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Abstract
Introduction  Reduced bone mineral density (BMD) and disruption of normal bony architecture are the characteristics of 
osteopenia and osteoporosis and in patients undergoing total hip arthroplasty (THA) may cause failure of trabecular ingrowth. 
The purpose of this study is to evaluate the impact of reduced BMD on outcomes following primary elective THA.
Methods  A retrospective chart review of 650 elective THAs with a DEXA scan in their electronic health record (EHR) 
from 2011 to 2020 was conducted at an urban, academic center and a regional, health center. Patients were separated into 
three cohorts based on their t-score and the World Health Organizations definitions: normal (t-score ≥ − 1), osteopenia 
(t-score < − 1.0 and > − 2.5), and osteoporosis (t-score ≤ − 2.5). Demographic and outcome data were assessed. Subsidence 
was assessed for patients with non-cemented THAs. Regression models were used to account for demographic differences.
Results  650 elective THAs, of which only 11 were cemented, were included in the study. Patients with osteopenia and osteo-
porosis were significantly older than those without (p = 0.002 and p < 0.0001, respectively) and had a lower BMI (p < 0.0001 
and p < 0.0001, respectively). PFx was significantly greater in patients with osteoporosis when compared to those with normal 
BMD (6.5% vs. 1.0%; p = 0.04). No such difference was found between osteoporotic and osteopenic patients. The revision 
rate was significantly higher for osteoporotic patients than osteopenic patients (7.5% vs. 1.5%; p = 0.04). No such difference 
was found between the other comparison groups.
Conclusion  Patients with osteoporosis were older with reduced BMI and had increased PFx after non-cemented elective 
THA. Understanding this can help surgeons formulate an appropriate preoperative plan for the treatment of patients with 
osteoporotic bone undergoing elective THA.
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Introduction

Osteopenia and osteoporosis are two of the most prevalent 
orthopedic disorders affecting patients undergoing THA [1]. 
These conditions are classified as having reduced bone min-
eral density (BMD) and disruption of normal bony architec-
ture [2]. Recent estimates state that approximately 10 million 
people over the age of 50 in the United States have osteo-
porosis of the hip, while an additional 33.6 million people 

over age 50 in the United States have osteopenia of the hip 
[3]. These numbers are expected to continue to rise as the 
American population over age 65 is expected to increase to 
20% of the overall population by 2030 [4]. Furthermore, a 
study by Bernatz et al. determined the rate of preoperative 
osteoporosis in lower extremity arthroplasty to be as high as 
33% [5]. Given osteoporotic patients’ increased susceptibil-
ity to orthopedic injury at baseline, surgeons are constantly 
faced with dilemmas regarding optimal treatment strategies 
for patients with reduced BMD to avoid adverse outcomes 
[4].

As THA techniques continue to change and advance, 
there is an increasing need to assess the impact of these 
changes on patients with reduced BMD. While cemented 
implant design has historically been used in osteoporo-
tic patients undergoing THA, cementless techniques have 
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become increasingly popular in recent years [6]. However, 
uncemented THA poses unique challenges compared to 
cemented THA. Osseointegration of uncemented THA 
requires more initial stability and bone in/on growth to pro-
duce optimal surgical outcomes when compared to cemented 
implants [7]. Studies have shown that reduced BMD, espe-
cially in the hip, was a risk factor for delayed translational 
stability [8, 9]. Given osteoporotic and osteopenic patients’ 
diminished ability to reform bone compared to patients with 
normal BMD, and the need for increased initial implant sta-
bility in uncemented THA, variance in techniques can affect 
post-surgical outcomes [10].

Despite increasing rates of uncemented THA and the 
high prevalence of reduced BMD in THA patients, there is 
a paucity of literature examining the effect of reduced BMD 
on THA perioperative outcomes. These outcomes include 
subsidence, periprosthetic fracture (PFx), reoperation, and 
revision. One such study by Kligman and Kirsh found that 
the presence of osteoporosis did not significantly impact sur-
vival rate of cementless THA [11]. However, this study was 
done with a small sample size of 22 osteoporotic patients 
and the performed surgeries date back from 1991 to 1996.

