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Abstract: Background and Objectives: Conservative treatment is the gold standard for acute osteoporotic
vertebral fractures (AOVFs). However, the treatment strategy for multiple AOVFs remains unknown.
We conducted a prospective study using magnetic resonance imaging (MRI) to investigate how
rapidly subsequent osteoporotic vertebral fractures (OVFs) occur as domino OVFs within 3 months.
This study aimed to assess the incidence and impact of domino OVFs on quality of life (QOL)
following conservative treatment for initial AOVFs. Materials and Methods: A prospective multicenter
cohort study was conducted at eight hospitals. The included patients were those with AOVFs
occurring within 3 weeks, aged >60 years, and diagnosed using MRI. All patients were treated
conservatively and underwent MRI after 3 months. Subsequent domino OVFs were defined as newly
occurring OVFs within 3 months. Patient characteristics, types of conservative treatment, and patient-
reported outcomes, including a visual analogue scale (VAS), the Oswestry disability index (ODI),
and the Japanese Orthopaedic Association back pain evaluation questionnaire (JOABPEQ), were
evaluated and compared between the domino OVF and non-domino OVF groups. Results: A total of
227 patients were analyzed. The mean age was 80.1 ± 7.3 years and 78% were female. Subsequent
domino OVFs were observed in 31 (13.6%) patients within 3 months. An increasing number of
prevalent OVFs were significantly associated with domino OVFs (p = 0.01). No significant differences
in bone mineral density, type of brace, and anti-osteoporosis medications were found between the
two groups. The JOABPEQ (excluding social function), ODI, and VAS were significantly improved
after 3 months. Patients with domino OVFs at 3 months had poorer JOABPEQ social life function,
ODI, and VAS than those with non-domino OVFs. Conclusions: In this study, the incidence of domino
OVFs was 13.6% within 3 months. Domino OVFs had a negative impact on QOL at 3 months and
were associated with prevalent OVFs.

Keywords: domino osteoporotic vertebral fractures; magnetic resonance imaging; quality of life;
osteoporosis; conservative treatment

1. Introduction

Fragility osteoporotic vertebral fractures (OVFs), the most common type of osteo-
porotic fracture, are increasing with the aging population and can increase morbidity and
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mortality. While the prognosis for most OVFs is favorable, there exist some cases where
non-union, residual back pain, and the need for surgical intervention can arise. In Japan,
the incidence of new cases of osteoporosis is 287.39 per 1000 person-years, and every year,
approximately 970,000 people develop osteoporosis [1].

Recently, secondary fracture prevention has become important. It has been reported
that the annual incidence of new vertebral fractures is 24.5 per 1000 person-years, while
the incidence of subsequent vertebral fractures is higher at 68.8 per 1000 person-years [2,3].
Several studies have reported that the subsequent fracture risk is higher immediately
following an initial fragility fracture than the risk of imminent fracture [4,5]. The incidence
of imminent fracture following fragility fracture has been reported as 7.6% within 1 year
and 11.6% in 2 years [4]. Generally, the risk of subsequent fracture is highest within 1 year
following initial fracture and the relative risk is increased 5.3 fold [6]. The highest risk
of subsequent major osteoporotic fracture has been reported within 6 months of index
vertebral fracture, with a hazard ratio of 4.1 [7]. Clinical vertebral fracture has been
reported as having the highest risk of subsequent fracture, with 14% and 26% at 1 and
2 years, respectively [4].

Concomitant OVFs have been proposed as at least two acute OVFs, with a reported
incidence of 11–26% [8–10]. Similarly, domino OVFs have been named for the chain reaction
of acute OVFs within a short period of time and are assumed to be rapidly developing
multiple OVFs over a few months. The occurrence of domino OVFs may have an adverse
effect on the mobility of patients and subsequently decrease their quality of life (QOL) [9].
Thus, it is imperative to investigate the impact of subsequent domino OVFs on the patient’s
post-injury life.

Magnetic resonance imaging (MRI) is the most useful tool for detecting acute OVFs.
Conservative treatment after acute osteoporotic vertebral fractures (AOVFs) typically im-
proves lower back pain (LBP) within 3 months [11]. However, time course MRI studies after
AOVFs have demonstrated that 97.7% of patients showed signal changes at 3 months [12],
yet it is unclear whether domino OVFs occurred simultaneously or consecutively within
a short period. Hence, we conducted a prospective study to investigate the extent of the
development of subsequent domino OVFs using MRI at 3 months. This study aimed to
assess the incidence of domino OVFs and their impact on QOL and residual LBP following
conservative treatment for AOVFs.

2. Materials and Methods
2.1. Study Design and Patient Selection

A prospective, multicenter cohort study was conducted at eight hospitals between July
2020 and May 2022. This study complied with the tenets of the Declaration of Helsinki and
was approved by the hospital’s institutional review board. Informed consent was obtained
from all study participants. The inclusion criteria were (1) age > 60 years, (2) participa-
tion within 3 weeks from the initiation of the back pain, (3) AOVFs confirmed on plain
radiographs and MRI, and (4) minor trauma or lack of significant trauma. The exclusion
criteria were (1) vertebral tumors, (2) spine infections, (3) requirement of surgery due to
neurological deficit or non-union, (4) previous spine surgery, (5) three or more prevalent
OVFs, and (6) lack of radiographic data. Patient-related data and radiographic findings
were obtained from electronic medical records.

