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Background: The adverse effects of smoking on various health conditions such as cancer, diabetes, and cardiovascular disease
have been well documented. Many orthopaedic conditions, such as fracture healing, wound repair, and bone mineral density,
have been reported to be adversely affected by smoking. However, no known systematic reviews have investigated the effects
of smoking on ligament and cartilage knee surgery.

Purpose: We hypothesized that smoking would have a negative influence from both a basic science and clinical outcome per-
spective on these types of knee surgeries.

Study Design: Systematic review.

Methods: A systematic review of multiple medical databases was performed evaluating clinical and basic science studies to
determine the effects of smoking on ligament and cartilage knee surgery.

Results: Fourteen studies were found for inclusion and analysis. Eight of these studies addressed the relationship between smoking
and knee ligaments, and 6 investigated the relationship between smoking and articular cariilage. With the exception of 1, all of the
basic science and clinical studies exploring the relationship between smoking and knee ligaments found a negative association of
smoking, either molecularly, biomechanically, or clinically. One basic science and 3 clinical studies found a negative influence of
smoking on articular cartilage of the knee. No studies were found that investigated the relationship of smoking and meniscl.

Conclusion: The current fiterature reveals a negative influence of smoking on the results of knee ligament surgery, both from
a basic science and clinical perspective, implying that smoking cessation would benefit patients undergoing these procedures.
The association between smoking and knee articular cartilage was fess clear, although the literature still suggests an overali neg-
ative influence and highlights the need for further investigation.
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Currently, it is estimated that 46 million people in the and it accounts for approximately 443,000 deaths, or 1 of
United States, or 20.6% of all adults, smoke cigarettes.” every 5 deaths, in the United States each year.® The
Smoking and other tobacco use is the leading preventable adverse effects of smoking on conditions such as cancer,
cause of morbidity and mortality in the United States, diabetes, and cardiovascular disease have been well

documented.?
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known about these potential eomplications of smoking on
knee surgery and there have been individual reports
addressing this relationship, most have mentioned it in
a cursory manner and there are no known comprehensive
reviews on the topic. The purpose of this systematic review
is to provide an analytical summary of the current litera-
ture regarding the relationship and effects of smoking spe-
cifically after ligamentous, meniscal, or articular cartilage
surgery of the knee. We hypothesized that smoking would
have a negative influence from both a basic science and
clinical outcome perspective on these types of knee
surgeries.

METHODS

We conducted a systematic review of the available English
language literature according to PRISMA (Preferred
Reporting Hems for Systematic reviews and Meta-analyses)
standards and a PRISMA checklist (Figure 1). Initial search
citation strategy terminology was based on “knee AND
[smoke OR smoking OR mnicotine OR tobacco] LIMIT
English language.” The search was performed indepen-
dently by 3 authors (P.K, JD.H., D.C.F.). The search was
performed on November 4, 2011. The following databases
were used: PubMed (1950-present), CINAHL (Cumulative
Index to Nursing and Allied Health Literature; 1994-
present), SPORTDiscus (1975-present), and Cochrane Cen-
tral Register of Controlled Trials (1994-present). Levels I,
I, III, and IV evidence (for diagnostic studies) were
included (according to the Oxford Centre for Evidence
Based Medicine used by the American version of the Jour-
nal of Bone and Joint Surgery®). Both print journals and
e-published journals were eligible for inclusion. Meeting
and/or conference abstracts were not eligible for inclusion.
If there was any disagreement among authors regarding
inelugion of an article, the senior author (D.C.F.) made the
final decision on article inclusion. All references within
included studies were checked to assess for potentially
inclusive articles if missed by the initial search criteria.
Inclusion criteria included any English language clini-
cal cutcomes studies following ligamentous, menisecal, or
cartilage surgery of the knee with evidence levels I through
IV. Ligamentous surgery was defined as anterior and pos-
terior cruciate ligament reconstruction, medial and lateral
{and/or posteromedial and/or posterolateral corner) collat-
eral liganment repair and/or reconstruction, and multi-
ligamentous repair and/or reconstruction. Meniscal
surgery was defined as meniscal repair, allograft trans-
plantation, and partial meniscectomy/debridement. Carti-
lage surgery was defined as cartilage palliation
techniques (articular cartilage defect debridement, joint
lavage, and loose body removal), cartilage repair
(marrow-stimulation techniques like microfracture, sub-
chondral bone drilling, and abrasion arthroplasty), and
cartilage restoration (autelogous chondrocyte implanta-
tion, osteochondral autegraft transfer, osteochondral allo-
graft, cartilage autograft implantation system, juvenile
allograft articular cartilage implantation). Also inciuded
were basic science studies analyzing the anatomy,
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Figure 1. Search strategy according to PRISMA guidelines.
Fourteen studies were identified for inclusion. No studies identi-
fied an analysis of smoking on outcomes after meniscal surgery.

