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A pproximately 600 cases of operating room 
(OR) fires are reported annually.1 The 
incidence of OR fires in the United States 

equals that of wrong-site surgeries, and 20% of 
cases have associated morbidity.1,2 The estimated 
mortality rate is 1 to 2 cases per year.3-5 The most 

commonly involved anatomical regions are the 
airway (33%) and the face (28%).4 Most surgical 
fires are reported in anesthetized patients with 
open oxygen delivery systems during head, neck, 
and upper chest surgeries; electrosurgical instru-
ments are the ignition source in 90% of these 
cases.6 Despite extensive fire safety education 
and training, complete elimination of OR fires still 
has not been achieved.

Each fire requires an ignition source, a fuel 
source, and an oxidizer.7 In the OR, the 2 most 
common oxidizers are oxygen and nitrous oxide. 
Head and neck surgeries have a high concentration 
of these gases near the working field and therefore 
a higher risk and incidence of fires. Furthermore, 
surgical drapes and equipment (eg, closed or semi-
closed breathing systems, masks) may potentiate 
this risk by reducing ventilation in areas where 
gases can accumulate and ignite. Ignition sourc-
es provide the energy that starts fires; common 
sources are electrocautery, lasers, fiber-optic light 
cords, drills/burrs, and defibrillator paddles. Fires 
are propagated by fuel sources, which encompass 
any flammable material, including tracheal tubes, 
sponges, alcohol-based solutions, hair, gastrointes-
tinal tract gases, gloves, and packaging materials.8 
Of note, alcohol-based skin-preparation agents emit 
flammable vapors that can ignite.9-14 Before draping 
or exposure to an ignition source, chlorhexidine 
gluconate-based preparations must be allowed to 
dry for at least 3 minutes after application to hair-
less skin and up to 1 hour after application to hair.15 
Inadequate drying poses a risk of fire.10

We present the case of an OR fire ignited by 
electrocautery near freshly applied bone cement. 
No patient information is disclosed in this report.

Case Report
Our patient was evaluated in clinic and scheduled 
for total knee arthroplasty (TKA). All preoperative 
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fires still has not been achieved. Each fire 
requires an ignition source, a fuel source, 
and an oxidizer.

In this case report, we describe the 
potential fire hazard of bone cement in 
the OR. A total knee arthroplasty was 
performed with a standard medial para-
patellar arthrotomy. Tourniquet control 
was used. After bone cement was applied 
to the prepared tibial surface, the surgeon 
used an electrocautery device to resect 
residual lateral meniscus tissue—and 
started a fire in the operative field. The 
surgeon suffocated the fire with a dry 
towel and prevented injury to the patient.

We performed a PubMed search with a 
cross-reference search for relevant papers 
and found no case reports outlining bone 
cement as a potential fire hazard in the OR. 
To our knowledge, this is the first case report 
identifying bone cement as a fire hazard.

OR fires related to bone cement can 
be eliminated by correctly assessing the 
setting time of the cement and avoiding 
application sites during electrocautery.
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safety checklists and time-out procedures were 
followed and documented at the start of surgery. 
The TKA was performed with a standard medial 
patellar arthrotomy. Tourniquet control was used 
after Esmarch exsanguination. The surgery proceed-
ed uneventfully until just after the bone cement was 
applied to the tibial surface. The surgeon was using 
a Bovie to resect residual lateral meniscus tissue 
when a fire instantaneously erupted within the joint 
space. Fortunately, the surgeon quickly suffocated 
the fire with a dry towel. The ignited bone cement 
was removed, and the patient was examined. There 
was no injury to surrounding tissue or joint space. 
Surgery was resumed with application of new bone 
cement to the tibial surface. The artificial joint was 
then successfully implanted and the case completed 
without further incident. The patient was discharged 
from the hospital and followed up as an outpatient 
without any postoperative complications. 

Discussion
Bone cement, which is commonly used in artificial 
joint anchoring, craniofacial reconstruction, and 
vertebroplasty, has liquid and powder components. 
The liquid monomer methyl methacrylate (MMA) is 
colorless and flammable and has a distinct odor.16 

Exposure to heat or light can prematurely polym-
erize MMA, requiring the addition of hydroquinone 
to inhibit the reaction.16 The powder polymethyl-
methacrylate affords excellent structural support, 
radiopacity, and facility of use.17 Dibenzoyl peroxide 
and N,N-dimethyl-p-toluidine are added to the pow-
der to facilitate the polymerization reaction at room 
temperature (ie, cold curing of cement). Premature 

application of unpolymerized cement increases the 
risk of fire from the volatile liquid component.

