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Abstract

were compared between the two groups.

Level of evidence Level lll, Retrospective cohort study.

Purpose Total hip arthroplasty (THA) is increasingly performed in older adults, and the prevalence of vertebral com-
pression fracture (VCF) increases with age. We aimed to investigate the clinical outcomes of THA in patients with VCF.

Methods We reviewed the records of 453 patients who underwent THA at our institution between 2015 and 2021.
We classified patients into those with and without VCF. VCF was identified using preoperative upright whole-spine
radiographs. Spinal parameters, preoperative and 1-year postoperative clinical outcomes of the Harris hip score (HHS),
Oxford hip score (OHS), and visual analog scale (VAS) for low back pain (LBP) were assessed. Furthermore, propensity
score-matched cohorts for age, sex, body mass index, and spinal parameters were created, and the clinical outcomes

Results Among the 453 patients, 51 (11.3%) with VCF and 402 without VCF were identified. Before matching, patients
with VCF were older (p < 0.01), had sagittal spinal imbalance (p <0.01), and had worse clinical outcomes pre-and
postoperatively. After matching 47 patients in both groups, patients with VCF had worse HHS (p < 0.05), especially
regarding support and distance walked, and worse VAS scores for LBP (p < 0.05) pre- and postoperatively. However,
the improvements in scores were not significantly different between the groups.

Conclusions HHS, especially regarding support and distance walked, and VAS scores for LBP were poorer in patients
with VCF preoperatively and 1-year postoperatively. Our findings suggest that hip surgeons should evaluate not only
spinal alignment but also the presence of VCF before performing THA.

Keywords Vertebral compression fracture, Total hip arthroplasty, Low back pain, Clinical outcome

Background

Total hip arthroplasty (THA) is an effective treatment
for degenerative changes and pain in the hip joints. The
volume of primary THAs performed has increased over
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the past several decades [15, 17, 25, 26] and will continue
to increase until 2030 [16, 18, 26]. The number of THAs
for older adults will rise by approximately twice as much
in 2030 as in 2020 [18], but has a higher risk of compli-
cations, including dislocation, periprosthetic fracture,
and infection [20, 28]. Hip surgeons should have greater
knowledge of the characteristics of older adults who
undergo THA.

Osteoporotic vertebral compression fractures (VCFs)
are common in older adults. Globally, the prevalence of

©The Author(s) 2023. Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which
permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the
original author(s) and the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or

other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line
to the material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory
regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this
licence, visit http://creativecommons.org/licenses/by/4.0/.


http://creativecommons.org/licenses/by/4.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s40634-023-00618-8&domain=pdf
http://orcid.org/0000-0003-2706-3725

Chen et al. Journal of Experimental Orthopaedics (2023) 10:53

radiographic vertebral fractures has increased with age
[24]. Many studies have shown that VCFs lead to back
pain, poor physical performance, and lower health-
related quality of life (HRQoL) [1, 2, 13]. Recent studies
have reported the relationship between spinal disorders
and clinical outcomes of THA. Sagittal spinal imbal-
ance, spinal fixation surgery, lumbar spinal disorders,
and low back pain (LBP) have adverse effects on the clini-
cal outcomes of THA [9, 19, 21, 23]. However, little evi-
dence exists regarding the clinical outcomes of THA in
patients with VCF. Furthermore, the number of THAs
in patients with VCF will increase in the future owing to
the increased number of THAs in older adults. Therefore,
we aimed to investigate the clinical outcomes of THA in
patients with VCF.

Patients and methods

Ethics

This study was approved by the relevant Institutional
Review Board and conducted in accordance with the
World Medical Association Declaration of Helsinki.
Written informed consent was obtained from the retro-
spective studies of all study participants.