Analysis

histology, pathology, biomechanics, and imaging charac-
teristics after ligamentous, meniscal, or cartilage surgery
of the knee. Duplieate patient populations (within different
studies) were included only if reporting separate outcome
parameters; however, if duplicate patient populations
reported only separate lengths of follow-up, then the
more recent study was included.

Exclusion eriteria were any clinical outcomes and basic
science studies analyzing outcomes after surgery in any
joint other than the knee. In addition, clinical outcomes
and basic science studies analyzing outcomes after fracture
reduction and internal fixation or external fixation around
the knee, total and unicompartmental knee arthroplasty,
oncologic mass excisien around the knee, and ostectomy
around the knee (including valgus-inducing, elosing- or
opening-wedge; proximal tibial ostectomy and wvarua-
indueing opening-wedge distal femoral osteotomy; and tib-
ial tubercle realignment osteotomy) were excluded. Length
of follow-up in clinical outcomes studies was not an exclu-
sion criterion. Non-English language studies and studies
of level V evidence were excluded.

Descriptive statistics were calculated. Continuous vari-
able data were reported as means + standard deviations
from the mean. Categorical variable data were reported
as frequency with percentages. Data range was reported
as minimum to maximum absolute values. For all statisti-
cal analysis within all studies analyzed, P < .05 was
deemed significant.

RESULTS

Fourteen studies were identified for inclusion and analy-
sis. Hight of these studies addressed the relationship of
smoking and knee ligaments (2 basic science and 6 clinical
studies; Table 1, A and B). Six of these studies investigated
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TABLE 1
Studies on Smoking and Knee Ligaments®

A, Basic Science Studies

Author (Year) Journal Type of Study Injury

Outcomes

Gill et al™  .J Orthop Res Animal model MCL

(2008) (n1ouse)
Wright et al*’ J Knee Surg  Animal model — MCIL,
(2010) (mouse}

Smoking decreased cellular density and iype I collagen expression in injured MCL of mice
exposed to cigarette smoke versus control mice not exposed to cigarette smoke

MCL of mice exposed to cigarette smoke were biemechanically weaker and less stiff than the
ligaments of control mice

B. Clinical Studies

No. of Patients
(mean age, ) Injury

Surgieal

Author (Year) Journal Intervention

Pertinent Qutcomes

Dunn et al®  J Bone Joint 2192 (28)  ACL Diagnostic

(2003) Surg Am arthroscopy
or ACLR
Karim et al’® J Bone Joint 304 (32.8) ACL ACLR
(2006) Surg Br
Kowalchuk  Aréhroscopy 402 (27.3) ACL ACLR
et al'® (2008)
Dunn et al¥  Am J Sports 380 (27) ACL ACLR
(2010) Med
Spindler Am J Sports 378 27 ACL ACLR
et al? (2011) Med
Lietal  AmJ Sports 249 (26.4)  ACL ACLR
(2011) Med

The outcome of interest was development of disability following the initial
hospitalization related to an ACL injury

Cigarette smoking was significantly correlated (P =.01) to a significantly
higher rate of disability discharge from active duty following an ACL
injury (10% of all ACL injuries)