As a result, this study seeks to determine the impact of 
reduced BMD on surgical outcomes in a larger sample size 
of patients from the most recent decade who underwent 
primary elective THA in order to obtain relevant analysis 
that pertains to the current period. It was hypothesized that 
reduced BMD would be associated with increased likelihood 
of adverse post-operative outcomes following THA.

Materials and methods

A multi-site retrospective study was conducted at an urban, 
academic institution and a regional health center to inves-
tigate patients who had undergone primary elective unce-
mented or cemented THA, identified by their universal 
device identifier (UDI). Given the implementation of the 
electronic medical record (EMR) at the academic institu-
tion in 2011, 2011–2020 was chosen as the designated time 
frame to ensure reliable data. Using the electronic data 
warehouse (EDW), it was determined that over 30,000 THA 
cases were performed in total at the aforementioned institu-
tions in the desired time period, with approximately 1% of 
cases involving cemented femoral stems. 650 THA cases 
with a record of a DEXA scan done for any reason within 
1 year of the surgery date were found. Of these 650 patients, 
267 came from the regional health center and 383 came from 
urban academic center. Additionally, only 11 patients had a 
cemented femoral THA.

Using the World Health Organization’s (WHO) definition 
of normal BMD, each patient was sorted into one of the fol-
lowing three cohorts based on their DEXA scan t-scores: 

normal (t-score ≥ − 1), osteopenia (− 2.5 < t-score < − 1.0), 
and osteoporosis (t-score ≤ − 2.5) [12]. Of the 650 patients, 
226 were found to have normal BMD, 331 were found to 
have osteopenia, and 93 were found to have osteoporosis.

A retrospective chart review was conducted to collect 
baseline demographics, including sex, race, age, Ameri-
can Society of Anesthesiologists (ASA) score, body mass 
index (BMI), and smoking status. Primary outcomes data 
were also collected, including length of stay (LOS), dis-
charge destination (home, skilled nursing facility [SNF], or 
Rehab), incidence of post-operative periprosthetic fracture 
(PFx), reoperation, revision, and femoral stem subsidence. 
In the present study, revision was considered removal and 
replacement of one or more implant components, whereas 
reoperation was defined as an additional procedure at the 
initial surgical site that did not require component removal 
or exchange. It should be noted that subsidence was only 
assessed for patients with non-cemented THAs.

Two authors measured subsidence using standardized 
methods [13, 14]. Immediate post-operative radiographs 
were used to manually measure perpendicular distance 
from the shoulder of the femoral stem to the superior-most 
point of the greater trochanter using a standardized linear 
radiographic marker with regularly spaced distance intervals 
to determine magnification. The same manner of measure-
ment was used with radiographs taken from the most recent 
follow-up, and the difference was recorded as subsidence.

Statistical analysis

The mean age, ASA score, BMI, and corresponding standard 
deviations were calculated for each group. Next, the mean 
LOS, femoral stem subsidence, and corresponding standard 
deviations were calculated for each group. Demographic 
characteristics and perioperative outcomes of osteopenia and 
osteoporosis groups were compared individually with those 
of the normal BMD groups. To compare values between 
two groups, statistical differences between continuous vari-
ables were calculated using independent two-sample t tests. 
Resulting p values were compared to an alpha value of 0.05 
to test for statistical significance. The demographic charac-
teristics and perioperative outcomes of the osteopenia and 
osteoporosis groups were compared to each other in a simi-
lar manner.

