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An effect of smoking on wound healing following extraction: A
critical study
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Abstract: Cigarette smoking has long been suspected to adversely affect wound healing but in Asian history
tobacco was attributed as a medicinal plant. It was often used to avert hunger during long hours of work. But in
reality, it causes various ill effects including pre-malignant lesions and cancers. Tobacco affects postoperative
wound healing following surgical and non-surgical tooth extractions, routine maxillofacial surgeries, implants
and periodontal therapies. Smoking tobacco is also associated with catecholamines release resulting in
vasoconstriction and decreased tissue perfusion. Smoking is believed to suppress the innate and host-immune
responses, affecting the function of neutrophils, the prime line of defence against infection. Thus, the association
between smoking and delayed healing of oral tissues following surgeries is evident.
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I.  Introduction

Dental extractions are routine dental procedures that are carried out in dental department. Removal of
tooth removal depends on the various factors including the post extraction instructions followed by patients. A
favourable architecture of alveolar ridge with sufficient alveolar bone volume is necessary to obtain functional
and esthetic prosthetic rehabilitation. Knowledge about healing process at extraction site is essential to avoid
insufficient bone volume.

Tobacco was introduced in India by Portuguese in 16" century. Today, use and production of tobacco
has increased to such an extent that it has become the second largest production in the world [1]. Nicotine is a
vasoconstrictor that decreases blood flow to the tissue, results in tissue ischemia and impairs healing of injured
tissue. Nicotine also decreases platelet adhesion, raising the risk of micro-vascular occlusion and tissue
ischemia. In addition, nicotine has well known harmful effects related to tissue healing such as inhibition of
angiogenesis, re-epithelialization and osteogenesis along with cellular healing such as inhibition of fibroblast
proliferation and adhesion and collagen synthesis [2-10].

The healing events in the tooth extraction socket terminate in the form of woven bone, which
ultimately remodels resulting in the restoration of defect [11]. In general, smoking exerts harmful effects on
bone and diminishes the blood filling of post-extraction socket and consequently has an adverse effect on
healing of extraction wound [12] .Cigarette smoking constitutes >4000 toxic contents in gas or particulate form.
Toxins of more interest are nicotine and carbon-monoxide that diminishes oxygen transport whereas hydrogen
cyanide inhibits the enzymes that are necessary for oxidative metabolism and oxygen transport at cellular level.

Il.  Smoking and its effects on Healing

Wound healing is a dynamic process that involves number of phase’s i.e. inflammatory phase,
proliferation phase and maturation phase. Inflammatory phase is the body’s natural response to injury. After
injury, clot is formed. Once the hemostasis is achieved, blood vessels dilate to allow the essential cells,
antibodies, WBCs, growth factors, enzymes and nutrients to reach the injured area. Neutrophils and
macrophages come into their action. During proliferative phase, fibroblast lay down the collagen to form the
granulation tissue along with angiogenesis and later epithelialization occurs. Maturation phase involves
remodeling of collagen. Cellular activity reduces and the number of blood cells decreases in number.

When cigarette is inhaled, the toxins can directly poison the cilia or pass the cilia barrier, undergo
tissue absorption, enter into bloodstream and gain access to other parts of body. Cigarette smoke constitutes
number of toxic contents [Table 1].

Table 1: Cigarette smoke constitutes number of toxic contents in particulate and gaseous form.
Gas Phase Particulate Phase

Carbon dioxide Particulate matter

Carbon monoxide Nicotine

Hydrogen cyanide Catechol

Nitrogen oxides Phenol

Acetone N-nitrosonornicotine
Formaldehyde Quinoline

Acrolein Aniline

Ammonia 2-Toulidine
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Pyridine Nickle

3-Vinylpyridne N-nitrosodiethandamine
N-Nitrosodimethylamine Benzo[a]-Pyrene
N-Nitrosopyrolidine 2-Naphthylamine

With each cigarette smoked, approximately 20-30ml of carbon monoxide and 2-3mg of nicotine are
inhaled [13]. Carbon monoxide produced during combustion of tobacco also reduces capillary blood flow. A
clinical study has shown that a single cigarette can reduce the peripheral blood velocity by 40% in 1 hour [14].

