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Abstract: Background: Dentists administer hundreds of thousands of injections every day without
particular concern, but the administration of local anesthetics can cause problems. One event,
fortunately uncommon, that is discussed accurately but can cause significant concern is needle
breakage. The purpose of this article is to review what has been reported in the literature on this topic
to learn about patient symptomatology, management and possible complications. In addition, the
case of a 34-year-old patient with needle persistence in the pterygoid space due to accidental rupture
during inferior alveolar nerve block (IAN) was reported, for whom non-removal and monitoring over
time was chosen. Materials and Methods: A literature search of the PubMed, Scopus, Web of Science and
ScienceDirect databases was conducted analyzing anesthetic needle rupture during dental surgery.
Results: At the end of the selection process, 17 articles resulted. Asymptomatic subjects were found,
as well as those who had several symptoms. No issues were recorded by any of the authors, whether
they withdrew the needle or simply monitored the patient. Conclusions: The literature on needle
rupture during dental local anesthesia is scarce, and studies report conflicting results on treatment
options. Most authors reported removing the fragment; however, others preferred conservative
management limited to patient monitoring. No complications were reported in any study.
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1. Introduction

Several dental and oral surgical procedures necessitate the use of regional (local) anes-
thetic [1]. Although some patients may be subjected to systemic inhalation or intravenous
sedation, the use of local anesthesia is still necessary, so dental needles are an essential part
of dental practice [2,3]. The needle used must be chosen depending on the practitioner’s
competence as well as the injection type and depth of penetration required [4,5].

The gauge of the needle is the diameter of its lumen (or hollow tube), which in clinical
practice is between 25G and 30G [6,7]. The needle should be long enough to never be
positioned less than 5 mm from the hub, as this is the weakest point of the needle and
if subjected to stress it could break [8-10]. The needle used is chosen according to the
injection technique and the anatomical point, and dentists are particularly prepared for the
various infiltration methods that the procedure and the area to be anesthetized require [11].

Local anesthesia is a reversible blockage of nerve transmission in a specific location that
causes feeling loss. The chemical agents used to create local anesthetic stabilize neuronal
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membranes by limiting the ionic fluxes necessary for neural impulse propagation [12].
Today’s anesthetics are safe, effective, and may be delivered with little soft tissue irritation
and allergic responses [13-16]. One of the aims of this article is to raise awareness of
the risk of needle rupture as a possible complication associated with the use of local
anesthetics [17-19]. Knowing the dangers of local anesthetic reduces the likelihood of
adverse events and leads to better patient care [20]. Albert Niemann extracted the first
local anesthetic from coca leaves in the 1860s in Germany [21-25]. Karl Koller, a young
ophthalmology resident, was Freud’s youthful colleague [26,27]. Koller was advised by
Freud to try cocaine as a local anesthetic [28]. Koller was the first to publish a study
on the use of cocaine as a local anesthetic agent in 1884 [29,30]. After Koller’s study,
Halsted administered cocaine near a medical student’s mandibular nerve, and the student’s
tongue, lower lip, and teeth were numb within a few minutes [25,31]. The Harrison
Narcotics Tax Act soon after prohibited the sale and distribution of cocaine in the United
States [32]. Alfred Einhorn discovered procaine (Novocain) in 1905, which was a significant
development in local anesthetic. Shortly after, adrenaline was added to procaine to boost
its effectiveness [33]. A Swedish business created lidocaine in 1949, an amino amide-based
local anesthetic with fewer side effects and a deeper anesthetic than Novocain [34,35].
Articaine 4% with epinephrine 1:100,000 and articaine 4% with epinephrine 1:200,000 were
approved by the US Food and Drug Administration in 2000. In most countries, lidocaine is
the most often used local dental anesthetic [36-38].