Analysis of demographic data showed that there were 
significant differences in age and BMI between the three 
cohorts. Multilinear and logistic regression analyses control-
ling for these demographic characteristics, along with race, 
were performed on outcomes data to account for these dif-
ferences and yield a more accurate analysis. Due to the sig-
nificant difference found in average ASA score and sex com-
position between the osteopenia and normal BMD cohorts, 
these two demographic characteristics were additionally 
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controlled for in the regression analyses only dealing with 
the osteopenia and normal BMD patients. Unstandardized 
beta coefficients calculated from the regression models in 
order to determine effect strength. In addition, correspond-
ing 95% confidence intervals were calculated. It should be 
noted that when performing data analysis on the subsid-
ence data, all patients who underwent cemented THA were 
excluded.

All statistical analysis was done using Microsoft Excel 
software (Microsoft Corporation, Richmond, WA) and IBM 
SPSS Statistics (IBM Corporation, Armonk, NY).

Results

Patient demographic characteristics

Across all three cohorts race did not differ with 185 patients 
(81.8%) identifying as white, 25 patients (11.1%) identify-
ing as black, and 16 patients (7.1%) identifying as other in 
the normal BMD group, 294 patients (88.8%) identifying 
as white, 12 patients (3.6%) identifying as black, and 25 
patients (7.6%) identifying as other with osteopenia, and 
81 patients (87.1%) identifying as white, 1 patient (1.1%) 
identifying as black, and 11 patients (11.8%) identifying as 
other with osteoporosis.

Full patient demographic data are shown in Tables 1, 
2 and 3. Several demographic differences were identified 
between patient cohorts. Female-to-male composition sig-
nificantly differed between the osteopenia (22 males, 6.6%; 
309 females, 93.4%) and normal BMD (28 males, 12.4%; 
198 females, 87.6%) cohorts (p = 0.03). No such differ-
ence was found between patients with normal BMD and 
osteoporosis (p = 0.22). Compared to patients with normal 
BMD (65.7 years ± 8.9), patients with osteopenia and osteo-
porosis were on average older (68.2 years ± 7.9, p = 0.002; 
69.6 years ± 8.7 p ≤ 0.001. In addition, patients in the osteo-
penia and osteoporosis cohorts had on average lower BMI 
(26.5 kg/m2 ± 4.8, p < 0.0001; 25.3 kg/m2 ± 4.7, p < 0.0001) 
compared to patients in the normal BMD cohort (29.2 kg/
m2 ± 6.1). Patients with osteoporosis were also found to have 
a lower BMI than patients with osteopenia (p = 0.009).

Outcomes

Outcome-related data are summarized in Tables 4, 5 and 6. 
LOS was 1.8 ± 1.2 for patients with normal BMD, 1.8 ± 1.3 
for patients with osteopenia, and 2.3 ± 1.7 for patients with 
osteoporosis. Upon controlling for demographic differences, 
when compared to patients with normal BMD and osteope-
nia, patients with osteoporosis had longer LOS (p = 0.02, � 
= 0.47, 95% CI [− 0.11, 0.83]; p = 0.0009, � = 0.5, 95% CI 
[0.18, 0.82]).

PFx occurred in two patients (1.0%) with normal BMD, 
seven patients (2.1%) with osteopenia, and six patients 
(5.0%) with osteoporosis. Average femoral stem subsid-
ence in patients with normal BMD was 2.1  mm ± 2.2, 
2.0 mm ± 2.2 for patients with osteopenia, and 2.5 mm ± 2.4 
for patients with osteoporosis. After controlling for race, 
age, sex, ASA, and BMI, when compared to patients with 

Table 1   Demographics: normal BMD v. osteopenia

BMD bone mineral density, ASA American Society of Anesthesiolo-
gists Score, BMI body mass index

Normal 
bone quality 
(n = 226)

Osteopenia (n = 331) p value

Sex 0.03
 Male 28 (12.4%) 22 (6.6%)
 Female 198 (87.6%) 309 (93.4%)

Race 0.11
 White 185 (81.8%) 294 (88.8%)
 Black 25 (11.1%) 12 (3.6%)
 Other 16 (7.1%) 25 (7.6%)

