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Abstract

Background Total hip arthroplasty (THA) is often per-

formed in patientswho are older andmay take bisphosphonates

to treat a variety of conditions, most commonly osteoporosis.

However, the clinical effects of bisphosphonate use on patients

who have undergone THA are not well described.

Questions/purposes (1) Is bisphosphonate use in patients

with osteoarthritis undergoing primary THA associated

with a change in the risk of all-cause revision, aseptic

revision, or periprosthetic fracture compared with patients

not treated with bisphosphonates? (2) Does the risk of

bisphosphonate use and revision and periprosthetic fracture

vary by patient bone mineral density and age?

Methods A retrospective cohort study of 12,878 THA

recipients for the diagnosis of osteoarthritis was conducted;

17.8%of patientswere bisphosphonate users.Data sources for

this study included a joint replacement registry (93% volun-

tary participation) and electronic health records and an

osteoporosis screening database with complete capture of

cases as part of the Kaiser Permanente integrated healthcare

system. The endpoints for this study were revision surgery for

any cause, aseptic revision, and periprosthetic fracture. The

exposure of interest was bisphosphonate use; patients were

considered users if prescriptions were continuously refilled

for a period equal to or longer than 6 months. Bone quality

(based on dual-energy x-ray absorptiometery ordered based

on the National Osteoporosis Foundation’s clinical guidelines

taken within 5 years of the THA) and patient age (\ 65 ver-

sus C 65 years) were evaluated as effect modifiers. Patient,

surgeon, and hospital factors were evaluated as confounders.

Cox proportional hazards models were used. Hazard ratios

(HRs) and 95% confidence intervals (CIs) were determined.

Results Age- and sex-adjusted risks of all-cause (HR,

0.50; 95% CI, 0.33–0.74; p\ 0.001) and aseptic revision
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(HR, 0.53; 95% CI, 0.34–0.81; p = 0.004) was lower in

bisphosphonate users than in nonusers. The adjusted risk of

periprosthetic fractures in patients on bisphosphonates was

higher than in patients not on bisphosphonates (HR, 1.92;

95% CI, 1.13–3.27; p = 0.016). Lower risks of all-cause

revision and aseptic revision were observed in patients with

osteopenia (HR, 0.49; 95% CI, 0.29–0.84; and HR, 0.53;

95% CI, 0.29–0.99, respectively) and osteoporosis (HR,

0.22; 95% CI, 0.08–0.62; and HR, 0.33; 95% CI, 0.11–

0.99, respectively).

Conclusions Patients considered bisphosphonate users

who underwent THA had a lower risk for revision surgery.

Bisphosphonate use was associated with a higher risk of

periprosthetic fractures in younger patients with normal

bone quantity. Evaluation of bone quality and bis-

phosphonate use for the diagnosis of osteoporosis is

encouraged in patients with osteoarthritis who are candi-

dates for primary THA. Further research is required to

determine the optimal duration of therapy because long-

term bisphosphonate use has been associated with atypical

femur fractures.

Level of Evidence Level III, therapeutic study.

Introduction

Failure of implant fixation after THA can lead to pain,

morbidity, and revision surgery. Inadequate quantity or

quality of the supporting bone can contribute to THA

failure, including aseptic loosening and periprosthetic

fracture [27, 28]. Multiple studies have evaluated the effect

of bisphosphonate use on bone mineral density (BMD)

surrounding THA devices [1, 2, 5, 12, 15, 16, 29, 32, 37,

38]. All the studies focused on the short-term effect of a

single antiosteoporotic agent on the BMD surrounding the

implant. Most studies showed a positive effect with less

bone loss compared with a placebo.

To our knowledge, three studies have examined fracture

risk and revision arthroplasty after the use of bisphospho-

nates in patients who had undergone THA and TKA [27,

28, 31]. Although the studies revealed a lower risk of

fracture and revision surgeries, it may be difficult to gen-

eralize these results because the samples were relatively

homogenous populations and none of the studies quantified

the degree of preoperative osteoporosis in the populations

studied.

The purpose of our investigation was to determine if

bisphosphonate use in patients undergoing primary THA

was associated with a change in the risk of all-cause re-

vision, aseptic revision, or periprosthetic fracture compared

with patients not treated with bisphosphonates. Further-

more, we studied the risk of revision and periprosthetic

fracture stratified by patient BMD and age.