In the OR, bone cement is prepared by mixing 
together its powder and liquid components.18 The 
reaction is exothermic polymerization. The liquid 
is highly volatile and flammable in both liquid and 
vapor states.16,19 The vapors are denser than air and 
can concentrate in poorly ventilated areas. The OR 
and the application site must be adequately ven-
tilated to eliminate any pockets of vapor accumu-
lation.16 A vacuum mixer can be used to minimize 
fume exposure, enhance cement strength, and re-
duce fire risk while combining the 2 components.

MMA’s flash point, the temperature at which the 
fumes could ignite in the presence of an ignition 
source, is 10.5ºC. The auto-ignition point, the tem-
perature at which MMA spontaneously combusts, 
is 421ºC.20 The OR is usually warmer than the flash 
point temperature, but the electrocautery tip can 
generate up to 1200ºC of heat.21 Therefore, bone ce-
ment is a potential fire hazard, and use of Bovies or 
other ignition sources in its vicinity must be avoided.

The Table lists the recommended times for 
preparing various bone cement products.22,23 Mix 
time is the time needed to combine the liquid and 
powder into a homogenous putty. Pickup time is the 
minimum time required for putty to increase in vis-
cosity, and no longer adhere to fingers. Work time is 
the time needed for the cement to be applied to the 
target anatomy and for subsequent implantation. Fi-
nal set time is the time needed for final solidification 
and shaping of the applied cement. The risk of vapor 
ignition by a Bovie is highest during pickup time.16

The flammability of bone cement mandates that, 

Table. Preparation Times for Bone Cements Commonly Used in Operating Rooms (65°F)

Medium/High-Viscosity Cement

Time, min

Mix Pickup Work Final Set Overall Set

DePuy Synthes 3 0.8 2.7 5.5 2.5 11.5

SmartSet GMV Endurance 0.8 2.7 8.0 2.5 14.0

SmartSet MV Endurance 0.8 2.7 8.0 2.5 14.0

Simplex P 0.8 2.3 6.5 4.7 14.3

Palacos R40 0.8 0.6 5.0 6.1 12.5

SmartSet GHV 0.8 0.5 8.0 3.2 12.5

SmartSet HV 0.8 0.5 8.0 3.2 12.5

DePuy Synthes 1 Gentamicin 0.8 1.0 6.2 3.0 11.0

DePuy Synthes 1 0.8 1.0 6.5 2.7 11.0

DePuy Synthes 2 0.8 0.3 3.0 2.4 6.5



Potential Operating Room Fire Hazard of Bone Cement

E514    The American Journal of Orthopedics ®  November/December 2016� www.amjorthopedics.com

before surgery, the OR staff familiarize themselves 
with the work times of the cement they intend to 
use. In addition, the viscosity of the cement should 
be tested (with a powder-free latex gloved finger) 
before application.23

In the present case, resection of excess lateral 
meniscus tissue was attempted after the cement 
was applied. We recommend removing all residual 
tissue before applying wet cement. Blunt dissec-
tion may substitute for cautery when needed. 
Freer elevators and cement remover curettes may 
also be safely used. Use of an inactive Bovie for 
dissection should be avoided to prevent accidental 
activation and ignition. The risk of fire with bone 
cement decreases with appropriate use and with 
the OR staff’s increased experience.

For OR fires, the standard guidelines for rapid 
containment and safety apply. These guidelines 
are detailed by the American Society of Anesthe-
siologists.8 Briefly, delivery of all airway gases to 
the patient is discontinued. Any burning material is 
removed and extinguished by the OR staff.1 Carbon 
dioxide fire extinguishers are used to put out any 
patient fires and minimize the risk of thermal injury. 
(Water-mist fire extinguishers can contaminate sur-
gical wounds and present an electric shock hazard 
with surgical devices and should be avoided.24) If a 
fire occurs in a patient’s airway, the tracheal tube 
is removed, and airway patency is maintained with 
use of other invasive or noninvasive techniques. Of-
ten, noninvasive positive pressure ventilation with-
out supplemental oxygen is used until the fire is 
controlled and the patient is safe. Once the patient 
fire is controlled, ventilation is restarted, and the 
patient is evacuated from the OR and away from 
any other hazards, as required. Last, the patient is 
physically examined for any injuries and treated.24 
Specific to TKA, the procedure is resumed after 
removal of all bone cement, inspection of the oper-
ative site, and treatment of any fire-related injuries.

We have reported the case of an OR fire during 
TKA. Appropriate selection and use of bone cement 
products, proper assessment of set time, and 
avoidance of electrocautery near cement application 
sites may dramatically reduce associated fire risks.

Dr. Sibia is a Research Fellow, Center for Joint Replace-
ment, Mr. Connors and Ms. Dyckman are Research 
Assistants, Department of Surgery, Dr. Zahiri is Surgi-
cal Attending, Department of Surgery, Mr. George is 
Director, James and Sylvia Earl SAIL Center, Dr. Park is 
Chairman, Department of Surgery, and Dr. MacDonald 
is Surgical Attending, Center for Joint Replacement, 
Annapolis, Maryland.

