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Abstract
Introduction Since the debate about carcinogenic potential of Carnoy’s solution (CS) in 2000s, many surgeons adopted the 
use of modified Carnoy’s solution (MC). There are many studies comparing the effectiveness of MC with CS for treatment of 
odontogenic keratocyst (OKC). Seldom are the studies defining versatility of MC in treating maxillofacial cysts and tumors. 
This case series aims to present diverse use of MC for treatment of maxillofacial cysts and tumors.
Methodology Patients who reported with maxillofacial cysts and tumors from February 2018 to February 2023, and for 
whom surgical enucleation/resection with chemical cauterization using MC was done, are included in the study. We treated 
29 cases of maxillofacial cysts and tumors using MC as a chemical cauterizing agent. Among these, 14 cases were OKC, 
eight were ameloblastoma, four were odontogenic myxoma, and three were ossifying fibroma.
Results A total of 29 patients (18 males and 11 females) were included in the study. All patients were followed up for 
12 months. Of the 29 cases, three cases were of anterior maxilla, out of which lesion recurred in two cases. Other complica-
tion reported was of paresthesia in two cases which resolved in 12 months.
Conclusion Various treatment modalities are available to treat maxillofacial cysts and tumors but use of MC is an effective 
modality which reduces risk of recurrence. However, as it poses a risk of damage to surrounding neurovascular structures, 
caution is needed.
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Introduction

Introduced in the late nineteenth century, Carnoy’s solu-
tion (CS) has been a staple for fixing tissues and enhanc-
ing nuclear clarity in nematodes [1]. It has a long-standing 

history as an effective fixative used in histopathology and 
cytology studies. First documented in 1931 by Cutler and 
Zollinger [2], this agent was used as a sclerosant for treating 
cysts and fistulae, who noted its moderate penetration, rapid 
fixation, and excellent hemostatic properties. Decades later, 
in 1981, Voorsmit delineated its exact composition as etha-
nol, chloroform, and glacial acetic acid in a 6:3:1 ratio, with 
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ferric chloride added [3]. By inducing shrinkage, absolute 
alcohol hardens the tissue. Glacial acetic acid counteracts 
this by swelling the tissue, thus preventing it from becoming 
overly hard. Chloroform boosts the speed of fixation, and 
ferric chloride assists in removing moisture from the tissue 
[4]. Utilized in the management of different cysts and tumors 
in the maxillofacial region, this agent is used for chemical 
cauterization following lesion enucleation. Its effectiveness 
in treating odontogenic keratocysts (OKCs) has been well-
documented. Rajesh Kumar et al. [5] have concluded in their 
research that Carnoy’s solution is a viable and conserva-
tive management strategy for aggressive yet benign lesions 
of maxillofacial region such as OKCs, ameloblastoma, and 
ossifying fibroma (OF).

The inclusion of chloroform, deemed ‘reasonably antici-
pated to be a human carcinogen’ by animal studies, led the 
FDA to ban CS in 2013. Surgeons responded by using modi-
fied Carnoy’s solution (MC), which lacks chloroform [6]. 
A recent systematic review indicates that MC is compara-
ble to CS in terms of safety and efficacy for treating OKCs 
[7]. There are many studies comparing the effectiveness of 
MC with CS for treatment of OKC. Seldom are the studies 
defining versatility of MC in treating maxillofacial cysts and 
tumors. This case series aims to present diverse use of MC 
for treatment of maxillofacial cysts and tumors.

Methodology

Patients who reported with maxillofacial cysts and tumors 
from February 2018 to February 2023, and for whom surgi-
cal enucleation/resection with chemical cauterization using 
MC was done, are included in the study. The protocol was 
approved by Institutional Review Board, and written con-
sent was obtained from patients included in the study. We 
treated 29 cases of maxillofacial cysts and tumors using MC 
as a chemical cauterizing agent. Among these, 14 cases were 
OKC, eight were ameloblastoma, four were odontogenic 
myxoma (OM), and three were ossifying fibroma (Table 1).

In 14 cases of OKC, two cases were of anterior maxilla 
and 12 cases of mandible (Table 2).

In eight patients with ameloblastoma, the site ranged 
from posterior mandible to anterior mandible on both sides 
(Table 2). They were treated with resection without continu-
ity defect, followed by application of MC and followed by 
reconstruction wherever necessary.

In four cases of OM of which three cases (males) were 
in the region between lower molar and premolar region, 
while in one case (female), it was in the anterior mandible 
(Table 2). They were treated with enucleation and curettage 
followed by application of MC.

