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Abstract
Introduction: Salivary stones inside the Wharton’s duct adjacent to the mylohyoid muscle are often 
removed by a little incision of the mouth floor under local anesthesia. However, in the case of 
relatively large salivary stones, a large incision is required, which is commonly accompanied by 
hemorrhage and the need for surgical hemostasis, resulting in prolonged surgery. Furthermore, 
troublesome sequelae such as ranula and lingual nerve paralysis can occur after surgical procedures.
Methods: Two patients who had relatively large salivary stones (>1 cm diameter) in the Wharton’s 
duct were underwent incision of the mouth floor soft tissues with a CO2 laser. 
Results: In both patients, the stone was removed in a few minutes without causing abnormal 
bleeding, nerve injury, or sublingual gland disorders and was completely healed. 
Conclusion: We report the usefulness and safety of the CO2 laser in two patients with relatively large 
salivary stones, who underwent successful surgical removal.
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Introduction
Sialolithiasis in the submandibular gland or Wharton’s 
duct is frequent and may cause acute or chronic 
submandibular sialoadenitis.1 Sialoadenitis-causing 
salivary stones located within the submandibular 
gland or at the duct transition site can be treated with 
percutaneous removal. Those located within the duct 
and posterior to the mylohyoid muscle can be removed 
with a careful lingual nerve-sparing intraoral approach.2 
Although the above procedures are commonly performed 
under general anesthesia, salivary stones inside the duct 
adjacent to the mylohyoid muscle are often removed 
under local anesthesia on an outpatient basis. However, 
relatively large salivary stones with a diameter greater 
than 1 cm have been reported.3,4 With these salivary 
stones, a large incision is required, which is commonly 
accompanied by hemorrhage and the need for surgical 
hemostasis, resulting in prolonged surgical time and 
potential complications.5

A CO2 laser with a wavelength of 10.6 µm has 
several advantages. It is easily absorbed by water, acts 
superficially, has the high hemostatic ability, induces 
minimal thermal injury to the surrounding tissues, 
and is easy to operate.6 For these reasons, a CO2 laser 
is commonly used for resection or vaporization of soft 
tissues in the mouth.7-11 However, there have been only 
a few reports of its use for salivary stone removal.12-14 

Since the sublingual gland and lingual nerve are located 
in close proximity to the submucosa of the floor of the 
mouth, troublesome sequelae such as ranula and lingual 
nerve paralysis can occur after surgical procedures in this 
region.15 Therefore, “separation procedures of submucosal 
tissue” are usually performed and laser dissection has not 
gained popularity. Furthermore, local healing and saliva 
excretion mechanisms after laser dissection of Wharton’s 
duct are not well understood. We report the usefulness 
and safety of the CO2 laser in two patients with relatively 
large salivary stones (>1 cm diameter), who underwent 
successful surgical removal.

Case 1 
A 47-year-old female patient reported a 5-year history 
of repeated episodes of swelling and oppressive pain in 
the right submandibular region. She was referred to our 
hospital after sialolithiasis was diagnosed at another clinic 
after an acute episode one month earlier. She had no 
medical history or allergies. On examination, a protrusion 
in the mucosa of the right mouth floor 5 mm posterior 
to the right duct opening site and submucosal sclerosis 
were detected (Figure 1a). The right submandibular 
gland was swollen and tender to palpation. No salivary 
secretions from the duct were observed. Panoramic 
radiographic and computed tomography (CT) images 
showed a submucosal 15×7 mm radiopacity (Figure 1b). 
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Sialolithiasis in the duct was diagnosed.
An approximately 1 cm incision was made in the 

mucosa of the mouth floor directly above the salivary 
stone using a CO2 laser (3 W, continuous wave, the spot 
size 1.00 mm, irradiance 3.18 W/mm2, Energy density 
191.08 J/mm2, Bell laser Plus, Takara Belmont Corp, 
Osaka, Japan) under local anesthesia with 2% lidocaine 
with epinephrine. The laser was irradiated until the 
surface of the salivary stone was clearly identified (Figure 
2a). Once exposed, the salivary stone was removed using 
forceps, taking care not to fracture it (Figure 2b). After 
stone removal (Figure 2c), salivary secretion was observed 
after pressing the submandibular gland (Figure 2d). The 
surgical procedure was successfully completed with no 
abnormal bleeding. The patient was followed up for 30 
days to confirm healing and salivary secretion (Figure 2e).

Case 2 
A 55-year-old female patient with a history of 
hypothyroidism and allergy to lidocaine with epinephrine 
presented with a chief complaint of toothache. On 
examination, a protrusion in the mucosa of the right 
mouth floor and submucosal sclerosis were detected (Figure 3a). Although panoramic radiographic images 

showed a long thin radiopacity in the area between the 
right submandibular incisor tooth and the first molar 
(Figure 3b), no corresponding subjective symptoms 
were felt. CT images showed a 31×6 mm radiopacity in 
the submucosal mouth floor (Figure 3c) and atrophy or 
disappearance of the right submandibular gland (Figure 
3d). Sialolithiasis in Wharton’s duct was diagnosed. 