2.2. Conservative Treatment

Conservative treatments for AOVFs include bed rest, physical therapy, bracing, and
anti-osteoporosis medication. Medication for osteoporosis includes teriparatide, bisphos-
phonates, romosozumab, and denosumab, which were selected based on the severity of
osteoporosis, medication adherence, and medical comorbidities. Anabolic agents, specifi-
cally teriparatide and romosozumab, are recommended for patients who have a high risk
of fragility fractures. This includes individuals who have a prevalent OVF, T-scores lower
than −2.5 standard deviations (SDs), and a semi-quantitative (SQ) grading of 3. The choice
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between teriparatide and romosozumab was made based on contraindications, including
hypercalcemia, hypocalcemia, prior malignancy, and a history of stroke or myocardial
infarction within the past year. Antiresorptive agents, including bisphosphonates and
denosumab, were used when there was a contraindication for anabolic agents, the T-scores
were higher than −2.5, or the patient was unable to perform self-injection due to advanced
age. The selection of anti-osteoporosis medication was determined by the attending physi-
cian. Hospitalization was indicated for severe disability due to LBP. The type of brace
was selected by physicians based on fracture type, patient age, brace compliance, and
medical comorbidities. Braces were used for at least 3 months. Bone mineral density (BMD)
was examined in all patients using dual-energy X-ray absorptiometry at the levels of the
lumbar spine and hip. Baseline procollagen type 1 amino-terminal propeptide (P1NP) and
tartrate-resistant acid phosphatase 5b (TRACP5b) levels were also evaluated.

2.3. Patient-Reported Outcome Measures (PROMs)

The Japanese Orthopaedic Association back pain evaluation questionnaire (JOABPEQ)
was used to calculate pain-related disorders, lumbar function, walking ability, social life
function, and mental health, yielding scores ranging from 0 to 100. Higher scores indicated
better function. Visual analogue scale (VAS) scores for LBP ranged from 0 to 100, with
higher scores indicating more severe pain. The Oswestry disability index (ODI) ranged from
0 to 100, with higher scores indicating poorer QOL. The questionnaires were completed at
baseline and 3 months after conservative treatment.

2.4. Imaging Assessment

MRI was performed at baseline and at 3 months, using a 1.5 T MRI at each hospital. All
fractures were diagnosed by six orthopedic surgeons (T.K., K.M., M.T., T.Y., M.H., and K.N.;
orthopedic spine surgeons with 8, 21, 8, 7, 6, and 6 years of experience, respectively) using
MRI. The morphology of vertebral collapses was classified into three types, depending
on the site of the maximum reduction in vertebral height: wedge deformity, biconcave
deformity, and crush deformity [13]. The SQ method was used to assess vertebral collapse
according to four grades: 0 indicating “non-fracture,” 1 “mild fracture,” 2 “moderate frac-
ture,” and 3 “severe fracture.” The categorizations of 0, 1, 2, and 3 correspond to reductions
in vertebral height of ≤20%, 21–25%, 26–40%, and ≥41%, respectively. Subsequent domino
OVFs were diagnosed using whole-spine sagittal MRI at 3 months.

2.5. Data Analysis

All measured variables are expressed as mean ± SD. Patient characteristics, types
of conservative treatment, and outcome measures of the domino OVF and non-domino
OVF groups were compared. We analyzed continuous variables using the Student’s t-test
for normally distributed data. Continuous data with skewed distribution were analyzed
using the Mann–Whitney U test after normality was assessed using the Shapiro–Wilk test.
Fisher’s exact or chi-square tests were used to assess for categorical variables. Clinical
outcomes, including JOABPEQ, VAS for LBP, and ODI at baseline and 3 months, were
compared using the Wilcoxon signed-rank test. Statistical analyses were performed using
JMP version 14 (SAS Institute, Cary, NC, USA). All tests were two-sided, and p values < 0.05
were considered significant.

3. Results
3.1. Patient Characteristics

A total of 277 patients who were conservatively treated for AOVFs were included in
this study. Of these, 50 patients were excluded due to the following reasons: 13 patients
died, 12 cases required surgery, 5 cases transferred to other hospitals, and 20 cases lacked
complete data. Finally, 227 patients were analyzed. Subsequent domino OVFs were
observed in 31 (13.6%) patients using MRI at 3 months (Figure1). The mean age was
80.1 ± 7.3 years (range: 60–98 years). There were 177 females and 50 males. Prevalent
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OVFs were found in 44.9% (102) of patients (1 in 70 patients and 2 in 32 patients). Multiple
AOVFs were observed in 40 patients (17.6%): 33 with two vertebrae, 5 with three vertebrae,
and 2 with four vertebrae. The baseline characteristics of the patients, BMD data, and bone
metabolism markers are presented in Table1.

Medicina 2023, 59, x FOR PEER REVIEW 4 of 12 
 

 

died, 12 cases required surgery, 5 cases transferred to other hospitals, and 20 cases lacked 
complete data. Finally, 227 patients were analyzed. Subsequent domino OVFs were ob-
served in 31 (13.6%) patients using MRI at 3 months (Figure 1). The mean age was 80.1 ± 
7.3 years (range: 60–98 years). There were 177 females and 50 males. Prevalent OVFs were 
found in 44.9% (102) of patients (1 in 70 patients and 2 in 32 patients). Multiple AOVFs 
were observed in 40 patients (17.6%): 33 with two vertebrae, 5 with three vertebrae, and 2 
with four vertebrae. The baseline characteristics of the patients, BMD data, and bone me-
tabolism markers are presented in Table 1. 

  
(a) (b) 

Figure 1. MRI findings of subsequent domino OVFs. (a): MRI image at baseline, (b): MRI image at 3 
months. White arrows indicate the initial AOVF. Black arrows indicate subsequent domino OVFs. T1WI: 
T1-weighted imaging, T2WI: T2-weighted imaging, STIR: short τ inversion recovery, MRI: magnetic res-
onance imaging, OVFs: osteoporotic vertebral fractures, AOVF: acute osteoporotic vertebral fracture. 

Table 1. Patient characteristics at baseline. 

