires two types of force as the
parameters of injectability, i.e. (i) the initial force
when the piston of the syringe is pushed; known
as plunger-stopper break loose force (PBF)
and (ii) the maintenance force required to keep
pushing the piston in a sustained way; known as
dynamic gliding force (DGF) (8, 9). Both forces
are affected by the diameter of the needle and
syringe, as well as the viscosity of the solution.
However, the best combination of syringe and
needle required to establish the least force
needed to inject and the least pain for patients is
still unknown. Therefore, we aimed to study the
physical and mechanical aspect regarding the
power and force in the combination of needle
and syringe used for local anesthesia injection
before studying it directly in human subjects.

Materials and Methods

An experimental study was conducted
in Physics Laboratory of Faculty of Medicine,
Universitas Indonesia using Instron 5940 series
(Instron, Norwood, USA) to get data on force
value of the injection kit model. Instron 5940
series (Figure 1) is a single column tabletop
testing system to measure the initial force known
as PBF and the maintenance force known as DGF
as the parameters of injectability. It can be used
over a range of force applications up to 2 kN (450
Ib or 200 kg).

Twenty combinations of syringe and needle,
(Table 1 Suppl), were tested to study the physical
and mechanical aspect regarding power and
force. Each combination was tested using Instron
5040 series testing systems in 100 mm/min
velocity. The syringes used were 1 mL, 3 mL,
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5 mL, and 10 mL with the original needles from
the packaging (Terumo Corporation, Tokyo,
Japan), respectively. The 1 mL syringe originally
pairs with a 26G needle; the 3 mL with 23G,
5 mL with 22G and the 10 mL with 21G. Only
the 20 mL syringe did not come with an original
needle pair. All syringes were also combined with
a 27G needle, 30G needle (Terumo Corporation,
Tokyo, Japan), and 27G spinal needle (B
Braun Medical Inc, Melsungen, Germany).
Combinations of the syringes and needles were
tested three times in the machine.

Figure 1. The Instron 5940 device is a single
column tabletop model testing
system to measure the initial and the
maintenance force of the syringe and
needle pairs
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Table 1 Suppl. Needle and syringe characteristics

Variables

Needle characteristics
26G needle (original from 1 mL syringe)
23G needle (original from 3 mL syringe)
22G needle (original from 5 mL syringe)
21G needle (original from 10 mL syringe)
27G needle
27G spinal needle
30G needle

Syringe characteristics
1 mL syringe
3 mL syringe
5 mL syringe
10 mL syringe

20 mL syringe

Diameter (mm) Length (mm)

0.45 13
0.65 32
0.7 38
0.8 38
0.4 13
0.42 88
0.3 13

OD 6.75; ID 4.75 72.1
OD 10;ID 9.15 60

OD 14.05;ID 13.3 58.5
OD 17.2; ID 16.15 75

OD 21.7; ID 20.3 93.45

OD (outer diameter), ID (inner diameter)

Parameters of injectability were PBF and
DGF for a given needle-syringe combination.
Every combination was expressed as the mean
(SD) value of triplet measurements. SPSS version
22.0 was used to process the data. The normality
was tested using Kolmogorov Smirnov. Finally,
the data was analysed using one way ANOVA
test.

Results

The highest initial force (PBF) of the 1 mL
syringe was 1.15 (SD 0.22) N by the original
combination with the 26G needle (Table 2
Suppl). To a surprise, the lowest PBF of 1 mL
syringe was in combination with the longest
needle studied, 27G spinal needle [0.75 (0.087)
N]. By contrast, the highest maintenance force
(DGF) in 1 mL syringe was achieved when
combined with a 30G needle [0.71 (0.06) NJ;
meanwhile, the lowest was with the original
26G needle [0.13 (0.05) N]. As shown in Table 1,
there is no significant difference between needles
for PBF. However, the DGF showed a significant
difference between needles, except the 27G and
27G spinal needles.

For 20 mL syringe, combination with 30G
needle failed the trial due to too much pressure
passing through the needle. The combination

m www.mjms.usm.my

with 27G needle showed the highest PBF [28.33
(1.44) N] as well as the DGF [134.53 (0.61)
N], while the lowest PBF was achieved by the
combination with 27G spinal needle [25.33
(0.578) N]. Interestingly, the lowest DGF was
achieved also by the same combination with a
27G spinal needle [113.27 (1.55) N]. Statistically,
the outcome of the tests for the 20 mL syringe
was not easily determined, since there was no
original needle pair in its packaging to compare.
The results of the combination with a 27G needle
and 27G spinal needles were significant for both
PBF and DGF (Table 1).