An incision of approximately 1 cm was made in the 
mucosa of the mouth floor directly above the salivary stone 
using a CO2 laser (3 W, continuous wave, the spot size 1.00 
mm, irradiance 3.18 W/mm2, Energy density 127.39 J/
mm2, Bell laser Plus, Takara Belmont Corp, Osaka, Japan) 
under local anesthesia with mepivacaine hydrochloride. 
The laser was irradiated until the surface of the salivary 

Figure 1. Intraoral Photograph and CT Images on the First 
Examination of Case 1. (a) Intraoral photograph showing a 
protrusion on the mucosa of the right mouth floor. (b) CT image 
showing a 15×7mm radiopaque in the submucosal area of the 
mouth floor.

Figure 2. Photographs of the Operative Procedure of Removal of the Salivary Stone Using a CO2 Laser. (a) Laser irradiation to mucosa just 
above the salivary stone. (b) Removal of the stone using forceps. (c) The stone shown on a scale. (d) The immediate postoperative surgical 
site, which was remained open. (e) Complete healing on day 7 after the operation. 

Figure 3. Intraoral Photograph and Panoramic Radiographic 
Images and CT Images on the First Examination of Case 2. (a) 
Intraoral photograph showing a protrusion on the mucosa of the 
right mouth floor. (b) Panoramic radiographic images showing a 
long and thin radiopaque finding. (c) CT images showing a 31 × 6 
mm radiopaque in the submucosal area of the mouth floor. (d) CT 
image of the submandibular gland slice shows the disappearance 
of the right submandibular gland.
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stone was clearly identified (Figure 4a). Once exposed, 
the salivary stone was removed using forceps, taking care 
not to fracture it (Figure 4b, c, d). After stone removal, 
no salivary secretion from the duct was observed, even 
after pressing the submandibular gland. The procedure 
was successfully completed with no abnormal bleeding 
(Figure 4e). On day 7 after the procedure, the site did not 
heal (Figure 4f); however, on day 20, complete healing 
was confirmed and the patient reported no after-effects 
or discomfort (Figure 4g). 

Discussion
We reported two patients with large salivary stones (>1 
cm diameter) in Wharton’s duct, who underwent surgical 
removal using a CO2 laser to incise the mucosa and 
submucosal tissue of the mouth floor overlying the stone. 
In both patients, the stone was removed in approximately 
10 minutes without causing abnormal bleeding, nerve 
injury, or sublingual gland disorders such as ranula. 
Compared to other lasers (< 2 µm wavelength) used in 
the oral cavity, a 10.6 µm wavelength CO2 laser is easily 
absorbed by water, distributes energy superficially, and 
does not penetrate tissue deeply.6,16,17 Considering the 
anatomic relationship of the salivary glands, nerves, and 
blood vessels in the submucosa of the floor of the mouth, 
we believe that the CO2 laser is well-suited for use in this 
region. Although mepivacaine hydrochloride without 
epinephrine was used for local anesthesia due to allergy in 
case 2, the CO2 laser enabled us to perform the procedure 
rapidly with almost no bleeding. The surgical incision was 
not sutured in either patient because there was minimal 
bleeding and we wanted to maintain saliva export. Both 
incisions completely healed, but the passage of saliva 
was retained in case 1 only, as the submandibular gland 
had atrophied or disappeared in case 2 and no saliva was 
secreted postoperatively.

Although the timing of the laser reaching the salivary 
stones can be confirmed using the tactile sense with a 
finger or forceps, this may be difficult in practice. We 
found that a spark occurred when the laser directly hit the 
stone, which can also be confirmatory. Using this visual 
indicator as a sign to stop laser irradiation can prevent 
thermal injury to the surrounding tissues.

Time to complete healing differed between our two 
cases. In case 2, healing was delayed and salivary secretion 
had ceased due to submandibular gland atrophy or 
disappearance. This suggests that the self-cleaning action 
of Wharton’s duct was impaired and minute pieces of 
foreign matter could not be cleansed away due to lack of 
saliva. Alternatively, a lack of salivary enzymatic healing 
action may have caused delayed epithelialization.18

Conclusion
A CO2 laser can be used to successfully and safely remove 
relatively large salivary stones from Wharton’s duct 
through an incision of the mouth floor.

Patient’s Consent
Written informed consent was obtained from each patient.

Conflict of Interests
The authors declare no conflict of interest.

Funding
None.

References
1.	 Baurmash HD. Submandibular salivary stones: current 

management modalities. J Oral maxillofac Surg. 
2004;62(3):369-378. doi: 10.1016/j.joms.2003.05.011

2.	 McGurk M, Makdissi J, Brown JE. Intra-oral removal of 
stones from the hilum of the submandibular gland: report 
of technique and morbidity. Int J Oral Maxillofac Surg. 

