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Background: Treating osteoporosis in patients with a distal radius fracture (DRF) became 
paramount at the Fracture Liaison Service. Spinal sagittal imbalance emerged as a risk 
factor for subsequent fractures. Therefore, here we investigated the spinal profile of pa-
tients with DRF to investigate its association with a history of falls and prevalent verte-
bral fractures. Methods: We reviewed the cases of 162 women presenting with DRF and 
162 age-matched women without fracture who underwent an osteoporosis evaluation 
including bone mineral density (BMD) and lateral spine imaging. We compared the inci-
dence of prevalent vertebral fracture and sagittal vertical axis (SVA) to measure spinal 
sagittal imbalance. We also performed a regression analysis of the risks of prevalent ver-
tebral fracture, such as age, body mass index (BMI), BMD, and SVA. Results: The SVA was 
significantly smaller (indicating more stable sagittal balance) in patients with a DRF ver-
sus controls (16 mm vs. 34 mm, respectively; P<0.001). The incidence of a prevalent ver-
tebral fracture was similar between groups (12% vs. 15%, respectively; P=0.332). In 
both groups, the SVA was significantly greater in those with versus without a vertebral 
fracture. The vertebral fracture was significantly associated with age and SVA but not 
BMI or spinal BMD. Conclusions: Spinal sagittal balance was superior in DRF patients, 
yet the frequency of prevalent vertebral fractures was similar. The identification of this 
unique spinal profile in patients with DRF may increase our understanding of osteopo-
rotic fractures. 
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INTRODUCTION

Distal radius fracture (DRF) is the most common upper extremity fracture.[1] 
Since DRF patients are at a higher risk for subsequent fracture,[2] they are a good 
target for osteoporosis prevention. A previous study has shown that active osteo-
porosis care of DRF patients significantly reduces subsequent fractures.[3] Physi-
cians now have a wide range of osteoporosis medications, enabling more individ-
ualized therapies, such as a “treat-to-target” approach.[4,5] Therefore, identifica-
tion of additional risk factors in patients presenting with a DRF would be helpful 
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for this paradigm shift.
The vertebral column is the most common site for fragil-

ity fractures and is a strong predictor for subsequent frac-
tures.[6-8] Two-third of prevalent vertebral fractures are 
underdiagnosed, and they are found in 20% to 26% of 
Fracture Liaison Service patients.[6] However, their preva-
lence has not been specifically studied in patients present-
ing with DRF. Another useful indicator for subsequent frac-
ture actively being investigated is the sagittal vertical axis 
(SVA) measurement. This represents the amount of spinal 
sagittal imbalance. Kaneko et al. [9] reported that the SVA 
is significantly greater in DRF patients compared to a nor-
mal group, suggesting that increased SVA leads to a higher 
risk of falling. Lin et al. [10], published a study showing 
that the SVA is the most important independent risk factor 
for vertebral fractures. They proposed that spinal imbal-
ance destroys biomechanical stability. This theory was in-
vestigated through a finite element model, and vertebral 
strength decreased as posture fell into sagittal imbalance.
[11] Recently, Asahi et al. [12], also reported that SVA in-
creases osteoporosis-related fractures with odds ratios (OR) 
of 4.228. Therefore, we thought that the investigation of 
spinal sagittal imbalance in DRF patients becomes very 

important. 
In this study, we evaluated and compared spinal sagittal 

imbalances and prevalent vertebral fractures in a group of 
DRF patients to a group of age-matched controls without 
a definite history of other fractures or falls. We wanted to 
know whether a spinal sagittal imbalance attributed to 
falling can cause DRF or correlate with prevalent vertebral 
fractures. 

METHODS

1. Study population 
This study was performed in a single referral training hos-

pital, and we obtained approval for this study from the In-
stitutional Review Board. This study was a cross-sectional, 
retrospective review of medical records, so we were given 
an exemption for participants’ written consent. We investi-
gated the cases of female patients aged 55 or older who 
had received treatment for DRF due to fall, either opera-
tively or nonoperatively, at our institute from January 2016 
to August 2021. We included patients with records of bone 
densitometry and lateral spine plain radiographs. For the 
control group, we reviewed female patients of the same 
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age who had visited the orthopedic clinic of our hospital 
during the same period for treatment of locomotive syn-
drome and had the same exam, but we excluded those 
women who had undergone treatment for spinal diseases 
or those with a definite history of falls or fractures. The his-
tory of falls or trauma is routinely recorded at the first visit 
to our orthopedic department, so we used these records 
during the chart review. Especially for those with prevalent 
vertebral fractures, we double-checked whether they had 
symptoms and referred them to the spine clinic for treat-
ment. We also excluded them if any were identified. We 
used the Clinical Data Warehouse (CDW) at our institute to 
find the DRF and control participants who met the criteria. 
Out of 163 DRF cases, we excluded one because of a hip 
fracture history. We also utilized the CDW to screen 952 
controls, followed by the exclusion process and the pro-
pensity score matching, to find age-matched 162 controls.