Nicotine exerts several effects that influence wound healing. First, proliferation of RBCs, fibroblasts
and macrophages are diminished [13].Second, it increases platelet adhesiveness which causes microclots
formation raising the risk of micro-vascular occlusion and tissue ischemia [15]. Third, nicotine produces
cutaneous vasoconstriction. This vasoconstriction results from release of catecholamines which also raise heart
rate, blood pressure and oxygen demand [4].Various studies have shown that release of catecholamines results
in stimulation of chalone hormone formation that reduces wound healing by decreasing the rate of
epithelialisation [4].

The affinity of binding of carbon monoxide for hemoglobin is 200 times than that of oxygen.
Resulting, carbon monoxide inhibits binding of oxygen, reduces the oxygen carrying capacity of hemoglobin
which ultimately reduces the amount of oxygen to reach the periphery [13]. In addition, when
carboxyhemoglobin levels rise in blood, the oxygen dissociates curve shifts to the left that means oxygen is less
able to dissociate from RBCs and diffuse into the tissues, so the decrease in the levels of oxygen available for
tissue perfusion results into cellular hypoxia and diminished wound healing [16, 17]. Wound healing also
requires enzymes. Hydrogen cyanide inhibits enzyme system that is required for oxidative metabolism and
oxygen transport at cellular level [18]. All together, the ill effects of toxic substances of smoking have potential
to diminish the conditions that are required for proper wound repair and healthy scar formation.

I11.  Clinical side effects of smoking

1) Dry socket

Cryer et al stated that smoking is associated with endogenous release of catecholamines resulting in
vasoconstriction and tissue perfusion [19]. Information on number of cigarettes smoked per day and the post-
operative smoking habbit of each patient were recorded. According to them, heat released from burning tobacco
and tobacco along with its byproducts may act as contaminant in the surgical site together with the suction
applied to the cigarette that might dislodge the clot from the alveolus interfering healing of the socket. Larsen
evaluated the risk factors associated with development of localized osteitis after the extraction of 138 third
molars. He found use of tobacco is associated with increased incidence of dry socket compared to other factors
like age, sex, usuage of oral contraceptives and increased surgical time [20]. According to Meechan et al,
fibrinolytic activity caused by smoking decreases the blood supply to the surgical site after extraction and dry
socket was found common amongst these smoker patients [12]. Extractions were performed in 2417 patients and
incidence of painful socket was analyzed. It was observed that post-operatively poor filling of blood in socket,
were found more likely to develop painful socket (p>0.002). Post-operative socket filling with blood was greatly
reduced in smokers compared with non-smokers (p>0.001). Incidence of painful socket in heavy smokers (who
smokes 20 or more cigarettes per day) was higher compared with non-smokers (>0.005). Al-belasy et al
evaluated the risk of developing localized osteitis in water pipe (shisha) smokers [19]. They found that cigarette
and shisha smokers were 3-4 times more prone to develop dry socket than non-smokers. They found that
smoking on the day of surgery and increased frequencies of smoking significantly increase the incidence of dry
socket. According to Lopez Carriches et al, after extraction of third molar, smokers were more prone to develop
trismus than non-smokers. However, they didn’t observe significant difference in relation of pain [21].

According to Sweet et al, the suction associated with cigarette might dislodge the blood clot from
alveolus socket and interrupt the healing. However, Alxender denies the fact that suction during smoking cause
physical dislodgement of the clot [22]. Al-belasy et al believed that dry socket is caused by destruction of clot
rather than physical dislodgement [19]. Though the exact mechanism by which smoking predisposes the socket
become painful remains unclear, smoking seems to be strictly associated with the occurrence of dry socket.

Effect of smoking upon healing following routine oral surgical procedures

Smoking is reported to be important factor responsible for post-operative infections leading to
hindrance in bone healing. A meta-analysis by Ward KD et al reported the magnitude of the association between
cigarette smoking and bone mass and showed that smokers presented reduce bone mass, compared with non-
smoker [23]. Saldanha et al in six months study reported that the smoking may affect remodeling process
following tooth extraction. In their study, alveolar bone height lost significantly more (1.5mm) in smokers as
compared to non-smokers (Imm). They also reported that radiographic bone density was more pronounced in
smokers than non-smokers. They believed that smoking increases the bone resorption at the fracture bone ends,
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interfering with the osteoblastic function [24]. Cheynet et al in their study of infections complications of 60
mandibular osteotomies, smoking was observed as important risk factor responsible for post-operative infections
[25]. Levin et al observed greater complications following surgeries in smokers. They suggested that heat
released from cigarette smoke and toxic by-products of tobacco such as nicotine, hydrogen cyanide and carbon
monoxide could be risk factors affecting the success of dental procedures [26].