Study design

This was a retrospective cohort study. We reviewed
529 consecutive patients who underwent primary
THAs at our institution between November 2015 and
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July 2021. All patients were registered in our database.
This study finally included 453 patients following
the exclusion of 76 patients for the following rea-
sons (Fig. 1): THA for femoral neck fracture, Crowe
IV dysplasia [7], hip joint infection, severe lower limb
trauma, metastasis of the hip, previous spinal fusion
surgery, surgery of other joints or spine within 1 year,
incomplete image study, poor image quality for meas-
urement, simultaneous bilateral THAs, THA with
intraoperative fracture, incomplete clinical func-
tional assessment, loss to follow-up, or death within
12 months after THA.

Preoperative radiographs included antero-posterior
(AP) pelvic images and upright whole-spine images
in the AP and lateral views. We reviewed the spine
radiographs and evaluated the presence and level of
VCE, and the following sagittal spinal parameters: C7
sagittal vertical axis (SVA), lumbar lordosis (LL), pel-
vic incidence (PI), pelvic tilt (PT), sacral slope (SS),
and thoracic kyphosis (TK) (Fig. 2). Patients with low
energy trauma or unrecognized VCFs were included.
The definition of VCF on radiographs was based on
the semiquantitative method proposed by Genant et al.
[11]. We included grade 1 or higher, which were 20%
or more reduction in vertebral height, and 10% or more
reduction in vertebral area. All the vertebral bodies
were reviewed using lateral whole-spine images. We
classified all patients into with or without VCF (Fig. 1).
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Fig. 1 Flowchart of patient inclusion, classification, and propensity score matching. Propensity score matching was performed for age, sex, body
mass index, C7 sagittal vertical axis, and pelvic incidence minus lumbar lordosis. THA, total hip arthroplasty; VCF, vertebral compression fracture
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Fig. 2 Sagittal spinal parameters assessed in this study. TK, thoracic

kyphosis; LL, lumbar lordosis; SS, sacral slope; P, pelvic incidence; PT,

pelvic tilt; SVA, sagittal vertical axis
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All THAs were performed by five senior hip surgeons
using an anterolateral approach. The types of THAs were:
hybrid, 356; uncemented, 82; and cemented, 15. The
Harris hip score (HHS), Oxford hip score (OHS), Uni-
versity of California, Los Angeles (UCLA) activity score,
and visual analog scale (VAS) score for LBP (0=no pain;
10=maximum pain) were recorded preoperatively and
1 year after THA.

Statistical analyses

Two orthopedic surgeons (CC and YO) independently
evaluated the preoperative whole-spine radiographs to
diagnose VCFs. In cases of discrepancy between the two
surgeons, another senior surgeon (TK) evaluated and
determined the presence or absence of VCFs. The « coef-
ficient was calculated as the inter-observer reliability.
The spinal parameters were measured by two surgeons.
The intra-class correlation coefficients (ICCs) of inter-
observer reliability were calculated for randomly selected
30 patients. Student’s t-test or the Mann—Whitney U test
was performed to compare the variables between the two
groups based on the results of the Shapiro—Wilk test.
Fisher’s exact test was used to detect differences between
the two groups on a nominal scale. All components of the
HHS are shown as mean +standard deviation, although
they were ordinal scales and analyzed using the Mann—
Whitney U test as it was difficult for readers to recognize
the differences in data shown as median (interquartile
range). Propensity scores were obtained from the logis-
tic regression analysis using the following covariates:
age, sex, body mass index (BMI), SVA, and PI-LL. We
matched SVA and PI-LL to clarify the clinical relevance
of VCFs in THA because these parameters have been
reported to affect the clinical outcomes of THA [19]. A

Table 1 Demographics of all patients and propensity score-matched patients with and without vertebral compression fractures