Dentists administer hundreds of thousands of injections every day without any sig-
nificant complications. The performance of local anesthesia is associated with anatomical
and pharmacological considerations that may cause complications ranging from simple
discomfort to the death of the subject [39,40]. Among the clinical manifestations that can
rarely be seen is anisocoria, a different width of the two papillae that must be at least 0.4
millimeters observable even when exposed to the same illumination of both eyes after oral
surgery [41,42]. Many complications are secondary to anxiety, local anesthetic toxicity or
allergies, and in this case can be classified as systemic. In contrast, many others, such as
needle rupture, can be termed localized complications that occur as a rare but possible
event [39,43].

According to Augello et al., over the past 50 years, a total of 64 cases were discovered
in 34 published articles on needle rupture, of which 45, approximately 70 percent, occurred
during inferior alveolar nerve injury (IAN) [39].

Pogrel estimated an incidence of 1 needle fracture per 14 million inferior alveolar nerve
blocks [2,10]. The scientific literature seems to suggest that needle fracture is more common
when administering an inferior alveolar nerve block than with other techniques [44,45].

A case history on the breakage of dental needles was published in 1928 by Blum, who
reported the breakage of 65 needles over 10 years [43].

This complication was more frequent before the 1960s due to the use of stiffer, non-
disposable needles that were subjected to repeated sterilization cycles that reduced their
breaking strength [46].

It is an event that causes a great deal of fear for both doctor and patient. To date, a few
cases of needle rupture, although not numerous, without serious complications, such as
damage to important anatomical structures, are continually reported because most dentists
know the causes of these complications [47].

Needle breakage can be caused by improper technique or sudden movement of the
patient when the needle penetrates the tissue or contacts the periosteum or bending the
needle several times before its use. The patient’s movement to cause rupture should be in
the opposite direction to that of the needle, so that the contact force can eventually either
produce defects or break the needle. Therefore, it is essential to inform the patient and
warn them against sudden movements during administration [44,48].

This complication frequently occurs during IAN anesthesia when direct and indirect
techniques are used, which involve the injection of a local anesthetic to block the IAN.
Of the two approaches, the indirect technique is more likely to break the needle because
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during its execution, the needle makes movements in the tissue context before reaching the
target [49,50]. The movements imposed on the needle during the indirect technique result
in twisting forces that can cause it to break, especially if the needle is small in diameter.
Since one of the most important causes is pain, slow injections should be performed
while avoiding inflicting the needle tip on the periosteum. These precautions prevent
spontaneous head movements [43].

If needle fragment can be removed from the tissue without surgical intervention, the
risk of severe diseases is absent. Needle breakage does not cause any serious problems.
Needle fragments that cannot be removed migrate and are incarcerated in the tissue within
a few weeks [47,51,52]. Therefore, the recommended needle according to Bedrock et al.
should be 35 mm long and 27 gauge for IAN blockage. Many dentists prefer to use small
needles to reduce the pain caused by the injection, but the risk of breakage increases since
they can be easily deflected during passage through the tissues. It has been shown that there
is no difference in the perception of pain produced by 25-, 27- and 30-gauge needles [2,8].

Needle breakage during administration can be attributed to a defective needle. The
needle should be carefully inspected before use for irregularities or defects visible to
the naked eye. The needle should not be bent before anesthesia. New metal alloys and
non-reusable needles have dramatically reduced the incidence of needle breakage in den-
tistry [44,49,53].

Fear of dental treatment is common in children and the management of the young
patient may compromise adequate care and increase the risk of needle breakage due to
rapid head movement [51,52]. There are several techniques to reduce the pain caused
by anesthetic administration. The most widely used is topical anesthesia, which reduces
the pain associated with needle insertion. To overcome fear, one of the most widely used
methods is sedation with nitrous oxide. This laughing gas that induces analgesia and
anxiolysis, causing depression and euphoria in the central nervous system [51].

The purpose of this article is to review what has been reported in the literature on this
topic to learn about patient symptomatology, management and possible complications. In
addition, the case of a 34-year-old patient with needle persistence in the pterygoid space
due to accidental rupture during inferior alveolar nerve block (IAN) was reported, for
whom non-removal and monitoring over time was chosen.

2. Materials and Methods
2.1. Protocol and Registration

The PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses)
protocols were followed when conducting this review, and it was submitted to PROSPERO
with a temporary number (n. 393680) [54].