Figure 4. Photographs of the Operative Procedure of Removal of the Salivary Stone Using a CO2 Laser. (a) Laser irradiation to mucosa just 
above the salivary stone. (b), (c) Removal of stone using forceps. (d) The stone shown on a scale. (e) The immediate postoperative surgical 
site, which was remained open, and disappearance of salivary flow. (f) Poor healing on day 7 after the operation. (g) Complete healing on 
day 20 after the operation. 



Matsumoto et al

 Journal of Lasers in Medical Sciences  Volume 12, 20214

2004; 33(7):683-6. doi: 10.1016/j.ijom.2004.01.024 
3.	 Siddiqui SJ. Sialolithiasis. A usually large submandibular 

salivary stone. Br Dent J.  2002;193:89-91.doi: 10.1038/
sj.bdj.4801491

4.	 Krishnan B, Gehani RE, Shehumi MI. Submandibular 
giant sialoliths-2 case reports and review of the literature. 
Indian J otolaryngol Head Neck Surg. 2009. 61(1):55-8. 
doi:10.1007/s1270-009-0019-3

5.	 Shahoon H, Farhadi S, Hamedi R. Giant sialoliths of 
Wharton duct: Repor of two rare cases and review of 
literature. Dent Res J (Isfahan). 2015;12(5):494-497. doi: 
10.4103/1735-3327.166238

6.	 Huang Z, Wang Y, Liang Q, Zhang L, Zhang D, Chen W. 
The application of a carbon dioxide laser in the treatment 
of superficicail oral mucosal lesions. J Craniofac Surg. 2015; 
(3): e277-9.doi: 10.1097/SCS.0000000000001285.

7.	 Flynn MB, White M, Tabah RJ. Use of carbon dioxide 
laser for the treatment of premalignant lesions of the oral 
mucosa. J Surg Oncol. 1988;37(4): 232-234. doi: 10.1002/
jso.2930370404

8.	 White JM, Chaudhry SI, Kudler JJ. Nd:YAG and CO2 laser 
therapy of oral mucosal lesions. J Clin Laser Med Surg. 
1998; 16:299-304. doi: 10.1089/clm.1998.16.299

9.	 Kardos TB, Holt T, Ferguson MM. Histological evaluation 
of the effect of miniature carbon dioxide laser on oral 
mucosa. Int J Oral Maxillofac Surg. 1989;18(2):117-120. 
doi: 10.1016/s0901-5027(89)80145-6 

10.	 Matsumoto K, Suzuki H, Usami Y, Hattori M, Komori 
T. Histological evaluation of artifacts in tongue tissue 
produced by the CO2 laser and electrotome. Photomedicine 

Laser Surg. 2008;26(6):573-577. doi: 10.1089/pho.2007.2217  
11.	 Komori T, Enomoto Y, Kitayama M, Komori S, Matsumoto 

K, Kimoto A, et al. Current status of lasers in oral 
and maxillofacial surgery. Nippon Laser Igakkaishi. 
2016;37(1):52-57. doi: 10.2530/jslsm.jslsm-37_0007

12.	 Haas OL Jr, Scolari N, da Siva Meirelles L, Favoretto AX, 
de Oliveira RB. Sialolith removal in the submandibular 
region using surgical diode laser: report of two cases and 
literature review. Oral Maxillofac Surg. 2018;22(1):105-111. 
doi: 10.1007/s10006-018-0674-1

13.	 Azaz B, Regev E, Casap N, Chicin R. Sialolithectomy done 
with a CO2 laser: clinical and scintigraphic results. J Oral 
Maxillofac Surg. 1996;54(6):685-688. doi: 10.1016/s0278-
2391(96)90681-3

14.	 Yang SW, Chen TA. Transoral carbon dioxide laser 
sialolithectomy with topical anaesthesia, A simple, effective, 
and minimally invasive method. Int J Oral Maxillofac Surg. 
2011;40(2):169-172. doi: 10.1016/j.ijom.2010.09.020

15.	 Antoniadis D, Mendonidou L, Papanayotou P, Trigonidis 
G. Clinical study of sialolithiasis. Findings from 100 cases. 
Hell Stomatol Chron. 1989; 33(4):245-51. [Greek].

16.	 Duck FA. Physical properties of tissues: A Comprehensive 
Reference Book. 1st ed. Academic Press; 1990.

17.	 Pick RM, Colvard MD. Current status of lasers in soft 
tissue dental surgery. J Periodontol. 1993;64(7):589-602. 
doi:10.1902/jop.1993.64.7.589

18.	 Nagler RM, Klein I, Zarzhevsky N, Drigues N, Reznick AZ. 
Characterization of the differentiated antioxidant profile of 
human saliva. Free Radic Biol Med. 2002; 32(3):268-77. doi: 
10.1016/s0891-5849(01)00806-1

https://doi.org/10.2530/jslsm.jslsm-37_0007