Patients with VCF

Patients without VCF  p-value  Matched Matched p-value ASD

patients with  patients without

VCF VCF
Number of patients 51 402 47 47
Age (years) 719496 629+122 <0.01 712496 71.0+74 0.90 0.02
Sex (M/F)? 7/44 72/330 0.56 7/40 8/39 1.00 0.06
Height (cm) 1514+6.6 156.1+8.0 <0.01 151.6+6.79 153.6+84 0.19
Body weight (kg) 539+11.2 582+113 0.01 544+11.6 5744100 0.17
Body mass index (kg/m?) 234442 238+40 0.52 23.6+4.36 243+324 041 017
Diagnosis of the hip? 0.19 0.11
OA 34 313 30 39
ONFH 13 66 13
Others (RDC, post-traumatic OA) 4 23 4

Data are presented as mean + standard deviation

VCF Vertebral compression fracture, ASD Absolute standardized difference, OA Osteoarthritis, ONFH Osteonecrosis of the femoral head, RDC Rapidly destructive

coxarthrosis

2 Fisher’s exact test was performed
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Table 2 Number of patients classified according to number of
vertebral compression fractures

Number of vertebral compression fracture Number
of
patients

1 30

2 14

3 5

4 2

Table 3 Spine level and number of vertebral compression
fractures

Number of vertebral
compression fracture

Spine level

Th5 1
Thé 3
Th7 1
Th8 2
Th9 3
Th10 3
Th11 8
Th12 1
L1 1
L2 1
L3 7
L4 5
L5 6

- U1 O
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1:1 propensity score in nearest-neighbor matching with-
out replacement was performed to create matched pairs
with the caliper set at 0.2 of a standard deviation of the
logit of the propensity score. An absolute standard-
ized difference (ASD) of<0.20 was considered adequate.
We further analyzed the demographics, sagittal spinal
parameters, and pre-and postoperative changes in clini-
cal assessments between patients with a single VCF and
those with multiple VCFs. Statistical significance was set
at p<0.05. Statistical analyses were performed using the
JMP Pro 15.0 software (SAS Institute, Cary, NC, USA).

Results

The « coefficient for the presence of VCF was 0.86, and
the ICCs of the spinal parameters were greater than 0.85,
indicating excellent consistency.

VCFs were identified in 51 (11.3%) patients. Patients
with VCF were older, shorter, and had lower body weight
than those without VCF (Table 1). Table 2 shows the rela-
tionship between the number of patients and VCFs. Single
VCF was the most frequent, in 30 patients, and the most
VCFs was four, in two patients. VCF occurred most fre-
quently in the lumbo-thoracic transition areas of the Th12,
L1, and L2 vertebrae (Table 3). Preoperative sagittal spinal
parameters in patients with VCF showed lower LL and SS,
larger PT and SVA, and greater PI-LL mismatch than those
in patients without VCE, indicating sagittal spinal imbal-
ance (Table 4). However, TK was higher in patients with
VCEF because of the kyphotic effects of VCFs on the tho-
racic vertebrae. Table 5 shows the clinical and VAS scores
for LBP, which were significantly worse in patients with
VCE, but not in those with postoperative OHS. The post-
operative limp, support, distance walked, and stairs scores
in the HHS were significantly poorer in patients with VCE.

Table 4 Preoperative sagittal spinal parameters of all patients and matched patients with and without VCF

Patients with VCF  Patients without VCF  p-value Matched patients with VCF  Matched p-value ASD

patients
without VCF

Number of patients 51 402 47 47

LL () 3544217 455155 <001 36.7+20.2 3594205 0.86

PI(°) 5194132 51.1+£11.6 0.62 5124131 495112 049

PT () 2224123 150493 <0.01 215+120 185+10.2 0.19

SS () 2974140 36.0+10.5 <0.01 29.7 141 31.0+129 0.65

TK() 303+143 260+12.1 0.02 298+145 27.2+164 0.40

SVA (mm)? 590(312-1077) 279(66-59.7) <0.01 55.1(29.8—-96.6) 61.6(31.2—928) 0.60 0.12

PI-LL (°) 166+19.8 56+14.8 <0.01 146+175 13.6+187 0.79 0.07

Data are presented as mean + standard deviation for normally distributed variables and median (interquartile range) for non-normally distributed variables

VCF Vertebral compression fracture, ASD Absolute standardized difference, LL Lumbar lordosis, P/ Pelvic incidence, PT Pelvic tilt, SS Sacral slope, TK Thoracic kyphosis,

SVA Sagittal vertical axis

@ Mann-Whitney U test was performed
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However, changes in the scores before and after THA were
not significantly different between the groups.

