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Abstract

Introduction Smoking has been associated with numerous adverse outcomes following surgical procedures. The purpose of
this study was to investigate, whether smoking status at time of surgery influences the outcome of primary TKA.

Materials and methods Six hundred and eighty-one patients who underwent primary TKA between 2003 and 2006 were
included in the study. Smoking status was defined as current, former, and never smoker. Complications leading to revisions
were assessed until 17 years of follow-up. Functional outcome was evaluated using clinical scores: Western Ontario and
McMaster Universities Osteoarthritis Index (WOMAC), Visual Analogue Scale (VAS) for pain, Short Form-12 Physical
and Mental Component Summaries (SF-12PCS/MCS), and Knee Society Function and Knee Score (KSFS and KSKS).
Results At a mean follow-up of 95 months (+47 months), 124 complications led to revision surgery. Soft-tissue compli-
cations (OR, 2.35 [95% CI 1.08-5.11]; p =0.032), hematoma formation (OR, 5.37 [95% CI 1.01-28.49]; p=0.048), and
restricted movement (OR, 3.51 [95% CI 1.25-9.84]; p=0.017) were more likely to occur in current smokers than never
smokers. Current smokers were more likely to score higher at KSFS (p <0.001) and SF-12PCS (p =0.0197) compared to
never smokers. For overall revision, differences were noted.

Conclusion Current smoking increases risk of soft-tissue complications and revision after primary TKA, especially due to
hematoma and restricted movement. Smoking cessation programs could reduce the risk of revision surgery.

Keywords Smoking - Smokers - Former smokers - Never smokers - Total knee arthroplasty - Revision - Complication -
Outcome - TKA

Introduction arthroplasty (TKA) is a frequently performed procedure with

approximately 700.000 implanted in the USA yearly, with

Tobacco smoking has been identified as a risk factor for
adverse postoperative outcomes, including wound-related
complications, surgical-site infection, and cardiopulmo-
nary complications [1, 2]. Hawn et al. revealed an increased
risk of postoperative complications for smokers regardless
of surgical specialty and case complexity [1]. Total knee
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estimations suggesting a continuing increase [3—5]. Previous
studies have confirmed the hypothesis that tobacco smok-
ing increases the risk of overall postoperative complications
after elective orthopedic surgery and TKA [6-8]. Regard-
ing prosthesis-related complications, Singh et al. discov-
ered smoking as a risk factor for deep infection and implant
revision after primary TKA and THA [9]. Lim et al. have
concluded a higher risk of earlier revision in smokers [10].
However, Matharu et al. did not find an increase in long-
term revision rates [11]. Despite Matharu et al. revealing
no clinically significant differences in postoperative patient-
reported outcome measures (PROMs) between smokers, for-
mer smokers, and never smokers, literature on PROMs after
TKA is scarce [11].

The literature describes a decrease in smoking and alco-
hol consumption in the initial 12-month post-THA and TKA
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[12]. The cited literature has a follow-up of 30 days up to
10 years, whereas long-term follow-up over 15 years is miss-
ing [6-11].

The aim of this study was to identify whether smoking
status (active, former, never smoker) at time of surgery influ-
ences the outcome of TKA in terms of prosthesis-related
complications and postoperative PROMs. The hypothesis
was that current smokers have a higher risk of complica-
tions, revision surgery, and decreased outcome.

Materials and methods
Patient population

For this retrospective analysis, an adjusted preexisting study
cohort was evaluated, consisting of patients having received
primary TKA [13]. Regular follow-ups were performed by
clinical examination at two supra-regional departments. Pri-
mary surgery had been performed between 2003 and 2006
by experienced orthopedic surgeons, resulting in an observa-
tion period of up to 17 years. Seven hundred and eight (708)
patients were initially included. Exclusion criteria were pri-
mary TKA before 2003, patients having received revision
TKA during the study period, no smoking status at primary
surgery available, and death. After checking for exclusion
criteria, data of 681 patients were attained for statistical
analysis regarding postoperative complication risk (illus-
trated in Fig. 1). Due to the retrospective study design and
pre-selected study cohort, not all patients have been evalu-
ated regarding PROMs before gathering the data, resulting in
466 cases with WOMAC, SF-12PCS, SF-12MCS, 467 with
KSFS, 469 with KSKS, and 470 with VAS.

The smoking status is based on the smoking behavior
within the year prior to assessment. Having smoked regu-
larly counted as current smoker, having stopped smoking
within the year prior to assessment or before was defined as
former smoker, and never having smoked regularly counted
as never smoker. Pack history, i.e., cigarette smoking expo-
sure rate was not available.