2.2. Search Processing

We searched PubMed, Scopus, Web of Science, and ScienceDirect with a constraint
on English-language papers from 1 January 2012 through 5 January 2023 that matched
our topic. The following Boolean keywords were utilized in the search strategy: “dental”
AND “needle” AND “complication”. These terms were chosen because they best described
the goal of our inquiry, which was to learn more about needle rupture during a dental
loco-regional anesthetic operation.

2.3. Inclusion Criteria

All appropriate trials were assessed by three reviewers using the following selected
criteria: (1) Only studies with human subjects; (2) open-access studies that other researchers
can access for free; (3) scientific research demonstrating anesthetic needle rupture during
dental surgery. Articles in non-English languages and those addressing additional problems
besides needle rupture as a complication were eliminated. The PICO model was developed
in the following manner:
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e Population: human subjects in whom needle rupture had occurred during dental
anesthesia. No restrictions on health status, sex and age;
Intervention: removal of needle;
Comparison: no removal of needle;
Outcome: treatment and complications.

2.4. Data Processing
Author disagreements on the choice of article were discussed and settled.

2.5. Article Identification Procedure

The suitability assessment was conducted independently by three reviewers (G.P,
C.D.P. and EP)). In addition, a manual search was conducted to increase the pool of articles
for full-text evaluation. Articles written in English that met the inclusion criteria were
taken into account, while duplicates and excluded articles were categorized by stating the
reasons for exclusion.

2.6. Study Evaluation

The article data were independently evaluated by the reviewers using a special elec-
tronic form designed according to the following categories: study model design, patient
age, injection technique, cause of breakage, location of fragment, X-ray/imaging, signs and
symptoms correlated, whether the needle is removed or not, and complications.

3. Results

A total of 227 publications were identified from the following databases: PubMed
(48), Scopus (114), Web of Science (39) and ScienceDirect (26), which led to 171 articles
after removing duplicates (56). Analysis of the title and abstract resulted in the exclusion
of 136 articles. The writers successfully sought the remaining 35 papers for retrieval and
evaluated their eligibility. The approach resulted in the exclusion of 18 articles for being
off-topic. The evaluation includes the final 17 papers for qualitative analysis (Figure 1).

Identification of new studies via databases and registers

g Records identified from:
Z Pubmed (48)
8 Scopus (114) R d. d bef ing:
o b of Sci (39) - ecords remove: elfore screening:
el Web of Science Duplicate records (n = 56)
g ScienceDirect (26)
= Databases (n = 227)
4
Records screened - Records excluded
(n = 171) " (n = 136)
o Y
E Reports sought for - Reports not
2 retrieval (n = 35) retrieved (n = 0)
52
Y
Reports assessed for - Reports excluded:
eligibility (n = 35) Off-topic (n = 18)
Y
3
= New studies included in
= review (n = 17)
=

Figure 1. PRISMA flowchart diagram of the inclusion process.
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The research shows that 13 articles evaluate patients who were administered inferior
alveolar nerve block; in two articles, patients were administered local anesthesia; two other
articles do not describe the type of anesthesia performed. It is inferred that less than half
of the authors report the absence of symptomatology, one author does not evaluate the
presence or absence of symptoms, and the remainder describe symptoms such as acute
facial and neck pain, dysphagia, lockjaw, headache, tenderness, tinnitus, hearing loss, oral
pain, difficulty opening the mouth, inflammation in the injection area, fever, vomiting,
headache, nausea, photo-phono phobia, and nuchal rigidity. Most authors describe cases
in which the fragment was eliminated; furthermore, none of the cases evaluated had
complications.