Smokers had worse outcomes for the mean subjective IKDC score (P <
-001), the frequency (P = .005), and inlensity (P = .005} of pain

Smokers were also less kikely to return to their original level of pre-injury
sport (P = .003) and had an overall worss IKDC grade score (P = .007),
a caleulation based on effusion, deficit in passive movement, ligament
examination, compartment findings, pathology of the harvest site,
radiological findings, and functional knee tests

Smokers had more ohjective laxity as measured by Westminster
cruciometry recordings (P = ,001)

Bubjective IKDC scores were nsed to measure patient-reported outcomes
following ACL reconstruction

Lower patient-reported outeomes were associated with smoking, as
smokers had 0.36 times the odds of having a successful outcome as
subjects who did not smoke (P = .02)

Smoking within 6 mo prior to an ACL reconstruction was associated with
lower postoperative activity levels at a follow-up of 2 ¥ as measured by
the Marx activity level (OR, 0.55; 95% C1, 0.33-0.92; P = 02)

Bix years after ACL reconstruction, smeking was correlated with worse
outcomes across several measures, including a longer return to sports
funetion and knee-quality of life (as measured hy TRDC and KOOS)

Attempted to determine the overall prevalence of and risk factors for the
development of radiographic knee OA using the Kellgren-Lawrence scale
after single-bundle ACL reconstruction

Reported that smoking was not a statistically significant risk factor (P =
.18) for the development of knee OA

“ACL, anterior eruciate ligament; ACLR, anterior cruciate ligament reconstruction; CJ, confidence interval; IKDC, International Knee Documentation Com-
mittee; KOOS, Knee injury and Osteoarthritis Qutcome 8eore; MCL, medial collateral ligament; OA, osteoarthritis; OR, cdds ratio.

the effects of smoking on knee cartilage (1 basie science
and 5 clinical studies; Table 2, A and B). No studies were
found that specifically explored the effects of smoking on
menisci.

Ligaments

Two basic science studies used animal models to investi-
gate the effects of smoking on medial collateral ligament
(MCL) injuries (surgically induced rupture) in mice.!%2’
Negative offeets of smoking on the injured ligament were
seen, both at the molecular level in terms of cellular den-
sity and type I collagen expression and biomechanicaily
in terms of sirength and stiffness. In conmparison with
sham surgery on mice MCL (skin incision only), the surgi-
cally ruptured MCIL; demonstrated (via immunohistochem-
ical staining and mRNA in situ hybridization) significant
negative effects of cigarette smoke on the injured ligament.

Expogure to smoke in surgieally ruptured MCI, mice
resulted in significant deereases (versus sham) in celinlar
density (P = .01'"), type I collagen gene expression (alpha
1 chain™), strength (P = .02%%), and stiffness (P = .01%%).
Five of the 6 clinical studies investigated the effects of
smoking on anterior cruciate ligament (ACL) injuries and
postoperatively after ACL reconstruction. %172 The
clinical studies on ligamentous knee injury reflect clinical
outcomes in approximately 4000 young adults (mean age,
28 years) after ACL reconstruction. Smoking status was
a significant factor related to the following subjective and
objective outcomes after surgery: (1) permanent disability
discharge from United States Army (P = .01%); (2) subjec-
tive International Knee Tlocumentation Committee
(IKDC; P < .001'%; P = .02'%, P = .02%%); (3) mean overall
IKDC function score (P =.007'%); (4) rate of return to sport
(P = .003"%); (5) objective cruciometry laxity (P = .0011%); (6)
activity levels based on validated activity scales (P = .02%);

Downloadad from zjs.sagepub.com by guest on February 9, 2013



2876 Kanneganti et al

and (7) quality of life as measured by the Knee Injury and
Osteoarthritis Outcome Score (KOOS; P = .0324). Rate of
development of radiographic knee osteoarthritis (via
Keligren-Lawrence scale) in 249 patients over 8-year
follow-up was not significantly (P = .187) affected by smok-
ing status.