Variables Total n = 227 
Age (years) 80.1 ± 7.3 

Sex (female, n, (%)) 177 (78) 
Weight (kg) 52.4 ± 9.5 
Height (cm) 153.1 ± 9.5 
BMI (kg/m2) 22.4 ± 3.6 

Number of prevalent OVFs (n, (%))  
0 125 (55) 
1 70 (31) 
2 32 (14) 

Number of initial AOVFs (n, (%))  
1 187 (82.4) 
2 33 (14.5) 
3 5 (2.2) 
4 2 (0.8) 

HU values (L4) 56.4 ± 33.8 
Lumbar YAM (%) 77.3 ± 15.9 
Femoral YAM (%) 70.2 ± 14.1 
TRACP5b (mU/dL) 469.3 ± 218.4 

P1NP (μg/L) 76 ± 76.1 
BMI: body mass index, HU: Hounsfield unit, YAM: young adult mean, TRACP: tartrate-resistant 
acid phosphatase, P1NP: procollagen type 1 amino-terminal propeptide. 

Regarding conservative treatment, 84.1% of patients did not receive anti-osteoporosis 
medication, 21 patients (9.3%) used bisphosphonates, 3 (1.3%) used teriparatide, 0 (0%) used 
romosozumab, 3 (1.3%) used denosumab, and 9 (4%) used selective estrogen receptor mod-
ulators at baseline. Out of all the patients, 82% (162 patients) exhibited severe osteoporosis, 

Figure 1. MRI findings of subsequent domino OVFs. (a): MRI image at baseline, (b): MRI image
at 3 months. White arrows indicate the initial AOVF. Black arrows indicate subsequent domino
OVFs. T1WI: T1-weighted imaging, T2WI: T2-weighted imaging, STIR: short τ inversion recovery,
MRI: magnetic resonance imaging, OVFs: osteoporotic vertebral fractures, AOVF: acute osteoporotic
vertebral fracture.

Table 1. Patient characteristics at baseline.

Variables Total n = 227

Age (years) 80.1 ± 7.3

Sex (female, n, (%)) 177 (78)

Weight (kg) 52.4 ± 9.5

Height (cm) 153.1 ± 9.5

BMI (kg/m2) 22.4 ± 3.6

Number of prevalent OVFs (n, (%))
0 125 (55)
1 70 (31)
2 32 (14)

Number of initial AOVFs (n, (%))
1 187 (82.4)
2 33 (14.5)
3 5 (2.2)
4 2 (0.8)

HU values (L4) 56.4 ± 33.8

Lumbar YAM (%) 77.3 ± 15.9

Femoral YAM (%) 70.2 ± 14.1

TRACP5b (mU/dL) 469.3 ± 218.4

P1NP (µg/L) 76 ± 76.1
BMI: body mass index, HU: Hounsfield unit, YAM: young adult mean, TRACP: tartrate-resistant acid phosphatase,
P1NP: procollagen type 1 amino-terminal propeptide.

Regarding conservative treatment, 84.1% of patients did not receive anti-osteoporosis
medication, 21 patients (9.3%) used bisphosphonates, 3 (1.3%) used teriparatide, 0 (0%)
used romosozumab, 3 (1.3%) used denosumab, and 9 (4%) used selective estrogen recep-
tor modulators at baseline. Out of all the patients, 82% (162 patients) exhibited severe
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osteoporosis, and of those patients, 83.3% (135 patients) were not undergoing osteoporosis
treatment. After AOVFs treatment, 62 patients (27.3%) used bisphosphonates, 83 (36.6%)
used teriparatide, 29 (12.8%) used romosozumab, 15 (6.6%) used denosumab, 6 (2.6%) used
selective estrogen receptor modulators, and 32 (14%) did not receive any medication. A to-
tal of 49.3% of the patients used anabolic agents, including teriparatide and romosozumab.
In all, 99 (43.6%) patients required hospitalization because of severe disability due to back
pain. Furthermore, 106 patients (47.3%) used a soft brace, 110 (49.1%) used a rigid brace,
and 11 (3.6%) used a support belt or no brace. The distributions of the prevalent, initial,
and subsequent domino OVFs levels are shown in Figure2.
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Figure 2. Schematic diagram for patient enrollment and follow up. A total of 277 patients treated
conservatively for AOVFs were included in this study. Of these, 50 patients were excluded, and
227 patients were analyzed.

At baseline, the morphology of the fractures was found to be 60.3% wedge deformity,
16.1% biconcave deformity, and 14.4% crush deformity. Three months after conservative
treatment, the fracture morphologies were as follows: wedge deformity in 55.8%, biconcave
deformity in 13.2%, and crush deformity in 27.4%. Regarding the degree of vertebral
collapse, Grade 0 was observed in 9.2%, Grade 1 in 66.1%, Grade 2 in 22.4%, and Grade 3 in
2.3% of cases at baseline. After 3 months of conservative treatment, Grade 0 was observed
in 3.6%, Grade 1 in 38.6%, Grade 2 in 35%, and Grade 3 in 22.8% of cases. Regarding the
region of the spine, 23 OVFs (8.2%) were observed at the thoracic level (T5-9), 175 (62.7%)
at the thoracolumbar level (T10-L2), and 81 (29%) at the lumbar level (L3-5) at the first
visit. Prevalent OVFs were observed in 17 OVFs (12.5%) at the thoracic level, 75 (55.1%) at
the thoracolumbar levels, and 44 (32.4%) at the lumbar levels. Subsequent domino OVFs
were observed in 9 OVFs (12.8%) at the thoracic level, 24 (61.5%) at the thoracolumbar
levels, and 10 (25.6%) at the lumbar level (Figure3). There were no significant differences
in the spinal region among the three groups. The proportion of domino OVFs was 84%
(26 patients) in one vertebra, 10% (3 patients) in two vertebrae, and 6% (2 patients) in three
vertebrae. There were 20 patients (51.3%) in the adjacent level and 11 patients (35.5%) in
the remote level.
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Figure 3. Distributions of the levels of the prevalent, initial, and subsequent domino OVFs.