Primary outcome was any implant-specific complication for
which revision surgery became necessary. Complications were
divided into soft-tissue complications (wound dehiscence,
restricted movement, defined as full extension or flexion of at
least 90 degrees 6 weeks after implantation, hematoma, and
infection) and mechanical complications (aseptic loosening,
periprosthetic fracture, wear, and dislocation) [14]. The sec-
ondary outcome was assessment of the Knee Society Function
Score (KSFS) and Knee (KSKS) Score, Western Ontario and
McMaster Universities Osteoarthritis Index (WOMAC), and
Short Form 12 Physical and Mental Health Composite Scores
(SF-12PCS and SF-12MCS) at last follow-up. Pain Visual
Analogue Scale (VAS) pre- and postoperatively facilitated
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708 patients in
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Screening for exclusion criteria;
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analysis

Evaluation of scores

466 patients Womac,
SF-12PCS/MCS

207 patients without
evaluation of scores

469 patients KSS
knee, KSS function

470 VAS pre- and
postoperatively

Fig. 1 Flowchart illustrating the patient selection process

pain evaluation and improvement [15-19]. Additionally, the
mean reduction in VAS pre- to postoperatively was calculated.

Further variables were age at time of surgery, time from pri-
mary TKA to revision for implant-related causes, and gender
differences regarding revision risk.

This study was conducted in compliance with recognized
international and accepted ethical, scientific and medical
standards and approved by the local ethics committee (26-527
ex 13/14).

Statistical analysis

Clinical and demographic characteristics are described by
summary statistics. Discrete variables are presented as propor-
tions and percentages. Means and medians with correspond-
ing standard deviations and interquartile ranges (IQRs) are
presented. For the comparison of discrete variables, the Chi-
squared test for proportions was used. For analysis and com-
parison of mean values of binominal data and continuous data,
a two-sample, unpaired ¢ test was used. Logistic regression
was performed to assess the odds ratios (ORs) of risk factors
for complications. A p value of less than 0.05 was considered
statistically significant.



Archives of Orthopaedic and Trauma Surgery (2023) 143:4689-4695

4691

Results
Patient characteristics

For the 681 patients, mean follow-up was 95 months
(47 months). Table 1 gives an overview of the demo-
graphic characteristics. Of 681 patients, 478 (70.2%)
were female and 203 (29.8%) were male. Current smok-
ers, former smokers, and never smokers had shares of 46
(6.8%), 39 (5.7%), and 596 (87.5%), respectively. In rela-
tion to gender, 56.5% (26) of current smokers were female
and 43.5% (20) were male. Analysis showed a higher
likelihood of current smokers to be male than female
(p=0.010).

Mean age at time of surgery was 68.4 (+8.9) years.
In active smokers and former smokers, the mean age at
time of surgery with 57.0 years (p <0.001) and 63.3 years
(p <0.001) was significantly lower compared to never
smokers with 69.6 years.

Table 1 Average age at time of surgery in relation to smoking status

In total, 126 (18.5%) complications were observed, of
which 57 (45.2%) were mechanical and 69 (54.8%) were
soft-tissue complications, leading to 124 (18.2%) revi-
sions. Median time from primary TKA to revision was
25 months (IQR: 12-51 months). A revision was necessary
less than 12 months after surgery for 32 (25.8%) patients,
and after greater or equal than 12 months for 92 (74.2%)
patients. For overall revision likelihood (i.e., mechanical
and soft-tissue complications combined), no statistically
significant difference between the different smoking sta-
tus groups was found. However, current smokers (13/46,
28.3%) were per tendency at higher risk for revision sur-
gery than never smokers (103/596, 17.3%; p =NS). For
former smokers compared to never smokers, no signifi-
cant difference could be shown (8/31, 20.5% vs. 103/596,
17.3%; p =NS).

Soft-tissue complications were significantly more com-
mon in current smokers (19.6% vs. 9.4%; p =0.028) than
never smokers (OR 2.35 [95% CI 1.08-5.11]; p=0.032;
Table 2). In terms of individual soft-tissue complication
risk, active smokers had a higher likelihood of developing

Active smoker Never smoker p

Former smoker Never smoker p

Active smoker Former smoker p

(n=46) SD (n=596) SD (n=39) SD (n=596) SD (n=46) SD (n=39) SD
(%) () () (%) () (+)
Age surgery 57.0 (£9.7) 69.6 (+8.2) <0.001" 63.3 (x7.7) 69.6 (+8.2) <0.001" 57.0 (£9.7) 63.3(x7.7) 0.015°