The statistical analysis for syringes with
respective original needles shows that there
was no significant difference in PBF between
3 mL and 5 mL syringes. In terms of the DGF,
5 mL and 10 mL syringes show no significant
difference (Table 2).

Overall, the lowest PBF value was achieved
by the combination of 1 mL syringe and 27G
spinal needles; and the highest PBF value was
achieved by the combination of a 10 mL syringe
and 30G needles. Interestingly, the lowest
DGF value was measured in the combination
of a 1 mL syringe and its original 26G needle.
In accordance with the highest PBF value, a
combination of a 10 mL syringe and the 30G
needle has the highest DGF value (Figure 2).
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Table 2 Suppl. PBF and DGF of syringe and needle combinations

Needle PBF (N) DGF (N)
Syringe —————————
No Length (imm) Mean (SD) 95%CI Mean (SD) 95%CI
1mL ORI 13 1.15 (0.22) [0.61-1.68] 0.13 (0.05) [0.00-0.25]
27GN 13 0.87(0.21) [0.35-1.38] 0.31(0.00) [0.31—0.31]
27GSN 88 0.75 (0.087) [0.53-0.97] 0.36 (0.10) [0.34—0.39]
30GN 13 0.79 (0.10) [0.54—1.04] 0.71(0.06) [0.55-0.87]
3mL ORI 32 1.95 (0.13) [1.62-2.28] 1.33 (0.153) [0.75-1.51]
27GN 13 2.60 (0.54) [1.27-3.93] 3.04 (0.43) [2.94-3.15]
27GSN 88 4.37(0.058)  [4.22—4.5101] 4.56 (0.05) [4.44—4.67]
30GN 13 4.83(0.59) [3.37-6.30] 11.48 (0.45) [10.36—12.60]
5 mL ORI 38 2.33 (0.29) [1.60—3.05] 1.83 (0.056) [1.70-1.97]
27GN 13 10.42 (0.52) [9.12—11.71] 13.50 (0.00) [13.50—-13.50]
27GSN 88 10.56 (0.96) [8.17-12.95] 19.50 (0.00) [19.50-19.50]
30GN 13 12.47(0.99)  [10.02-14.92] 58.53 (0.46) [57.39-59.68]
10 mL ORI 38 3.27(0.32) [2.47—4.07] 1.88 (0.48) [0.70—3.06]
27GN 13 4.73 (0.46) [3.59-5.88] 36.24 (0.58)  [34.80-37.67]
27GSN 88 4.33 (0.58) [2.90-5.77] 42.89(0.77)  [40.98-44.79]
30GN 13 46.07 (20.15) [-4.00—96.13] 177.83 (3.26)  [169.73-185.94]
20 mL 27GN 13 28.33 (1.44) [24.75—31.92] 134.53 (0.61)  [133.02—136.05]
27GSN 88 25.33(0.58) [23.90-26.77] 113.27 (1.55) [109.41—-117.13]
30GN 13 N/A - N/A -

DGF (dynamic gliding force), N (Newtons), ORI (original needle from packaging of the syringe), PBF (plunger-stopper break-loose

force), 27GN (27 Gauge needle), 27GSN (27 Gauge spinal needle), 30GN (30 Gauge needle)

Discussion

The earliest amount of fluid being
injected cause pain following the pain caused
by the needle puncture during local injection.
Therefore, proper attention should be given to
the merits of the injection device, which includes
the syringe and the needle. This study shows
that the overall lowest PBF is achieved by 1 mL
syringe combined with a 27G spinal needle.
Apparently, this spinal needle has a greater inner
diameter (0.28 mm) than the 27G (0.19 mm).
In general, length is an important factor that
contributes to the energy needed to start flowing
fluid into a small pipe (9). However the finding
shows that the length of the needle seems not
an important factor to cause more restraining
force during injection, knowing that the inner
diameter of the needle is obviously greater.