Patients and Methods

A retrospective study, from April 2001 to December 2010,

was conducted. Three data sources from Kaiser Perma-

nente (KP) Southern California (KPSC), a large integrated

healthcare system, were used to conduct the study.

All patients who underwent primary elective THA and

were aged[ 40 years [28] with the primary diagnosis of

osteoarthritis treated between April 2001 and December

2010 in the Southern California region of KP were in-

cluded in the study (N = 12,878). During the course of the

study, membership in the region was approximately three

million people.

The main exposure of interest in our study was the use

of bisphosphonate medication. Bisphosphonate use was

determined similarly to the criteria reported by Prieto-

Alhambra et al. [28]. Patients were considered bis-

phosphonate users if they (1) had not had a revision

procedure and had filled at least two medication prescrip-

tions (each with three refills) at any time during the study

period, indicating a minimum of 6 months of treatment

with high adherence; and (2) had a revision and had been

prescribed the medication for at least 6 months (two con-

tinuous prescriptions each with three refills) with high

adherence 6 months before the revision. High adherence

was defined as medication possession more than 80% of

the time (proportion of days between first and last pre-

scription). Nonusers were patients who never had a

prescription (from 2001 to 2010) or had a prescription only

after their revision procedure or were partial users (had less

than two prescriptions and less than 6 months of treatment

or medication possession less than 80% of the time as

previously defined).

The main endpoint of our study was revision for any

reason after the index THA. A revision procedure was

defined as any procedure in which at least one component

was replaced. Secondary outcomes of our study were

aseptic revision and periprosthetic fracture. Aseptic revi-

sion was defined as a revision for any reason other than

infection. Periprosthetic fracture was defined as an ipsi-

lateral femur fracture, which could have been treated

operatively or nonoperatively. Periprosthetic fracture in-

formation was available from 2005 to 2010 for the study

and therefore became the denominator of the subanalysis

(n = 9505).

Patient bone quantity within 5 years of the index op-

eration and age at the time of the index operation

(\ 65 years old versus C 65 years old) were investigated

as possible effect modifiers [9]. This age categorization

was chosen because the National Osteoporosis Founda-

tion’s clinical guidelines recommend dual-energy x-ray

absorptiometry (DEXA) scan on all women aged[ 65

years and for men aged 70 years or more [22]. Age,
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therefore, became the indication for measuring bone

quantity and we elected to include this in our analysis.

Bone mineral density was measured by means of a DEXA

scan obtained at any time within 5 years of the primary

THA and categorized by T scores (World Health Organi-

zation criteria for osteoporosis: normal, osteopenia,

osteoporosis) [36].

Patient characteristics investigated as possible con-

founders included sex, age, body mass index, American

Society of Anesthesiologists score, race, and diabetic sta-

tus. Other factors evaluated as possible confounders

included type of implant fixation (cemented versus unce-

mented versus hybrid), surgeon (\ 10 versus 10–49 versus

50+ cases performed/year), and hospital (\ 100 versus

100–200 versus 200+ cases/year) annual mean volume and

surgeon arthroplasty fellowship training.

Data from the three KPSC data sources were linked

using unique patient identifiers that the organization

assigns to its members.

The Kaiser Permanente Total Joint Replacement Reg-

istry (KPTJRR) was used to identify our study sample and

implant longevity (all-cause and aseptic revisions) [23].

Data collection procedures, coverage, participation rate,

and data and tools available from the KPTJRR have been

published [23, 25, 26]. Briefly, the KPTJRR collects in-

traoperative information on all arthroplasty surgeries from

the surgeon. In addition, patient-, surgeon-, and medical

center-specific information is collected by the KPTJRR

using other data sources within KP (eg, electronic medical

records [EMRs], Diabetes Registry, Geographically

Enriched Member Sociodemographics, institutional mem-

bership and mortality, administrative claims data).

Arthroplasty outcomes (ie, revision procedures, surgical

site infections, and thromboembolic events) are prospec-

tively ascertained by the KPTJRR using electronic

screening algorithms of the EMR and administrative claims

data in combination with a chart review of cases to confirm

the event. The registry covers eight US geographic regions

and reported a 93% participation rate for patients who

underwent THA in 2010 [26]. Loss to followup in our

cohort was 10%. Most outside (non-KP) hospital admis-

sions will be repatriated to a KP facility before surgical

intervention, thereby assuring full capture of revision sur-

gery and periprosthetic fracture management in patients

who are current members.