4Chi-squared test

>Two-sample # test with equal variances, age surgery mean age at time of surgery, bold statistically significant p value (<0.05)

Table 2 Odds ratios of smoking
status regarding complications
at a mean follow-up of

Never smokers (n=596) vs.
active smokers (n=46)

Never smokers (n=596) vs. Active smokers (n=46)
former smokers (n =39) vs. former smokers

95 months (+47 months) after (n=39

implantation of primary total OR (95% CI) p? OR (95% CI) p? OR (95% CI) p*

knee arthroplasty (TKA)
ST comp 2.35(1.08-5.11) 0.032 1.10 (0.38-3.21) ns 0.47 (0.13-1.67) ns
Mech. comp 1.06 (0.37-3.10) ns 1.28 (0.44-3.84) ns 1.2 (0.28-5.15) ns
AL 0.96 (0.22-4.2) ns 2.41 (0.8-7.2) ns 2.51(0.43-14.5) ns
Infection 1.19 (0.27-5.21) ns 2.17 (0.62-7.61) ns 1.83 (0.29-11.6) ns
RM 3.51(1.25-9.84) 0.017 0.76 (0.1-5.8) ns 0.22 (0.02-1.93) ns
PF 1.01 (0.13-7.8) ns - Lo b b
Wear 1.36 (0.2-13.35) ns b Lo b b
WD b b b b b b
Hematoma 537(1.01-28.49)  0.048  -° Lo b b
Luxation _b b _ b b b

OR odds ratio, CI confidence Interval, ST compl. soft-tissue complication, mech. compl. mechanical com-
plication, AL aseptic loosening, RM restricted movement, PF periprosthetic fracture, WD wound dehis-
cence; ns not significant p value

*Logistic regression, bold statistically significant p value (<0.05)

®Qdds ratios not calculable due to too less category samples
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hematoma (4.4% vs. 0.8%; p=0.027; OR, 5.37 [95% CI
1.01-28.49]; p =0.048) and restricted movement (10.9% vs.
3.4%; p=0.011; OR 3.51 [95% CI 1.25-9.84]; p=0.017)
than never smokers. The smoking status groups shared a
similar revision risk regarding mechanical complications.
Former smokers neither had an increased nor decreased revi-
sion risk compared to never and current smokers.

PROMs postoperatively and VAS pre- and postopera-
tively were gathered for 466 (WOMAC, SF-12PCS, SF-
12MCS), 467 (KSFS), 469 (KSKS), and 470 (VAS) patients.
Statistical analyses and different absolutes among the scores
are shown in Table 3. Current smokers were more likely to
score higher at KSFS (p <0.001) and SF-12PCS (p =0.0197)
compared to never smokers. Additionally, they reported
higher pain ratings preoperatively (p =0.0031) than never
smokers. The remaining scores were similar irrespective of
smoking status.

Discussion

The most important findings of this study were a signifi-
cantly higher soft-tissue complication rate for current smok-
ers in comparison with never smokers. Current smokers were
more likely to undergo revision surgery due to restricted
movement and hematoma as compared with never smokers.

Earlier findings were an increased overall revision risk
for active smokers against never smokers after primary elec-
tive TKA [1, 7-10]. In contrast to the existing evidence [7,
8, 20], we observed the risk of infection not significantly
increased in active smokers compared to never smokers. Fur-
thermore, former smokers did not have an overall increased
revision likelihood compared to never smokers, as supported
by other investigations [10]. We found current smokers

(57+9.7 years) and former smokers (63.3 +7.7 years) to
undergo primary TKA surgery 12.6 years (+8.2; p <0.001)
and 6.3 years (+7.7; p<0.001) earlier than never smokers
(69.6 + 8.2 years), which might be due to faster biological
aging of smokers in contrast to non-smokers [21] or due
to smokers reporting higher musculoskeletal pain ratings,
therefore needing an earlier definitive surgical treatment
[22].

Some studies have demonstrated a beneficial effect of
smoking cessation prior to surgical interventions in general
[23, 24]. The results of this study are supported by earlier
findings, that smoking is major contributor to delayed wound
healing and consecutively also infection [25, 26]. Smoking
seems to have an all-or-nothing effect, with several studies
suggesting to quit smoking rather than reduce the number
of cigarettes per day [27, 28]. Studies have found cessation
to be tremendously beneficial before the age of 40, almost
eliminating the risk of losing a life-decade, and to be benefi-
cial after the age of 70 [29, 30]. This evidence supports our
finding that former smokers have similar complication risks
than never smokers and emphasizes the beneficial effects of
smoking cessation.