3.2. Comparison of Characteristics and Treatment between the Non-Domino OVF and Domino
OVF Groups

There were no significant differences in patient demographics, including age, sex,
height, body weight, and body mass index between the two groups (Table2). An increasing
number of prevalent OVFs were significantly associated with domino OVFs (p = 0.01).
However, young adult mean values for the lumbar spine and total hip and Hounsfield
units (HUs) at L4 were equivalent between the two groups (Table2). TRACP5b and P1NP
levels were also equivalent between the two groups. No significant differences were found
in the type of brace, need for hospitalization, and type of anti-osteoporosis medication
(Table3).

Table 2. Comparison of patient characteristics between the non-domino OVFs and the domino OVFs
at baseline.

Characteristics Non-domino OVFs
n = 196

Domino OVFs
n = 31 p Value

Age (years) 79.7 ± 7.5 82.1 ± 1.3 0.1

Sex (men/women) 41/155 9/22 0.31

Body weight (kg) 52.5 ± 9.7 51.9 ± 8.7 0.75

Height (cm) 152.8 ± 8 155.2 ± 9.7 0.16

Body mass index (kg/m2) 22.5 ± 3.7 21.5 ± 2.5 0.22

Number of prevalent OVFs (n, %)

0.01 *
none 113 (57.7) 12 (38.7)

1 60 (30.6) 10 (32.2)
2 23 (11.7) 9 (29)

Multiple AOVFs 32 (16) 8 (26) 0.22

HU values (L4) 57.8 ± 33.7 47.9 ± 34.4 0.2

Lumbar BMD (YAM value, %) 77.7 ± 16.3 74.6 ± 12.7 0.41

Total hip BMD (YAM value, %) 70.6 ± 14.6 67.8 ± 10.3 0.34

TRACP5b (mU/dL) 458.7 ± 209.8 540.2 ± 262.7 0.09

P1NP (µg/L) 76.1 ± 73.4 75.7 ± 93.8 0.47
BMD: bone mineral density; * p < 0.05 indicates a statistically significant difference.

Before the initial AOVF treatment, in the non-domino OVF group, 20 patients (10.2%)
used bisphosphonates, 2 (1%) used teriparatide, 0 (0%) used romosozumab, 3 (1.5%)
used denosumab, 8 (4.1%) used selective estrogen receptor modulators, and 163 (83.2%)
did not receive any medication; and in the domino OVF group, 1 patient (3.2%) used
bisphosphonates, 1 (3.2%) used teriparatide, 0 (0%) used romosozumab, 0 (0%) used
denosumab, 1 (3.2%) used selective estrogen receptor modulators, and 28 (90.3%) did not
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receive any medication. After AOVF treatment, in the non-domino OVF group, 57 patients
(29.1%) used bisphosphonates, 71 (36%) used teriparatide, 22 (11.2%) used romosozumab,
11 (5.6%) used denosumab, 6 (3.1%) used selective estrogen receptor modulators, and
29 (14.8%) did not receive any medication; and in the domino OVF group, 5 patients (16.1%)
used bisphosphonates, 12 (38.7%) used teriparatide, 7 (22.6%) used romosozumab, 4 (12.9%)
used denosumab, 0 (0%) used selective estrogen receptor modulators, and 3 (9.7%) did
not receive any medication. There was no significant difference observed in the usage of
osteoporosis medications between the two groups, both before and after the implementation
of treatment intervention.

Table 3. Comparison of conservative treatment between the non-domino OVFs and the domino OVFs
at baseline.

Variables Non-domino OVFs
n = 196

Domino OVFs
n = 31 p Value

Type of brace (n, %)

0.1
hard 89 (45.4) 17 (54.8)
soft 97 (49.5) 13 (41.9)

none 7 (3.6) 1 (3.2)

Hospitalization (yes (n, %)) 86 (43.9) 13 (41.9) 0.84

Anti-osteoporosis medications (n,
%)

Bisphosphonate 57 (29.1) 5 (16.1)

0.54

SERMs 6 (3.1) 0 (0)
Denosumab 11 (5.6) 4 (12.9)
Teriparatide 71 (36) 12 (38.7)

Romosozumab 22 (11.2) 7 (22.6)
None 29 (14.8) 3 (9.7)

SERMs: selective estrogen receptor modulators.

In all, 112 patients (49.3%) were treated for AOVFs with anabolic agents such as teri-
paratide and romosozumab. Anabolic agents were utilized for the treatment of osteoporosis
in 93 patients (47.4%) in the non-domino OVF group and 19 patients (61.3%) in the domino
OVF group, without any statistically significant difference between the two groups.

3.3. Comparison of PROMs between the Non-Domino OVF and Domino OVF Groups

PROMs were collected without missing data from 173 patients in the non-domino
OVF group and 22 in the domino OVF group. There were no significant differences in
baseline PROM scores between the non-domino and domino OVF groups. The social life
function in the JOABPEQ at 3 months was significantly poorer in the domino OVF group
than in the non-domino OVF group. The ODI and VAS for LBP were significantly higher in
the domino OVF group than in the non-domino OVF group (p = 0.04 and p < 0.01). Severe
disability (ODI > 40%) at 3 months was significantly greater in the domino OVF group than
in the non-domino OVF group. All PROMs were significantly improved after 3 months,
except for social function (p = 0.43) (Table4, Figure4).

Table 4. Comparison of patient-reported outcomes between the non-domino OVFs and the domino
OVFs at baseline and 3 months.

