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Abstract

Background Smoking is considered a risk factor for

surgical complications in total hip arthroplasty (THA) and

has been linked to a higher rate of aseptic loosening in

uncemented acetabular components. Acetabular recon-

struction with newer ultraporous metals in both complex

primary and revision THA has increased survivorship but it

is unclear whether smoking affects survival of these

implants.

Questions/purposes We reviewed our early experience

with THA using ultraporous acetabular components to assess

the incidence and etiology of early failure and examine if any

preoperative variables, including smoking, related to failure.

Methods We used ultraporous acetabular components in

498 patients (534 hips), beginning with one case each in

1999 and 2004, 17 in 2005, and the majority from 2006

through March 2010. There were 159 complex primary and

375 revision cases. Of these patients, 17% were smokers

(averaging 35 pack-years), 31% previous smokers (aver-

aging 29 pack-years), 41% nonsmokers, and 1% unknown.

Failure modes possibly related to smoking were infection,

aseptic loosening, or periacetabular fracture and unrelated

were dislocation and implant breakage. Minimum followup

was 1 month (average, 32 months; range, 1–78 months).

Results There were 34 cup failures (6%): 17 infections,

14 aseptic loosening, and one each liner breakage, dislo-

cation, and periacetabular fracture. The failure rate

(uncontrolled for potentially confounding variables) was

10% in both current (9 of 89) and prior smokers (17 of 167)

and 3% in nonsmokers 8 of 271).

Conclusion With ultraporous metal technology in com-

plex primary and revision THA, smoking, both past and

current, may be a risk factor for early failure.

Level of Evidence Level IV, therapeutic study. See

Guidelines for Authors for a complete description of levels

of evidence.
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Introduction

Acetabular reconstruction with newer ultraporous metal in

both complex primary and revision THA has been associ-

ated with survivorship of 86% to 100% at 1.5 to 10.2 years

with stable fixation and few failures [3–5, 11–13, 15–18,

20, 23–29, 32, 33, 36–42, 48–50, 52, 54, 55, 57, 59, 62,

67–69, 72, 73, 75, 76]. The benefits of ultraporous metal

constructs include: immediate mechanical stability, short-

term fixation, osteoconductivity, and promotion of

enhanced vascularized bone ingrowth [3, 6–8, 59, 72].

Smoking is considered a risk factor for general surgical

complications including transfusion, delayed wound heal-

ing, infection, and cardiopulmonary [21, 46, 47, 58].

Smoking has also been correlated to complications specific

to orthopaedic surgery, including THA such as decreased

survivorship, increased surgical site infection (SSI),

increased recovery time, and higher mortality [1, 2, 14, 22,

30, 34, 43, 45, 46, 53, 56, 60, 61, 64–66]. One study of the

effect of smoking on implant survival in THA reported a

4.5-fold greater risk for cup or stem revision secondary to

aseptic loosening in smokers [43]. Preoperative smoking

cessation can reduce the rate of postoperative complica-

tions including delayed wound healing, wound infection,

pulmonary, and cardiovascular [35, 66, 70, 71].

Smoking adversely affects fracture repair and union,

bone regeneration, and osteointegration [2, 10, 14, 31, 44,

53, 58, 63, 64]. Durable fixation of ultraporous acetabular

devices requires both repair of the bony injury necessitated

by acetabular reaming and osteointegration of porous metal

into host bone. During the smoking of tobacco, hazardous

chemicals and gases are released into the bloodstream,

including nicotine, carbon monoxide, tar, and hydrogen

cyanide. These chemicals and byproducts reduce blood

flow, impair delivery of nutrients, oxygen, and lympho-

cytes to the tissues, reducing aerobe metabolism, injure

host DNA, cause genetic mutations, interfere with cellular

processes, and disrupt the complex cascade integral to bone

and soft tissue healing [2, 10, 14, 58, 63, 65].

We asked whether current or previous smoking is a risk

factor for early failure in complex primary and revision

THA with ultraporous acetabular reconstruction.