Apart from smoking status, the ASA status, the sur-
geon’s expertise, case complexity, the hospital environ-
ment, and other patient factors (comorbidities) may be
important confounding variables, for which we were not
able to do adjusted analyses due to a small sample size.
Regarding comorbidities, the authors were unable to
gather enough precise information to adequately include
an analysis. A differentiation in preexisting disease and
disease having developed postoperatively was not pos-
sible, wherefore proper interpretation would not have
been meaningful. The importance of ruling out confound-
ing bias should be emphasized, but the similar results of

Table 3 Mean clinical scores in relation to smoking status at a mean follow-up of 95 months {+47 months) after implantation of primary total

knee arthroplasty {TKA)

b C

Active smoker n° Never smoker n*  p!

Former smoker

Never smoker n*  p° Active smoker n° Former smoker p°

SD (+) SD (%) (n=30)SD () SD (%) SD (+) (n=30)SD (+)

WOMAC 84.0 (+16.5) 80.1 (£ 15.5) ns 86.2 (x13.4) 80.1 (+15.5) ns 84.0 (+16.5) 86.2 (x13.4) ns

KSKS 84.8 (x14.2) 82.8 (+15.8) ns 87.4 (x15.7) 82.8 (+15.8) ns 84.8 (+14.2) 87.4 (x15.7) ns

KSFS 79.4 (+£24.2) 64.1 (+26.0) <0.001 72.1(x22.2) 64.1 (+26.0) ns 79.4 (+24.2) 72.1 (£22.2) ns

VAS pre 8.3 (x1.2) 7.6(x1.4) 0.0031 7.6(xl1.1) 7.6(x14) ns 8.3 7.6 (x1.1) ns
(+1.2)

VAS post 2.2 (+2.0) 1.9 (£2.0) ns 1.3(x1.7) 1.9 (£2.0) ns 2.2 1.3 (x1.7) ns
(+2.0)

VAS diff 6.0 (+1.8) 5.6 (£2.3) ns 6.3 (x2.1) 5.6 (£2.3) ns 6.0 (x+1.8) 5.6 (£2.3) ns

SF-12PCS  41.2 (£10.9) 36.8 (£10.4) 0.0197 40.4 (+10.5) 36.8 (+10.4) ns 41.2 (+10.9) 40.4 (=10.5) ns

SF-12MCS 53.2 (£10.5) 52.8 (+10.9) ns 54.8 (+10.3) 52.8 (+10.9) ns 53.2 (x=10.5) 54.8 (+£10.3) ns

in=400 WOMAC; n=401 KSS function; n =402 SF-12PCS, SF-12MCS; n =403 KSS knee; n =404 VAS pre., VAS post., VAS diff
b5 = 34 SF12PCS, SF12MCS; n =36 WOMAC, KSS knee, KSS function, VAS pre. VAS post., VAS diff.; ns not significant p value
“Two-sample 7 test with equal variances, bold statistically significant p value (<0.05)
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previous papers support our findings although not having
been able to adequately rule out confounding bias.

This study has revealed higher revision rates (18.2%)
than mentioned in the previous literature with 6.45% at
5 years and 3-12.9% at 10 years [31, 32]. This could
be attributed to a longer follow-up of up to 17 years, a
combination of short- and long-term complication-based
revisions or an inclusion of complications as defined by
Goslings and Gouma and Sokol and Wilson [14, 33]. The
higher rate of soft-tissue complications than reported in
previous investigations [31, 32] could be explained by
smoking being a major cause of soft-tissue complications
and a smoking prevalence of 25% in Austria [25, 26].

Previous investigations have reported an age difference
between smokers and never smokers regarding primary
TKA [7, 9, 20, 34], indicating a particular need to investi-
gate whether smoking should be defined as an independ-
ent risk factor of knee osteoarthritis. We did not collect
information about the Kellgren-Lawrence classification
of individual patients. Therefore, we cannot say whether
active smokers had minor or more severe grades of osteo-
arthritis possibly leading to TKA.

Interestingly, our secondary outcomes resulted in cur-
rent smokers scoring significantly better at KSFS and
SF-12PCS and reporting higher pain ratings prior to sur-
gery. Active smokers score 15.3 points higher than never
smokers for KSFS and 4.4 points higher for SF-12PCS.
The minimally clinically important difference (MCID)
for primary TKA was found to be 9 points for KSKS and
10 points for KSFS [35]. For the SF-12PCS, it was 4.5
and 4.8 points for the pain relief and function sections,
respectively [36], rendering these findings as not clini-
cally important. However, active smokers seem to have
a clinically better functional outcome than never smok-
ers. Previous research by Matharu et al. found no clini-
cally important differences in patient-reported outcome
measures between active smokers, former smokers, and
never smokers [11]. Smokers tend to have an unhealthier
lifestyle than never smokers and are more satisfied with a
lower functional level, possibly distorting the test results
[37]. Furthermore, smokers tend to receive primary TKA
at a younger age than never smokers. As smokers generally
tend to report higher pain scores than never smokers, the
younger, actively smoking patients may achieve—owing to
their better health status than older never smokers requir-
ing TKA—higher functional ratings before TKA as well
as during follow-up [22, 38].

