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Abstract: Subcutaneous emphysema is a well-known and recognized complication in oral surgery,
due to high pressure rotating instrument use, mostly related to impacted tooth surgery. Although
root canal treatment in endodontic therapy is considered as a safe and standard procedure, affected
by a low incidence of complication, subcutaneous emphysema due to the choice of mechanical
tools or as a consequence of the use of air stream to dry the operating field should be considered
as a potential cause. The air can spread through soft tissue from the apex or from an iatrogenic
root perforation, suddenly leading to this unusual complication. It is very important for a dental
practitioner to promptly identify the adverse event and to know how to manage this situation. We
report a case of a 57-year-old woman with immediate subcutaneous cervicofacial emphysema after
root canal therapy of the right inferior second premolar and its management. A brief review of the

literature is also displayed.
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1. Introduction

Improper root canal therapy (RCT) can lead to subcutaneous emphysema as iatro-
genic complication, along with periodontal treatment, tooth extraction and restorative
dentistry [1]. The etymology of the term emphysema derives from the Greek “Eudvodw”
translated as “to blow into” [2], and sure enough, the subcutaneous emphysema (SCE)
is defined as an anomalous air or gas concentration in the tissue immediately under the
skin layer.

The emphysema in dentistry can involve the facial area, up to the orbital region [3] and
the neck region [4], but there are also a few cases of mediastinal emphysema [5]. However,
all these complications may present at the same time [6], creating a challenge for their

management by dentists. The major aspects of these conditions are the potential formation
of air emboli and airway impairment, which can be life-threatening for patients [7]. The
air expanding soft tissues can also spread into vessels and flow into the blood stream
causing embolism. When an extensive SCE is present, it can elicit a huge pressure on
the airways, reducing tracheal lumen and causing severe respiratory deficit. On the
other hand, emphysema is a possible cause of infection in the deeper spaces occurring in
communication environments with a microbial load, such as the oral cavity, and underlying
sterile compartments. Literature on this topic also offers a case of loss of vision due to optic
nerve damage [8]. Fortunately, SCE usually passes in a quiet and safe way without severe
consequences [9]. The common presentation of SCE is a sudden swelling of variable extent
that generates crepitus if pressed by the fingers.

The first reports of SCE after an endodontic treatment appeared in the 1950s [10-12],
however nowadays we have different etiological hypotheses: strongly blowing air under
pressure to dry the area [6,13], the use of dental handpieces that release air-water flow but
also the extrusion of hydrogen peroxide through the apex [7]. In oral and dental procedures
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SCE is a rare phenomenon due to the combination of using a positive pressure handpiece
and the interruption of the intraoral epithelium.

The aim of this study was to report on craniofacial SCE detected in a patient under-
going an RTC and diagnosed at the University Dental Clinic of Chieti in January 2021,
focusing on the management and prevention of this adverse event, and to perform a brief
literature review on this topic.

2. Materials and Methods

This study was carried out in accordance with the principles of the Declaration of
Helsinki and the patient released detailed informed consent form for diagnostic and
therapeutic procedures and for possible use of the radiological examinations and facial
photos for research purposes.

A 57-year-old woman came to our attention via her dentist because of a vast puffiness
of the right cheek and the right side of her neck, which appeared during root canal
therapy of the inferior right second premolar performed without rubber dam isolation.
The objective examination revealed a soft swelling of the right cheek extending to the
homolateral neck side (Figure 1a,b) with pathognomonic crepitus on palpation. The WHO
eight-step intraoral examination was performed and revealed bloating of the right oral
floor and the ipsilateral fornix (Figure 1c,d).