Patients and Methods

A search of our practice registry revealed 5799 hip

arthroplasty procedures performed in 4726 patients by the

two senior authors (AVL, KRB) between May 1999 and

March 2010. Of these procedures, ultraporous acetabular

components were used in 500 patients (536 hips), begin-

ning with one case each in 1999 and 2004, 17 in 2005, and

the majority from 2006. Regenerex (TiAl6V4 substrate;

Biomet, Warsaw, IN, USA) devices were used in 277 (52%)

hips, Trabecular Metal (tantalum substrate; initially sold as

Hedrocel by Implex Corporation, Allendale, NJ, USA,

marketed by Zimmer, Warsaw, IN, USA, since 2000 and

fully acquired in 2004) in 184 (35%) hips, and Trident

Tritanium (titanium substrate; Stryker, Mahwah, NJ, USA)

in 72 (14%). All three devices are approved for the uses

described in our study by the US Food and Drug Admin-

istration. The indications for these devices were (1)

complex primary THA defined as acetabuli that allowed not

greater than 70% coverage of the porous component; (2)

acetabuli compromised by substantial osteopenia; (3) ace-

tabuli compromised by posttraumatic arthritis with or

without the presence of hardware; and (4) all revision

THAs. The major contraindication for the use of ultraporous

cups was acetabuli characterized by substantial segmental

bone loss, which could not be reconstructed with the use of

an acetabular component and augments. These acetabuli

were treated with patient-matched implants. Two patients

(two hips) declined to participate in research reviews

leaving 534 hips (498 patients). There were 215 (43%) male

patients and 283 (57%) females. Mean patient age was 64

years (range, 16–94 years; SD 14) and mean body mass

index was 30 kg/m2 (range, 16–59 kg/m2; SD 7). No

patients were lost to followup. Minimum followup was 1

month (average, 32 months; range, 1–78 months). Followup

longer than 2 years was available for 79% of patients. No

patients were recalled specifically for this study; all data

were obtained from medical records and radiographs. All

patients signed institutional review board-approved general

research consent allowing for retrospective review.

Smoking status was obtained as part of the patient his-

tory at the time of initial assessment or from the hospital

history report in cases of direct admission. Smoking is

defined as the inhalation of the smoke of burning tobacco

in the form of cigarettes, pipes, or cigars on a daily basis.

Pack-years at the time of surgery were calculated by

multiplying the number of packs of cigarettes smoked per

day times the number of years a patient had smoked. One

pack-year would be roughly equivalent to smoking 20

cigarettes (one pack) per day for 1 year. Of the patients

studied, 89 (17%) were smokers, 167 (31%) were previous

smokers, and 271 (51%) were nonsmokers. Smoking status

could not be determined for seven (1%) patients. Current

smokers had an average 35 pack-years (range, 4–105 pack-

years; SD 22.8). Prior smokers had an average 24 pack-

years (range, 0.3–133 pack-years; SD 26.1) and had quit

smoking on average 21 years before the index surgery

(range, 0.3–62 years; SD 15.2). Other comorbidities

included a history of infection in 20%, diabetes mellitus in

14%, cardiac disease in 29%, and cancer (other than skin

cancers) in 5%. Sixteen percent of hips had a prior metal-

on-metal bearing.
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Preoperative acetabular bone deficiency was graded

according to the classification of Paprosky et al. [51] and

Weeden and Paprosky [74]. Preoperative acetabular defi-

ciencies were Paprosky Type I in 93 hips (17%), IIA in 155

(29%), IIB in 114 (21%), IIC in 83 (16%), IIIA in 83

(16%), and IIIB in six (1%).

Current smokers were younger than either prior or

nonsmokers (55 years versus 66 and 65 years) (Table 1).

There were more female than male nonsmokers (64%

versus 36%; p = 0.003) compared with a more equal sex

distribution among both current and prior smokers. Likely

as a consequence of the preponderance of females, who

nationally average 63.8 inches in height compared with

69.4 inches in men [9], in the nonsmoking group, average

height was shorter (p = 0.013) than in either the current

or prior smoking groups (66 inches versus 67 inches).