The findings of this study indicate an overall beneficial
effect of TKA on functional outcome regardless of smoking
status, represented in a nearly even distribution of PROMs
across all smoking status groups. However, as PROMs prior
to surgery were not available, the authors could not evaluate
whether smoking status groups respond differently to TKA.

The following limitations must be underlined: The ret-
rospective design of the study produces a low level of evi-
dence, as does the limited number of smoking patients, thus
eventually reducing the generalization and reproducibility
of results obtained. A risk analysis regarding the number
of cigarettes smoked per day was not possible due to the
algorithm during initial assessment only revealing smoking
status. The percentage of smokers could have been underes-
timated, as patients could have defined themselves as a non-
smoker either due to having stopped smoking or smoking
cigarettes occasionally. It is possible that the percentage of
patients who had to be revised and were smokers is over-
estimated as patients tend to start smoking in adolescence,
but more likely stop smoking with growing age rather than
starting it [39, 40]. The limited patient number impairs the
comparability of the SSI rate obtained in comparison with
the literature. Yet, an advantage of information obtained
from the present cohort can be seen in its uniformity. As a
benefit we want to mention that all complications had to be
recorded due to the authors’ healthcare system, which allows
reimbursement after adequate classification of the diagnosis-
related groups only.

Conclusion

Although the overall revision risk was not significantly
higher in active smokers, soft-tissue complications were
significantly more common in active smokers than never
smokers. The slightly better results observed for smok-
ers regarding functional outcome after primary elective
TKA warrant further research to define the significance.
We strongly recommend surgeons to advise their patients
toward quitting smoking to maximize the success of primary
TKA and minimize complication risks. The present findings
underline the detrimental effects of smoking on postopera-
tive complications, and ongoing research on the effects of
nicotine abuse in orthopedic patients further strengthens the
stance against smoking.

Funding Open access funding provided by Medical University of
Graz. The authors declare that no funds, grants, or other support were
received during the preparation of this manuscript.

Data availability Data available on request from the authors.

Declarations

Conflict of interest The authors have no relevant financial or non-fi-
nancial interests to disclose.

Ethical approval This study was performed in line with the principles

of the Declaration of Helsinki. It has been approved by the Institutional
Review Board (IRB-No. 26-527 ex 13/14).

@ Springer



4694

Archives of Orthopaedic and Trauma Surgery (2023) 143:4689-4695

Informed consent Informed consent was obtained from all individ-
ual participants included in the study. The authors affirm that human
research participants provided informed consent for publication of data
used in statistical analyses after appropriate anonymization.

Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long
as you give appropriate credit to the original author(s) and the source,
provide a link to the Creative Commons licence, and indicate if changes
were made. The images or other third party material in this article are
included in the article's Creative Commons licence, unless indicated
otherwise in a credit line to the material. If material is not included in
the article's Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will
need to obtain permission directly from the copyright holder. To view a
copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

References

1. Hawn MT, Houston TK, Campagna EJ, Graham LA, Singh J,
Bishop M et al (2011) The attributable risk of smoking on surgi-
cal complications. Ann Surg 254(6):914-920. https://doi.org/10.
1097/SLA.0b013e31822d781

2. Sgrensen LT (2012) Wound healing and infection in surgery.
The clinical impact of smoking and smoking cessation: a sys-
tematic review and meta-analysis. Arch Surg 147(4):373-383.
https://doi.org/10.1001/archsurg.2012.5

3. Kurtz S, Ong K, Lau E, Mowat F, Halpern M (2007) Projections
of primary and revision hip and knee arthroplasty in the United
States from 2005 to 2030. J Bone Jt Surg Am 89(4):780-785.
https://doi.org/10.2106/jbjs.F.00222

4. Weinstein AM, Rome BN, Reichmann WM, Collins JE, Burbine
SA, Thornhill TS et al (2013) Estimating the burden of total
knee replacement in the United States. J Bone Joint Surg Am
95(5):385-392. https://doi.org/10.2106/jbjs.L..00206