Interference of smoking on periodontal therapy

Cigarette smoking is significant risk factor for periodontal diseases and impairs healing after
periodontal surgeries [27]. Unlike usuage of smokeless tobacco that causes gingival recession at the site of
placement, the usuage of smoking tobacco causes widespread periodontal destruction. Tomar et al and Beck et
al conducted two population based epidemiological studies in which they found periodontitis is more common
in smokers than non-smokers [28, 29]. Number of clinical studies have been performed to compare the response
of smokers and non-smokers to different types of surgical and non-surgical periodontal therapies [29-33] and it
was found that smoking has a strong negative impact on regenerative therapy including osseous grafting [31],
guided tissue regeneration [34-37] or combination of these treatments [38] and 80% failure rate in the treatment
of furcation involvement defects. The majority studies found that gingival grafting for root coverage procedure
is less successful than non-smokers [39-41].

IV.  Discussion

Cigarette smoking affects the oral cavity in various ways ranging from staining of the teeth to more
serious diseases such as oral cancer. According to lots of data reviewed, smoking has various risk factors
including impaired wound healing. Treatment complications and failures in smokers inspired them for
investigation of relative risks associated with smoking and the mechanism for compromised wound healing.

Nadler reported that smoking reduced urinary levels of prostacyclin (PGl,), a prostaglandin that causes
vasodilatation and decrease platelet aggregation [42]. Reus demonstrated that smoking causes vasoconstriction
and diminished blood flow in ears of nude mice exposed to tobacco smoke [43]. Mosely noticed that nicotine
impair’s wound healing from 6"-10" day in the rabbit ear [4]. Harmful effects of nicotine were believed to
damage erythrocyte precursors as well as vasoconstriction and inhibition of epithelization. In 1976 Cryer,
reported that smoking is associated with epinephrine and nor-epinephrine release, resulting in vasoconstriction
and decreased tissue perfusion [23]. Rief Kohl noticed accelerated irreversible histological changes of
endarteritis obliterans in microvasculature of chronic smoker [44]. In animal studies, using controlled skin flaps,
exposure to cigarette smoke significantly raised the risk for skin slough and ultimately necrosis. Lawrence et al
investigated the survival of skin flap in rats exposed to cigarette smoke post-operatively [45]. They observed
impaired wound healing and decreased rate of flap survival as they attributed to vasoconstriction due to nicotine
as well as endogenous release of catecholamines , increased platelet aggregation leading to diminished flow,
increased hemoglobin and fibrinogen levels with resultant increased viscosity and increased levels of
carboxyhemoglobin resulting in reduced oxygen transport and changes in vascular endothelium of endarteritis.

Prevalence of ulcerative gingivitis, acute necrotizing ulcerative gingivitis and periodontitis is also
increased in smokers [46-48]. Clarke et al observed tissue ischemia as a etiology for these diseases based on
gingival vascular anatomy and the lack of collateral circulation to the papillary gingival [49, 50]. By using
thermal diffusion principle to measure gingival blood flow in rabbits, injection of epinephrine and nicotine as
well as their combinations resulted in significantly impaired gingival blood flow with some tendency for
tachyphylaxis to the effect of epinephrine but little to nicotine.

V.  Conclusion
The components of cigarette smoke clearly have an inhibitory effect on wound healing. Combined
effects of nicotine, carbon monoxide and hydrogen cyanide are tissue ischemia, cellular hypoxia, inhibition of
proliferation of epithelial cells, vasoconstriction, poisoning of enzymes and a decrease in oxygen carrying
capacity of blood cells required for wound healing. All the clinicians should take these complicating factors into
account and advise the patient to quit habit and inform them about prognosis of treatment.
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