Measures Non-domino OVFs
n = 173

Domino OVFs
n = 22 p Value

JOABPEQ
Pain-related disorder

At baseline 38 ± 30.6 36 ± 32.5 0.74
3 months 65.4 ± 32.1 59.9 ± 37.3 0.65
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Table 4. Cont.

Measures Non-domino OVFs
n = 173

Domino OVFs
n = 22 p Value

Lumbar function
At baseline 33.9 ± 30.5 29.7 ± 27.8 0.51
3 months 59.1 ± 31.3 53.1 ± 33.9 0.35

Walking ability
At baseline 30.7 ± 29.4 25.4 ± 23.7 0.52
3 months 49.6 ± 32 43.4 ± 36.4 0.31

Social life function
At baseline 35.6 ± 24.4 32.1 ± 26.9 0.37
3 months 50.7 ± 24.7 35.7 ± 22.3 <0.01 *

Mental health
At baseline 43.4 ± 18.3 37.1 ± 20.9 0.12
3 months 50.8 ± 19.1 46 ± 23.7 0.37

VAS low back pain
At baseline 66.1 ± 25.6 68 ± 24.5 0.8
3 months 31.7 ± 25.1 43.7 ± 28.7 0.04 *

ODI
At baseline 50.9 ± 22.7 54.5 ± 20.6 0.58
3 months 31.7 ± 20.6 44 ± 24.4 <0.01 *

ODI > 40% [n, (%)]
At baseline 130 (69.1) 19 (73.1) 0.68
3 months 53 (30.3) 15 (60) <0.01 *

JOABPEQ: Japanese Orthopaedic Association back pain evaluation questionnaire, VAS: visual analog scale, ODI:
Oswestry disability index. * p < 0.05 indicates a statistically significant difference.
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4. Discussion

Subsequent domino OVFs is a condition in which multiple AOVFs are present because
a new fracture develops before the initial OVF heals. In the present prospective study, 13.6%
of the patients developed domino OVFs within 3 months. The incidence of subsequent
OVFs after a new OVF was reported to be 6.7–19% (Inose, 6.7%; Yamauchi, 17.6%; and
Lindsay, 19%) [3,8,14]. Inose et al. [3] reported that 6.7% of subsequent OVFs were observed
within 48 weeks, and 73% of these occurred within 6 months.

Previous studies on conservative treatment did not use anabolic agents, such as
teriparatide or romosozumab. Our study used anabolic agents in 49.3% of the patients.
However, the incidence of domino OVFs was higher than that reported in previous studies.
There were several reasons for this: (1) Our baseline population included multiple AOVFs
(17.6%). These patients had a high risk of domino OVFs. (2) A total of 45% of patients
had one or two prevalent OVFs. The risk of new OVFs has been reported to increase with
the number of prevalent OVFs, which was 3.4 fold for one prevalent OVF and 7.4 fold
for two or more prevalent OVFs [15]. (3) MRI was performed extensively on the thoracic
spine to detect the fractures. Therefore, once AOVFs occur in patients with a high risk of
subsequent OVFs, anti-osteoporosis medication alone cannot prevent domino OVFs within
a short period of time.

Risk factors associated with subsequent OVFs after conservative treatment include LBP
at baseline, type of brace, low lumbar BMD, worse functional recovery [8], and prevalent
OVFs. Several studies have reported that prevalent OVFs were associated with the risk
of subsequent OVFs [14,15]. Lindsay et al. [14] reported that the risk of subsequent OVFs
increased by five-fold, which was consistent with our findings. Prevalent OVFs was the
only predictor of domino OVFs in this study. Lumbar and femoral BMD, type of brace,
and anti-osteoporosis medication were not found to be predictors of domino OVFs. The
L4 HU value has been reported to be useful in predicting OVFs [16]. In this study, the
L4 HU and BMD tended to be lower in the domino OVF group; however, the differences
were not significant. Recent studies have reported that the combination of L1-L3 BMD
and trabecular bone score are better tools for predicting OVFs [17]. Regarding mechanical
factors, developing a wedge deformity increases the intensity of the flexor moment as a
domino effect, resulting in rapid, multiple OVFs [18,19]. The authors concluded that T7, T8,
T12, and L1 are critical vertebrae, as they are the inflection points of spinal alignment [18,19].
A recent finite element analysis showed that kyphotic deformation of the vertebral body
at T12 increased the bimodal compressive stress on the adjacent vertebrae at T10 and T11
and midthoracic spine at T7 and T8 [20]. The presence of adjacent and remote dominoes in
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this study also indicated a difference in mechanical loading. Multiple factors, such as poor
bone quality and mechanical stress, may impact the occurrence of domino OVFs.

Despite the possibility of an earlier onset of domino OVFs, assessing the clinical
outcome at 1 month would be challenging as it would be difficult to discriminate between
the source of pain arising from the initial OVF and that from the domino OVFs. Several
recent studies have reported that pain and QOL significantly improve after 3 months
of conservative treatment for OVFs [11,21,22]. Therefore, our study evaluated clinical
outcomes and image assessments at the 3-month mark. We believe this timeframe provides
a suitable interval for the natural course of conservative treatment following the initial
OVF. In this study, the JOABPEQ, VAS for LBP, and ODI were significantly improved in
both groups at 3 months. This study also included asymptomatic domino OVFs because all
patients underwent MRI. However, the domino OVF group had higher VAS and ODI scores
at 3 months and significantly worse social life function than the non-domino OVF group.

