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Evaluation of two different-gauge
dental needles for the presence of
blood following the application of
local anesthesia by dental students
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Summary
Blood-borne virus transmissions from patient to dental
health care personnel are occupational hazards following
needle stick injury.

ACRONYMs

Aims and Objectives: Three local anesthetic (LA) techniques frequently used in the extraction of teeth were evaluated and compared for the presence of blood in the cartridge, needle lumen and needle surface when either 27G
or 30G needles were used.

HIV:

human immunodeficiency virus

INF:

buccal and palatal or labial infiltration

IA:

inferior alveolar nerve block

LA:

local anaesthetic

Design and Methods: The histogram function of Photoshop computer software identified differences in greyscale value of the different blood parameters on photographs of urine dipsticks moistened with the first drop of
liquid from the needle after the injection had been given and
luminol spray was used to expose small quantities of blood
on the surface of the needle. Blood visible to the naked eye
in the LA cartridge was noted.

PS:

Results: A statistically significant association was found
between needle diameter and visible blood in the cartridge
(P=0.006), and the presence of blood in the needle lumen
(P=0.029), especially with the 27G needle.
Conclusion: There was a statistically significant difference
in the presence of blood in the lumen (36%) and in the cartridge (29%) between 27G and 30G needles following the
administration of LA to a patient.
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HBV: hepatitis B virus
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NSI: needle stick injuries
posterior superior and greater palatine nerve block

Several published reports have examined occupational
injuries and their prevalence in dental healthcare settings
across different provider populations,1-3 while other studies
have assessed needle stick injuries (NSI) amongst dental
students4-7 who are regarded as high risk for NSI.4,8,9 That
susceptibility is generally assumed to be the result of a lack
of experience in the handling of needles after administration of local anesthesia (LA). NSI as occupational hazards
carry a general risk of transmission of 30% for Hepatitis B
virus (HBV), of 3% for hepatitis C virus (HCV), and of 0.3%
for human immunodeficiency virus (HIV).2,3,10,11 Dental professionals are at low occupational risk for HIV infection.12,13
The danger of viral infection in the operating room remains
the same as a decade ago, even though attention to this
issue has decreased.14 Percutaneous exposures result from
injuries by any sharp object used in dentistry and surgery
– such as contaminated needles, burs, scalpels, exposed
ends of dental wires or other sharps (eg. broken glass), that
penetrate or break skin. These injuries can occur at any time
during dental treatment, especially when personnel use,
disassemble or dispose of needles.4 The transmission risk
is influenced by the type and number of microorganisms
present in the blood, presence of visible blood on the needle, depth of the injury and size and type of needle used.15
One third of all reported sharps injuries in dental practice
are due to the use of non-disposable dental syringes, with
most injuries being sustained during removal and disposal
of the disposable needle from the non-disposable syringe.
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Attempts were made to encourage the more general use of
disposable syringes in dentistry,16 but the non-disposable
syringe is still popular and widely used. A study estimates
that 53 percent of needle stick injuries could be prevented
by use of a dental safety syringe.17 Studies have tended to
focus on in vitro NSI models and the influence of different
types of gloves.18-20 In a previously documented ex vivo study,
thicker gauge needles were reported to typically be used for
intra-venous injections, intra muscular injections and venipuncture.21 The transfer of blood is also documented from
ex vivo studies in which needles were dipped into labelled
blood.18,22 A recent study confirmed that half the number of
needles evaluated following the administration of LA contained less than 10% blood in the needle lumen.23 Another
study demonstrated 1µL blood in the lumen of a 22G needle
after it was dipped into blood and the contents evaluated.24
However, the literature focuses mostly on the prevalence of
NSI, possibly associated with the difficulty in demonstrating
the minute quantity of blood which may be present on the
surface and in the lumen of a small-gauge needle.
The choice of the needle for administering LA is exclusively
that of the operator, taking into consideration the common
principle of a 27G needle for inferior alveolar nerve block (IA)
and 30G needles for the remaining techniques. No differences have been shown between these needles with respect
to efficacy, pain, aspiration, location (mandibular, maxillary
posterior, maxillary anterior, and palatal), injection side, patient
gender, treating dentist, or overall.25-27 Needle fracture during
the application of LA is very rare, but still occurs,28 in the majority of cases during inferior alveolar nerve block, when it may
be caused either by a faulty injection technique, pre-bending
the needle, incorrect choice of hypodermic needle dimension, abrupt movement of the patient or inserting the needle
up to the hub (which is its weakest spot).28,29
The aim of this study was to evaluate and compare the
presence of blood on the surface and in the lumen of two
different-gauge dental needles following administration of
LA by dental students using three different techniques in
administering the anaesthetic. Commercially available urine
test strips, digital photography and a well-documented
forensic method were used to detect the presence of blood
in the lumen and on the external surface of the needle.23

