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ost pediatric dentists in the United
Kingdom and North America1,2 use
formocresol pulpotomy for vital primary pulp therapy. In the United Kingdom,
54% of pediatric dentists reported concerns
about possible sensitization, toxic, mutagenic
or carcinogenic effects of formocresol; 42% of
specialists surveyed in 2002 were considering
changing their pulp technique to avoid
formocresol.1
We performed a telephone survey of
directors of Canadian pediatric dentistry
programs to determine undergraduate teaching for management of vital primary pulps.
The formocresol pulpotomy, one-fifth dilution
or full-strength, continues to be the standard
for didactic and clinical training of Canadian
undergraduates. Although many programs
provide didactic instruction in alternative
techniques, fewer than a third offer clinical
exposure to nonaldehyde methods. One program does not offer didactic or clinical
training in formocresol pulpotomy.
Clinicians who are considering alternatives
to formocresol use in pediatric dentistry will
benefit from this review of clinical investigations. Alternatives to the formocresol pulpotomy should demonstrate equivalent efficacy
in well-designed clinical trials and reduce
safety concerns through the use of nonaldehyde alternatives.

M

Concerns about Formocresol
Concerns about the safety of formocresol
have been appearing in the dental and medical
literature for more than 20 years.3–7 Cresol is
locally destructive to vital tissue, but its potential for systemic distribution following pulpotomy treatment is negligible.8,9 The major
concern has been with the formaldehyde component of formocresol. Although a 1:5 dilution
of formocresol is specified in undergraduate
curricula, most (78%) American pediatric
dentists who use formocresol in primary tooth
pulpotomy use it at full strength (19% or
48.5% formaldehyde). Only 2% of American
pediatric dentists use a predictably accurate
dilution of formocresol.10
Formaldehyde has been shown to be distributed systemically after pulpotomy. Up to
10% of the formaldehyde from a formocresol
pulpotomy was absorbed systemically in dogs.11
In a separate study, radioactively labelled
formaldehyde was distributed throughout the
viscera of rats following formocresol pulpotomy in a single molar.12
At least 3 areas of concern have been
reported with regard to formocresol: mutagenicity, carcinogenicity and immune sensitization. Antibody formation leading to immune
sensitization to formaldehyde after formocresol pulpotomy has been demonstrated in
dogs.13 Mutagenic and carcinogenic effects of
formaldehyde exposure were demonstrated in
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a number of animal investigations. Swenberg and colleagues14 and Kerns and others15 found a relationship
between exposure to formaldehyde and the development
of squamous cell carcinoma in rats. Bolt16 reported evidence of an interaction between formaldehyde and DNA
in rats that produced experimental tumours and concluded that formaldehyde represents a substantial human
carcinogenic risk. A recent human clinical investigation
reported that 10% of children who received a single
formocresol pulpotomy demonstrated statistically significant increases in chromosomal aberrations not detected in
control subjects.17 Dentists commonly complete multiple
formocresol pulpotomies during a single appointment for
children with severe early childhood caries.
The International Agency for Research on Cancer
(IARC) of the World Health Organization recently reclassified formaldehyde as a known human carcinogen. In a
June 2004 press release, the IARC stated that there was sufficient evidence that formaldehyde causes nasopharyngeal
cancer, limited evidence that it causes nasal and paranasal
sinus carcinoma and strong but not sufficient evidence
that formaldehyde causes leukemia in humans.18
Dentists who argue that formocresol has not been
proven to cause disease in humans ignore the evidence used
by the IARC to classify formaldehyde as a human
carcinogen. Formaldehyde has been demonstrated to cause
immune sensitization, mutation and cancer in animals and
significantly increase the rate of chromosomal aberrations
in some children. Alternative pulp therapies with milder
medicaments or treatments that are not distributed systemically offer patients a margin of safety from intravascular
formocresol distribution to end organs.
Efficacy of Formocresol Pulpotomy
Although numerous clinical studies of formocresol
pulpotomy have been published, only 3 have been
randomized control trials with appropriate experimental
design and follow-up. In 2003, the Cochrane review of
pulp treatment for primary teeth19 identified the need
for high-quality investigations in this area, as only 3 of
77 published papers met the CONSORT criteria20 for randomized control trials. These 3 investigations compared
formocresol pulpotomy with electrosurgical pulpotomy,
formocresol pulpotomy with ferric sulfate pulpotomy and
ferric sulfate pulpotomy with vital primary tooth root
canal therapy. No other pulp therapy techniques (e.g.,
calcium hydroxide, laser pulpotomy, direct pulp capping,
etc.) have been subjected to this level of scrutiny. More
significantly, the review concluded that there was no
reliable evidence to support the superiority of one type of
treatment.19
Two studies have been published since the last
Cochrane review. The first, a long-term prospective randomized clinical trial that compared formocresol and
ferric sulfate pulp treatments, demonstrated no significant
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differences in clinical, radiographic or succedaneous
premolar outcomes up to 48 months after treatment.21 In
the second investigation, Loh and others22 performed a
meta-analysis of published investigations of ferric sulfate
and formocresol pulpotomies. They concluded that ferric
sulfate produced similar outcomes to formocresol.
Alternatives to the Formocresol Pulpotomy
Alternative vital primary pulp techniques must have
efficacies equivalent to (or better than) the formocresol
technique and a wider margin of safety. Two alternatives,
the ferric sulfate pulpotomy and vital primary molar root
canal therapy, have been subjected to long-term prospective randomized clinical trials with appropriate inferential
statistical analysis and have demonstrated equivalency to
the formocresol pulpotomy.21–23 Although electrosurgical
pulpotomy was assessed in a short-term randomized
clinical trial, it was less efficacious than formocresol
pulpotomy.19
Ferric sulfate pulpotomy has demonstrated equivalent
clinical, radiographic and succedaneous premolar outcomes to the formocresol pulpotomy in direct comparisons and meta-analysis of systematically reviewed
literature.21–23 Ferric sulfate produces a local but reversible
inflammatory response in oral soft tissues.24 No concerns
about toxic or harmful effects of ferric sulfate have been
published in the dental or medical literature despite
regular clinical use since 1856.25
Primary tooth root canal therapy has superior outcomes to ferric sulfate pulpotomy but has never been compared directly to the formocresol pulpotomy.23 The canal
filling material, non-reinforced zinc oxide and eugenol
(ZOE), provokes a localized inflammatory response in soft
tissue.26
One additional technique, mineral trioxide aggregate
(MTA) pulpotomy, has shown some promise as a pulpotomy medicament in small trials with short-term followup. 27 However, an appropriately sized randomized
prospective clinical trial with long-term (2-year) followup should be completed before MTA can be accepted as
a legitimate alternative to the formocresol pulpotomy.
Cost considerations may limit the widespread use of MTA
should such studies demonstrate its efficacy.
Surveys indicate that most pediatric dentists use
formocresol pulpotomy despite concerns about the
subsequent systemic distribution of formaldehyde.
Formaldehyde has been demonstrated to cause immune
sensitization, mutation and cancer in animals and has
been classified as a human carcinogen. The ferric sulfate
pulpotomy and vital primary tooth root canal therapy use
bland medicaments and have demonstrated outcomes
equivalent or superior to those of formocresol pulpotomy
in randomized clinical trials. With the known risks of
formocresol and proven alternatives with equal efficacy,
formocresol use in pediatric dentistry is unwarranted. C