Age 65.7 ± 8.9 68.2 ± 7.9 0.002
ASA 2.3 ± 0.5 2.2 ± 0.6 0.01
BMI 29.2 ± 6.1 26.5 ± 4.8  < 0.0001
Smoking status 0.72
 Nonsmoker 106 (46.9%) 159 (48.1%)
 Current 7 (3.1%) 12 (3.6%)
 Former 105 (46.5%) 153 (46.2%)
 Unknown 8 (3.5%) 7 (2.1%)

Table 2   Demographics: normal BMD v. osteoporosis

BMD bone mineral density, ASA American Society of Anesthesiolo-
gists Score, BMI body mass index

Normal 
bone quality 
(n = 226)

Osteoporosis (n = 93) p value

Sex 0.22
 Male 28 (12.4%) 4 (4.3%)
 Female 198 (87.6%) 89 (95.7%)

Race 0.96
 White 185 (81.8%) 81 (87.1%)
 Black 25 (11.1%) 1 (1.1%)
 Other 16 (7.1%) 11 (11.8%)

Age 65.7 ± 8.9 69.6 ± 8.7  < 0.0001
ASA 2.3 ± 0.5 2.3 ± 0.5 0.70
BMI 29.2 ± 6.1 25.3 ± 4.7  < 0.0001
Smoking status 0.20
 Nonsmoker 106 (46.9%) 50 (53.8%)
 Current 7 (3.1%) 4 (4.3%)
 Former 105 (46.5%) 39 (41.9%)
 Unknown 8 (3.5%) 0 (0%)
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normal BMD, patients with osteopenia and osteoporosis 
did not demonstrate statistically significantly higher rates 
of subsidence (p = 0.66, � = − 0.1, 95% CI [− 0.45, 0.66] 
and p = 0.14, � = 0.28, 95% CI [− 0.33, 0.89], respectively). 
Additionally, patients with osteoporosis did not demonstrate 
higher rates of subsidence than patients with osteopenia 
(p = 0.07, � = 0.5, 95% CI [− 0.05, 1.06]). Incidence of PFx 
was significantly higher in patients with osteoporosis com-
pared to patients with normal BMD (p = 0.04, � = 0.06, 95% 
CI [− 0.02, 0.10]), but no such difference was found when 
comparing incidence of PFx in osteoporotic and osteopenic 
patients (p = 0.11, � = 0.04, 95% CI [− 0.002, 0.08]) or when 

comparing incidence of PFx in osteopenic and normal BMD 
patients (p = 0.22, � = 0.02, 95% CI [− 0.01, 0.04]).

6 patients with normal BMD underwent revision. Of 
these six patients, two underwent revision due to PFx, both 
requiring exchange of the femoral component. Addition-
ally, seven patients with osteoporosis underwent revision. 
Of these seven patients, four underwent revision due to 
PFx with three patients requiring exchange of the femoral 
component and one patient requiring exchange of acetabu-
lar component. 5 patients with osteopenia underwent revi-
sion. Of these five patients, four underwent revision due to 
incidence of PFx with one patient requiring acetabular and 
femoral component exchange and three patients requiring 
femoral component exchange alone. There was no statisti-
cally significant difference found in revision rate between 
the osteopenic cohort and normal BMD cohort (p = 0.37, 
� = − 0.005, 95% CI [− 0.02, 0.04]) or between the osteo-
porotic cohort and normal BMD cohort (p = 0.10, � = 0.05, 
95% CI [− 0.003, 0.10]). However, revision rate between the 
osteoporotic cohort and osteopenic cohort was found to be 
statistically significantly different (p = 0.04, � = 0.06, 95% 
CI [− 0.02, 0.1]). Furthermore, no significant difference was 
found in any other outcomes measure between the osteope-
nia and normal BMD cohort.