Methods
This study was approved in 2012 by the Research Ethics
Committee, University of Pretoria Faculty of Health Sciences– approval 225/2012 – and was conducted from January
2013 to August 2013, following a method previously described in full.23
Patients were selected at random with no exclusions such
as health conditions, purpose of treatment and outcome
of treatment (surgical or uncomplicated extraction). The
age of the patients varied between 5 and 75 years with
the highest frequency in the groups 21-30 and 41-30
years. Aspirating syringes (Sterilife®, Anthogyr SAS, 2 237
avenue, André-Lasquin, 74700 Sallanches France) were
used for the delivery of the LA solution. Needles (N=200)
were collected after anaesthetics had been administered by
students to 93 male (46.5 percent) and 107 (53.5 percent)
female patients. The needles used were 27G (N=105) and
30G (N=95). The needle length was 38mm for the 27G
needle and 25mm for the 30G needle. The average volume

of a drop of LA, produced by gentle pressure on the plunger,
was determined by weighing 35 drops of LA on an electronic
scale and using the known density to calculate volume. The
27G needle delivered a drop of average volume 47µL ±3 and
the 30G needle, a drop of 31µL ±4. Three frequently used LA
techniques in dentistry in cases requiring extraction of teeth
were used, namely, the inferior alveolar and long buccal nerve
block (IA) (N=50), posterior superior and greater palatine
nerve block (PS) (N=100) and buccal and palatal or labial
(INF) infiltration (N=50) (Table 1). The number of 30G needles
used per technique was IA 10, PS 47 and INF 37. For the 27G
needle, 39 needles were used for IA, 53 for PS and 13 for INF
(Table 2). The students were asked not to discard any of the
solution from the needle after the administration of the LA, but
simply to remove it from the tissue without pressure on the
syringe plunger. This produced a negative pressure, thereby
inducing a positive aspiration with fluid flowing into the needle.
The effect was noted when visible blood was aspirated into
the ampoule after the application of LA, ranging from a weak
rosy colouring to a vigorous spurt of blood.30 The aspiration
was considered positive when a reddish colouring appeared
inside the anesthetic cartridge. The age and gender of the
patient were noted, as well as possible blood visible on the
surface of the needle.

Evaluation of needles
Immediately after the administration of the LA, pressure was
applied delicately to the plunger and the first drop emerging
from the needle contents was used to wet the blood parameter of a urine test strip. After one minute, standardized digital photographs were taken of the chemical pad which tested
for blood on the urine test strip. For analysis, the photographs were imported into the computer programme Adobe
Photoshop (V6.0; Adobe Systems Inc., San Jose, CA). This
software was first used to establish a standard grey-scale
value of images of the dry chemical pad for blood with the
brightness and contrast tools. As the wetting of the chemical pad with the drop of LA caused colour change of the
pad, the average grey-scale values could be determined.
Density changes denoted the presence of blood and were
divided into categories of 10%.
For the determination of the presence of blood on the
surface of the needle, Blue Star ® blood-finding agent was
used (Bluestar, Monte-Carlo, Monaco). After the collection
of the drop of liquid from the lumen of the needle, the needle
was sprayed with this luminol-containing reagent. In the
dark, the presence of blood shows a distinctive blue glow
on the needle. The results were noted.

Statistical analysis
Data were captured on an Excel spreadsheet and descriptive (frequencies, mean, and standard deviation) and comparative analyses were carried out with the use of SPSS
Statistics version 21 using the Chi2-test.