However, there were no differences in weight or body mass

index between smoking groups. There was no difference in

distribution of procedure type or severity of preoperative

acetabular defect between smoking groups. Although use

of augments was similar between smoking groups, more

current smokers had constrained liners (27% versus 17% in

prior smokers and 15% in nonsmokers; p = 0.030). History

of infection, history of cancer, and number of hips with a

prior metal-on-metal bearing were similar between smok-

ing groups. More current smokers had a history of diabetes

(27% versus 13% in prior smokers and 10% in nonsmok-

ers; p = 0.000) and more prior smokers had a history of

cardiac disease (38% versus 29% in current smokers and

23% in nonsmokers; p = 0.004).

Primary THAs were classified as complex at the discre-

tion of the surgeon based on the adequacy of the remaining

Table 1. Demographic comparison by smoking status

Demographic Overall Never smoked Prior smoker Current smoker p value

Number of hips 534 271 167 89

Average age (years) 64 65 66 55 0.000

Average height (inches) 66 66 67 67 0.013

Average weight (pounds) 188 187 188 191 0.777

Average body mass index (kg/m2) 30 30 30 30 0.685

Sex

Males 228 (43%) 97 (36%) 83 (50%) 46 (52%) 0.003

Females 306 (57%) 174 (64%) 84 (50%) 43 (48%)

Procedure

Primary 142 (27%) 74 (27%) 50 (30%) 18 (20%) 0.244

Conversion 17 (3%) 7 (3%) 7 (4%) 2 (2%) 0.567

Revision 310 (58%) 157 (58%) 93 (56%) 55 (62%) 0.641

Reimplantation 63 (12%) 31 (11%) 17 (10%) 14 (16%) 0.411

Total femur 2 (\ 1%) 2 (1%) 0 (0%) 0 (0%) 0.574

Paprosky class

I 93 (17%) 45 (17%) 36 (22%) 12 (14%) 0.221

IIA 155 (29%) 79 (29%) 46 28%) 29 (33%) 0.700

IIB 114 (21%) 56 (21%) 33 (20%) 23 (26%) 0.497

IIC 83 (16%) 44 (16%) 26 (16%) 11 (12%) 0.677

IIIA 83 (16%) 43 (16%) 26 (16%) 12 (14%) 0.860

IIIB 6 (1.1%) 4 (2%) 0 (0%) 2 (2%) 0.205

Augments used 44 (8%) 20 (7%) 14 (8%) 9 (10%) 0.710

Constraint used 95 (18%) 40 (15%) 28 (17%) 24 (27%) 0.030

History of infection 107 (20%) 56 (21%) 32 (19%) 18 (20%) 0.923

History of diabetes 73 (14%) 27 (10%) 21 (13%) 24 (27%) 0.000

History of cardiac disease 153 (29%) 62 (23%) 63 (38%) 26 (29%) 0.004

History of cancer 27 (5%) 11 (4%) 11 (7%) 5 (6%) 0.494

Prior metal-on-metal 85 (16%) 39 (14%) 29 (17%) 16 (18%) 0.602

Preoperative HHS 49 49 50 46 0.286

Postoperative HHS 72 74 72 67 0.016

HHS improvement 24 25 23 23 0.660

HHS = Harris hip score (0–100 possible with 100 being best).
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bone stock for implant ingrowth. The surgical procedure was