After propensity score matching for age, sex, BMI,
SVA, and PI-LL, 47 patients with and without VCF
were established. The matched variables were consid-
ered adequate according to the ASDs. No significant
differences in spinal parameters were found between
the groups after matching (Table 4). Compared
to patients without VCF, those with VCF showed
worse HHS, especially regarding support and dis-
tance walked, and worse VAS scores for LBP pre- and
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postoperatively. However, no significant differences
were found in the pre- and postoperative OHS and
UCLA activity scores. The changes in clinical scores
were not significantly different between the two
groups after matching (Table 5).

Table 6 shows the results of the comparison between
patients with a single VCF and those with multiple
VCFs, comprising 30 and 21 patients, respectively. The
postoperative HHS and UCLA activity scores were sig-
nificantly lower in patients with multiple VCFs.

Table 5 Results of clinical assessments and visual analog scale scores for low back pain

Patients with VCF Patients without VCF p-value Matched patients Matched patients  p-value
with VCF without VCF
Preoperative clinical assessments
HHS 492+£130 548+139 0.01 492+135 564+133 0.01
Pain® 156+7.6 172486 0.09 158+7.7 18.7+8.0 0.02
Limp? 54+3.1 57+28 0.63 53+3.1 54+27 0.96
Support? 60+33 73%32 0.01 60+33 72429 0.04
Distance walked? 52+25 65+25 <0.01 52+26 67425 <0.01
Stairs® 1.7£06 20+06 <0.01 1.7+06 20+04 0.047
Shoes and socks® 2011 23+10 0.04 20+11 23+10 0.25
Sitting® 50+03 50+03 0.90 50+03 50+03 1.00
Public transport® 08+04 09+0.2 <0.01 08+04 09+03 0.14
Deformity® 39+06 38+09 031 39406 39406 1.00
OHS 267+118 313491 <0.01 267+113 2994103 0.15
UCLA activity score® 3(2-4) 4(3-5) <0.01 3(2-4) 3(3-5) 0.055
VAS for LBP? 4(0-7) 2.5(0-5) 0.03 4(0-7) 2(0-4.5) 0.049
Postoperative clinical assessments
HHS? 89.8 (82.8-96.9) 96.8 (90.7-99.8) <001 89.8 (81.8-97.0) 94.9 (87.7-99.7) 0.04
Pain® 428+30 428+33 0.95 428+3.1 429425 0.85
Limp® 92420 100+19 <0.01 91+20 97423 0.06
Support? 76+29 9.6+25 <0.01 76+29 92+26 <0.01
Distance walked? 84+25 99+20 <0.01 84+25 95+23 0.02
Stairs? 25+09 30+10 <001 25+09 26+1.1 0.38
Shoes and socks® 35+10 36+08 0.31 34+10 36+09 034
Sitting® 50+00 50+0.0 1.00 50+£00 50400 1.00
Public transport? 1.0+0.1 1.0+0.1 0.53 1.0+0.1 1.0+0.1 1.00
Deformity? 40+00 40+03 061 40+00 39406 032
OHS? 47 (39-48) 47 (45-48) 0.08 47 (39-48) 47 (43-48) 0.52
UCLA activity score? 4 (3-5) 5 (5-6) <0.01 4 (3-5) 5 (4-6) 0.11
VAS for LBP? 1(0-5) 0(0-2) 0.01 1(0-5) 0(0-1) 0.02
Changes of clinical assessments
AHHS 395119 388+134 0.71 3944123 3574126 0.15
AOHS 1654104 140488 0.07 1654103 15092 046
AUCLA activity score 1(1-2) 1(0-2) 0.77 1(0-2) 1(0-2) 0.78
AVAS for LBP 16+£32 16+£30 0.86 16+£32 15+3.0 0.90