Results
Blood was identified in the aspiration fluid in 7.5% of the
total 200 needles, in 38% by the dipstick method, in 15,5%
by the Bluestar test and was visible to the eye in 7% of
instances (Table 1). A statistically significant association was
found between needle diameter and visible blood in the
cartridge (P=0.006), and presence of blood in the needle
lumen (P=0.029), especially with the 27G needle (Figure 1).
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Figure 1: Percentage of needles in which blood was detected, comparing
different needle diameters
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Figure 3: P
 ercentage of needles in which blood was detected after using the
posterior superior block technique.

Visible aspirated blood in the cartridge was found to have a
statistically significant association with the combined nerve
block techniques and the infiltration technique (P=0.020)
(Figure 2). The data of the different-diameter needles utilized
in the PS revealed a statistically significant difference when
the presence of blood in the cartridge and needle lumen was
compared. More 27G needles presented aspirated blood in
the cartridge, 14.8% (P=0.024) or blood in the needle lumen,
21.6 % (P=0.190), than the 30G needles (Figure 3).
No statistically significant difference was demonstrated between gender, age and LA technique used.

Discussion
Visible blood was found in 7.5% of the cartridges following
the administration of LA (Table 1), in accord with previous
results which had shown less than 10 percent aspiration
of blood.31-33 It is noteworthy that the technique used in the
current study was not positive aspiration, but merely a normal backflow of fluid in response to the negative pressure in
the cartridge when the plunger was released. The assessment for visible blood in the cartridge did not occur during
the administering of LA, but after completion of the proce-
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Figure 2: Combined block techniques compared with infiltration technique