complex primary in 142 (27%), conversion in 17 (3%),

revision in 310 (58%), reimplantation after radical débride-

ment for two-stage treatment of infection in 63 (12%), and

total femur replacement in two cases. Surgical approach was

either less invasive or standard direct lateral in all cases

except for 56 (11%) anterior supine intermuscular, five with

extended trochanteric osteotomy, one posterior, and two

total femur split. Revision was conducted through adequate

exposure of the acetabulum facilitated by placement of

appropriate anterior and posterior retractors. Periacetabular

scar tissue was excised and the acetabular component was

removed using atraumatic techniques. In cases of cemented

acetabular components, the polyethylene-cement interface

was violated with osteotomes, the polyethylene component

was removed, followed by removal of cement with a com-

bination of hand tools and high-speed burrs. In the case of a

cementless acetabular component, atraumatic size-specific

curved osteotomes were used to directly debond the porous

coating from the host bone. Next any screws present were

removed. On removal of the components, integrity of the

acetabulum was assessed. The acetabulum was then reamed

to within 2 mm of the appropriate size. If the bone was

considered to be severely osteopenic, reaming was per-

formed in a reverse fashion and cavitary defects were treated

with fresh-frozen irradiated morselized bone graft impacted

using a reverse reaming technique. The ultraporous acetab-

ular components were placed in 45� of abduction and 20� of

anteversion achieving a scratch fit secondary to the 2 mm

underreaming. Multiple screws were placed to enhance fix-

ation. An appropriate polyethylene liner was inserted. A

constrained liner was used in 18% of cases and a porous

augment was used in 8% of cases.

Postoperatively patients remained at bedrest for the first

24 hours. Physical therapy was instituted on postoperative

day 2. Therapists instructed patients regarding the use of a

walker and toe-touch ambulation for the first 6 weeks

postoperatively. Patients were instructed to be out of bed as

tolerated, to ambulate in a toe-touch fashion with the use of

a walker, and to return to our office for a followup

appointment at 6 weeks. Weightbearing was advanced

based on clinical and radiographic evaluation and patients

were instructed in ROM exercises. No formal physical

therapy was ordered. In the ensuing 6 weeks, patients were

allowed to wean from a walker to a cane as tolerated.

Patients were asked to return at 3-month followup if

they were experiencing any symptoms or if they were not

advised to advance weightbearing at the 6-week followup.

All patients were then asked to return for routine clinical

and radiographic evaluation annually thereafter or imme-

diately if adverse symptoms developed in the operated hip.

Clinical examination using the Harris hip score [19] and

radiographic evaluation with plain radiographs with AP

pelvis and frog leg lateral views were performed at these

intervals. Failure was defined as revision or removal of the

acetabular shell. Failures possibly related to smoking were

considered any infection, aseptic loosening, or periacetab-

ular fracture. Failures not considered smoking-related

included dislocation and implant breakage.

Differences in survivorship were measured using chi square

analyses. A one-way analysis of variance was used to compare

differences in mean age, height, weight, body mass index, and

pre- and postoperative lower extremity activity scales, and

Harris hip total scores and pain scores among the three groups.

Student’s t-test was used to compare differences in mean pack-

years between past and current smokers. Ninety-five percent

confidence intervals were used in all analyses.

Results

Harris hip scores improved from a preoperative mean of 49

(range, 4–98.5; SD 17.8) to a mean of 72 (range, 21.5–100;

SD 17.7) at most recent followup. Harris hip scores in

current smokers were lower (p = 0.019) than in prior or

nonsmokers (67 versus 72 and 73); however, Harris hip

score improvement was similar (p = 0.795) between

smoking groups.

There were 34 cup failures at an average of 21 months

postoperatively (Table 2) for a failure rate of 6%: 17

Table 2. Reason for failure requiring revision of the acetabular component by smoking status

Failure mode Overall (n = 534) Nonsmokers (n = 271) Previous smokers (n = 167) Current smokers (n = 89) p value

Infection* 17 (3.2%) 4 (1.5%) 6 (3.6%) 7 (7.9%) 0.012

Aseptic loosening* 14 (2.6%) 4 (1.5%) 9 (5.4%) 1 (1.1%) 0.029

Periacetabular fracture* 1 (0.2%) 0 (0.0%) 1 (0.6%) 0 (0.0%) 0.340

Liner breakage 1 (0.2%) 0 (0.0%) 0 (0.0%) 1 (1.1%) 0.085

Dislocation 1 (0.6%) 0 (0.0%) 1 (0.6%) 0 (0.0%) 0.340

Total overall 34 (6.4%) 8 (3.0%) 17 (10.2%) 9 (10.1%) 0.003

Total smoking-related* 32 (6.0%) 8 (3.0%) 16 (9.6%) 8 (9.0%) 0.008

Asterisk denotes smoking-related failure mode.
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infections, 14 aseptic loosening or failure of ingrowth, and

one each liner breakage, dislocation, and periacetabular

fracture. The failure rate was higher (p = 0.01) in current

and previous smokers (both 10%) than nonsmokers (3%).