JCDA • www.cda-adc.ca/jcda • November 2005, Vol. 71, No. 10 •

––– Formocresol Pulpotomy –––

16. Bolt HM. Experimental toxicology of formaldehyde. J Cancer Res Clin Oncol
1987; 113(4):305–9.

THE AUTHORS
Dr. Casas is a staff pediatric dentist and a project director at the
Research Institute, The Hospital for Sick Children, and an associate professor at the University of Toronto.

Dr. Kenny is the director of dental research and graduate
studies and a senior associate scientist at the Research Institute,
The Hospital for Sick Children, and a professor at the
University of Toronto.
Dr. Judd is the director of the division of pediatric dentistry at
The Hospital for Sick Children and an associate professor at the
University of Toronto.

Dr. Johnston is dentist-in-chief at The Hospital for Sick
Children and an associate professor at the University of
Toronto.
Correspondence to: Dr. Michael J. Casas, Department of Dentistry, The
Hospital for Sick Children, 555 University Ave., Toronto, ON M5G 1X8.
E-mail: mcasas@sickkids.ca.
The views expressed are those of the authors and do not necessarily reflect the
opinions or official policies of the Canadian Dental Association.

References
1. Hunter ML, Hunter B. Vital pulpotomy in the primary dentition: attitudes and
practices of specialists in paediatric dentistry practising in the United Kingdom.
Int J Paediatr Dent 2003; 13(4):246–50.
2. Primosch R, Glomb T, Jerrell R. Primary tooth pulp therapy as taught in pediatric dental programs in the United States. Pediatr Dent 1997; 19(2):118–22.