The second source for our study was the KP EMR. The

pharmacy module, which captures all medications prescribed

and dispensed within KP, was used to determine bisphospho-

nate use of patients within the cohort. We identified all

medication orders for risedronate sodium, alendronate sodium,

ibandornate sodium, alendronate-sodium-cholecalciferol, eti-

dronate disodium, and zoledronic acid written and dispensed

during the study period. The inpatient and outpatient modules

of the EMR were used to identify periprosthetic fractures

(using the International Classification of Diseases, 9th Revi-

sion codes 820-821, 996.44, and 733.10, 733.14, 733.15,

733.19, 733.96, 733.9).

The KPSC ‘‘Healthy Bones Database,’’ which tracks

periprosthetic fractures and DEXA scan results of members

of the KPSC healthcare system, was the third source used

for our study. Details on this data source and its processes

have been published [9, 10, 14].

Means, SDs, medians, interquartile ranges, frequencies,

and proportions were used to describe the study sample.

Cumulative crude incidence of all-cause revision, aseptic

revision, and periprosthetic fractures was also calculated by

bisphosphonate user status. Survival estimates were ob-

tained from life tables. Cox proportional hazards models

were used to estimate the risk of all-cause revision, aseptic

revision, and periprosthetic fractures along with the use of

bisphosphonates. Proportional hazard assumptions were

evaluated using survival function compared with survival

time graphs. Hazard ratios (HRs) and 95% confidence in-

tervals (CIs) were determined as were Wald chi square test

p values. Regression adjustment was used and variables (ie,

age, gender) were considered confounders if they changed

the risk estimation by at least 20% and were significantly

associated with the outcome. Collinearity was evaluated

and tolerance values less than 0.1 were set as the threshold.

Models for each of the outcomes were created along with

models stratified by patient age category (\ 65 ver-

sus C 65 years old) and DEXA scan status (no DEXA,

normal DEXA, DEXA with osteopenia, DEXA with os-

teoporosis) per a priori hypotheses. Sensitivity analyses,

using propensity score stratification adjustment, were

conducted to determine if confounding was properly ad-

dressed using chosen models (data not shown). Missing

data were handled using multiple imputation with 10 im-

puted data sets; the imputation model consisted of all

exposure variables in the particular analysis model being

used, additional covariates that included the event indicator

for revision, and the Nelson-Aalen estimator of the cu-

mulative baseline hazard at the event or censored survival

time for each individual [21, 35]. The variable with highest

proportion of missing data was race (8%; Table 1). SAS

(Version 9.2; SAS Institute, Cary, NC, USA) was used to

analyze the data and a = 0.05 was set as the threshold for

statistical significance.

A sample of 12,878 patients who underwent primary

THA fit our study criteria. The majority of patients were

women (57.6%, n = 7416), older than 65 years (58.3%,

n = 7510), and white (68.5%, n = 8817). Of the sample,

17.8% (n = 2292) patients met criteria for bisphospho-

nate users and the majority of the cohort (61.1%,

n = 7873) had a DEXA scan within 5 years of their

primary THA. There were different age, sex, race, body
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mass index, American Society of Anesthesiologists, dia-

betes, fixation, and DEXA scan use distributions between

patients considered bisphosphonate users and those who

were not users (Table 1).

During the study period, 10% of patients (1288) were

lost to followup, 1153 (11% out of 10,586) of the nonbis-

phosphonate group and 135 of the (6% out of 2292) the

bisphosphonate users. Of the total cohort (N = 12,878),

Table 1. Study sample characteristics by bisphosphonate user status

Characteristics Total sample Bisphosphonate user

No Yes

Number (%) Number (%) Number (%)

Total 12,878 100.0 10,586 82.2 2292 17.8

Age category (years)

\ 65 5368 41.7 4967 46.9 401 17.5

C 65 7510 58.3 5619 53.1 1891 82.5

Sex

Women 7416 57.6 5443 51.4 1973 86.1

Men 5461 42.4 5142 48.6 319 13.9

Race

White 8817 68.5 7115 67.2 1702 74.2

Hispanic 1234 9.6 1008 9.5 226 9.9

Black 1209 9.4 1088 10.3 121 5.3

Asian 322 2.5 220 2.1 102 4.5

Other/multi 219 1.7 188 1.8 31 1.4

Unknown 1077 8.4 967 9.1 110 4.8

BMI category (kg/m2)