Articular Cartilage

The only basic seience study reporting the effect of smok-
ing on knee articular cartilage was a descriptive laboratory
study by Schmal et al.*' In that study, knee lavage fluids of
patients with circumscribed cartilage lesions treated by
either microfracture or antologous chondrocyte implanta-
tion were analyzed. The knee lavage fluids were collected
intraoperatively, whereby fluid was first instilied into the
knee before the procedure and then samples were agpi-
rated after repeated passive-flexion maneuvers and manip-
ulations of the supra- and infrapatellar regions. Synovial
expression of total protein content, insulin-like growth
factor-I (IGF-1), and basic fibroblast growth factor (bFGF)
was significantly diminished in smokers compared with
nonsmokers.

Three of the clinical studies found a negative effect of
smoking after surgical treatment of cartilage defects in
the knee as measured by postoperative clinical outcome
measures, such as the KOOS and the mean Modified Cin-
cinnati Knee score.'®*** Twq gtudies by Spahn et al found
that smokers had significantly worse outcomes (debride-
ment/microfractare P < .001%%; debridement P = .02%2;
radiofrequency chondroplasty P < .001%%) than non-
smokers as measured by the KOOS. Jaiswal et al found
that in patients undergoing autologous chondrocyte
implantation for full-thickness chondral defects, smokers
had significantly worse clinical outcomes than nonsmokers
both subjectively (as measured by the mean Modified Cin-
cinnati Knee score [P < .05]) and ohjectively (as measured
by the number of graft failures [P = .016] and the arthro-
seopic International Cartilage Repair Society (ICRS) score
with visual assessment [P =.0137] and biopsy [P = .468]).
Additionally, the only graft failures were seen in smok-
ers,”® However, 2 additional clinical studies®'® were found
that reported that smoking was not a significant risk factor
in predicting poor outcomes after knee surgery targeted at
addressing cartilage legions. At a mean follow-up of 8
years, Ollat et al'® showed no significant difference (P >
-05) in cutcomes (subjective IKDC and Hughston gcores,
ICRS score, and IKDC radiological seores) after mosaic-
plasty between smokers and nonsmokers. Balain et al®
demonstrated no significant difference (P > .05) between
smokers and nonsmokers undergoing microfracture in
response shift comparisons of Lysholm and modified IKDC
scores, visual analog scales, and patient satisfaction.

DISCUSSION

Smoking has been implicated in causing complications in
many orthopaedic conditions, such as fracture healing, spi-
nal fusion, wound repair, bone mineral density, lnmbar
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disk disease, and rate of hip fracture.?® Given the latter,
the potential certainly exists for smoking to adversely
affect outcomes of knee surgery, but there have been no
known comprehensive reviews on this topic. This review
shows that the current literature suggests smoking has
a negative effect on knee ligament and articular cartilage
surgery, while no studies in the literature examine the
effect on meniscal surgery,

From a basic science perspective, the eurrent literature
clearly indicates that smoking negatively affects both knee
ligaments and articular cartilage.”” The 2 igamentous studies
describe negative effects of smoking on the medial collateral
ligament in mice, at the molecular level (both eelludar density
and extracellular matrix) and in terms of biomeehanical integ-
rity (strength and stiffness). Smoking also seems to negatively
affect articular cartilage of the knee from a basic science per-
spective.” Significant decreases in knee synovial expression
of total protein content, IGF-I, and bFGF were found in smok-
ers versus nonsmokers. These specific cytokines are thought
to be directly involved in cartilage repair mechanisms, with
the implication that smoking negatively influences synovial
cytokine expression related to cartilage metabolism.

Clinically, there have been several studies addressing the
relationship between smoking and both knee ligaments and
articular cartilage. In regard to effects on Tigaments, the cur-
rent literature (6 level I and III evidence studies) suggests
a negative effect of smoking on both subjective and ohjective
clinical outcomes.®*5162% Degnite the negative clinical ont-
comes associated with smoking in these studies, the aceount-
able biochemical and pathophysiological mechanisms were
not reported and therefore, remain yet unknown and based
on theory and basic science research. No randomized con-
trolled trials of knee ligament surgery exist (or likely will
ever exist) comparing smokers and nonsmokers (with smok-
ing as the variable of analysis), thus level II evidence is
likely to be the highest level of evidence achievable.