Clinically, the moment of pushing the
piston sliding inside the syringe takes a crucial
role in potential pain created by the flowing
solution inside the tissue. The speed of the
gliding piston correlates with the flow of the fluid
infiltrating the tissue. Greater the speed the more
is the stimulation to nerve endings, which means
more pain. It is well accepted that slow flowing
injection creates less pain than relatively faster
injection, especially during the initial millilitres.
According to our clinical experiences, the first
millilitre is the main volume to be adaptable to
the patient’s feeling. Once it settles in 1 min to
5 min to allow the anesthesia to work (10, 11), the
second millilitre would be well adapted by most
patients. This study interestingly showed that the
DGF is best shown by the original 26G needle in
its pair with a 1 mL syringe.

www.mjms.usm.my
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Statistically, there was no significant
difference in PBF between needles in the study
of the 1 mL syringe (Table 1). However, the DGF
values were significantly different between the
26G and 30G needles, but not for 27G and 27G
spinal needles. As the PBF amongst the needles
was not significantly different, it suggests that
1 mL syringe is at best in combination with
a 26G needle, which is the original pair. Due
to the small capacity of the 1 mL syringe, it is
necessary to repeatedly reload the syringe to
get the required larger amount of tumescent
solution needed in the clinical application. The
syringe is usually reloaded without necessarily
taking the needle out from and into the tissue
repeatedly; or at least with minimum frequency
of needle punctures. Nevertheless, the use of
the 1 mL syringe is a premium recommendation
as it allows us to own better control on the fluid
amount and the speed of injection in regard to
get a pain free injection.

Besides using small volume syringe to get
better volume as well as the speed control to
create the least pain in local injections, surgeons
also use 20 mL syringe as the 20 mL syringe
paired with 27G spinal needle has been reported
to work well (10, 12). Surgeons could perform the
injection slowly while taking advantage of small
needle caliber to minimise pain. Fortunately, this
study confirms their practices as both the lowest
PBF and DGF in the study of the 20 mL syringe
were shown by the 27G spinal needle. The fact
was also confirmed by statistical analysis where
the differences between 27G and 27G spinal
needles were significant, showing 27G spinal
needle is a better choice than the 277G (Table 1).

Evidently, in their original pairs, 3 mL
syringe and the 23G needle have no difference
in PBF with the 5 mL and 22G pair. Likewise,
the original pair of 5 mL and 22G performs no
differently with the pair of 10 mL and 21G in
terms of DGF. This finding informs us that the
original pairs of 3 mL, 5 mL and 10 mL syringes
are suitable for any situations, regardless of
needle piercing related pain. Nonetheless, as it
is shown in Figure 2, the 20 mL syringe in either

www.mjms.usm.my

combination with a 27G or 27G spinal needle is
not comparable to either one of 3 mL, 5 mL, and
10 mL syringe in their respective combination
with the original needle.

It is well accepted that the difference
between PBF and DGF in each syringe and
needle combination is dependent upon the
needle’s inner diameter, length, and cross-
section area of the syringe plunger (8, 9). As the
smaller needle diameter would require bigger
forces in the use of bigger syringe volume,
the clinical application of syringe and needle
selection is determined by the least PBF and
DGF values. In spite of the fact that the 1 mL
syringe poses the least forces needed to create
the least pain in the clinical setting, it bears the
smallest volume of injection. While maintaining
the needle in the site of a puncture in a stable
position, injection using 1 mL syringe would
unquestionably need multiple reloads to reach
the volume of injection when more than the 1 mL
solution is needed. Assistance would undeniably
be needed to help with the syringe reloads.

This experimental study could not be just
simply inclusive in the clinical practice. Similar
to our study, previous in-vitro and in-vivo
study, which was quite complex and focused on
the scoring system to rationalise and support
the selection of optimal needle’s diameter and
length, does not provide clinically practicable
findings (13). A well designed RCT study
would be following this research to tackle the
influencing factors for pain in the clinical setting.

Conclusion

Based on the lowest plunger-stopper break
loose force and dynamic gliding force, the best-
recommended combination to perform local
injection to reduce pain is a 1 mL syringe and the
original 26G needle. It could be also modified
with the use of a 27G spinal or 27G needles. A
video about a clinical example on how the local
anesthesia was performed for FAHS full awake
hand surgery using the 1 mL syringe paired with
a 26G needle is supplemented (Video 1).