\ 30 7290 56.6 5561 52.5 1729 75.4

30–35 3176 24.7 2813 26.6 363 15.8

C 35 2125 16.5 1950 18.4 175 7.6

Unknown 287 2.2 262 2.5 25 1.1

ASA score category

1 and 2 7771 60.3 6466 61.1 1305 56.9

C 3 4788 37.2 3850 36.4 938 41.0

Unknown 319 2.5 270 2.6 49 2.1

Diabetes 2829 22.0 2397 22.7 432 18.8

Procedure fixation

Cemented 76 0.6 59 0.6 17 0.7

Cementless 10,001 77.7 8436 79.7 1565 68.3

Hybrid 1834 14.3 1293 12.2 541 23.6

Unknown 967 7.5 798 7.5 169 7.4

DEXA scan status and results

No Scan 5005 39.0 4700 44.4 305 13.4

Normal 3700 28.9 3428 32.4 272 11.8

Osteopenia 3128 24.4 2165 20.5 963 42.0

Osteoporosis 1045 8.2 293 2.8 752 32.8

Mean ± SD Mean ± SD Mean ± SD

Age (years) 66.7 10.4 65.4 10.3 72.8 8.7

BMI (kg/m2)* 29.5 5.9 30.1 5.8 26.7 5.3

* Missing data: BMI (n = 287 [2.2%]), sex (n = 1 [\ 0.1%]); BMI = body mass index; ASA = American Society of Anesthesiologists;

DEXA = dual-energy x-ray absorptiometry.
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814 patients (6%) died, 6% (n = 660 of 10,586) of the

nonbisphosphonate group and 7% (n = 154 of 2292) of the

bisphosphonate users.

Results

Association of Bisphosphanate Use With Revision and

Periprosthetic Fracture

Age- and sex-adjusted risks of all-cause revision (HR, 0.50;

95% CI, 0.33–0.74; p\ 0.001) and aseptic revision (HR,

0.53; 95% CI, 0.34–0.81; p = 0.004) were lower in bis-

phosphonate users than in nonusers. The adjusted risk of

periprosthetic fractures in patients on bisphosphonates was

higher than in patients not on bisphosphonates (HR, 1.92;

95% CI, 1.13–3.27; p = 0.016; Table 2). At 8 years post-

THA, the overall survival probability (all-cause revision)

was 97% (95% CI, 96%–97%) and aseptic revision sur-

vival was 97% (95% CI, 97%–98%). At 5.7 years post-

THA, the periprosthetic fracture survival-free rate was 99%

(95% CI, 98%–99%; Table 3).

BMD and Age-specific Association of Bisphosphanate

Use With Revision and Periprosthetic Fracture

Overall, age- and sex-adjusted risks of all-cause revision

were only observed in patients aged 65 years and older

when stratified by age (HR, 0.48; 95% CI, 0.31–0.74). In

patients without DEXA scans or with normal scans, risk

of all-cause revision was not different between bis-

phosphonate users and nonusers. For older patients with a

diagnosis of osteopenia who were on bisphosphonates,

HR for all-cause revision was 0.51 (95% CI, 0.27–0.95),

the same HR in patients who did not take bisphospho-

nates. In patients with osteoporosis, risk of all-cause

revision in bisphosphonate users was 0.11 (95% CI, 0.01–

0.88); that of nonbisphosphonate users younger than age

65 years; and 0.24 (95% CI, 0.08–0.76) in patients

65 years old and older compared with nonbisphosphonate

users (Table 2).

Overall, adjusted aseptic risk of revision was also

lower in bisphosphonate users in the 65-year-old and

older group (HR, 0.47; 95% CI, 0.29–0.76). In patients

with osteopenia, risk of aseptic revision was slightly

lower in bisphosphonate users (HR, 0.53; 95% CI, 0.29–

0.99). For patients with osteoporosis, risk of aseptic re-

vision was slightly lower for patients on bisphosphonates

(HR, 0.33; 95% CI, 0.11–0.99). In patients with either

osteopenia or osteoporosis, the hazard of events was not

different by age groups for patients on bisphosphonates or

not (Table 2).