Figure 1. (a,b) Extraoral examination. An area of swelling on the right side of the cervicofacial region
is clearly visible. (c,d) Intraoral examination. The right fornix and oral floor appear inflated.
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The lady underwent cone beam computed tomography (CBCT) with a PaX-Zenith3D
(Vatech, 13, Samsung 1-ro 2-gil, Hwaseong-si, Gyeonggi-do, 445-170, Korea). Three di-
mensional images were acquired along sagittal, axial and coronal axes and confirmed the
hypothesis of right cervicofacial SCE (Figure 2a). Particular attention was paid to the tooth
treated, CT images revealed an iatrogenic perforation at 14 mm from the apical foramen,
which could be the site of insufflation (Figure 2b). In addition to this, as clearly visible from
the CT scans, the vestibular cortex ends approximately 1 mm below the site of perforation.
This seems to explain how the air was able to reach the submucosal region and to expand
soft tissues, creating a valve like mechanism.

Y
}

Figure 2. Cone beam computed tomography (CBCT) images. (a) Air infiltration is recognizable in
the right side of cheek and neck. (b) The right inferior second premolar. It presents an iatrogenic
communication (red arrow) at 14 mm from the apex.

After collecting the case history about any drug-related allergic event, antibiotic
therapy based on amoxicillin and clavulanic acid 3 g/die for 7 days was provided. The
patient was asked to come for a daily check in the first week and then after 2 weeks until
the swelling totally resolved.

For the review part, an electronic search was performed in PubMed and ResearchGate
considering the period from 2004 to 2021 and the following MeSH was used: “emphysema
endodontic”. The study’s eligibility criteria are the description of SCE in children and
adults caused by endodontic therapy, including case reports, clinical studies and case series
presentation. Aspects pointed out are also the onset of the adverse event, its resolution and
the pharmacological treatment when reported.
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3. Results

The digital investigation provided 30 articles, 12 were positive for inclusion criteria
(Table 1), while others were excluded due to involving sodium hypochlorite accidents and
discussion without case presentation.

Table 1. Distribution of subcutaneous emphysema (SCE) during endodontic treatment in literature. IV: intravenous; h:

hours; min: minutes.

Author Gender/ Tooth SCE Distribution Onset Resolution Pharmacological Therapy
Age (Days)

Smatt et al., Head, neck and 10 min o .
2004 [14] F25 19 presternal regions later 7 Antibiotics; Analgesics
Frithauf Laterocervical and presternal

et al,, 2005 M 68 3132 areas, orl?lta, sujbmaxﬂlary area, 2 h later 7 Am0x1c1l.hn spdlum plus

[15] perimandibular and clavulanic acid 2 g/12 h
retromandibular spaces
Submandibular, parapharyngeal,
Farfel et al., retropharyngeal, carotid, Clindamycin 600 mg/8 h;
2008 [16] F 55 18 anterior and posterior left 2 h later 3 Ciprofloxacin 400 mg/12 h
spaces, superior mediastinum
Anetal., Facial, periorbital, buccal, . Clindamycin and
2014 [6] F33 21 submandibular Immediate 14 dexamethasone IV for 24 h
Mishra L . lid 1 . 10 min Amoxicillin/Potassium
etal, 2014 F53 9 ower eyend, fowe : 7 Clavulanate 625 mg/12 h
mandibular margin later
[13] for5d
Buchbender . . . .
etal, 2017 E79 6 Submanc.hbglar cervicofacial Immediate 14 Cefuroxime 1.5 g IV/8 h,
[17] and mediastinal emphysema Ibuprofen 600 mg
Calzadilla Amoxicillin and clavulanic
etal., 2017 F57 15 Periorbital Immediate 7 acid 875/125 mg/8 h;
[18] Ibuprofen 600 mg/8 h
Chang et al., . . Progressive e . .
2018 [3] F 48 5 Facial/eyelid (3 d later) 10 Antibiotic prophylaxis
Left eye, upper labial region,
Tenore et al., mandibular region, the . Ceftriaxone;
2018 [19] F 60 23 contralateral infraorbital region, Immediate 30 Betamethasone
left cheek
Ampicillin 1 g; Sulbactam

Chen et al., M 26 20 Left facial, periorbital, buccal, After few 20 05¢g;

2021 [1] submental, submandibular hours Amoxicillin/clavulanic
acid

Singh et al., Periorbital and

2020 [4] M9 ) maxillary regions L hlater 7 )