4. Discussion

Since the introduction of local anesthesia, the risk of needle breakage during injection
has emerged [55]. Despite a long history of challenges associated with needle breakage,
the debate over a way to address such instances has persisted. When a break occurs, all
medical experts agree that the patient must be alerted immediately, and the episode must
be thoroughly documented [56,57]. The patient requires comfort and an immediate referral
for treatment to an oral and maxillofacial surgeon [56]. Many case reports are present in
the literature. Omori et al. show a case of broken injection needle during the extraction of a
lower third molar [39]: the dentist chose to follow up the patient conservatively because
it was unclear where the fractured section was located. After the extraction, the patient
showed no signs of the presence of a foreign body. Tenderness in the incision persisted after
the patient returned to the dentist for suture removal. One week later, due to the use of a
3D CT, the fragment was localized in the ramus of the mandible and was removed from
the mucosal side [39]. Brooks et al. and Moore et al. showed dental needles that unusually
migrated in the carotid space and were removed with coronal angiogram and CT [49,52]. In
the first case, the general dentist asserted that there was no need to retrieve the needle before
dismissing the patient. The patient manifested severe pain and dysphagia a few weeks later.
After using conventional retrieval methods without success, Brooks et al. turned to the
neurosurgical team. The needle was removed from the right internal carotid artery using
endovascular surgery along with digital subtraction angiography [49]. In addition, Moore
et al. referred the patient to vascular surgery and otolaryngology, where the fragment that
migrated into the jugular foramen was removed. The authors emphasize that any foreign
object that can pass through the upper digestive tract mucosa may be able to penetrate
into nearby tissues, particularly the vasculature, and inflict further harm [58-61]. Another
case of migration in a noble structure is presented by Casey et al.: the fractured needle
migrated and penetrated the cochlea, causing hearing loss that fortunately improved after
the removal of the fragment [53]. Despite some clinicians recommending removal of the
needle as soon as possible to avoid complications from needle migration into important
head and neck structures, other clinicians believe that broken needles should be treated
similarly to small, noninfected root tips [62,63]; scar tissue will form around them and
fibrosis will prevent complications [64]. Goulart et al. prefer a conservative approach,
monitoring the asymptomatic patient and leaving the fractured needle in the posterior
cervical area to avoid surgical intervention and its relative risks such as vessel injury [46].
Practitioners who support this course of therapy must keep a careful eye on the patient to
make sure any issues are identified and dealt with as soon as possible [62,65,66].

Many authors suggest removing a broken needle to prevent pain, facial trismus,
infection and migration of the foreign body [39,46,67]. At the moment of rupture, the
dentist must not panic, urge the patient not to move and keep the mouth open. If the
fragment is visible, an attempt can be made to remove it with forceps. On the other
hand, if the needle has been lost and is no longer visible or cannot be extracted easily, one
must always urge the patient to remain calm and proceed without cutting [8]. The data
should then be entered into the medical record and the patient should be referred to the
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maxillofacial surgeon. Removal is essential because broken needles can migrate into the
head and neck, damaging adjacent vital anatomical structures [46,67].

The localization of the fragment can be achieved using two- or three-dimensional
image approaches such as image-guided navigation using computed tomography (CT);
magnetic resonance angiography (MRI); ultrasound examination [39,48,68-70].

Since iron was removed from the iron alloy used to make dental needles to en-
hance its mechanical qualities, electromagnets can no longer be utilized to locate dental
needles [65,66,71]. For pinpointing the needle position, two plain film radiographs—a
panoramic or lateral cephalometric radiograph combined with a postero-anterior (PA) ra-
diograph with 2-3 needle locations—may be useful. However, radiographs do not present
the same level of accuracy as a CT scan [72]. Another proposed possibility is stereotactic
imaging with two localizing needles. It has been recommended to employ intraoperative
ultrasound imaging to locate foreign things in the neck, but sadly, its application in a tiny
mouth cavity may be restricted [62]. For removing the foreign body, an intraoperative
navigation system can also be used for an image-guided surgery as successfully shown by
Gerbino et al., Schorn et al. and Stein et al. [50,67,73].

Two unusual cases of Brooks et al. and Moore et al. show dental needles that migrated
in the carotid space and were removed with coronal angiogram and CT [49,52].

As described by these case reports, tenderness, dysphagia, discomfort, and trismus
are among the symptoms that patients may mention, while some may be wholly asymp-
tomatic [39,49,74].