2. Evaluations
We obtained age, body mass index (BMI) in kg/m2, and 

bone mineral density (BMD) in g/cm2 of the spine, femur 
neck, and total hip with dual energy X-ray absorptiometry 
(DXA) from certified radiological technologists using a sin-
gle DXA scanner (Discovery W; Hologic Inc., Bedford, MA, 
USA). We did a radiographic evaluation of the SVA (in mm), 
and the presence of a prevalent vertebral fracture. We ob-
tain the SVA measurements using our picture archiving 
and communication system’s ruler and functions for draw-
ing lines. A C7 plumb line was drawn at the center of the 
C7 vertebra. The horizontal distance between this line and 
the posterior superior corner of the S1 vertebra was mea-
sured with the ruler function (Fig. 1). We identified preva-
lent vertebral fractures by direct visualization suggested 
by the Genant semiquantitative grading scale.[13] A verte-
bral body was considered to be fractured if mild deforma-
tion (approximately 20%–25% reduction in the anterior, 
middle, or posterior height and a reduction of area 10%–
20% or worse) was present. Worse deformities were also 
categorized into moderate (25%–40% reduction in height) 
and severe (40% reduction in height). Genant’s method 
was also applied to classify the shape of prevalent vertebral 
fractures into a biconcave, wedge, or crush shape (Fig. 2). 
Board-certified radiologists at our institute also identified 
and confirmed all vertebral fractures. We also measured 
the Cobb angle of prevalent vertebral fracture in the sagit-

tal plane. If multiple prevalent vertebral fractures were pres-
ent in one subject, the greatest Cobb angle was recorded. 

3. Statistical analysis
The parameters listed above were compared between 

the 2 groups. Before the analysis, we attempted propensity 
score matching based on a logistic regression analysis us-
ing age. After matching, the standardized mean age differ-
ence was below 0.1. Correlations between parameters were 
analyzed with Pearson’s correlation coefficient. The SVAs of 
controls and cases were compared using the t-test. We per-
formed cross-tabulation using Pearson χ2 to find the asso-
ciation between the occurrence of DRF and prevalent ver-
tebral fracture. We used logistic regression analysis to eval-
uate the risk factors for prevalent vertebral fractures. Vari-
ance inflation factors (VIFs) of parameters were also exam-
ined. Total hip BMD was excluded from this analysis be-
cause it correlated with femur neck BMD (correlation coef-

Fig. 1. Measurement of sagittal vertical axis shown with exemplary 
case and control. C7 plumb line was drawn at the center of the C7 
vertebra. The horizontal distance between this line and the posterior 
superior corner of the S1 vertebra was measured. 

23 mm

Case Control

97 mm
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ficient, 0.868) and high multicollinearity (VIF, 4.580). Multi-
variate analysis was finally performed. All statistical analy-
ses were done with SPSS software (version 26.0; IBM Corp., 
Armonk, NY, USA), and a P value less than 0.05 was consid-
ered significant.

RESULTS

1. Comparison between DRF and control 
patients

There were 162 DRF patients that met the inclusion and 
exclusion criteria. The mean age was 69 (range, 55–88). Out 
of 952 controls, a one-to-one age-matched propensity score 

produced 162 corresponding controls, and their mean age 
was 69 (range, 55–87). 

The SVA was significantly smaller (more stable sagittal 
balance) in patients with a DRF than in control patients (16 
mm vs. 34 mm; P<0.001) (Table 1). The patients with a DRF 
had significantly lower BMI and BMD, and they had a high-
er prevalence of osteoporosis. However, the incidence of 
prevalent vertebral fracture was similar between the 2 groups 
(12% in DRF vs.15% in control patients; P=0.332). 

In both groups, the SVA was significantly greater in those 
with a vertebral fracture than in those without (Fig. 3); In 
the DRF group, the mean SVA was 59 mm in those with 
vertebral fracture and 10 mm in those without a fracture 
(P<0.001). In the control patients, it was 59 mm in those 

Table 1. Comparison of parameters between case and control

Case Control P-value

Age (yr) 69±9.1 69±9.1 0.971

BMI (kg/m2) 23.5±3.1 27.2±4.4 <0.001

BMD (g/cm2)

   Spine 0.758±0.123 0.830±0.135 <0.001

   Femur neck 0.596±0.092 0.630±0.132 0.007

   Total hip 0.731±0.096 0.759±0.133 0.033

SVA (mm) 16±46 34±44 <0.001

Prevalent vertebral  
   fractures

19 (12) 25 (15) 0.332

Osteoporosis 92 (57) 61 (38) 0.001

The data is presented as mean±standard deviation or N (%).
BMI, body mass index; BMD, bone mineral density; SVA, sagittal verti-
cal axis.