Data are presented as mean + standard deviation for normally distributed variables and as median (interquartile range) for non-normally distributed variables

All components of the HHS are shown as mean + standard deviation, although they are ordinal scales and were analyzed using the Mann-Whitney U test

VCF Vertebral compression fracture, HHS Harris hip score, OHS Oxford hip score, UCLA University of California, Los Angeles, VAS Visual analog scale, LBP Low back pain

2 Mann-Whitney U test was performed
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Table 6 Demographics, spinal parameters, and clinical assessments of patients with single VCF and multiple VCFs
Patients with single VCF Patients with multiple VCFs p-value

Number of patients 30 21
Age (years) 71.7+99 724494 0.69
Sex (M/F)? 4/26 2/19 1.00
Height (cm) 1515+7.1 150.8+5.3 0.72
Body weight (kg) 555+9.1 5144134 0.20
Body mass index (kg/m?) 241+32 225453 0.17
Diagnosis of the hip? 091

OA 21 13

ONFH 7 6

Others (RDC, post-traumatic OA) 2 2

LL () 3874228 3324189 0.36

PI() 5244125 526+118 0.95

PT () 208+143 24287 033

SS () 31.6+15.1 284112 042

TK () 28.7+14.2 3324145 0.28

SVA (mm)? 60.8 (28.4-96.5) 59.2 (36.8-115.3) 0.25

PI-LL (°) 13.7+£215 1944179 032
Preoperative clinical assessments

HHS 490135 4914126 0.99

OHS 258+114 2754123 0.60

UCLA activity score® 3(2-4) 3(2-5) 048

VAS for LBP? 3(0-7) 5(0.5-6.7) 043
Postoperative clinical assessments

HHS® 90.4 (86.0-98.4) 85.9 (79.8-93.4) 0.04

OHSs? 48 (41-48) 45 (37-48) 0.18

UCLA activity score® 4.5 (4-6) 4 (3-4.5) 0.04

VAS for LBP? 1(0-4.3) 1(0-5) 038
Changes of clinical assessments

AHHS 416111 36.8+12.9 0.17

AOHS 18.0+9.1 149+120 0.31

AUCLA activity score 1(1-2) 1(-0.5-2) 0.27

AVAS for LBP 15+29 1.5+36 094

Data are presented as mean + standard deviation for normally distributed variables and median (interquartile range) for non-normally distributed variables

VCF Vertebral compression fracture, OA Osteoarthritis, ONFH Osteonecrosis of the femoral head, RDC Rapidly destructive coxarthrosis, LL Lumbar lordosis, Pl Pelvic
incidence, PT Pelvic tilt, SS Sacral slope, TK Thoracic kyphosis, SVA Sagittal vertical axis, OA Osteoarthritis, HHS Harris hip score, OHS Oxford hip score, UCLA University of

California, Los Angeles, VAS Visual analog scale, LBP Low back pain

@ Mann-Whitney U test was performed

Discussion

To the best of our knowledge, this is the first study to ana-
lyze the effects of VCF on the clinical outcomes of THA.
Our study found that the approximately 11% of patients
had VCF before THA, who were older, had sagittal spi-
nal imbalance, and had worse clinical outcomes pre-
and postoperatively. After propensity score matching,
patients with VCF had worse HHS (p <0.05), especially
regarding support and distance walked, and worse VAS
scores for LBP (p<0.05), pre- and postoperatively. How-
ever, the changes in clinical scores were not significantly

different between the groups, indicating that patients
with VCFs showed similar improvement to patients with-
out VCE. Furthermore, patients with multiple VCFs had
lower clinical HHS and UCLA activity scores than those
with a single VCF.