Overall, in patients\ 65 years old, bisphosphonate

users had a slightly higher adjusted risk of periprosthetic

fracture (HR, 4.55; 95% CI, 1.05–19.60) compared with

nonusers, but this was not different in patients 65 years old

and older (HR, 1.65; 95% CI, 0.98–2.78). In patients with

normal DEXA scans, the only difference was observed in

patients aged\ 65 years old on bisphosphonates who had

an HR of 32.69 (95% CI, 2.65–403.7) of fracture compared

with same-aged patients not on bisphosphonates. No dif-

ferences were observed in risk of fracture for patients with

osteopenia or osteoporosis treated with bisphosphonates.

All risk estimations were consistent with those from

models using propensity score stratification.

Discussion

Patients who are candidates for primary THA for the

diagnosis of osteoarthritis are commonly older with

comorbid conditions including osteoporosis. Bisphospho-

nate therapy has been used successfully in the management

of osteoporosis but has not been extensively studied for its

effects on patients undergoing primary THA including

revision and periprosthetic fracture risk. Bisphosphonate

use was associated with a lower risk for all-cause and

aseptic revision in patients undergoing primary THA for

osteoarthritis. However, the use of bisphosphonates was

associated with a higher risk of periprosthetic fractures in

younger patients with normal BMD.

Limitations of our study included the lack of indication

for bisphosphonate use in patients with normal BMD or in

patients who did not receive a DEXA scan. There were 305

patients without a DEXA scan and 272 patients with nor-

mal BMD who received bisphosphonate therapy in this

cohort. It is common at our institutions to initiate bis-

phosphonates in patients receiving long-term steroids,

regardless of DEXA score. Loss to followup in our cohort

(10%) was another limitation. Patients lost to followup

could have been revised or sustained a fracture. This

concern was mitigated by the number of patients in the

bisphosphonate user group, whose attrition was lower than

that in the nonuser group (5.9% versus 10.9%), making our

estimations of risk of revision likely more conservative.

Conversely, we may have overestimated risk of peripros-

thetic fracture in patients who were not on bisphospho-

nates. However, the proportion of cases is small and it is

very unlikely this proportion would have had an effect on

our estimations. Of note, the data on periprosthetic fracture

outcomes were based on a smaller cohort of patients; fewer

events occurred and therefore uncertainty (ie, wide CIs)

surrounds our estimates. We acknowledge that there may

have been changes in patient BMD from the time of the

DEXA scan to actual THA; however, this time period has
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Table 2. Adjusted risk of all-cause revision, aseptic revision, and periprosthetic fractures for bisphosphonates users compared with nonusers,