Fig. 2. Genant’s classification on the shape of deformity. Cobb angle of the fractured vertebral body that caused the greatest deformity was mea-
sured as shown in the lower right capture.

Wedge Biconcave Crush

Fig. 3. Box and whisker diagram of sagittal vertical axis of control and 
case subgrouped on the presence of vertebral fracture.
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with vertebral fractures and 29 mm in those without (P=  
0.001). 

2. Correlation among parameters
The SVA significantly correlated with age, femur neck 

BMD, absence of DRF, and presence of prevalent vertebral 
fracture (Table 2). A correlation between the occurrence of 
DRF and prevalent vertebral fractures was not found to be 
significant (P=0.332).

Out of 44 vertebral fractures, 31 were biconcave, 12 were 
wedge, and only one was crush type. Thirteen cases were 
moderate deformity, and 31 cases were severe deformity. 
The average Cobb angle was 11.2 degrees (range, -21.4 to 
32.0). The correlation between the Cobb angle and SVA was 
insignificant (P=0.832).

3. Factors associated with prevalent vertebral 
fracture 

In the univariate analysis, age, femur neck BMD, and SVA 
were all significant predictors of prevalent vertebral frac-
ture (Table 3). Spine BMD did not correlate with prevalent 
vertebral fractures. Only older age and greater SVA were 
independently associated with prevalent vertebral fracture 
in the multivariate analysis (OR, 1.070, P=0.006; OR, 1.009, 
P=0.034, respectively). 

DISCUSSION

In this study, we investigated and compared the spinal 
profile of patients with DRF to a group of control patients. 
The prevalence of vertebral fracture was similar in both 
groups, and the control patients showed worse sagittal 
imbalance (greater SVA). In both groups, those with verte-
bral fractures had a higher SVA. This result suggests that 
the sagittal imbalance is associated with prevalent verte-
bral fracture, yet the definite history of falls that cause DRF 
did not present a worse sagittal imbalance. 

DRF is an early sign of general osteoporosis but also is 
one of the major osteoporotic fractures.[14,15] Most osteo-
porotic fractures, especially hip and wrist fractures, are caused 
by falls.[16] Thus, a fall risk assessment is very important. A 

Table 2. Correlation coefficient among parameters

Age BMI SVA Spine BMD FN BMD TH BMD DRF PVF

Age 1 -0.100 0.508a) -0.750 -0.434a) -0.414a) -0.002 0.326a)

(P=0.087) (P<0.001) (P=0.181) (P<0.001) (P<0.001) (P=0.971) (P<0.001)

BMI 1 0.029 0.362a) 0.324a) 0.377a) -0.431a) -0.028

(P=0.614) (P<0.001) (P<0.001) (P<0.001) (P<0.001) (P=0.637)

SVA 1 0.018 -0.267a) -0.276a) -0.196a) 0.298a)

(P<0.748) (P<0.001) (P<0.001) (P<0.001) (P<0.001)

Spine BMD 1 0.501a) 0.531a) -0.268a) -0.021

(P<0.001) (P<0.001) (P<0.001) (P=0.709)

FN BMD 1 0.868a,b) -0.149a) -0.229a)

(P<0.001) (P=0.007) (P<0.001)

TH BMD 1 -0.119a) -0.237a)

(P=0.033) (P<0.001)

DRF 1 -0.054

(P=0.332)

PVF 1
a)Statistical significance.
b)Highly correlated parameter with risk of high multicollinearity.
BMI, body mass index; SVA, sagittal vertical axis; BMD, bone mineral density; FN, femur neck; TH, total hip; DRF, distal radius fracture; PVF, prevalent 
vertebral fracture. 