With only smoking-related failures included, rates again

were higher (p = 0.02) in current and previous smokers

(both 9%) than in nonsmokers (3%). When comparing

failures and nonfailures, the average pack-years was higher

(p = 0.010) for failures versus nonfailures (23 versus 12).

Average age, height, weight, body mass index, and pre-

operative Harris hip score were similar between failures

and nonfailures, whereas failures had poorer (both p =

0.000) postoperative Harris hip score and Harris hip score

improvement. When comparing failures and nonfailures by

procedure type, the rate of cup failure was highest (p =

0.006) after reimplantation THA (14% [nine of 63]) com-

pared with 7% after revision THA (23 of 310) and only 1%

after primary THA (two of 142) (Table 3). However, there

Table 3. Demographic comparison between failures and nonfailures

Demographic Overall Failures Nonfailures p value

Number of hips 534 34 500

Average age (years) 64 61 64 0.288

Average height (inches) 66 66 66 0.569

Average weight (pounds) 188 187 188 0.885

Average body mass index (kg/m2) 30 30 30 0.831

Average pack-years 12 22 12 0.009

Smoking status 0.008

Unknown 7 (1%) 0 (0%) 7 (1%)

Nonsmoker 271 (51%) 8 (24%) 263 (53%)

Prior smoker 167 (31%) 17 (50%) 150 (30%)

Current smoker 89 (17%) 9 (27%) 80 (16%)

Sex 0.587

Males 228 (43%) 13 (38%) 215 (43%)

Females 306 (57%) 21 (62%) 285 (57%)

Procedure 0.006

Primary 142 (27%) 2 (6%) 140 (28%)

Conversion 17 (3%) 0 (0%) 17 (3%)

Revision 310 (58%) 23 (68%) 287 (57%)

Reimplantation 63 (12%) 9 (26%) 54 (11%)

Total femur 2 (\ 1%) 0 (0%) 2 (\ 1%)

Paprosky class 0.148

I 93 (17%) 4 (12%) 89 (18%)

IIA 155 (29%) 12 (35%) 143 (29%)

IIB 114 (21%) 8 (24%) 106 (21%)

IIC 83 (16%) 1 (3%) 82 (16%)

IIIA 83 (16%) 9 (27%) 74 (15%)

IIIB 6 (1.1%) 0 (0%) 6 (1%)

Augments used 28 (5%) 4 (12%) 24 (5%) 0.439

Constraint used 95 (18%) 9 (27%) 86 (17%) 0.171

History of infection 107 (20%) 11 (32%) 96 (19%) 0.070

History of diabetes 73 (14%) 8 (24%) 65 (13%) 0.090

History of cardiac disease 153 (29%) 9 (26%) 144 (29%) 0.739

History of cancer 27 (5%) 2 (6%) 25 (5%) 0.831

Prior metal-on-metal 85 (16%) 8 (24%) 77 (15%) 0.171

Preoperative HHS 49 48 49 0.778

Postoperative HHS 72 59 73 0.000

HHS improvement 24 9 25 0.000

HHS = Harris hip score (0–100 possible with 100 being best).
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was no difference (p = 0.07) in failure rates between

patients with and without a history of infection (10% ver-

sus 5%). There were no differences in failure incidence

between sexes, between Paprosky defect classification

groups, and between patients with or without constrained

liners used, augments used, prior metal-on-metal bearing,

and history of diabetes, cardiac disease, or cancer.