dure. The origin of the visible blood in the LA cartridge was
not identified and might have been from a ruptured blood
vessel or from interstitial fluid. A statistically significant difference was found between needle diameters for blood visible
with the naked eye in the LA cartridge (P=0.006) and for
presence of blood in the needle lumen (P=0.029), the 27G
needle being much more frequently implicated (Figure 1).
More cartridges (64%) had blood using the wider bore needle. This finding contrasted with the results of other studies
comparing aspiration and needle diameter.26,34,35 In those
projects, careful evaluation of the aspirating techniques was
carried out during and after the application of LA. In the current study, no special precautions or instructions were given
to the students regarding aspiration so as to simulate a normal clinic or practice situation. The incidence of blood in the
needle lumen and in the cartridge is therefore due to the
normal flow of the liquid following the release of pressure on
the plunger. Normally, the flow through a 30-gauge needle
is significantly lower than flow through a 27-gauge or larger
needle,36 as more resistance is experienced in the smallerdiameter needle. The volume of the 27G needle is 35.2%
more than that of the 30G needle, while the diameter of the
27G needle is 26.7% larger than the diameter of the 30G
needle (Table 2).
The average sensitivity of dipsticks for the detection of blood
in urine is 91-100% and the specificity 65-99%.37 It can be
anticipated that this sensitivity and specificity can be used
for identification of blood in the liquid of the needle lumen
after the administration of local anaesthesia.
No statistically significant difference was found between
the three different techniques of administering LA for
the occurrence of visible blood in the cartridge (Table 1).
This finding differs from those of studies which found that
aspiration was more frequent with the practice of the IAN
technique.31-33 When the occurrence of visible blood in the
cartridge was tested against the parameters of sex and age,
no statistically significant differences were found. This finding
supports that of a previous study.32 A statistically significant
difference was demonstrated when the results of the IAN
and PS were combined and compared with the result of the
INF (Figure 2) but this may not be of any clinical significance,
as it is well known that the blood supply is better in the area
where the block technique is administered in comparison with
that encountered when infiltrating. No statistically significant
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difference was found between Table 1: The occurrence of blood revealed in association with the different diameter needles and
the incidence of blood on the
frequently used LA techniques in dentistry
surface of a needle and needle
†
††
+
Aspiration
Dipstick
Disclosed - luminol ++Visible - naked eye
Needles and
diameter for the LA technique Technique
Present
%
Present %
Present
%
Present
%
used, nor for the age and sex
27G
N=105
13
14.1
53
51
19
18.1
9
9.8
of patients (Table 1). Of the total
number of needles evaluated 30G N=95
2
2.1
25
26
12
12.6
5
5.4
for the presence of blood in *IA N=50
5
10
19
38
7
14
5
10
the lumen, 38% were positive
10
10
54
54
18
18
6
6
for containing blood, but only **PS N=98
0
0
25
50
6
12
3
6
15.5% of needles were positive ***INF N=50
when evaluated for blood on **PS
the surface as disclosed by 27G N=52
9
17
27
51
11
21
3
6
luminol (Table 1). This latter was 30G N=46
1
2
18
39
7
15
3
6
a surprising finding, for more
15
7.5
101
38
31
15.5
14
7
blood had been expected as Total needles N=200
the needle had been embedded Key:
in
blood-containing
tissue. • Inferior alveolar nerve block
** Posterior superior nerve block
*** Infiltration
The oral epithelium, being † Aspiration of blood visible in lumen of cartridge †† Blood in lumen of needle disclosed with urine dipstick
a protective layer of the oral + Blood on needle surface disclosed with luminol ++ Blood visible with the naked eye on the surface of the needle
mucosa, probably provided a
Table 2: Data of 27G and 30G dental needles evaluated
wiping effect during withdrawal
of the needle from the tissue. Therefore, the absence of
% Difference
Needle
27G
30G
visible blood on the surface of a needle is not a true indicator
27G>30G
for the presence or absence of blood following the application
Length mm
38
25
34.2
of LA to a patient.
In ex vivo studies, more blood was found to be present in
the lumen of larger-bore hollow injection needles under evaluation.18,19 These results were confirmed in this in vivo study
where needles were evaluated immediately following the administration of LA to a patient when there was a statistically
significant (P<0.0187) greater incidence of blood visible in the
LA cartridge, as well as blood present in the lumen of the 27G
needle. The IA and INF were not compared because of the
small sample size of different-diameter needles used for each
technique – 27G mostly used for IA and 30G mostly used for
INF. In a comparison involving the total number of needles
evaluated, a difference was demonstrated in the presence of
blood in the lumen between the 27G (51%) and the 30G (26%)
needles.23 (Tables 1 and 2). The inner diameter of the 27G
and 30G hollow-bore needles differs by 26.7% and the volume of the needles differs by 35.2% (Table 2). However, the
presence of blood in the lumen of the 27G needle was nearly
double that found in the 30G needle (Table 2). Therefore, the
use of a 27G needle instead of a 30G needle almost doubles
the risk of exposure to blood from a needle immediately following the administration of LA. Combining the results from
the needles, the blood contents of the first drop of liquid extracted from the needle lumen was found to be low, with the
majority of needles (61.5%) producing drops with less than
20% blood.23 The average volume of the first drop of liquid
from the two different-diameter needles evaluated differs by
34% which implies a greater risk contracting a blood borne
virus from an accidental NSI when the larger diameter 27G
needle is involved.

Conclusion
It was possible to evaluate and compare the presence of
blood in the first drop of liquid from 27G and 30G dental
needles following the administering of LA using any of the
three common techniques in dentistry. There was a statistically significant greater visibility of blood in the LA cartridge
and more blood present in the lumen of the 27G needle following the injection. Both 27G and 30G needles are regularly

Inner diameter mm

0.191

0.140

26.7

*Volume µL

1.08

0.38

35.2

**Volume of drop µL

47

31

34

***Blood in lumen %

51

26

49

Key:
• Volume of the total length of metal forming the needle
** Volume of the first drop of liquid emerging from the needle lumen when
applying light pressure
*** Percentage needles containing blood disclosed with the urine dipstick

used in dentistry, with no scientifically proven motivation as
to preference. The selection of 30G needles for the administration of LA in dentistry, together with appropriate care to
prevent needle breakage, may reduce the risk of exposure
to blood by an accidental NSI… in this study by almost 36%
compared with the 27G needle. However, more investigation
in this regard is necessary as a difference in needle lumen
diameter may exist between different types of needles.
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