In a subgroup analysis of domino OVFs, patients with adjacent OVFs and number of
OVFs ≥ 3 had significantly severe functional disability. Previous studies have reported
that non-union, severe vertebral collapse, angular instability, and MRI findings, such as T2
high-signal changes, were associated with residual LBP [11,22,23]. Hu et al. reported that
the number of OVFs was significantly correlated with global sagittal alignment, which was
associated with a poorer QOL [24]. Although spinal alignment was not investigated in this
study, short-term results were obtained, and care should be taken because an increasing
number of OVFs is likely to result in worsened global spinal alignment.

In this study, the domino OVF group had significantly worse social life function, VAS
for LBP, and ODI scores at 3 months compared to the non-domino OVF group. Although
both groups had significant improvement in VAS for LBP and ODI after the 3-month follow
up, social life function in the domino OVF group did not show significant improvement. It
is noteworthy that the evaluation of walking ability in the study by Yamaura et al. [9] was
conducted on a four-point scale, while the current study used the JOABEQ questionnaire to
assess physical function, which may have contributed to the lack of significant difference
in walking ability observed in this study. Furthermore, Ahmadi et al. [11] reported that
LBP after vertebral fracture improved after 3 months of conservative treatment; thus,
this study suggests that subsequent domino OVFs within the short-term period have a
negative impact on VAS for LBP. The findings of this study suggest that domino OVFs
may negatively impact the later QOL of patients. However, as the follow-up period was
only 3 months, future studies are needed to assess the long-term clinical outcomes of
domino OVFs.

The prevention of domino OVFs may play a key role in the success of conservative
treatment for OVFs. In our study, only 16% of the patients received anti-osteoporosis
treatment at baseline. In Japan, the number of new osteoporosis patients is increasing
significantly each year, and consequently, the number of patients with vertebral fractures
is also on the rise [1,2]. In recent years, guidelines for the prevention and treatment
of osteoporosis have recommended that fragility OVFs be diagnosed as osteoporosis,
regardless of BMD [25]. In addition, patients with fragility OVFs should be managed by
a fracture liaison service (FLS) or multidisciplinary team, as recommended for secondary
fracture prevention. Despite its high prevalence, a considerable number of patients with
osteoporosis remain untreated; in this study, 84.1% of patients were not receiving any
treatment. A total of 86% of our patients initiated anti-osteoporosis treatment after new
OVFs, and 49.3% used anabolic agents. Several previous studies on the conservative
management of OVFs did not incorporate anabolic agents, leading to a presumed lower
incidence of subsequent domino OVFs in the current study [3,6,12,22,23]. However, the
results of this study indicate that anti-osteoporosis treatment did not prevent domino OVFs.
Domino OVFs may develop before the effects of anti-osteoporosis treatment, within a
short period of time. While it is a widely recognized fact that drugs for osteoporosis are
efficacious against fractures resulting from fragility, there exists a lack of clarity concerning
the duration required for the onset of their effectiveness from the commencement of
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treatment. Bouxsein et al. [26] reported that a 2% improvement in lumbar BMD was
associated with a 28% reduction in vertebral fracture, whereas 8% and 14% improvements in
lumbar BMD were associated with 62% and 79% reductions in vertebral fracture, although
the timing of this effect is uncertain since the rate of BMD increase varies depending on
the medication used. It is advisable to initiate therapeutic intervention for osteoporosis as
early as possible after diagnosis. Inose et al. [3] recommended the use of a rigid brace to
prevent subsequent OVFs. However, the use of a rigid brace for all patients, such as the
geriatric population, is uncommon. Therefore, decreasing the number of untreated patients
with osteoporosis before the occurrence of new OVFs and increasing FLSs are considered
the most effective approach for domino OVF prevention.

This study had several limitations. First, conservative treatment, including anti-
osteoporosis treatment and type of brace, were selected based on the physician. Only two
of all hospitals in this multicenter study used an FLS team. Second, we did not evaluate
spinal alignment, the degree of vertebral collapse, and MRI findings. These factors may
affect clinical outcomes and QOL scores. Third, 50 (18%) patients were excluded from this
study. Twelve patients required surgery. The incidence of domino OVFs may underestimate
the true number of patients. Fourth, a 3-month follow-up period may not provide adequate
time to assess the clinical outcomes of domino OVFs. Longer-term monitoring is warranted,
as this duration may not suffice to gauge the effectiveness of anti-osteoporosis medication
and its impact on fracture prevention. However, the strength of this study was that the
incidence of domino OVFs could be studied using MRI in a prospective multicenter manner.

5. Conclusions

In conclusion, the current study demonstrated that the incidence of subsequent domino
OVFs was 13.6% within 3 months. Patients with domino OVFs had poorer social life
function in the JOABPEQ, ODI, and VAS for LBP than in the non-domino OVF group. The
types of anti-osteoporosis treatment and brace did not prevent domino OVFs. Detection
and early intervention for severe osteoporosis before initial OVF may reduce domino OVFs.

Author Contributions: Conceptualization, T.K. and K.M.; data collection and analysis T.K., K.M.,
M.T., T.Y., M.H., H.O., Y.H. and K.N.; writing—original draft preparation, T.K.; writing—review and
editing, K.M.; supervision, T.T., M.T., T.Y., M.H., K.N., H.O., Y.H., F.A., K.K. and N.Y. All authors
have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: This study was conducted in accordance with the Declaration
of Helsinki and approved by the Institutional Review Board of Hyogo Medical University (IRB
No. 3562). The approval date was 20 July 2020.

Informed Consent Statement: Informed consent was obtained from all subjects involved in this study.

Data Availability Statement: The data presented in this study are available on request from the
corresponding author. The data are not publicly available due to privacy and ethical restrictions.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Yoshimura, N.; Muraki, S.; Oka, H.; Mabuchi, A.; Kinoshita, H.; Yosihda, M.; Kawaguchi, H.; Nakamura, K.; Akune, T.