Discussion

The use of ultraporous metal in acetabular reconstruction

during complex primary and revision THA has improved

survivorship and shown few failures (Table 4) [3–5, 11–13,

15–18, 20, 23–29, 32, 33, 36–42, 48–50, 52, 54, 55, 57, 59,

62, 67–69, 72, 73, 75, 76]. Ultraporous components have

been touted to possess optimized ingrowth surfaces that are

truly three-dimensional, unlike beaded and plasma-sprayed

surfaces. Therefore, one would intuitively believe that

biological fixation into these surfaces would be superior.

One would also intuitively believe that the percent of

biological fixation required for stability of the component

would be less than for devices with standard porous coat-

ings. Smoking is a surgical risk factor for delayed wound

healing, increased transfusions, infections, and cardiac

complications [21, 46, 47, 58, 64–66, 70, 71] as well as

increased complications in orthopaedic surgery, including

THA [1, 22, 30, 34, 45, 53, 56, 60, 61]. Smoking also

impairs fracture repair and osteointegration [2, 10, 14, 31,

43, 63]. The purpose of our study was to retrospectively

review our use of ultraporous metal acetabular devices in

patients undergoing complex primary and revision THA to

determine the incidence and modes of failure and the

influence, if any, of smoking status on risk for early failure.

We caution readers of the limitations of our study. First,

this was a retrospective review rather than a prospective

study with some missing data. In particular we had no

smoking data on seven patients, but presume this would not

affect the findings. Second, there were demographic dif-

ferences between the smoking groups, which may have had

an influence on implant survival with the current smoking

group having more male patients, greater height, younger

age, more need for constraint, and higher incidence of

diabetes and cardiac disease. While none of these factors

differed between failure and nonfailure groups we did not

perform a multivariable analysis to control for these

potentially confounding variables.

Newer ultraporous metals for acetabular construction in

both primary and revision THA have been associated with

few failures and survivorship of 86% to 100% at 1.5 to 10.2

years (Table 4). We found a higher risk of failure of

ultraporous metal acetabulum reconstruction in current and

prior smokers compared with nonsmokers. While smoking

has not been reported as a risk factor for early failure in the

use of newer ultraporous metal acetabular components, our

findings are consistent with other contemporary research of

ultraporous metal components and the impact of smoking

on surgical outcomes including wound healing, osteointe-

gration, rates of infection, and implant survival. Smoking

has a negative impact on surgical outcomes both periop-

eratively as well as postoperatively [34, 45, 46]. Smoking

is associated with decreased survivorship of implants as

well as increased surgical complications, delayed wound

healing, osteointegration and fracture repair, negatively

impacted arthroplasty outcomes, and increased length of

stay [1, 2, 10, 14, 21, 30, 34, 43, 45, 46, 53, 56, 60, 61, 63].

In a study of 202 patients undergoing THA or TKA

comparing differences in resource consumption and short-

term outcomes between current smokers (25 [12%]; aver-

age 28.3 pack-years) and nonsmokers (177 [88%]),

Lavernia et al. [34] found that despite being younger and

having fewer comorbidities, smokers had longer surgical

and anesthesia times and higher charges adjusted for age

and procedure. Previous smokers had better short-term

outcomes than current smokers, indicating a benefit to

smoking abstinence before joint replacement. In contrast,

our data did not reveal a difference between current and

previous smokers in terms of survival of the acetabular

component. Møller et al. [45], in a study of the effects of

smoking on early complications after elective orthopaedic

surgery in 811 patients undergoing THA or TKA, found

smoking was the single most important risk factor for

development of postoperative complications resulting in

delay of discharge, particularly wound-related, cardiopul-

monary, and need for intensive care. There were 232 (29%)