5. Culliford D, Maskell J, Judge A, Cooper C, Prieto-Alhambra
D, Arden NK (2015) Future projections of total hip and knee
arthroplasty in the UK: results from the UK Clinical Practice
Research Datalink. Osteoarthr Cartil 23(4):594-600. https://doi.
org/10.1016/j.joca.2014.12.022

6. Singh JA (2011) Smoking and outcomes after knee and hip
arthroplasty: a systematic review. J Rheumatol 38(9):1824—
1834. https://doi.org/10.3899/jrheum.101221

7. Singh JA, Houston TK, Ponce BA, Maddox G, Bishop MJ, Rich-
man J et al (2011) Smoking as a risk factor for short-term out-
comes following primary total hip and total knee replacement
in veterans. Arthritis Care Res (Hoboken) 63(10):1365-1374.
https://doi.org/10.1002/acr.20555

8. Moller AM, Pedersen T, Villebro N, Munksgaard A (2003)
Effect of smoking on early complications after elective ortho-
paedic surgery. J Bone Jt Surg Br 85(2):178-181. https://doi.
org/10.1302/0301-620x.85b2.13717

9. Singh JA, Schleck C, Harmsen WS, Jacob AK, Warner DO,
Lewallen DG (2015) Current tobacco use is associated with
higher rates of implant revision and deep infection after total
hip or knee arthroplasty: a prospective cohort study. BMC Med
13:283. https://doi.org/10.1186/5s12916-015-0523-0

10. Lim CT, Goodman SB, Huddleston JI 3rd, Harris AHS,
Bhowmick S, Maloney W1J et al (2017) Smoking is associated
with earlier time to revision of total knee arthroplasty. Knee
24(5):1182-1186. https://doi.org/10.1016/j.knee.2017.05.014

@ Springer

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

Matharu GS, Mouchti S, Twigg S, Delmestri A, Murray DW,
Judge A et al (2019) The effect of smoking on outcomes follow-
ing primary total hip and knee arthroplasty: a population-based
cohort study of 117,024 patients. Acta Orthop 90(6):559-567.
https://doi.org/10.1080/17453674.2019.1649510

Smith TO, Penny F, Fleetcroft R (2016) Smoking and alcohol
behaviours in people following hip and knee arthroplasty: data
from the Osteoarthritis Initiative. Orthop Traumatol Surg Res
102(2):239-245. https://doi.org/10.1016/j.0tsr.2015.12.005
Hauer G, Leitner L, Ackerl MC, Klim S, Vielgut I, Ehall R
et al (2020) Titanium-nitride coating does not result in a better
clinical outcome compared to conventional cobalt-chromium
total knee arthroplasty after a long-term follow-up: a propensity
score matching analysis. Coatings 10(5):442

Goslings JC, Gouma DJ (2008) What is a surgical compli-
cation? World J Surg 32(6):952. https://doi.org/10.1007/
$00268-008-9563-3

Skou ST, Roos EM, Laursen MB, Rathleff MS, Arendt-Nielsen
L, Simonsen O et al (2015) A randomized, controlled trial of
total knee replacement. N Engl J Med 373(17):1597-1606.
https://doi.org/10.1056/NEJMoal505467

Beswick AD, Wylde V, Gooberman-Hill R, Blom A, Dieppe P
(2012) What proportion of patients report long-term pain after
total hip or knee replacement for osteoarthritis? A systematic
review of prospective studies in unselected patients. BMJ Open
2(1):e000435. https://doi.org/10.1136/bmjopen-2011-000435
Harris K, Dawson J, Gibbons E, Lim CR, Beard DJ, Fitzpatrick
R et al (2016) Systematic review of measurement properties of
patient-reported outcome measures used in patients undergo-
ing hip and knee arthroplasty. Patient Relat Outcomes Meas
7:101-108. https://doi.org/10.2147/prom.S97774

Hawker GA, Mian S, Kendzerska T, French M (2011) Meas-
ures of adult pain: Visual Analog Scale for Pain (VAS Pain),
Numeric Rating Scale for Pain (NRS Pain), McGill Pain Ques-
tionnaire (MPQ), Short-Form McGill Pain Questionnaire (SF-
MPQ), Chronic Pain Grade Scale (CPGS), Short Form-36
Bodily Pain Scale (SF-36 BPS), and Measure of Intermittent
and Constant Osteoarthritis Pain (ICOAP). Arthritis Care Res
63(S11):5240-S252. https://doi.org/10.1002/acr.20543
Scuderi GR, Bourne RB, Noble PC, Benjamin JB, Lonner JH,
Scott WN (2012) The new Knee Society Knee Scoring System.
Clin Orthop Relat Res 470(1):3-19. https://doi.org/10.1007/
$11999-011-2135-0