Video 1.
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FAHS to support injection kit 1. This video can be watched by clicking on to the figure or on

YouTube at https://youtu.be/6XoNManPiwc

Acknowledgements

We thank Annisa C Permadi, MD and
Fransisca, MD for their assistance in preparing
the manuscript.

Conflict of Interest

None.

Funds

None.

Authors’ Contributions

Conception and design: TOHP

Analysis and interpretation of the data: TOHP, PA
Drafting of the article: TOHP

Critical revision of the article for important intellectual
content: TOHP

Final approval of the article: TOHP, PA

Provision of study materials or patients: PA

Statistical expertise: TOHP

Administrative, technical, or logistic support: TOHP
Collection and assembly of data: PA

Correspondence

Dr Theddeus Octavianus Hari Prasetyono

MD, PhD (Universitas Indonesia)

Division of Plastic Surgery, Department of Surgery,

Cipto Mangunkusumo Hospital/Faculty of Medicine

Universitas Indonesia,

Medical Staff Wing A Building 4t Floor,

J1. Diponegoro 71, Jakarta 10430, Indonesia.

Tel: +62817858899

Fax: +622131931424

E-mails: teddyohp@gmail.com,
teddyohprasetyono@yahoo.com

References

1. Prasetyono TOH, Biben JA. One-per-mil
tumescent technique for wupper extremity
surgeries: Broadening the indication. J Hand
Surg. 2014;39(1):3.e7-12.e7.

2. Andrews JA. Epinephrine in digital nerve blocks:
medical mistake or evidence-based practice?
UTMJ. 2013;90(4):155—-157.

3. Wheelock ME, Leblanc M, Chung B, Williams J,
Lalonde DH. Is it true that injecting palmar finger
skin hurts more than dorsal skin? New level 1
evidence. Hand. 2011;6(1):47—49. https://doi.
org/10.1007/s11552-010-9288-2

www.mjms.usm.my






Malays J Med Sci. Mar-Apr 2019; 26(2): 66-76

Prasetyono TO, Koswara AF. Linear hand burn
contracture release under local anesthesia without
tourniquet. Hand Surg. 2015;20(3):484—487.
https://doi.org/10.1142/S0218810415720272

Fitzcharles-Bowe C, Denkler K, Lalonde D. Finger
injection with high-dose (1:1,000) epinephrine:
does it cause finger necrosis and should it be
treated? Hand. 2007;2(1):5-11. https://doi.
0rg/10.1007/s11552-006-9012-4

Lalonde DH, Wong A. Dosage of local anesthesia
in wide awake hand surgery. J Hand Surg.
2013;38(10):2025-2028. https://doi.org/10.
1016/j.jhsa.2013.07.017

Strazar AR, Leynes PG, Lalonde DH. Minimizing
the pain of local anesthesia injection. Plast
Reconstr Surg. 2013;132(3):675—-684. https://
doi.org/10.1097/PRS.0b013e31829ad1e2

Adler M. Challenges in the development of pre-
filled syringes for biologics from a formulation
scientist * s point of view syringeability. Am
Pharm Rev. 2012;15(1):1-7.

El-sadi H, Jamaleddine, RAbih. CFD analysis of
flow behavior in different syringe system. IJET.
2014;4(4):184-190. Available from: http://iet-
journals.org/archive/2014/april_vol_4_no_4/
174551389978219.pdf

www.mjms.usm.my

10.

11.

12.

13.

Lalonde DH. “Hole-in-one” local anesthesia for
wide-awake carpal tunnel surgery. Plast Reconstr
Surg. 2010;126(5):1642-1644. https://doi.org/
10.1097/PRS.obo13e3181f1coef

Mustoe TA, Buck DW, Lalonde DH. The safe
management of anesthesia, sedation, and
pain in plastic surgery. Plast Reconstr Surg.
2010;126(4):165e—176e. https://doi.org/10.1097/
PRS.obo13e3181ebeseg

Lalonde D, Martin A. Tumescent local anesthesia
for hand surgery: improved results, cost
effectiveness, and wide-awake patient satisfaction.
Arch Plast Surg. 2014;41(4):312—316. https://
doi.org/10.5999/aps.2014.41.4.312

Cilurzo F, Selmin F, Minghetti P, Adami
M, Bertoni E, Lauria S, et al. Injectability
evaluation: an open issue. AAPS Pharm Sci Tech.
2011;12(2):604-609.  https://doi.org/10.1208/
$12249-011-9625-y