Patients with VCFs have sagittal spinal imbalance [5,
10, 12]. The VCFs and sagittal spinal parameters were
closely related. Furthermore, Ochi et al. [19] reported
that preoperative sagittal spinopelvic alignment affects
hip function after THA. Therefore, we consider that a
patient cohort with or without VCF after matching only
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for age, sex, and BMI, may mislead the results regard-
ing whether VCFs or sagittal spinal imbalance affect the
results. Our study featured propensity score matching for
not only age, sex, and BMI but also spinal parameters to
clarify the relationship between VCFs and clinical out-
comes, regardless of sagittal spinal parameters. We found
that VCFs independently affected the clinical outcomes
of THA. Therefore, hip surgeons should assess not only
spinal alignment but also the presence of VCFs, when
spine radiographs are routinely examined.

Some studies showed that VCFs were associated
with poor physical function [4, 14]. Similarly, vertebral
deformities are associated with functional impairment
[3, 22]. Our study revealed that the functional compo-
nents of HHS, support and walking distance, were signifi-
cantly lower in the VCF group, which is consistent with
the results of previous studies. The other HHS compo-
nents did not differ significantly between the two groups.
Therefore, although patients with VCF may not show suf-
ficient improvement in support and distance walked after
THA, hip surgeons and patients with VCF can expect
similar improvements in other components of the HHS
as compared to patients without VCF.

The postoperative HHS and UCLA activity scores in
patients with multiple VCFs were significantly poorer
than those in patients with a single VCE, although no
significant difference was noted between the two groups
before THA. A previous study demonstrated that the
number of VCFs correlated with the global sagittal align-
ment, which was further correlated with the Oswestry
Disability Index and Short-Form-12 [12]. Another study
found that community-dwelling women with multiple
VCFs had poorer physical function, including slower
walking speed, shorter chair stand time, and shorter
functional reach than those with a single VCF [2]. The
number of VCFs should also be evaluated to predict the
clinical scores, activities of daily living, and HRQoL of
patients.

VCFs are also closely related to sarcopenia [27, 30],
with different criteria for sarcopenia [6, 8] such as poor
physical performance. One study reported that patients
with sarcopenia showed poor functional scores on THA
pre- and postoperatively [29]. In our study, some patients
with VCF also had sarcopenia, however, we did not inves-
tigate grip strength, which is a major criterion of sarcope-
nia. Therefore, clinical outcomes of THA may have been
affected by sarcopenia. This is a limitation of this study;
patients with sarcopenia or VCF overlap. In this study,
we focused on VCFs, however, its definition remains
complex. The identification of patients with sarcopenia
among many THA candidates is difficult, whereas a spine
radiograph is a relatively easy way to check VCFs to iden-
tify patients with poor functional outcomes.
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This study has some limitations. First, this was a ret-
rospective study performed at a single institution. Selec-
tion bias or other biases may have been present for THA
in this study. Second, this study lacked data on medica-
tion, bone mineral density, bone metabolism markers,
and diagnosis of sarcopenia, which may be covariates of
the clinical outcomes of THA. The relationships between
these factors should be investigated in future studies.
Third, this study included a small number of patients
with VCF and a 1-year follow-up period. A prospective,
large-scale, long-term follow-up study is required to fur-
ther clarify the association between VCF and THA.

Conclusion

This study found that 11.3% of the patients had VCF
before THA. HHS, especially regarding support and dis-
tance walked, and VAS for LBP were worse in patients
with VCF preoperatively and 1-year postoperatively,
after matching for age, sex, BMI, SVA, and PI-LL. How-
ever, the improvements in the clinical scores were similar
between the two groups with or without VCE. Our find-
ings suggest that hip surgeons should evaluate not only
spinal alignment but also the presence of VCF before
performing THA.
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