The clinical literature regarding the effects of smoking
on articular cartilage of the knee is less clear, yet still dem-
onstrates a negative effect of smoking after articular carti-
lage repair or restoration.’®*2% Three studies found
a significantly (P < .05) negative influence of smoking on
outcomes (KOOS, subjective IKDC, modified Cincinnati,
and ICRS visual cartilage assessment scores) of debride-
ment, microfracture, radiofrequency chondroplasty, and
autologous chondrocyte implantation. Nevertheless, 2
more recent clinical studies were found in which smoking
was not reported to be an independent rigk factor for nega-
tive outcomes of procedures targeted at treating articular
knee cartilage.>™ These studies were not withont limita-
tions, though. Balain et al used 2 method called the “then-
test” to evaluate the response shift, or the change in inter-
nal standards of the patients, after surgery.® This test relies
on the patients’ ability to recall their preoperative health
status, and an inaccurate recall may lead to both increased
random error and systematic error (recall hias).

The findings of Jaiswal et al essentially link the basic
science and clinical mechanisms of cartilage restoration.®
The visnal arthroscopic findings (P < .05), combined with
the hyaline and hyaline-like biopsies (P > .05), demon-
strate that even at i1-year follow-up, the repair tissue in
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smokers wag inferior. This smoking-based difference was
also geen clinically in the modified Cineinnati score. This
finding suggests that smoking negatively influences both
functional outcomes after articular cartilage restoration,
but it also leads to inferior repair tissue macrogcopically,
based on appearance with arthroscopy, and microscopi-
cally, based on the amount of hyaline cartilage formed
after the procedure.” Taking the findings from Schmal
et al into consideration,”® these results are to be expected.
If at the molecular level, cartilage metabolism is adversely
affected by smoking, it would make sense that the repair
tissue in smokers would appear worse at the macroscopic
and microscopic level. It would follow that with inferior tis-
sue, smokers would also have poorer clinical outcomes, as
was the case in the results reported by Jaiswal et al.’®

The current literature seems to suggest a negative influ-
ence of smoking on knee ligaments, both from a hasic science
and clinical outcomes perspective. Orthopaedic surgeons
have been advocating smoking cessation for patients under-
going ligamentous knee surgery for years. Our findings sug-
gest that this practice should be continued and may lead to
better clinical outcomes, especially in the getting of ACL
reconstruction. In terms of the relationship of smoking and
articular cartilage, the literature is slightly less conclusive.
From a basic scienee perspective, articular cartilage metabo-
lism seems to be adversely affected by smoking, and clinical
gtudies tend to find worse outcomes among smokers or no
significant relationships. Given the nutrition and metabolism
of articular cartilage via synovial fluid interaction (plasma
interstitial fluid diffusion), it can be speculated that the neg-
ative vaseular and cytokine effects of smoking would simi-
larly impair perioperative articular cartilage health. Future
studies should be more targeted at addressing a specific rela-
tionship between smoking and articular cartilage. For exam-
ple, the effect of smoking on cartilage repair using
restoration techniques that rely upon direct vasenlar supply
(eg, microfracture, osteochondral autograft transfer) and
indirect supply (eg, autologous chondrocyte implantation,
cartilage autograft implantation systems) for successful heal-
ing are potential areas of future study. In addition, future
investigations should determine whether there is a time-
dependent relationship of smoking cessation or dose-
dependent relationship of number of cigarettes on clinical
outcomes. These studies would allow the orthopaedic com-
munity to make specific recommendations on the benefits
of smoking cessation in patients undergoing knee surgery
for ligament or articular cartilage lesions. In addition, as
we found no studies addressing the relationship of smoldng
and menisci, future research on this topic would be a benefi-
cizl addition to our current fund of knowledge.

