
Page 1/16

Preoperative Factors Predicting the Severity of BMD
Loss Around the Implant after Total Hip Arthroplasty
Akira Morita 

Yokohama City University
Kobayashi Naomi  (  naomik58@aol.com )

Yokohama City University Medical Center
Hyonmin Choe 

Yokohama City University
Taro Tezuka 

Yokohama City University
Shota Higashihira 

Yokohama City University
Yutaka Inaba 

Yokohama City University

Research Article

Keywords: total hip arthroplasty, bone mineral density, canal �are index, Zweymüller

Posted Date: January 6th, 2021

DOI: https://doi.org/10.21203/rs.3.rs-129646/v1

License:   This work is licensed under a Creative Commons Attribution 4.0 International License.  
Read Full License

Version of Record: A version of this preprint was published on March 19th, 2021. See the published
version at https://doi.org/10.1186/s12891-021-04161-4.

https://doi.org/10.21203/rs.3.rs-129646/v1
mailto:naomik58@aol.com
https://doi.org/10.21203/rs.3.rs-129646/v1
https://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1186/s12891-021-04161-4


Page 2/16

Abstract
Background

Stress shielding after total hip arthroplasty (THA) leads to the loss of bone mineral density (BMD) around
the femoral implants, particularly in the proximal area. BMD loss around the implant is likely to occur
within 1 year after THA, but its severity depends on patient characteristics. This study evaluated
preoperative factors associated with the severity of zone 7 BMD loss after THA.

Methods

This retrospective cohort study included 48 patients who underwent primary THA at our hospital from
October 2011 to December 2015. All patients underwent implantation of a Zweymüller-type femoral
component without any postoperative osteoporosis medications. The objective variable was change in
zone 7 BMD after 1 year. Factors evaluated included age, body mass index (BMI), Japanese Orthopaedic
Association (JOA) score, Harris Hip Score (HHS), Canal Flare Index (CFI), and lumbar BMD on the frontal
and lateral sides. Factors associated with loss of zone 7 BMD were identi�ed by univariate and
multivariate regression analyses.

Results

Univariate regression analysis showed that CFI (P=0.003) and preoperative lumbar BMD on the frontal
(P=0.003) and lateral (P<0.001) sides were signi�cantly correlated with loss of zone 7 BMD. Multivariate
regression analysis showed that CFI (P=0.014) and lumbar BMD on the lateral side (P<0.001) were
independently correlated with loss of zone 7 BMD.

Conclusion

Lower preoperative lumbar BMD on the lateral side and lower CFI were signi�cantly associated with zone
7 BMD loss after THA. Patients with these characteristics should be carefully monitored for severe BMD
loss after THA.

Introduction
Total hip arthroplasty (THA) is an established surgical method for patients with hip joint diseases, such
as osteoarthritis and osteonecrosis of the femoral head, resulting in stable long-term clinical outcomes,
including pain relief and improvements in activities of daily living (ADL) [1, 2]. THA, however, can result in
a reduction in bone mineral density (BMD) around the implant, especially in the proximal part such as
Gruen’s zones 1 and 7 [3–5]. Although BMD loss around the implant has not been found to directly
worsen clinical outcomes, this loss of BMD has been associated with periprosthetic fracture risk and late
loosening [6, 7], suggesting that maintenance of BMD around the implant results in stable long-term
clinical outcomes.
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The main cause of BMD loss around the implant is stress shielding, which results from changes in
mechanical stress properties after implantation [4]. Several studies have assessed the ability of several
drugs, including bisphosphonates and teriparatide, to prevent BMD loss around implants following THA
[8–12]. Because BMD loss may also be associated with preoperative patient-speci�c factors, these
�ndings suggest that such drug interventions should be initiated immediately after THA particularly in
selected patients at higher risk of BMD loss. This study therefore sought to identify preoperative factors
predicting the severity of BMD loss around implants after THA.

Patients And Methods
This retrospective cohort study evaluated patients diagnosed with osteoarthritis of the hip or
osteonecrosis of the femoral head who underwent primary THA at our hospital from October 2011 to
December 2015 (Fig. 1). Patients were excluded if they received non-target implants; were treated with
drugs for osteoporosis or corticosteroids; or were diagnosed with a condition other than osteoarthritis of
the hip or osteonecrosis of the femoral head. Patients were also excluded if all data, including BMD and
X-rays, were not available 1 year after surgery. Preoperative patient activity levels were evaluated by
measuring their activity score, Japanese Orthopaedic Association (JOA) hip score, and Harris Hip Score
(HHS).