Discussion

Given the commonality of risk factors such as advanced age 
and sedentary lifestyle that predispose patients to osteope-
nia, osteoporosis, and the need for THA, it is very com-
mon for patients undergoing elective THA to have reduced 
BMD and be at increased risk for adverse post-operative 
outcomes [15]. While this issue is partially mitigated 
by cemented THA, the inability to form proper bone can 

Table 3   Demographics: osteopenia v. osteoporosis

ASA American Society of Anesthesiologists Score, BMI body mass 
index

Osteopenia (n = 331) Osteoporosis (n = 93) p value

Sex 0.62
 Male 22 (6.6%) 4 (4.3%)
 Female 309 (93.4%) 89 (95.7%)

Race 0.28
 White 294 (88.8%) 81 (87.1%)
 Black 12 (3.6%) 1 (1.1%)
 Other 25 (7.6%) 11 (11.8%)

Age 68.2 ± 7.9 69.6 ± 8.7 0.03
ASA 2.2 ± 0.6 2.3 ± 0.5 0.08
BMI 26.5 ± 4.8 25.3 ± 4.7 0.009
 Smoking 0.27
 Nonsmoker 159 (48.1%) 50 (53.8%)
 Current 12 (3.6%) 4 (4.3%)
 Former 153 (46.2%) 39 (41.9%)
 Unknown 7 (2.1%) 0 (0%)

Table 4   Outcomes: normal 
BMD v. osteopenia

BMD bone mineral density, LOS length of stay, SNF skilled nursing facility
a Regression analysis performed included age, race, and BMI, as well as sex and ASA, which were found to 
be significantly different between the normal BMD and osteopenia cohorts
b Regression analysis was performed using only patients who underwent uncemented THA

Normal bone 
quality (n = 226)

Osteopenia (n = 331) p value Unstandardized β 
coefficientsa (CI 95%)

LOS 1.8 ± 1.2 1.8 ± 1.3 0.71 − 0.08 (− 0.16 to 0.32)
Discharge 0.98 0.05 (− 0.04 to 0.13)
 Home 201 (90.0%) 293 (88.5%)
 SNF 17 (7.5%) 28 (8.5%)
 Rehab 8 (3.5%) 10 (3.0%)

Periprosthetic fracture 2 (1.0%) 7 (2.1%) 0.22 0.02 (− 0.01 to 0.04)
Reoperation 4 (1.8%) 2 (0.6%) 0.23 − 0.005 (− 0.02 to 0.01)
Revision 6 (2.7%) 5 (1.5%) 0.37 − 0.005 (− 0.03 to 0.02)
Subsidenceb 2.1 ± 2.2 2.0 ± 2.2 0.66 − 0.1 (− 0.45 to 0.66)



5997Archives of Orthopaedic and Trauma Surgery (2023) 143:5993–5999	

1 3

often create significant discrepancies in surgical outcomes 
between patients with reduced BMD and without reduced 
BMD when undergoing cementless THA [16]. Despite 
this, cementless THA has grown in popularity due to ease 
in surgical procedure and fear of adverse effects associated 
with the cementing process during surgery [9]. As surgical 
practices and techniques for THA continue to develop and 
change, it is necessary to explore the effects of these prac-
tices on frequently presenting subgroups of THA patients. 
The present study compared THA results of patients with 
reduced BMD to patients without reduced BMD and found 
longer LOS and greater rates of PFx in patients with reduced 
BMD undergoing uncemented THA, as well as higher rates 
of revision in osteoporotic patients.

The present study determined that reduced BMD is 
associated with longer LOS following THA compared to 
patients with normal BMD. As the number of outpatient 
THAs and THAs performed at ambulatory centers continues 
to rise, it has become increasingly important to identify the 

factors that contribute to variable post-op LOS [17]. This has 
become especially evident since the removal of THA from 
the inpatient only list, which allows the procedure to be per-
formed outpatient [18]. Differences in LOS present potential 
to adversely affect patients’ post-operative course. Recent 
research has indicated that shorter post-operative hospital 
LOS is associated with decreased risk for readmission but 
can result in significant cost savings for payers and hospitals 
alike [19, 20]. Therefore, patients with reduced BMD may 
be more likely to be subject to a more complicated and costly 
post-operative course.