current smokers with 35 average pack-years (± 17; range,

1–101 pack-years). The 579 (71%) nonsmokers included

125 prior smokers and 454 who never smoked. For patients

requiring prolonged hospitalization ([ 15 days), there was

a greater than twofold proportion of smokers versus non-

smokers with wound complications. Tobacco use

reportedly increases the risk of postoperative complica-

tions: in a study of 3309 patients undergoing primary THA

the risk of postoperative complications was increased by

43% for previous versus nonusers, by 56% for current

versus nonusers, and by 121% for heavy users ([40 pack-

years) versus nonusers [56]. AbdelSalam et al. [1] reviewed

22,343 primary and revision THA and TKA cases per-

formed between 1999 through 2008 and examined

predictors of intensive care unit (ICU) admission after total

joint arthroplasty. One hundred thirty admissions were

identified and matched to 260 (two times) control subjects

for comparison. The greatest independent risk factor was

having ever smoked with an incidence of 38% in those

requiring ICU admission versus 5.4% in control subjects

for an odds ratio of 65.13. Finally, a study of the effect of
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smoking on short-term outcomes in 33,336 veterans

undergoing primary THA or TKA [61] found current

smokers were more likely than nonsmokers to have sur-

gical site infection (odd ratio, 1.41), pneumonia (odds ratio,

1.53), stroke (odds ratio, 2.61), and 1-year mortality (odds

ratio, 1.63). Prior smokers were more likely than never

smokers to have pneumonia (odds ratio, 1.34), stroke (odds

ratio, 2.14), and urinary tract infection (odds ratio, 1.26).

The primary author [60] also performed a meta-analysis of

smoking and outcomes after hip and knee arthroplasty,

reviewing 21 studies. Both current and former smokers had

an increased risk of postoperative complications and peri-

operative death after arthroplasty.

Osteointegration of orthopaedic implants involves a

coordinated, complex cascade of events similar to those

that occur during fracture repair and likewise adversely

affected by smoking [2, 10, 14, 63, 65]. One study spe-

cifically reported a link between smoking and increased

risk for aseptic loosening after primary THA with unce-

mented porous cups in all cases and cemented stems in

61% [43]. In 147 patients (165 hips), 21% were current

smokers and 79% were nonsmokers. There were eight of

68 (12%) cups or stems revised for aseptic loosening in

smokers compared with only five of 262 (2%) in non-

smokers for a 4.5-fold greater risk in smokers (p = 0.0012).

In our study, a higher rate of aseptic loosening was

observed in prior smokers (p = 0.015), whereas current

smokers had a higher rate of failure secondary to infection

(p = 0.003).

Several studies have reported that smoking leads to

higher rates of wound infection after surgery [2, 22, 30,

64–66] with both transient and prolonged effects. The

leading cause of failure in our study was SSI (3% overall)

with an 8% incidence in current smokers compared with

4% in prior smokers and 2% in nonsmokers. Similarly, in a

systematic review across surgical specialties to clarify

evidence on smoking and postoperative healing complica-

tions, analysis of 140 studies involving 479,150 patients

revealed an odds ratio of 1.8 for SSI for smokers compared

with nonsmokers [64]. The same study also reviewed four

randomized controlled trials of smoking cessation inter-

vention and observed a reduction in SSIs (odds ratio, 0.4)

with cessation but not in other healing complications. We

found the incidence of infection was lower for patients who

never smoked compared with prior and current smokers but

the difference between prior and current smokers was not

significant with the numbers available.

Ultraporous metal technology offers the advantages of

improved mechanical stability, enhanced fixation, osteo-

conductivity, and the ability to allow vascularized bone

ingrowth [3, 6–8, 59, 72]. Despite these benefits, smoking,

both current and prior, appears to be a risk factor for early

failure in complex primary and revision THA using

ultraporous metal acetabular components. Long-term fol-

lowup is recommended in addition to well-documented

radiographic evaluation of patient status. Quitting smoking

can effectively reduce some inherent risks following THA

but not eliminate them. While we continue to recommend

preoperative discussion of smoking cessation to decrease

incidence of complications and improve recovery and

overall quality of life, we found no improvement in implant

survival for prior smokers compared with current smokers.

This suggests earlier efforts to further educate and dis-

courage young people from taking up the harmful and

addictive habit of smoking tobacco would be ideal.
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Wentzensen A, Grützner PA, Zimmermann G. Cigarette smoking

decreases TGF-b1 serum concentrations after long bone fracture.

Injury. 2010;41:1020–1025.