The exact component involved in cigarette smoking that
contributes to negative health effects, especially when it
comes to orthopaedic surgery, is not completely clear. Ciga-
rette smoking consists of nearly 500 different gases, includ-
ing nitrogen, carbon monoxide and hydrogen cyanide, and
roughly 3500 different chemicals, of which one is nicotine.'2
Nicotine has been showm to increase platelet aggregation,
reduce microvascular prostacyelin levels, and perhaps more
important in surgery, inhibit the function of fibroblasts, red
blood cells, and macrophages.!*® Also, the associated
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vasoconstriction, hypoperfusion, and ischemia contribute to
nicoting’s adverse affect on vascularized tissues involved in
surgery. Theoretically, it is these mechanisms that eontrib-
ute to cigarette smoke’s negative effects on knee surgery,
which often involves vaseularized structures and tissues,
However, to our knowledge, no basic science studies have
investigated the specific component in cigarette smoke that
seems to adversely affect knee surgery outcomes.

This aystematic review has a few limitations to consider. A
source of selection bias is inherent in its study inclusion crite-
ria relating te the use of only English language studies. The
prevalence of cigarette smoking is unique to global geographic
regions (categorized dichotomously by the World Health
Organization and United States Centers for Disease Control
and Prevention as “developing” [low- or middle-income coun-
tries] and “developed” [middle- or high-income] countries). 5%
As a result of smoking cessation programs, smoking rates
have either declined or remained stable since the mid-1990s
in both the English- and non-English-speaking countries of
North America and western Europe and in other “developed”
countries. In these countries, smokers generally include those
with mental health problems, alcohol and drug problems,
criminals, and the homeless, all populations in which smok-
ing cessation programs do not reach anyway or are simply
ignored. Globally, of the 1.3 billion smokers, 1 billion (84%)
live in “developing” or “transitional” econories.»*® Further,
the smoking rate is increasing in the latter group by 3.4%
per year.? In this systematic review, all studies were from
“developed” countries (United States, United Kingdom, Ger-
many, and France). Obtaining data from “developing” coun-
tries would be very useful, given the disparity in smoking
rates versus “developed” countries. In addition, this study
examined only smoking tobacco, and not smokeless tobaceo
or nicotine-enriched gum. One recent study (not analyzed
for inclusion in this review) has compared outcomes hetween
cigarette smoking versus smokeless “snuff” tobacco and non-
smokers.® Tt was shown that oral snuff smokeless tobaeco
use did not delay bone healing or increase the risk of perioper-
ative complications after high tibial osteotory, whereas
smoking cigarettes did delay healing and increase complica-
tions. These differences warrant further study and could
potentially elucidate the causative component that influences
knee and other orthopaedic surgical outeomes.

Other sources of potential selection, performance, and
detection bias include the analysis of only the knee joint (ver-
sus other musculoskeletal regions and tissue types, which
likely are equally affected hy the systemic effects of smoking),
different ligaments (ACL and MCL; intra-articular vs
extra-articular anatomic differences), different surgical tech-
niques, multiple different outcome measurements (IKDC,
KOOS, Modified Cincinnati Knee score, ete), and different
types and doses of cigarettes. As g result of these differences,
it becomes a challenge to generalize and draw conclusions
between the various studies with several different variables.
In addition, as mentioned above, it has not been identified
which component of cigarette smoke (nicotine vs other
additives) contributes to the reported negative effects.
All 14 studies in this review had relatively few subjects.
This fact further reinforces the need for future studies in
this area.
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CONCLUSION

This systematic review reveals a negative effect of smoking
on knee ligament surgery, both from a basic science and
clinical perspective. These findings suggest that smoking
cessation would benefit patients undergoing these proce-
dures. The relationship of smoking and outcomes from
articular cartilage surgery was less clear, although an
overall negative influence has been suggested. There are
no studies looking at the effect of smoking on outecomes
from meniscal surgery, implying the need for more specific
studies addressing these topics. '
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