In addition to lengthened LOS, results from the present 
study also found reduced BMD to be associated with higher 
rates of PFx. PFx is currently the third leading cause for 
revision surgery following THA [21]. Revision due to PFx 
can be a complicated surgery and involves surgeon assess-
ment of implant loosening, bone loss and quality, and type 
of fracture [22]. Patients with osteoporosis commonly pre-
sent with poorer bone quality as well as periprosthetic bone 
loss, which can further complicate the procedure [23]. As a 
result, these patients may be subject to complex and expen-
sive revision procedures involving use of modular tapered 
fluted stem, impaction bone grafting, or megaprosthesis to 
compensate for the bone loss and poor bone quality [24].

Interestingly, while revision rate trended toward statis-
tical significance in osteoporosis patients versus normal 
BMD patients, it did not reach the threshold for signifi-
cance, but was significant in osteoporosis versus osteope-
nia patients. The increased revision rate in osteoporosis 
versus osteopenic patients can likely be explained by the 
poorer bone quality in osteoporotic patients. A study by 
Lee et al. [23] determined reduced BMD to be an inde-
pendent risk factor for increased revision rates following 
primary THA. These results were further supported by 
a study by Aro et al. [8] which found reduced BMD to 
adversely affect stability and osteointegration of THA 

Table 5   Outcomes: normal 
BMD v. osteoporosis

BMD bone mineral density, LOS length of stay, SNF skilled nursing facility
a Regression analysis performed included age, race, and BMI
b Regression analysis was performed using only patients who underwent uncemented THA

Normal bone 
quality (n = 226)

Osteoporosis (n = 93) p value Unstandardized β 
coefficientsa (CI 95%)

LOS 1.8 ± 1.2 2.3 ± 1.7 0.02 0.47 (− 0.11 to 0.83)
Discharge 0.37 0.03 (− 0.09 to 0.15)
 Home 201 (90.0%) 76 (81.7%)
 SNF 17 (7.5%) 16 (17.2%)
 Rehab 8 (3.5%) 1 (1.1%)

Periprosthetic fracture 2 (1.0%) 6 (6.5%) 0.04 0.06 (0.02 to 0.10)
Reoperation 4 (1.8%) 1 (1.1%) 0.61 − 0.004 (− 0.04 to 0.3)
Revision 6 (2.7%) 7 (7.5%) 0.10 0.05 (− 0.003 to 0.10)
Subsidenceb 2.1 ± 2.2 2.5 ± 2.4 0.14 0.28 (− 0.33 to 0.89)

Table 6   Outcomes: osteopenia v. osteoporosis

Osteopenia cohort size, n = 331; osteoporosis cohort size, n = 93
LOS length of stay
a Regression analysis performed included age, race, and BMI
b Regression analysis was performed using only patients who under-
went uncemented THA

p value Unstandardized β 
coefficientsa (CI 95%)

LOS 0.009 0.50 (0.18 to 0.82)
Discharge Disposition 0.33 0.05 (− 0.05 to 0.15)
Periprosthetic Fracture 0.11 0.04 (− 0.002 to 0.08)
Reoperation 0.68 0.01 (− 0.01 to 0.03)
Revision 0.04 0.06 (0.02 to 0.1)
Subsidenceb 0.07 0.50 (− 0.05 to 1.06)
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implants. While reduced BMD has been shown to increase 
post-operative complications via increased periprosthetic 
bone loss, certain factors such as older age and female sex 
have been cited as independent risk factors for peripros-
thetic bone loss [23]. Given the slight variance in age and 
sex between groups in the present study, it is possible that 
these demographic differences contributed to some degree 
to differences in outcomes. However, the p values and cor-
responding confidence intervals support the significance of 
the impact of reduced BMD on revision rate. Additionally, 
patients with osteoporosis trended toward a greater degree 
of subsidence compared to both osteopenic and normal 
BMD patients. However, this difference was not found to 
be statistically significant.