Three cases of OF were treated with enucleation and 
application of MC (Table 2). A 35-year-old female patient, 
with diagnosis of cemento-ossifying fibroma in the left pos-
terior mandible was treated 2 years back with enucleation 
without chemical cauterization with MC. She had reported 
with recurrence within 8 months and was re-operated with 
enucleation with chemical cauterization using MC.

Surgery was planned after confirming the diagnosis with 
incisional biopsy. CBCT was done to determine the extent 
of the lesion. All the surgeries were done by same operator. 
The patients were draped under general anesthesia, and nasal 
intubation was done. Intraoral/extraoral incisions were given 
to approach the mandible. Enucleation was done along with 
curettage and chemical cauterization using MC for lesions 
on the mandible. The sample collected was sent for histo-
pathological examination. For maxillary lesions, intraoral 
vestibular approach was used. The affected mobile teeth 
were removed in all cases. Marginal resection was done in 
cases of ameloblastoma. Reconstruction with fibula graft 
was done when necessary. Closure was done using 3–0 
vicryl sutures and 3–0 ethilon sutures. After discharge, the 
patients were recalled after one week for postoperative OPG. 
Medications consisted of antibiotics, steroids, and analgesics 
for every patient. Postoperatively, patients were reviewed 
within the first week, third week, and quarterly in one year 
period. The follow-up period ranged from 12–60 months.

Results

A total of 29 patients (18 males and 11 females) were 
included in the study. All patients were followed up for 
minimum 12 months.

Of the 29 cases, two cases were of anterior maxilla in 
which recurrence was seen at 8 months postoperatively. 
They were then treated with 5-fluorouracil (5FU). The 
sample was collected of every case and sent for histopatho-
logical examination and the final diagnosis of each case 
is mentioned below (Table 2). There was no recurrence 
till the last follow-up in other 27 cases. Other complica-
tion reported was of transient mandibular paresthesia in 
almost all cases except for a few in which the lesion size 
was small. All the patients recovered within 4–6 weeks 

Table 1  Type of maxillofacial cyst/tumor and gender-wise distribu-
tion

Lesion Total No. of 
Cases

Male Female

OKC 14 8 6
Ameloblastoma 8 5 3
Odontogenic Myxoma 4 3 1
Ossifying fibroma 3 2 1
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postoperatively except five cases which resolved within 
6 months and two cases which resolved within 12 months. 
The one case which was re-operated with the application 
of MC did not show recurrence till the last follow-up 
(Figs. 1a, b, 2a, b, c). In one case, there was pathological 
fracture, which was managed by reconstruction plate. And 
one case was managed by reconstruction with fibula graft 
(Figs. 3, 4, 5, 6).

Discussion

Voorsmit established a clinical protocol for applying Car-
noy’s solution over a period of 5 min on the bony defect, 
which promoted necrosis of approximately 1.5  mm in 
depth [3]. After 5-min application, the penetration for 
bone is 1.54 mm, nerve 0.15 mm, and mucosa to a depth of 
0.51 mm. Initially, the Carnoy’s solution consisted of

Table 2  Region involved by 
maxillofacial cyst/tumor

Lesion Gender Age Region

OKC M 22 Anterior maxilla
M 24 Posterior right mandible
M 35 Posterior right mandible
F 40 Anterior mandible
M 30 Posterior left mandible
F 21 Anterior maxilla
F 37 Posterior left mandible
M 26 Posterior left mandible
F 39 Posterior left mandible
M 42 Posterior right mandible
F 15 Posterior left mandible
F 36 Posterior left mandible
M 13 Anterior mandible
M 32 Posterior left mandible

Ameloblastoma M 30 Posterior right mandible
M 51 Posterior right mandible including ramus
F 39 Posterior left mandible
M 45 Posterior right mandible
F 21 Anterior mandible
F 36 Anterior mandible
M 46 Posterior right mandible
M 48 Posterior right mandible

Odontogenic myxoma M 33 Left mandibular molar and premolar region
M 45 Left mandibular molar and premolar region
M 52 Right mandibular molar and premolar region

Ossifying fibroma F 35 Posterior left mandible
M 59 Anterior mandible
M 50 Posterior left mandible

Fig. 1  a Ossifying fibroma of 
left mandible. b Enucleation 
and curettage done
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• 6 ml of 95% ethanol
• 3 ml of glacial acetic acid and
• 1 g of ferric chloride [1]

Subsequently, there were two important changes in its 
formulation:

(1) Presence of 6 ml of absolute alcohol instead of ethanol 
and

(2) Addition of chloroform of 3 ml [2]

The inclusion of chloroform, deemed ‘reasonably antici-
pated to be a human carcinogen’ by animal studies, led the 
FDA to ban CS in 2013, which in turn led the surgeons to 
use MC as an adjunct instead of CS.