Epidemiology of lumbar osteoporosis and osteoarthritis and their causal relationship–is osteoarthritis a predictor for osteoporosis
or vice versa?: The Miyama study. Osteoporos. Int. 2009, 20, 999–1008. [CrossRef]

2. Fujiwara, S.; Buchanan-Hughes, A.; Ng, A.; Page, J.; Adachi, K.; Li, H. Real-world evaluation of osteoporotic fractures using the
Japan Medical Data Vision database. Osteoporos. Int. 2022, 33, 2205–2216. [CrossRef]

3. Inose, H.; Kato, T.; Ichimura, S.; Nakamura, H.; Hoshino, M.; Togawa, D.; Hirano, T.; Tokuhashi, Y.; Ohba, T.; Haro, H.; et al. Risk
factors for subsequent vertebral fracture after acute osteoporotic vertebral fractures. Eur. Spine J. 2021, 30, 2698–2707. [CrossRef]
[PubMed]

4. Balasubramanian, A.; Zhang, J.; Chen, L.; Wenkert, D.; Daigle, S.G.; Grauer, A.; Curtis, J.R. Risk of subsequent fracture after prior
fracture among older women. Osteoporos. Int. 2019, 30, 79–92. [CrossRef] [PubMed]

http://doi.org/10.1007/s00198-008-0771-3
http://doi.org/10.1007/s00198-022-06472-1
http://doi.org/10.1007/s00586-021-06741-3
http://www.ncbi.nlm.nih.gov/pubmed/33515331
http://doi.org/10.1007/s00198-018-4732-1
http://www.ncbi.nlm.nih.gov/pubmed/30456571
iwasaki
ハイライト



Medicina 2023, 59, 590 12 of 12

5. Wong, R.M.Y.; Wong, P.Y.; Liu, C.; Wong, H.W.; Chung, Y.L.; Chow, S.K.H.; Law, S.W.; Cheung, W.H. The imminent risk of a
fracture-existing worldwide data: A systematic review and meta-analysis. Osteoporos Int. 2022, 33, 2453–2466. [CrossRef] [PubMed]

6. van Geel, T.A.; Huntjens, K.M.; van den Bergh, J.P.; Dinant, G.J.; Geusens, P.P. Timing of subsequent fractures after an initial
fracture. Curr. Osteoporos. Rep. 2010, 8, 118–122. [CrossRef]

7. Söreskog, E.; Ström, O.; Spångéus, A.; Åkesson, K.E.; Borgström, F.; Banefelt, J.; Toth, E.; Libanati, C.; Charokopou, M. Risk
of major osteoporotic fracture after first, second and third fracture in Swedish women aged 50 years and older. Bone 2020,
134, 115286. [CrossRef]

8. Yamauchi, K.; Adachi, A.; Kameyama, M.; Murakami, M.; Sato, Y.; Kato, C.; Kato, T. A risk factor associated with subsequent
new vertebral compression fracture after conservative therapy for patients with vertebral compression fracture: A retrospective
observational study. Arch. Osteoporos. 2020, 15, 9. [CrossRef]

9. Yamaura, T.; Maruo, K.; Arizumi, F.; Kishima, K.; Yoshie, N.; Kusukawa, T.; Tachibana, T. Adjacent vertebral Hounsfield unit
value of acute osteoporotic vertebral fracture is a risk factor for concomitant domino osteoporotic vertebral fractures. J. Orthop.
Sci. 2022; in press.

10. Lenski, M.; Büser, N.; Scherer, M. Concomitant and previous osteoporotic vertebral fractures. Acta Orthop. 2017, 88, 192–197. [CrossRef]
11. Ahmadi, S.A.; Takahashi, S.; Hoshino, M.; Takayama, K.; Sasaoka, R.; Tsujio, T.; Yasuda, H.; Kanematsu, F.; Kono, H.;

Toyoda, H.; et al. Association between MRI findings and back pain after osteoporotic vertebral fractures: A multicenter prospec-
tive cohort study. Spine J. 2019, 19, 1186–1193. [CrossRef]

12. Takahashi, S.; Hoshino, M.; Takayama, K.; Iseki, K.; Sasaoka, R.; Tsujio, T.; Yasuda, H.; Sasaki, T.; Kanematsu, F.; Kono, H.; et al.
Time course of osteoporotic vertebral fractures by magnetic resonance imaging using a simple classification: A multicenter
prospective cohort study. Osteoporos. Int. 2017, 28, 473–482. [CrossRef]

13. Genant, H.K.; Wu, C.Y.; van Kuijk, C.; Nevitt, M.C. Vertebral fracture assessment using a semiquantitative technique. J. Bone
Miner. Res. 1993, 8, 1137–1148. [CrossRef]

14. Lindsay, R.; Silverman, S.L.; Cooper, C.; Hanley, D.A.; Barton, I.; Broy, S.B.; Licata, A.; Benhamou, L.; Geusens, P.; Flowers, K.; et al.
Risk of new vertebral fracture in the year following a fracture. JAMA 2001, 285, 320–323. [CrossRef]

15. Kim, S.H.; Choi, H.S.; Rhee, Y.; Kim, K.J.; Lim, S.K. Prevalent vertebral fractures predict subsequent radiographic vertebral
fractures in postmenopausal Korean women receiving antiresorptive agent. Osteoporos. Int. 2011, 22, 781–787. [CrossRef]
[PubMed]

16.Lee, B.J.; Koo, H.W.; Yoon, S.W.; Sohn, M.J. Usefulness of trabecular CT attenuation measurement of lumbar spine in predicting
osteoporotic compression fracture: Is the L4 trabecular region of interest most relevant? Spine (Phila Pa 1976) 2021, 46, 175–183.
[CrossRef] [PubMed]

17. Shevroja, E.; Mo Costabella, F.; Gonzalez Rodriguez, E.; Lamy, O.; Hans, D. The fracture predictive ability of lumbar spine BMD
and TBS as calculated based on different combinations of the lumbar spine vertebrae. Arch. Osteoporos. 2022, 17, 83. [CrossRef]

18. Nardi, A.; Tarantino, U.; Ventura, L.; Armotti, P.; Resmini, G.; Cozzi, L.; Tonini, G.; Ramazzina, E.; Rossini, M. Domino Effect:
Mechanic factors role. Clin. Cases Miner. Bone Metab. 2011, 8, 38–42.