Complications such as paresthesia are not described in the literature, and in the most
of case series presented in this review, the fragment was successfully removed [39,40,43—
45,47-53,67,74] (Table 1).

By being diligent and knowledgeable about all the factors that enhance the likelihood
of needle breakage, practitioners can lower the occurrence of needle breakage providing
an injection only with the patient’s complete agreement and involvement, considering
that quick movements have been linked to needle breakage [26,62,75]. Risk for needle
fracture increases in noncooperative patients, as in the case described by Chybicki et al.,
where a sudden movement of a 6-year-old autistic patient occurred during the injection
with a computer-controlled local anesthesia device [51]. The same occurred in the case of
Bagattoni et al. during the treatment of a patient affected by KBG syndrome [68].

Multiple injections should not be performed using the same needle. The needles
become blunter with usage, increasing the discomfort of each consecutive injection for
the patient and necessitating greater force to puncture the tissue; the chance of the needle
breaking rises with higher pressure [55,62].

Smaller needles are believed by some clinicians to be more prone to breaking. Since
most breaking happens with 30-gauge or smaller needles, some authors advise using at
least a 27-gauge needle for all blocks [55,62,64,65,76]. Also to be noted is that most patients
are unable to distinguish between a 27-gauge and 30-gauge needle [17,77]. Any benefit from
puncturing the tissue with a smaller needle is lost due to the fact that injection pressure is
frequently more uncomfortable with a 30-gauge needle [17,78].

The needle-hub junction is a needle’s weakest point [72,79]. In order to prevent being
buried to the hub, a needle must be long enough [55]. A needle should never be put into
the tissue past a bend or up to the hub since this creates an additional point of vulnerability
to the needle and the vulnerable hub [17]. By following this guideline, it may be ensured
that if a needle does break, it will be simple to remove because part of it will be poking
out of the tissue. Shah et al. recommend avoiding soft tissue palpation as it may cause
migration of the needle if it disappears under the mucosa. In addition, the dentists should
advise the patient the importance of avoiding mouth opening and closing maneuvers to
minimize needle migration [80]. Knowledge of the pertinent anatomy in great detail is
necessary for proper technique application [17,56].
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Table 1. Studies included for qualitative analysis.

Injection . . . Result: Removal; ..
Authors (Year) Type of Study Technique Cause of Breakage Location of Fragment X-ray/Imaging Signs and Symptoms Yes or No Complications
INFERIOR ALVEOLAR NERVE BLOCK
OPT, CBCT,
Gerbino et al. [67], 2013 Case report IAN / Pterygomandibular space intraoperative 3D none yes none
navigation system
Rahman et al. [43], 2013 Case report IAN / Ascending mandibular ramus OPT, PA, LL / yes none
Kim et al. [47], 2013 Case report IAN Sudden patient movement Mandibular condyle OPT, CT Difficulty in mouth opening yes none
Bailey et al. [44], 2015 Case report IAN / Pterygomandibular space OPT, PA Tenderness, trismus yes none
Lee et al. [40], 2015 Case report TAN / Pterygomandibular space OPT, LL, PA,CT Pain, dlfg}f;ﬁ?; mouth yes none
Pain, trismus, difficulty in
. . . mouth opening,
Stein et al. [50], 2015 Case report IAN Sudden patient movement Pterygomandibular space CBCT inflammation in the yes none
injection area
Brooks et al. [49], 2016 Case report TIAN / internal carotid artery CT, cerebral angiogram Acute pain and dysphagia yes none
Goulart et al. [46], 2016 Case report IAN / Posterior cervical area CBCT none no none
Villalobos et al. [48], 2017 Case report IAN / Medial pterygoid muscle, OPT, LL, CT none yes none
pharyngeal space
Bagattoni et al. [68], 2018 Case report IAN Sudden movement of Mandibular ramus OPT none yes none
noncooperative patient
Chybicki et al. [51], 2020 Case report IAN Sudden movement of Periodontal ligament of tooth Intraoral rx none yes none
noncooperative patient 55
Ascending mandibular ramus, OPT, CBCT,
Schorn et al. [73], 2021 Case report IAN / . . ’ intraoperative 3D none no none
retroauricular region S
navigation system
6 asymptomatic, 3 trismus, 1
5 pre-bending needle, 6 10 mandibular ramus, 1 9 OPT+ CT. 2 OPT + PA headache, 1 oral pain, 1
Sandre et al. [74], 2022 12 Case series 12 IAN sudden patient movement, 1 mandibular condyle, 1 ’ fever + vomiting + headache 10 yes, 2 none none
. . . : +LL,10PT
whole needle insertion occipital clivus + nausea + photo-phono
phobia and nuchal rigidity
LOCAL ANESTHESIA
. Local External oblique line of the
Omori et al. [39], 2021 Case report Anesthesia / ramus mandible OPT, CT Tenderness yes none
Erdil et al. [45], 2022 Case report Lingual nerve Pre-bending needle, Sublingual fossa CBCT none yes none
block excessive force
NOT SPECIFIED
Casey et al. [53], 2015 Case report / / Cochlea CT Tinnitus, hearing loss yes none
Moore et al. [52], 2017 Case report / / Internal carotid artery CT, CT angiogram Facial and neck pain, yes none