A study conducted to compare MC and CS in the man-
agement of OKC showed that the application of MC has an 
efficiency comparable to that of CS for lowering the recur-
rence rate [8]. Similar results were obtained in a retrospec-
tive cohort study by Donnelly LA et al. [6].

Stoelinga and Bronkhorst, in 1988, were the pioneers in 
suggesting the use of CS to mitigate recurrence risks follow-
ing routine conservative surgical procedures for unicystic 
ameloblastoma [9]. Since then, numerous case reports have 
been published showing efficacy of CS as an adjunctive 
modality. A study of ten years’ experience of using CS as an 
adjunct for treatment of ameloblastoma, irrespective of the 

Fig. 2  a Recurrence after 8 months. b Immediate postop MC. c 12-month follow-up

Fig. 3  Ameloblastoma of left mandible

Fig. 4  a Excised mandible (buccal view). b Excised mandible (lingual view)
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histological type, showed benefits of chemical cauterization 
of the ameloblastoma cystic cavity [10]. A systematic review 
says that recurrence rates of OKC and ameloblastomas have 
gone down from 60–80% to 6.6–11.5% by application of CS 
or its modifications [11].

The purpose of this study was to identify the diverse use 
of MC as an adjunctive for treatment of benign but aggressive 
maxillofacial cysts and tumors such as OKC, ameloblastoma, 
OM, and OF. The use of CS as an adjunctive to treat OKC has 
been well-established by several studies. Rajesh Kumar et al. 
[5] gave positive results when CS was used as an adjunctive 
modality to treat OKC, unicystic ameloblastoma, and juvenile 
ossifying fibroma. B. Lal et al. [12], in their systematic review, 

found 11 different types of maxillofacial lesions in which CS 
was used as an adjunctive modality, where recurrence was 
reported only in ameloblastoma cases. Similarly, our study 
also shows MC being effective for various benign aggressive 
lesions of maxillofacial region including ameloblastoma. Con-
trary to this, a systematic review evaluating the safety and effi-
cacy of CS, MC, and 5FU in treating OKC found that patients 
treated with MC experienced recurrence rates between 19 and 
67%, while those treated with CS and 5FU had no recurrences. 
However, the author concludes that with the ban of CS, both 
MC and 5FU are suitable treatment options [7].

The study revealed a 6.8% recurrence rate, exclusively in 
anterior maxillary cases that were treated with MC. These 
cases were subsequently treated with 5FU without encoun-
tering any complications. As mentioned by Ledderhof NJ 
et al. [13], 5FU is a novel targeted adjunctive therapy for 
management of OKC. A systematic review by Singh AK 
et al. [14] also states that 5FU has the potential to become 
an alternative to MC. According to the study by Akhter Lone 
et al. [15], similar findings have highlighted the maxilla’s 
proximity to the orbital contents and major vessels. We 
believe these anatomical factors contributed to the improper 
application of MC in maxillary cases, resulting in lesion 
recurrence. We further propose that 5FU can be safely used 
in maxillary lesions due to its lower postoperative morbidity 
and targeted therapeutic action, unlike MC, which penetrates 
surrounding structures and causes necrosis.

With the advantage of use of MC as an adjunct, also 
comes its drawback that it can damage the normal tissues 
and cause sensory disturbances. Out of the lot, a few patients 
(24.1%) experienced persistent paresthesia which was recov-
ered shortly after surgery. Similar findings were reported 
in a study where CS was used in OKC and ameloblastoma 
cases [16]. Contrary to this, a systematic review by Winters 
R et al. [7] shows that patients treated with CS and MC 
had complaints of permanent paresthesia when compared 
to 5FU.

Critical exposure time for CS when applied over the infe-
rior alveolar nerve (IAN) of rabbits has been given as 3 min, 
beyond which the neural tissue disintegrates [17]. Recently, 
an experimental study was conducted by Karthik R et al. 
[18] on Wistar rats to compare the depth of penetration and 
amount of bone necrosis of CS vs MC, and it was concluded 
that the exposure time for MC should be 10 min to get the 
similar results as CS. However, in our patients, we have kept 
the exposure time to 5 min.

Conclusion

This case series shows that MC can be used as an effective 
adjunctive modality for treatment of aggressive but benign 
maxillofacial cysts and tumors, with low recurrence rate and 

Fig. 5  Application of MC in residual defect

Fig. 6  Reconstruction of the defect by fibula graft
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less postoperative complications. Further, 5FU in the form 
of paste has been deemed more effective for treating OKC 
in maxilla due to its quick procedure time, widespread avail-
ability, ease of use, lower morbidity rates, cost-efficiency, 
and minimal or no recurrence, which reduces the chances 
of needing a subsequent surgery.
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