Duchman KR, Gao Y, Pugely AJ, Martin CT, Noiseux NO, Cal-
laghan JJ (2015) The effect of smoking on short-term complica-
tions following total hip and knee arthroplasty. J] Bone Jt Surg
Am 97(13):1049-1058. https://doi.org/10.2106/JBJS.N.01016
Bernhard D, Moser C, Backovic A, Wick G (2007) Cigarette
smoke—an aging accelerator? Exp Gerontol 42(3):160-165.
https://doi.org/10.1016/j.exger.2006.09.016

Felson DT, Zhang Y (2015) Smoking and osteoarthritis: a
review of the evidence and its implications. Osteoarthr Cartil
23(3):331-333. https://doi.org/10.1016/j.joca.2014.11.022
Mgller AM, Villebro N, Pedersen T, Tgnnesen H (2002) Effect
of preoperative smoking intervention on postoperative compli-
cations: a randomised clinical trial. Lancet 359(9301):114-117.
https://doi.org/10.1016/s0140-6736(02)07369-5

Thomsen T, Tgnnesen H, Mgller AM (2009) Effect of preopera-
tive smoking cessation interventions on postoperative complica-
tions and smoking cessation. Br J Surg 96(5):451-461. https://
doi.org/10.1002/bjs.6591

Jensen JA, Goodson WH, Hopf HW, Hunt TK (1991) Cigarette
smoking decreases tissue oxygen. Arch Surg 126(9):1131-1134.
https://doi.org/10.1001/archsurg.1991.01410330093013

Wong LS, Martins-Green M (2004) Firsthand cigarette smoke
alters fibroblast migration and survival: implications for


http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1097/SLA.0b013e31822d7f81
https://doi.org/10.1097/SLA.0b013e31822d7f81
https://doi.org/10.1001/archsurg.2012.5
https://doi.org/10.2106/jbjs.F.00222
https://doi.org/10.2106/jbjs.L.00206
https://doi.org/10.1016/j.joca.2014.12.022
https://doi.org/10.1016/j.joca.2014.12.022
https://doi.org/10.3899/jrheum.101221
https://doi.org/10.1002/acr.20555
https://doi.org/10.1302/0301-620x.85b2.13717
https://doi.org/10.1302/0301-620x.85b2.13717
https://doi.org/10.1186/s12916-015-0523-0
https://doi.org/10.1016/j.knee.2017.05.014
https://doi.org/10.1080/17453674.2019.1649510
https://doi.org/10.1016/j.otsr.2015.12.005
https://doi.org/10.1007/s00268-008-9563-3
https://doi.org/10.1007/s00268-008-9563-3
https://doi.org/10.1056/NEJMoa1505467
https://doi.org/10.1136/bmjopen-2011-000435
https://doi.org/10.2147/prom.S97774
https://doi.org/10.1002/acr.20543
https://doi.org/10.1007/s11999-011-2135-0
https://doi.org/10.1007/s11999-011-2135-0
https://doi.org/10.2106/JBJS.N.01016
https://doi.org/10.1016/j.exger.2006.09.016
https://doi.org/10.1016/j.joca.2014.11.022
https://doi.org/10.1016/s0140-6736(02)07369-5
https://doi.org/10.1002/bjs.6591
https://doi.org/10.1002/bjs.6591
https://doi.org/10.1001/archsurg.1991.01410330093013

Archives of Orthopaedic and Trauma Surgery (2023) 143:4689-4695

4695

217.

28.

29.

30.

31.

32.

33.

34.

35.

impaired healing. Wound Repair Regen 12(4):471-484. https://
doi.org/10.1111/§.1067-1927.2004.12403.x

Bjartveit K, Tverdal A (2005) Health consequences of smoking
1-4 cigarettes per day. Tob Control 14(5):315-320. https://doi.
org/10.1136/tc.2005.011932

Thun M]J, Carter BD, Feskanich D, Freedman ND, Prentice
R, Lopez AD et al (2013) 50-year trends in smoking-related
mortality in the United States. N Engl J] Med 368(4):351-364.
https://doi.org/10.1056/NEJMsal211127

Jha P, Ramasundarahettige C, Landsman V, Rostron B, Thun
M, Anderson RN et al (2013) 21st-century hazards of smoking
and benefits of cessation in the United States. N Engl J Med
368(4):341-350. https://doi.org/10.1056/NEJMsal211128
Nash SH, Liao LM, Harris TB, Freedman ND (2017) Cigarette
smoking and mortality in adults aged 70 years and older: results
from the NIH-AARP cohort. Am J Prev Med 52(3):276-283.
https://doi.org/10.1016/j.amepre.2016.09.036