overall and by 5-year DEXA scan bone quality assessment

Age category (years) HR* 95% CI p value

All-cause revisions

Overall All 0.50 0.33–0.74 \ 0.001

\ 65 0.57 0.25–1.34 0.199

C 65 0.48 0.31–0.74 0.001

No DEXA scans All 0.79 0.26–2.43 0.679

\ 65 2.55 0.56–11.55 0.225

C 65 0.55 0.11–2.66 0.456

DEXA: normal All 0.41 0.13–1.31 0.132

\ 65 – – –

C 65 0.56 0.17–1.78 0.325

DEXA: osteopenia All 0.49 0.29–0.84 0.010

\ 65 0.44 0.14–1.39 0.161

C 65 0.51 0.27–0.95 0.035

DEXA: osteoporosis All 0.22 0.08–0.62 0.004

\ 65 0.11 0.01–0.88 0.038

C 65 0.24 0.08–0.76 0.016

Aseptic revisions

Overall All 0.53 0.34–0.81 0.004

\ 65 0.77 0.32–1.83 0.555

C 65 0.47 0.29–0.76 0.002

No DEXA scans All 1.22 0.39–3.80 0.735

\ 65 3.39 0.74–15.64 0.117

C 65 0.96 0.20–4.71 0.958

DEXA: normal All – – –

\ 65 – – –

C 65 – – –

DEXA: osteopenia All 0.53 0.29–0.99 0.045

\ 65 0.62 0.19–2.05 0.437

C 65 0.50 0.23–1.06 0.071

DEXA: osteoporosis All 0.33 0.11–0.99 0.049

\65 0.50 0.05–5.43 0.570

C65 0.31 0.10–1.00 0.051

Periprosthetic fracture�

Overall All 1.92 1.13–3.27 0.016

\ 65 4.55 1.05–19.6 0.043

C 65 1.65 0.98–2.78 0.061

No DEXA scans All 2.32 0.28–19.3 0.437

\ 65 – – –

C 65 2.60 0.47–14.50 0.277

DEXA: normal All 4.11 0.70–23.98 0.117

\ 65 32.69 2.65–403.7 0.007

C 65 2.04 0.21–19.4 0.536

DEXA: osteopenia All 0.88 0.39–1.98 0.753

\ 65 1.36 0.21–8.65 0.746

C 65 0.78 0.32–1.88 0.576
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been previously used and our methodology was thus con-

sistent with published data [28]. There may be a further

change in BMD after initiation of a bisphosphonate but that

change tends to be only 3% to 5%, even after 3 years of

bisphosphonate treatment, and not likely to affect DEXA

scores significantly [8]. The definition of bisphosphonate

user included high adherence and use for a minimum of

6 months, which did not fully account for dose, duration,

and patient compliance to bisphosphonate use in all

patients. The definition, however, was consistent in patients

who underwent revision or sustained a fracture and those

who did not. The definition was used to replicate the

methodology of a previously published study to allow for

comparison [28]. Additionally, although our analysis

evaluated and adjusted for available confounders, there

were other potential confounders such as smoking and

steroid use that we were not able to investigate. We tried,

partially, to address the lack of steroid use information by

excluding patients with any surgical indication other than

osteoarthritis. Finally, multiple individual bisphosphonate

agents were grouped as a class of drug while each agent has

its own side effects. We did not evaluate the other possible

side effects of these individual agents.

Aseptic loosening has been described as a major cause

for revision after THA at long-term followup [4, 24]

Aseptic loosening of THA includes multiple pathways,

including osteolysis and mechanical failure of fixation [7].

Osteolysis is a result of macrophage-induced activation

of osteoclast production and inhibition of osteoblast

formation [34]. Stiffness mismatch between implant and

host bone can also lead to stress shielding, which results in

disuse osteopenia and can lead to fracture or implant

loosening [7]. Finally, THAs are performed, in large part,

on older patients and female patients [24], patient groups

also at higher risk for primary osteopenia and osteoporosis

[10].

Antiosteoporotic agents have been introduced to reduce

bone mineral loss [6]. Bisphosphonates have been

evaluated with regard to prevention of bone loss sur-

rounding THA implants in multiple studies [1, 2, 12, 15,

16, 37, 38]. The ability to help prevent bone loss sur-

rounding THA implants suggests a clinically relevant tool

for prevention of osteolysis and stress shielding around

these devices and, ultimately, implant failure and revision

surgery.

Prieto-Alhambra et al. evaluated patients undergoing

primary THA and TKA in the United Kingdom and found

bisphosphonate use to have a strongly protective effect on

implant survival [28]. The effect was more pronounced in

TKA than THA and was more pronounced in patients with

the diagnosis of osteoarthritis. In a Danish cohort study,

Thilleman et al. evaluated patients undergoing THA with a

diagnosis of osteoporosis or prior osteoporotic fracture

[31] and reported a reduction in risk of all-cause revision

when bisphosphonates were used long term (more than

240 days). However, they also reported an increased risk of

deep infection with bisphosphonate use. Their study in-

cluded patients with the diagnosis of rheumatoid arthritis.

Table 2. continued

Age category (years) HR* 95% CI p value

DEXA: osteoporosis All 1.22 0.35–4.28 0.758

\ 65 – – –

C 65 1.23 0.35–4.37 0.744

* All models were adjusted for age and gender. No other variables were found to be confounders; �models overall N = 9505, denominator for

procedures from 2005 onward. Denotes estimations could not be calculated as a result of the small sample size or small number; DEXA = dual-

energy x-ray absorptiometry; HR = hazard ratio; CI = confidence interval.