Gouda et al., F45 15 Suboa‘ti)(;til r;:g;olr;,r ﬁ;ir? l‘ilp}r)er 5 min 14 Amoxicillin 500 mg for 5 d;

2020 [20] cyendtosc om fowe later Betamethasone 0.5 mg

mandible margin

The articles describe SCE in 75% women (9/12 cases), with mean age of 55.5 years
(£15.7) and in 25% men (3/12 cases) with mean age of 34.3 years (£30.4). The total adverse
swelling during/post RCT is 13 cases and 53.8% (7/13 cases) occurred in the mandible,
38.5% (5/13 cases) affected the maxilla and 7.7% (1/13 case) is unknown.

The onset of this adverse event from our search is variable: 30.8% (4/13) of cases were
immediate, 38.5% (5/13) by 1-2 h, 23% (3/13) by 5-10 min and 7.7% (1/13) required a few
days to develop. Pharmacological treatment was referred in 11 works examined, but it was
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explained in just 10 articles and it differs from penicillin in association with cortisone or not,
to cephalosporin, clindamycin plus ciprofloxacin. The antibiotic most often prescribed was
amoxicillin in 45.5% (5/11) of articles. Oral administration was the most common adopted
solution, while in 18.1% (2/11) of articles intravenous administration was reported because
of massive and severe SCE. Often, non-steroidal anti-inflammatory drugs (NSAIDs) were
given in 27.3% (3/11) of articles.

4. Discussion

As stated by the valuable paper by Fasoulas et al. [21], SCE is more frequent in females
than in males, with a ratio of 2:1, this was also confirmed in our database. In most of the
articles cited in this review, the endodontic procedure which leads to soft tissue swelling
is initial RCT (78%), while 14% happens during non-surgical RCT and 5% is linked to
endodontic surgery [22] Lastly, 3% arises throughout the surgical management of acute
apical abscesses [15]. In this paper, 71% of involved teeth are maxillary, while in our report
6 authors in 11 (54.54%) referred to mandibular teeth and one author does not mention the
tooth type. It is paramount to point out that in the cases analyzed in Table 1, the major
cause of SCE during dental procedures seems to be root canal drying with air syringe
under pressure, in line with Fasoulas et al.’s work.

SCE evidently spreads near the site where a valve mechanism occurs, hence when
upper teeth are involved, periorbital swelling is more frequent, on the other hand when
lower teeth are implicated, cheek and neck bulges are the most common areas. Antibiotic
therapy is chosen in order to reduce the possible introduction of bacteria into deeper
subcutaneous spaces. In accordance with our database, among various antibiotic molecules,
amoxicillin and clavulanic acid remain the preferred drugs to manage SCE and most
episodes resolve in 7-10 days without any consequences. Alternatives to amoxicillin are
represented by: clindamyecin, ceftriaxone, ampicillin, ciprofloxacin and cefuroxime as stated
in Table 1.

In agreement with Van Tubergen et al. [23], the differential diagnosis has to be estab-
lished with allergic events and hematoma after anesthesia injection. Allergic evidences
include cutaneous erythema often with warmth and itching, while trismus and intraoral
swelling at the injection site tend to point to a blood effusion. When an air iatrogenic
emphysema happens, it is mandatory to identify a possible airway restriction risk. It is
desirable to refer the patient in order to perform a second level exam such as a CBCT, that
allows recognizing of the damage extent.

5. Conclusions

Among the rare consequences of RCT, SCE can emerge and be potentially life-threatening.
During endodontic therapy, the major cause seems to be the pressurized air stream, which
should not be directed towards a site where a valve mechanism is suspected. SCE remains
empirically handled by the administration of antibiotics, corticosteroids and NSAIDs as
well as analgesic if necessary. Awareness among dentists and oral and maxillofacial sur-
geons is crucial, guidelines may be necessary to choose the right management and allow
the safest treatment of this rare iatrogenic condition.
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