Address correspondence to: James H. MacDonald, MD, 
Center for Joint Replacement, Anne Arundel Medical 
Center, 2000 Medical Pky, Suite 101, Annapolis, MD 
21401 (tel, 410-268-8862; email, jmacdonald@osmc.net).

Am J Orthop. 2016;45(7):E512-E514. Copyright Frontline 
Medical Communications Inc. 2016. All rights reserved.

References
1.	 Hart SR, Yajnik A, Ashford J, Springer R, Harvey S. Operating 

room fire safety. Ochsner J. 2011;11(1):37-42.
2.	 American Society of Anesthesiologists Task Force on 

Operating Room Fires; Caplan RA, Barker SJ, Connis RT, et 
al. Practice advisory for the prevention and management of 
operating room fires. Anesthesiology. 2008;108(5):786-801.

3.	 Bruley M. Surgical fires: perioperative communication is 
essential to prevent this rare but devastating complication. 
Qual Saf HealthCare. 2004;13(6):467-471.

4.	 Daane SP, Toth BA. Fire in the operating room: principles and 
prevention. Plast Reconstr Surg. 2005;115(5):73e-75e.

5.	 Rinder CS. Fire safety in the operating room. Curr Opin 
Anaesthesiol. 2008;21(6):790-795.

6.	 Mathias JM. Fast action, team coordination critical when 
surgical fires occur. OR Manager. 2013;29(11):9-10.

7.	 Culp WC Jr, Kimbrough BA, Luna S. Flammability of surgical 
drapes and materials in varying concentrations of oxygen. 
Anesthesiology. 2013;119(4):770-776.

8.	 Apfelbaum JL, Caplan RA, Barker SJ, et al; American Society 
of Anesthesiologists Task Force on Operating Room Fires. 
Practice advisory for the prevention and management of 
operating room fires: an updated report by the American 
Society of Anesthesiologists Task Force on Operating Room 
Fires. Anesthesiology. 2013;118(2):271-290.

9.	 Barker SJ, Polson JS. Fire in the operating room: a case re-
port and laboratory study. Anesth Analg. 2001;93(4):960-965.

10.	 Fire hazard created by the misuse of DuraPrep solution. 
Health Devices. 1998;27(11):400-402.

11.	 Hurt TL, Schweich PJ. Do not get burned: preventing iatro-
genic fires and burns in the emergency department. Pediatr 
Emerg Care. 2003;19(4):255-259.

12.	 Prasad R, Quezado Z, St Andre A, O’Grady NP. Fires in the 
operating room and intensive care unit: awareness is the key 
to prevention. Anesth Analg. 2006;102(1):172-174.

13.	 Shah SC. Correspondence: operating room flash fire. Anesth 
Analg. 1974;53(2):288.

14.	 Tooher R, Maddern GJ, Simpson J. Surgical fires and alco-
hol-based skin preparations. ANZ J Surg. 2004;74(5):382-385.

15.	 Using ChloraPrep™ products and the skin prep portfolio. 
http://www.carefusion.com/medical-products/infection-pre-
vention/skin-preparation/using-chloraprep.aspx. Accessed 
October 7, 2016.

16.	 DePuy CMW. DePuy Orthopaedic Gentamicin Bone Ce-
ments. Blackpool, United Kingdom: DePuy International Ltd; 
2008.

17.	 Dall’Oca C, Maluta T, Cavani F, et al. The biocompatibility of 
porous vs non-porous bone cements: a new methodological 
approach. Eur J Histochem. 2014;58(2):2255.

18.	 Zimmer Biomet. Bone Cement: Biomet Cement and Ce-
menting Systems. http://www.biomet.com/wps/portal/inter-
net/Biomet/Healthcare-Professionals/products/orthopedics. 
2014. Accessed October 7, 2016.

19.	 Sigma-Aldrich. Methyl methacrylate. http://www.sigmaal-
drich.com/catalog/product/aldrich/w400201?lang=en&re-
gion=US. Accessed October 7, 2016.

20.	 DePuy Synthes. Unmedicated bone cements MSDS. Black-
pool, United Kingdom: DePuy International Ltd. http://msds-
digital.com/unmedicated-bone-cements-msds. Accessed 
October 7, 2016.

21.	 Mir MR, Sun GS, Wang CM. Electrocautery. http://emed-
icine.medscape.com/article/2111163-overview#showall. 
Accessed October 7, 2016.

22.	 DePuy Synthes. Bone cement time setting.
23.	 Berry DJ, Lieberman JR, eds. Surgery of the Hip. New York, 

NY: Elsevier; 2011.
24.	 ECRI Institute. Surgical Fire Prevention. https://www.ecri.org/

Accident_Investigation/Pages/Surgical-Fire-Prevention.aspx. 
2014. Accessed October 7, 2016.