17. Zarzar PA, Rosenblatt A, Takahashi CS, Takeuchi PL, Costa Junior LA.
Formocresol mutagenicity following primary tooth pulp therapy: an in vivo study.
J Dent 2003; 31(7):479–85.
18. International Agency for Research on Cancer, World Health Organization,
Press Release No. 153, June 15, 2004. Available from: URL: http://www.
iarc.fr/ENG/Press_Releases/archives/pr153a.html (accessed October 7, 2005).
19. Nadin G, Goel BR, Yeung CA, Glenny AM. Pulp treatment for extensive
decay in primary teeth (Cochrane Review) In: The Cochrane Library. Oxford:
Update Software 2003; Issue 1:1–45.
20. Moher D, Schulz KF, Altman DG. The CONSORT statement: revised recommendations for improving the quality of reports of parallel-group randomised
trials. Lancet 2001; 357(9263):1191–4.
21. Ibricevic H, Al-Jame Q. Ferric sulphate and formocresol in pulpotomy of primary molars: long term follow-up study. Eur J Paediatr Dent 2003; 4(1):28–32.
22. Loh A, O’Hoy P, Tran X, Charles R, Hughes A, Kubo K, Messer LB. Evidencebased assessment: evaluation of the formocresol versus ferric sulfate primary
molar pulpotomy. Pediatr Dent 2004; 26(5):401–9.
23. Casas MJ, Kenny DJ, Johnston, DH, Judd, PL. Long-term outcomes of primary molar ferric sulfate pulpotomy and root canal therapy. Pediatr Dent 2004;
26(1):44–8.
24. Shaw DH, Krejci RF, Kalkwarf KL, Wentz FM. Gingival response to retraction
by ferric sulfate (Astringedent). Oper Dent 1983; 8(4):142–7.
25. Epstein E, Maibach HI. Monsel’s solution: history, chemistry and efficacy.
Arch Dermatol 1964; 90:226–8.
26. Huang TH, Ding SJ, Hsu TZ, Lee ZD, Kao CT. Root canal sealers induce cytotoxicity and necrosis. J Mater Sci Mater Med 2004; 15(7):767–71.
27. Eidelman E, Holan G, Fuks AB. Mineral trioxide aggregate vs. formocresol in
pulpotomized primary molars: a preliminary report. Pediatr Dent 2001;
23(1):15–8.

Editor’s Note: The Canadian Academy of Pediatric
Dentistry (CAPD) holds a different view of formocresol
pulpotomy. The CAPD has submitted an article on the
subject to JCDA that is currently being peer reviewed.

3. Lewis BB, Chestner SB. Formaldehyde in dentistry: a review of mutagenic and
carcinogenic potential. J Am Dent Assoc 1981; 103(3):429–34.
4. Yodaiken RE. The uncertain consequences of formaldehyde toxicity. JAMA
1981; 264(5):1677–8.
5. Perera F, Petito C. Formaldehyde: a question of cancer policy? Science 1982;
216(4552):1285–91.
6. Judd PL, Kenny DJ. Formocresol concerns: a review. J Can Dent Assoc 1987;
53(5):401–4.
7. Lewis BB. Formaldehyde in dentistry: a review for the millennium. J Clin Ped
Dent 1998; 22(2):167–77.
8. Ranly DM, Fulton R. Reaction of rat molar pulp tissue to formocresol,
formaldehyde and cresol. J Endod 1976; 2(6):176–81.
9. Myers DR, Shoaf HK, Dirksen TR, Pashley DH, Whitford GM, Reynolds KE.
Distribution of 14C-formaldehyde after pulpotomy with formocresol. J Am Dent
Assoc 1978; 96(5):805–13.
10. King SRA, McWhorter AG, Seale NS. Concentration of formocresol used by
pediatric dentists in primary tooth pulpotomy. Pediatr Dent 2002; 24(2):157–9.
11. Pashley EL, Myers DR, Pashley DH, Whitford GM. Systemic distribution of
14C-formaldehyde from formocresol-treated pulpotomy sites. J Dent Res 1980;
59(3):602–7.
12. Ranly DM. Assessment of the systemic distribution and toxicity of formaldehyde following pulpotomy treatment: part one. ASDC J Dent Child 1985;
52(6):431–4.

Got an opinion? Discuss this article in the CDA Members’
Forum at www.cda-adc.ca/forum. Not sure how to log in?
It’s as easy as…
1. Go to the Web address provided above
2. Type in your password
3. Choose a topic and start “chatting”.

13. Block RM, Lewis RD, Sheats JB, Burke SG. Antibody formation to dog pulp
tissue altered by formocresol within the root canal. Oral Surg Oral Med Oral
Pathol 1978; 45(2):282–92.

Don’t know your password? Forgot your password?

14. Swenberg JA, Kerns WD, Mitchell RI, Gralla EJ, Pavkov KL. Induction of squamous cell carcinomas of the rat nasal cavity by inhalation exposure to formaldehyde vapor. Cancer Res 1980; 40(9):3398–402.

Online instructions are provided to help you retrieve that
information. Or contact CDA at 1-800-267-6354, between
8 a.m. and 4 p.m. EST, e-mail: reception@cda-adc.ca.

15. Kerns WD, Pavkov KL, Donofrio DJ, Gralla EJ, Swenberg JA. Carcinogenicity
of formaldehyde in rats and mice after long-term inhalation exposure. Cancer
Res 1983; 43(9):4382–92.

JCDA • www.cda-adc.ca/jcda • November 2005, Vol. 71, No. 10 •

751