All patients were operated direct lateral approach and implanted with the same cementless femoral
component of a Zweymüller-type stem (SL-PLUS MIA, Smith and Nephew, Inc. Memphis, TN), a
cementless acetabular component (REFLECTION, Smith and Nephew, Inc.), and a cross-linked
polyethylene liner (XLPE liner, Smith and Nephew, Inc.). All patients started to use a wheelchair on the �rst
postoperative day and started gait exercises with full weight bearing as soon as possible. Baseline
periprosthetic BMD was measured 1 week after THA by dual-energy X-ray absorptiometry (DEXA) (QDR
2000, Hologic, Waltham, MA), followed by subsequent measurements at 1 year intervals. Regions of
interest (ROIs) were centered on the periprosthetic zones described by Gruen (Fig. 2). Lumbar BMDs at L2
to L4 in the lumbar anterior-posterior (AP) and lateral directions were also measured 1 week
preoperatively using DEXA.

The primary study outcome was change in zone 7 BMD 1 year after THA. Factors evaluated included age,
body mass index (BMI), and preoperative JOA score, HHS, Canal Flare Index (CFI) (Fig. 3), and lumbar
BMD on the frontal and lateral sides.

Univariate regression analysis and multivariate regression analysis were performed using SPSS II
software (SPSS Japan, Inc., Tokyo, Japan). Factors signi�cant on univariate analyses were included in
stepwise multivariate regression analysis. A P-value < 0.05 was considered statistically signi�cant.

Results
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Of the 328 patients who underwent primary THA at our hospital from October 2011 to December 2015,
280 were excluded. Of the latter, 185 received non-target implants, 70 were taking medications for
osteoporosis, two were diagnosed with a condition other than osteoarthritis of the hip or osteonecrosis of
the femoral head, four were taking steroids, and 19 had missing data, such as the results of BMD
measurements and X-rays.

The 48 included patients were of mean (± standard deviation) age 64.0 ± 12.0 years and mean BMI of
24.0 ± 4.2 kg/m2 at the time of surgery. Table 1 shows their demographic and clinical characteristics, and
Fig. 4 shows the periprosthetic changes in BMD for each zone at 1 year postoperatively. Relative to
baseline, the mean percent changes in BMD for zones 1–7 at 1 year were − 10.9%±9.7%, -9.3%±11.5%,
-3.7%±8.6%, + 0.9%±5.5%, + 0.8%±6.1%, -12.9%±12.8%, and − 32.8%±15.3%, respectively. Table 2 shows
the results of univariate regression analysis of the association between change in zone 7 BMD and
exploratory variables. Scatter plots showed that the percent change from baseline in zone 7 BMD at
1 year correlated signi�cantly with preoperative CFI (R2 = 0.177, R = 0.421, P = 0.003; Fig. 5), preoperative
lumbar BMD on the frontal side (R2 = 0.194, R = 0.440, P = 0.003; Fig. 6), and preoperative lumbar BMD on
the lateral side (R2 = 0.310, R = 0.557, P < 0.001; Fig. 7). Multivariate regression analysis showed that the
percent change from baseline in zone 7 BMD correlated signi�cantly with preoperative CFI (P = 0.014)
and preoperative lumbar BMD on the lateral side (P < 0.001), but not with any other factors (Table 3).

Table 1 Demographic and clinical characteristics of the 48 patients included in this study

Variable Average±SD

Age (yr) 64.0±12.0

Male/Female 9/39

BMI (kg/m2) 24.0±4.2

JOA score 52.0±14.0

HHS 51.8±15.4

CFI 4.2±0.8

Lumbar spine BMD AP side (g/cm2) 1.0±0.2

Lumbar spine BMD lateral side (g/cm2) 0.7±0.1

Change in BMD of zone 7 (%) -32.8±15.3

Table 2. Univariate regression analysis of the association between change in zone 7 BMD and exploratory
variables
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Variables Regression
coe�cient (B)

Standardized regression
coe�cients (β)

95% CI P-
value

Age (yr) -0.226 -0.172 ~-0.61–
0.15

0.242

BMI (kg/m2) -0.231 -0.063 ~-1.32–
0.85

0.672

JOA score 0.243 0.223 ~-0.07–
0.56

0.132

HHS 0.133 0.134 ~-0.16–
0.43

0.369

CFI 7.628 0.421 ~2.75–
12.50

0.003

Lumbar spine BMD

AP side (g/cm2)

37.630 0.440 ~0.013–
0.06

0.003

Lumbar spine BMD lateral
side (g/cm2)

83.027 0.557 ~0.04–
0.12

<0.001

Table 3. Multivariate regression analysis of the association between change in zone 7 BMD and
exploratory variables

Variable Regression

coe�cient
(B)

Standardized regression
coe�cients (β)

95% CI P-
value

CFI 5.741 0.322 ~1.23–
10.25

0.014

Preoperative lumbar BMD lateral
side (g/cm2)

71.653 0.480 ~0.03–
0.11

<0.001

Discussion
This retrospective cohort study, which investigated preoperative factors associated with BMD loss in zone
7 after THA, found that preoperative CFI and lumbar BMD on the lateral side were signi�cantly associated
with periprosthetic BMD loss. These �ndings emphasize the importance of monitoring patients for severe
BMD loss after THA, especially patients with lower lumbar BMD and a stovepipe-shaped proximal femur.