Labek G, Thaler M, Janda W, Agreiter M, Stockl B (2011) Revi-
sion rates after total joint replacement. J Bone Jt Surg Br Vol
93-B(3):293-297. https://doi.org/10.1302/0301-620x.93b3.25467
Price AJ, Alvand A, Troelsen A, Katz JN, Hooper G, Gray A et al
(2018) Knee replacement. The Lancet 392(10158):1672-1682.
https://doi.org/10.1016/s0140-6736(18)32344-4

Sokol DK, Wilson J (2008) What is a surgical complica-
tion? World J Surg 32(6):942-944. https://doi.org/10.1007/
500268-008-9471-6

Nwachukwu BU, Gurary EB, Lerner V, Collins JE, Thornhill TS,
Losina E et al (2015) Effect of smoking and soft tissue release
on risk of revision after total knee arthroplasty: a case- control
study. BMC Musculoskelet Disord 16:245. https://doi.org/10.
1186/512891-015-0694-z

Lizaur-Utrilla A, Gonzalez-Parrefio S, Martinez-Mendez
D, Miralles-Muifioz FA, Lopez-Prats FA (2020) Minimal

36.

37.

38.

39.

40.

clinically important differences and substantial clinical benefits
for Knee Society Scores. Knee Surg Sports Traumatol Arthrosc
28(5):1473-1478. https://doi.org/10.1007/s00167-019-05543-x
Clement ND, MacDonald D, Simpson AHRW (2014) The mini-
mal clinically important difference in the Oxford knee score and
Short Form 12 score after total knee arthroplasty. Knee Surg
Sports Traumatol Arthrosc 22(8):1933-1939. https://doi.org/10.
1007/s00167-013-2776-5

Lohse T, Rohrmann S, Bopp M, Faeh D (2016) Heavy smoking
is more strongly associated with general unhealthy lifestyle than
obesity and underweight. PLoS ONE 11(2):e0148563. https://doi.
org/10.1371/journal.pone.0148563

Skogo Nyvang J, Naili JE, Iversen MD, Brostrom EW, Hedstrom
M (2019) Younger age is associated with greater pain expression
among patients with knee or hip osteoarthritis scheduled for a
joint arthroplasty. BMC Musculoskelet Disord 20(1):365. https://
doi.org/10.1186/s12891-019-2740-8

National Center for Chronic Disease P, Health Promotion Office
on S Health (2012) Reports of the surgeon general. Preventing
tobacco use among youth and young adults: a report of the sur-
geon general. Centers for Disease Control and Prevention (US),
Atlanta

Schauer GL, Malarcher AM, Asman KJ (2015) Trends in the aver-
age age of quitting among US adult cigarette smokers. Am J Prev
Med 49(6):939-944. https://doi.org/10.1016/j.amepre.2015.06.
028

Publisher's Note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.

@ Springer


https://doi.org/10.1111/j.1067-1927.2004.12403.x
https://doi.org/10.1111/j.1067-1927.2004.12403.x
https://doi.org/10.1136/tc.2005.011932
https://doi.org/10.1136/tc.2005.011932
https://doi.org/10.1056/NEJMsa1211127
https://doi.org/10.1056/NEJMsa1211128
https://doi.org/10.1016/j.amepre.2016.09.036
https://doi.org/10.1302/0301-620x.93b3.25467
https://doi.org/10.1016/s0140-6736(18)32344-4
https://doi.org/10.1007/s00268-008-9471-6
https://doi.org/10.1007/s00268-008-9471-6
https://doi.org/10.1186/s12891-015-0694-z
https://doi.org/10.1186/s12891-015-0694-z
https://doi.org/10.1007/s00167-019-05543-x
https://doi.org/10.1007/s00167-013-2776-5
https://doi.org/10.1007/s00167-013-2776-5
https://doi.org/10.1371/journal.pone.0148563
https://doi.org/10.1371/journal.pone.0148563
https://doi.org/10.1186/s12891-019-2740-8
https://doi.org/10.1186/s12891-019-2740-8
https://doi.org/10.1016/j.amepre.2015.06.028
https://doi.org/10.1016/j.amepre.2015.06.028

	Smokers have increased risk of soft-tissue complications following primary elective TKA
	Abstract
	Introduction 
	Materials and methods 
	Results 
	Conclusion 

	Introduction
	Materials and methods
	Patient population
	Statistical analysis

	Results
	Patient characteristics

	Discussion
	Conclusion
	References