19. Nardi, A.; Ventura, L.; Rossini, M.; Ramazzina, E. The importance of mechanics in the pathogenesis of fragility fractures of the
femur and vertebrae. Clin. Cases Miner. Bone Metab. 2010, 7, 130–134. [PubMed]

20. Okamoto, Y.; Murakami, H.; Demura, S.; Kato, S.; Yoshioka, K.; Hayashi, H.; Sakamoto, J.; Kawahara, N.; Tsuchiya, H. The effect
of kyphotic deformity because of vertebral fracture: A finite element analysis of a 10◦ and 20◦ wedge-shaped vertebral fracture
model. Spine J. 2015, 15, 713–720. [CrossRef]

21. Piazzolla, A.; Solarino, G.; Lamartina, C.; De Giorgi, S.; Bizzoca, D.; Berjano, P.; Garofalo, N.; Setti, S.; Dicuonzo, F.; Moretti, B.
Vertebral bone marrow edema (VBME) in conservatively treated acute vertebral compression fractures (VCFs): Evolution and
clinical correlations. Spine (Phila Pa 1976) 2015, 40, E842–E848. [CrossRef]

22. Inose, H.; Kato, T.; Ichimura, S.; Nakamura, H.; Hoshino, M.; Takahashi, S.; Togawa, D.; Hirano, T.; Tokuhashi, Y.; Ohba, T.; et al.
Factors contributing to residual low back pain after osteoporotic vertebral fractures. J. Clin. Med. 2022, 11, 1566. [CrossRef]

23. Hoshino, M.; Nakamura, H.; Terai, H.; Tsujio, T.; Nabeta, M.; Namikawa, T.; Matsumura, A.; Suzuki, A.; Takayama, K.; Takaoka, K.
Factors affecting neurological deficits and intractable back pain in patients with insufficient bone union following osteoporotic
vertebral fracture. Eur. Spine J. 2009, 18, 1279–1286. [CrossRef] [PubMed]

24. Hu, Z.; Man, G.C.W.; Kwok, A.K.L.; Law, S.W.; Chu, W.W.C.; Cheung, W.H.; Qiu, Y.; Cheng, J.C.Y. Global sagittal alignment in
elderly patients with osteoporosis and its relationship with severity of vertebral fracture and quality of life. Arch. Osteoporos.
2018, 13, 95. [CrossRef] [PubMed]

25. LeBoff, M.S.; Greenspan, S.L.; Insogna, K.L.; Lewiecki, E.M.; Saag, K.G.; Singer, A.J.; Siris, E.S. The clinician’s guide to prevention
and treatment of osteoporosis. Osteoporos. Int. 2022, 33, 2049–2102. [CrossRef] [PubMed]

26. Bouxsein, M.L.; Eastell, R.; Lui, L.Y.; Wu, L.A.; de Papp, A.E.; Grauer, A.; Marin, F.; Cauley, J.A.; Bauer, D.C.;
FNIH Bone Quality Project; et al. Change in Bone Density and Reduction in Fracture Risk: A Meta-Regression of Published Trials.
J. Bone Miner. Res. 2019, 34, 632–642. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

http://doi.org/10.1007/s00198-022-06473-0
http://www.ncbi.nlm.nih.gov/pubmed/35776148
http://doi.org/10.1007/s11914-010-0023-2
http://doi.org/10.1016/j.bone.2020.115286
http://doi.org/10.1007/s11657-019-0679-x
http://doi.org/10.1080/17453674.2016.1273644
http://doi.org/10.1016/j.spinee.2019.02.007
http://doi.org/10.1007/s00198-016-3737-x
http://doi.org/10.1002/jbmr.5650080915
http://doi.org/10.1001/jama.285.3.320
http://doi.org/10.1007/s00198-010-1298-y
http://www.ncbi.nlm.nih.gov/pubmed/20533028
http://doi.org/10.1097/BRS.0000000000003756
http://www.ncbi.nlm.nih.gov/pubmed/33065695
http://doi.org/10.1007/s11657-022-01123-8
http://www.ncbi.nlm.nih.gov/pubmed/22460018
http://doi.org/10.1016/j.spinee.2014.11.019
http://doi.org/10.1097/BRS.0000000000000973
http://doi.org/10.3390/jcm11061566
http://doi.org/10.1007/s00586-009-1041-6
http://www.ncbi.nlm.nih.gov/pubmed/19484434
http://doi.org/10.1007/s11657-018-0512-y
http://www.ncbi.nlm.nih.gov/pubmed/30194552
http://doi.org/10.1007/s00198-021-05900-y
http://www.ncbi.nlm.nih.gov/pubmed/35478046
http://doi.org/10.1002/jbmr.3641

	Introduction 
	Materials and Methods 
	Study Design and Patient Selection 
	Conservative Treatment 
	Patient-Reported Outcome Measures (PROMs) 
	Imaging Assessment 
	Data Analysis 

	Results 
	Patient Characteristics 
	Comparison of Characteristics and Treatment between the Non-Domino OVF and Domino OVF Groups 
	Comparison of PROMs between the Non-Domino OVF and Domino OVF Groups 

	Discussion 
	Conclusions 
	References