The findings from the present study pose numerous impli-
cations for surgeons and providers. Interestingly, a large 
portion of preoperative osteoporosis and osteopenia goes 
undiagnosed. A study by Delsmann et al. [25] examined 
268 elderly patients awaiting THA and found that 73% of 
the patients who were diagnosed with osteoporosis were not 
diagnosed prior to surgery. Another study by Maier et al. 
[9] found that only 4% of orthopedic surgeons test for BMD 
prior to surgery, but 26% of physicians state they would 
change their treatment strategy to include implantation of 
a cemented prosthesis if the patient had a preoperative T 
score between − 1.5 and − 2, and 40% of surgeons would 
adjust their treatment strategy to include implantation of a 
cemented prosthesis in patients with preoperative T scores 
between − 2 and − 2.5. The same study found that only 
approximately 6% of surgeons routinely perform DEXA 
scans on patients prior to undergoing primary THA, a value 
only slightly higher than the 2% reported in this study [9]. 
These findings in conjunction with the results of the present 
study support the need for increased emphasis to be placed 
on the identification of reduced BMD prior to surgery to 
allow surgeons to maximize treatment of osteoporotic and 
osteopenic patients.

In addition to being underdiagnosed, patients with 
reduced BMD awaiting THA are undertreated. A study by 
Bernatz et al. [26] found that 25% of TJA patients meet the 
criteria to receive osteoporosis medication, but only 5% 
actually received medication. However, research into THA 
outcomes in patients receiving osteoporosis medication is 
less definitive. A study by Khatod et al. [27] found that bis-
phosphonate use was associated with not only lower rates of 
revision after THA, but also higher rates of periprosthetic 
fracture. Given the inconclusive relationship between bis-
phosphonate use and THA outcomes, extra onus is placed 
on surgeons identifying reduced BMD preoperatively and 
tailoring peri- and post-operative strategies to optimize sur-
gical outcomes.

The present study is not without its limitations. The ret-
rospective nature of the study provides an opportunity for 

selection bias to have been introduced, which we attempted 
to minimize by systematically controlling for demographic 
and confounding variables. Furthermore, rate of cemented 
femoral stem usage in the present study was 1.7%, whereas 
nationally reported average annual rates of cemented femo-
ral stem usage are roughly 14%. A smaller margin between 
cemented femoral stem rates would improve the context 
of the findings. In addition, outcomes were only reported 
within 1 year of surgery. Examining outcomes at longer 
term intervals would provide further perspective into dif-
ferences in post-surgical outcomes between groups. Moreo-
ver, patients who underwent a DEXA scan within 1 year of 
surgery were included in the study. As a result, patients who 
were diagnosed with osteoporosis in the year prior to sur-
gery were more likely to have had modified treatment plans 
such as osteoporosis medical treatment, or use of cemented 
femoral stems, causing them to potentially meet exclusion 
criteria from the present study. In addition, the results of 
this study should be interpreted while keeping in mind that 
the overall strength effect for many of the comparisons was 
relatively small. Lastly, variance in degree of osteoporosis 
was not used in assessing outcomes. Osteoporosis presents 
with different levels of severity and analyzing outcomes at 
different T scores could provide information that further 
supports the study’s findings. Despite these limitations, the 
findings from the study remain valid in demonstrating that 
reduced BMD is associated with decreased post-operative 
outcomes including increased risk of PFx and longer LOS.

In conclusion, reduced BMD is an underdiagnosed con-
dition that can lead to increased likelihood of experiencing 
adverse surgical outcomes in patients undergoing unce-
mented THA. Surgeons should consider increased screening 
of high-risk patients to identify reduced BMD preoperatively 
and form an operative plan that best suits the patient. Future 
studies should be directed toward discovering the effects of 
reduced BMD on longer term post-operative outcomes in 
patients undergoing THA or examining patients diagnosed 
with reduced BMD exclusively post-operatively.

Data availability  The datasets generated and analyzed during the study 
are not publicly available, but may be available from the corresponding 
author upon reasonable request.
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