BMD loss around the implant has been frequently observed after THA [13, 14]. The most important cause
of BMD loss is stress shielding, which is mainly in�uenced by stem design. A comparison of patients
undergoing THA with Zweymüller stem and �t-and-�ll stem implants found that both mechanical stress
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and zone 7 BMD loss around the implant were lower in the Zweymüller stem group than in the �t-and-�ll
stem group [4].

In addition to stem design, BMD loss may be associated with patient-speci�c or operative factors. For
example, excessive stem anteversion mismatched with anatomical canal anteversion has been found to
result in stem point contact with the cortical bone in the distal portion, affecting proximal periprosthetic
zone 7 BMD loss after THA [15, 16]. An investigation of postoperative zone 7 BMD in groups of patients
with normal preoperative lumbar BMD and patients with osteopenia and osteoporosis found that BMD
loss was signi�cantly higher in the osteopenia and osteoporosis groups than in the normal group [17],
indicating that periprosthetic BMD loss is associated with bone quality as well as stress shielding [14].

Because zone 7 BMD loss occurs within 1 year postoperatively [17], it is important to take steps to
prevent this BMD loss. Many drugs have been used to prevent BMD loss around the implant after THA.
For example, bisphosphonate was reported to prevent BMD loss around the implant [10, 11, 18–23].
Moreover, bisphosphonate treatment was associated with a lower risk of aseptic revision in patients
undergoing primary THA for osteoarthritis [21]. However, long-term continuous bisphosphonate treatment
has been associated with atypical periprosthetic fractures [22, 23]. Periprosthetic fracture rates following
primary THA were reported to be 1.1% in a large US cohort [22] and 0.64% over 10 years in the Swedish
hip registry [23], with bisphosphonate use associated with a higher risk of periprosthetic fractures in
younger patients with normal bone quantity [23]. Another effective agent that can prevent BMD loss
around the implant is teriparatide. A randomized controlled trial found that teriparatide and alendronate
were equally effective for preventing zone 7 BMD loss [11]. Moreover, switching from teriparatide to
alendronate has been shown to be effective [12]. Although several drugs can prevent BMD loss around
the implant after THA, care is necessary regarding the side effects and economic burden of these agents.

The shape of the femoral medullary cavity has been reported to be related to BMD loss around the
implant. Postoperative zone 7 BMD was found to be signi�cantly lower in stovepipe-shaped than in
champagne-�ute-shaped cavities when using taper-wedge-type stems [24]. The stovepipe-shaped type of
medullary cavity has a small CFI, making these results similar to those of the present study. By contrast, a
comparison of postoperative changes in BMD of any zone between three types of medullary cavities,
stovepipe, normal, and champagne-�ute shaped, using Zweymüller-type stems found no statistically
signi�cant differences in relative changes between the three groups [25]. Our study found that patients
with low CFI, such as those with stovepipe-shaped medullary cavities, showed a greater reduction in
postoperative zone 7 BMD than patients with high CFI, such as those with champagne-�ute-shaped
cavities.

Limitation

This study had several limitations. First, this study only investigated patients with Zweymüller-type
stems. Studies of other stem types, such as taper-wedge stems, may yield different results. Second, the
total number of evaluated subjects was small, as many subjects had to be excluded.
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Conclusion
Lower preoperative lumbar BMD on the lateral side and lower CFI were signi�cantly associated with zone
7 BMD loss 1 year after THA. Patients at risk of BMD loss may bene�t from pre- or postoperative drug
treatment to prevent BMD loss.

Abbreviations
THA, total hip arthroplasty; BMD, bone mineral density; BMI, body mass index; JOA, Japanese
Orthopaedic Association; HHS, Harris Hip Score; CFI, Canal Flare Index; ADL, activities of daily living;
DEXA, dual-energy X-ray absorptiometry; ROIs, Regions of interest; AP, anterior-posterior.
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Figures

Figure 1

Patient �ow chart.
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Figure 2

Gruen’s zone classi�cation.
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Figure 3

Canal �are index.
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Figure 4

Time course of percent change in BMD from baseline in each Gruen zone over 1 year.
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Figure 5

Scatter plot showing the relationship between percent change from baseline in zone 7 BMD and CFI at 1
year (R2=0.177, R=0.421, P=0.003).
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Figure 6

Scatter plot showing the relationship between percent change from baseline in zone 7 BMD and
preoperative lumbar BMD on the frontal side at 1 year postoperatively (R2=0.194, R=0.440, P=0.003).
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Figure 7

Scatter plot showing the relationship between percent change from baseline in zone 7 BMD and
preoperative BMD on the lateral side at 1 year postoperatively (R2=0.310, R=0.557, P<0.001).