trismus
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It should be considered that this review does not receive any funding, so the authors
included only open-access studies and this can represent a limitation. In addition, as a
large case report of studies on this topic was not found, it was not possible to perform a
detailed search with targeted keywords, nor a careful selection by assessing the quality of
the included studies. Finally, only the occurrence of needle breakage during anesthesia in
the dental field was analyzed without information about the breakage of needles in general.
The items included are schematized in Table 1. Further researches could investigate this
topic, which is a possible occurrence in all areas of medicine.

5. Case Report

A 34-year-old man came to the authors’ attention, reporting that seven years before he
underwent a conservative treatment of the right mandibular second molar by his general
dentist. During the IAN block, a dental needle was accidentally fractured and the dentist
failed to recover the fragment. At our examination, the needle was not visible or palpable
clinically and the patient experienced no pain, dysphagia, or right inferior alveolar nerve
paresthesia.

A latero-lateral skull teleradiography (Figure 2) and Cone Beam Computed Tomog-
raphy (CBCT) with 3D volume-rendered images depicted the needle in the bundle of the
lateral pterygoid space that measures about 24 mm (Figures 3A,B and 4A,B). The patient
was informed of the risks and advantages of having the needle surgically removed vs
leaving it in place. The patient came to our attention seven years after the needle fracture.
Several cases of broken needle migration over time show that it is preferable to remove
the broken needle as quickly as possible. Therefore, the patient was informed that the
disadvantage of non-removal is the migration of the needle, while the removal can be
difficult due to the poor precision of its location. The patient chose conservative treatment
so the authors organized follow-up with a CBCT every year to monitor the fragment.

CS 8200 3D

Figure 2. Latero-lateral skull teleradiography showing the fractured needle (red circle).



Appl. Sci. 2023, 13, 4421

90f13

Figure 3. (A) CBCT views with the fragment measure (23.6 mm); (B) CBCT views with part of a
needle visualized in the right pterygomandibular space (red arrow). Scattering effect due to the
presence of metal.

Figure 4. (A) Reproduction of a three-dimensional image of the facial bone showing the fractured
needle (red circle); (B) other projection of a three-dimensional image of the facial bone showing the
fractured needle (red arrow).

6. Conclusions

Poor patient compliance, rapid patient head movements, application of excessive force
during injection, angular or directional changes in needle insertion may increase the risk
of needle pre-curvature and needle fracture. No complications after fragment removal
were detected. Knowledge of the pertinent anatomy in great detail is necessary for proper
technique application. Every effort must be made to avoid the uncommon but significant
consequence of a broken needle during dental treatment. In the event that a needle breaks,
the practitioner must inform the patient and perform the necessary radiographs, thoroughly
document the situation, and refer the patient to an oral surgeon right away for care.
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CBCT  cone beam computer tomography
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