45. Møller AM, Pederson T, Villebro N, Munksgaard A. Effect of

smoking on early complications after elective orthopaedic sur-

gery. J Bone Joint Surg Br. 2003;85:178–181.

46. Møller AM, Villebro N, Pederson T, Tønnesen H. Effect of

preoperative smoking intervention on postoperative complica-

tions: a randomized clinical trial. Lancet. 2002;359:114–117.

47. Myles PS, Iacono GA, Hunt JO, Fletcher H, Morris J, McIlroy D,

Fritchsi L. Risk of respiratory complications and wound infection

in patients undergoing ambulatory surgery: smokers versus non-

smokers. Anesthesiology. 2002;97:842–847.

48. Nakashima Y, Mashima N, Imai H, Mitsugi N, Taki N, Mochida

Y, Owan I, Arakaki K, Yamamoto T, Mawatari T, Motomura G,

Ohishi M, Doi T, Kanazawa M, Iwamoto Y. Clinical and radio-

graphic evaluation of total hip arthroplasties using porous

tantalum modular acetabular components: 5-year follow-up of

clinical trial. Mod Rheumatol. 2012 Mar 7 [Epub ahead of print].

49. Nehme A, Lewallen DG, Hanssen AD. Modular porous metal

augments for treatment of severe acetabular bone loss during

496 Lombardi Jr et al. Clinical Orthopaedics and Related Research1

123



revision hip arthroplasty. Clin Orthop Relat Res. 2004;429:

201–208.

50. Paprosky WG, O’Rourke M, Sporer SM. The treatment of ace-

tabular bone defects with an associated pelvic discontinuity. Clin
Orthop Relat Res. 2005;441:216–220.

51. Paprosky WG, Perona PG, Lawrence JM. Acetabular defect

classification and surgical reconstruction in revision arthroplasty.

J Arthroplasty. 1994;9:33–44.

52. Pierannunzii L, Mambretti A, D’Imporzano M. Trabecular metal

cup without augments for acetabular revision in case of extensive

bone loss and low bone-prosthesis contact. Int J Immunopathol
Pharmacol. 2011;24(Suppl 2):133–137.

53. Porter SE, Hanley EN Jr. The musculoskeletal effects of smok-

ing. J Am Acad Orthop Surg. 2001;9:9–17.

54. Ramappa M, Bajwa A, Kulkarni A, McMurtry I, Port A. Early

results of a new highly porous modular acetabular cup in revision

arthroplasty. Hip Int. 2009;19:239–244.

55. Rose PS, Halasy M, Trousdale RT, Hanssen AD, Sim FH, Berry

DJ, Lewallen DG. Preliminary results of tantalum acetabular

components for THA after pelvic radiation. Clin Orthop Relat
Res. 2006;453:195–198.

56. Sadr Azodi O, Bellocco R, Eriksson K, Adami J. The impact of

tobacco use and body mass index on the length of stay in hospital

and the risk of postoperative complications among patients

undergoing total hip replacement. J Bone Joint Surg Br. 2006;

88:1316–1320.

57. Siegmeth A, Duncan CP, Masri BA, Kim WY, Garbuz DS.

Modular tantalum augments for acetabular defects in revision hip

arthroplasty. Clin Orthop Relat Res. 2009;467:199–205.

58. Silverstein P. Smoking and wound healing. Am J Med.

1992;93:22S–24S.

59. Simon JP, Bellemans J. Clinical and radiological evaluation of

modular trabecular metal acetabular cups. Short term results in 64

hips. Acta Orthop Belg. 2009;75:623–630.

60. Singh JA. Smoking and outcomes after knee and hip arthroplasty:

a systemic review. J Rheumatol. 2011;38:1824–1834.

61. Singh JA, Houston TK, Ponce BA, Maddox G, Bishop M,

Richman J, Campagna EJ, Henderson WG, Hawn MT. Smoking

as a risk factor for short-term outcomes following primary total

hip and total knee replacements in veterans. Arthritis Care Res
(Hoboken). 2011;63:1365–1374.
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