Table 3. OR of parameters for the occurrence of vertebral fracture

Univariate Multivariate

OR (95% CI) P-value OR (95% CI) P-value

Age 1.117 (1.073−1.163) <0.001 1.070 (1.020−1.124) 0.006

BMI 0.981 (0.907−1.062) 0.636

Spine BMD 0.626 (0.054−7.219) 0.708

FN BMD 0.000 (0.000−0.017) <0.001 0.030 (0.001−1.711) 0.089

SVA 1.017 (1.010−1.024) <0.001 1.009 (1.001−1.017) 0.034

OR, odds ratio; CI, confidence interval; BMI, body mass index; BMD, bone 
mineral density; FN, femur neck; SVA, sagittal vertical axis.
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DRF is usually caused by a fall on the outstretched hand.
[17] Recently, this fall has been suggested to be caused by 
sagittal imbalance.[9] Kaneko et al. [9] showed a higher 
SVA in DRF patients. However, Kim et al. [18] also investi-
gated the association between sagittal balance and the 
risk of falls and showed no association between the SVA 
and the risk of falling. Our results showed significantly low-
er SVA in patients with DRF. The superior sagittal balance 
of DRF patients has never been reported on before. This 
does not necessarily reflect the association between falls 
and SVA, but we may deduct an indirect relationship. Fall-
ing on an outstretched hand is one of the natural reflexes 
to falling [19] and also a protection against direct impact 
on the hip.[20] This reflex may be impaired as the patient 
ages, so wrist fractures tend to occur in persons who are in 
relatively good health as compared to those with hip frac-
tures.[21] Lower SVA in patients with DRF can be under-
stood as one of the parameters of this relatively good re-
flex status.

The normal upper limit of SVA is 5 cm, and even among 
the elderly (those older than 60) reported mean SVA is 2.2 
cm.[11] Since the mean SVA for those with prevalent ver-
tebral fracture in both groups of our study was 5.9 cm, they 
belong to the diseased group in terms of kyphotic defor-
mity. As vertebral fractures themselves can destroy sagittal 
balance, worse sagittal imbalance has been reported in 
patients who suffered osteoporotic vertebral fractures.[22] 
Another study also showed increased T1-pelvic angle in 
patients with vertebral fractures.[23] In that study, the au-
thor defined vertebral fractures when vertebral deformity 
(Cobb angle) was equal to or greater than 10 degrees. How-
ever, our analysis of prevalent vertebral fracture showed 
that 70% were biconcave deformity, and half of them was 
less than 10 degrees. The correlation between vertebral 
deformity and SVA was not significant. Therefore, we think 
vertebral fracture does not always increase SVA. Rather, a 
sagittal imbalance can imply muscle weakness because 
paravertebral muscle and psoas are important for the main-
tenance of spinal alignment.[24,25] These reports are aligned 
with the recent emphasis made on an evaluation of sarco-
penia in patients with DRF.[26] The possibility of improve-
ment in SVA after exercise such as “locomotion training” 
has been suggested.[27] Therefore, such exercise may be 
helpful in osteoporotic patients with sagittal imbalance. 

Obtaining lateral spine images has been suggested to 

identify prevalent vertebral fractures during osteoporosis 
evaluation.[28,29] A similar recommendation has recently 
been reported for using DXA to determine vertebral frac-
tures.[30] The advancement of DXA instrumentation has 
enabled the detection of vertebral fractures. Compared to 
conventional lateral spine radiographs, these advantages 
include lower cost, lower radiation exposure, and greater 
convenience. However, the conventional radiograph re-
mains the gold standard for its superior image resolution. 
Since degenerative changes of the spine predominate in 
osteoporotic patients [31] and such changes affect lumbar 
BMD evaluation, these should also be investigated in con-
ventional lateral radiographs. 

There are a few limitations to this study. First, this was a 
retrospective study. It was not a strictly controlled study. 
Although we excluded any controls with a history of major 
falls or trauma, minor fall events may have been omitted. 
Second, one may argue that the significantly low BMI and 
BMD of the DRF group contaminated the analysis. Obesity 
always interfered with our understanding of osteoporotic 
fractures. As BMI increases as BMD increases, obesity has 
been suggested as a protective factor against osteoporotic 
fractures.[32] However, this has been recently refuted.[33] 
Obesity in wrist fractures is especially in the debate.[33-36] 
Therefore, a similar prevalence of vertebral fracture observed 
in both the DRF group and control group despite the dif-
ference in BMI and BMD was a meaningful finding. We can 
also add value to SVA because it highly correlates with cor-
tical bone marrow densities yet it does not correlate with 
BMI. Last, since this is a cross-sectional study any temporal 
relationship to prove investigated parameters as risk factors 
could not be assessed. A future prospective design would 
provide better evidence for the association between SVA 
and DRF or prevalent vertebral fracture, but our study still 
provides a valuable background. 

In conclusion, this study shows that the sagittal imbal-
ance is associated with prevalent vertebral fractures but 
not falls that can lead to DRF. In addition, the association of 
vertebral fracture with sagittal imbalance but not with spine 
BMD suggests that the mechanical factor can be a more 
important mechanism of vertebral fracture in some patients. 
Identification of this unique spinal profile may help man-
age osteoporosis in patients presenting with DRF. 
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