Table 3. Cumulative crude incidence of all-cause revision, aseptic revision, and periprosthetic fractures by bisphosphonate users

Outcome Total sample Bisphosphonate user

No Yes

Number Percent Number Percent Number Percent

12,878 100.0 10,586 82.2 2292 17.8

All-cause revision 259 2.0 230 2.2 29 1.3

Aseptic revision 191 1.5 168 1.6 23 1.0

Periprosthetic fracture* 57 0.6 33 0.4 24 1.4

* Denominator for periprosthetic fractures from 2005 onward (n = 9505; mean followup time = 2.5 ± 1.7 years); time from arthroplasty to

fracture = 1.5 ± 1.7 years.
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Neither Prieto-Alhambra et al. nor Thillerman et al.

evaluated the effect of bisphosphonates on periprosthetic

fractures that did not lead to revision surgery [31].

Lower risk of all-cause revision and aseptic revision in

patients using bisphosphonates was observed in our study,

consistent with earlier studies [28, 31]. Our study stratified

patients of normal bone density, osteopenia, and osteo-

porosis as well as age, revealing that the benefits of

bisphosphonate use were even more pronounced in patients

with initially lower BMD. Furthermore, after stratifying by

bone density, older patients were found to benefit more

than younger patients from the use of bisphosphonates.

Patient, implant, surgeon, and facility/hospital factors

were also evaluated as potential confounders. A pertinent

negative finding was the lack of influence of implant

fixation type on revision surgery. We investigated whether

cement was a potential confounder of the association of

bisphosphonate use and risk of revision and periprosthetic

fracture using the somewhat standard/conservative proce-

dure of adding it to the survival model and determining

whether it changed the risk estimations (of bisphosphonate

and the outcomes evaluated) by at least 20% and was

significantly associated with the outcome (p\ 0.05).

Although cemented fixation of the femoral stem has been

shown to reduce revision rates and periprosthetic fractures

in elderly patients in other studies, our analysis revealed

that cement fixation did not affect the relationship of bis-

phosphonate use and risk of all cause revision, aseptic

revision, or periprosthetic fracture [19, 30, 33].

Periprosthetic fracture rates in primary THA recipients

have been reported as high as 1.1% in a large US cohort [3]

and 0.64% at 10 years by the Swedish hip register [18], which

are comparable to our cohort estimates (0.6%). We have not

found studies that specifically evaluated the risk of peripros-

thetic fracture in bisphosphonate users compared with

nonusers, although osteoporosis has been postulated as an

explanation for this mode of failure [18]. Risk of peripros-

thetic fracture was higher in patients undergoing THA who

had normal BMD and used bisphosphonates. In patients with

either osteopenia or osteoporosis, bisphosphonate use was not

found to be associated with a higher risk of fracture.

Bisphosphonates are known to accumulate in the bone

and have effects for years [11], leading to lack of bone

turnover through osteoclastic and osteoblastic activity in-

hibition [20]. Clinically, the loss of bone turnover and

subsequent increased risk of femur fracture have been

noted in prolonged bisphosphonate users and in younger,

more active patients as atypical femur fractures [11, 13].

As such patients comprised a small group in our study, and

our estimations had a great deal of uncertainty (wide CIs);

further investigation is warranted.

A strength of our study was its large and representative

patient sample [17]. Additionally, our ability to combine

clinical, pharmacologic, and radiographic data for such a

large sample was unique, and the capacity to link this in-

formation in our integrated healthcare system, where all

patients have unique patient identifiers, minimized the bias

involved with collecting and merging data from several

sources. In summary, we found that bisphosphonate use

was associated with a lower risk for all-cause and aseptic

revision in patients undergoing primary THA for os-

teoarthritis. This lower risk was most pronounced in older

and more osteoporotic patients. Bisphosphonate use was

associated with a higher risk of periprosthetic fractures in

younger patients with normal BMD, although this asso-

ciation had wide CIs and the indication for bisphosphonate

use in these young patients with normal BMD was un-

known. Evaluation of patients for prospective THA with

DEXA scan and appropriate treatment of osteoporosis with

bisphosphonates may be associated with a lower risk of

revision surgery. The duration of bisphosphonate treatment

remains to be determined. Care must be taken in pre-

scribing bisphosphonates to younger patients (\ 65 years

old) with normal BMD as a result of the possible higher

risk of fracture. Further research is required to determine

optimal duration of therapy because long-term bis-

phosphonate use has been associated with atypical femur

fractures.
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