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Qrsemr

Background: Spine-hip discordance (SHD) increases fracture risk. However, its preva-
lence and clinical implications have not been investigated in patients with hip fractures.
This study determined the prevalence and association of SHD with mortality and inves-
tigated the cause of SHD in patients with hip fractures. Methods: This study included
patients admitted for fragility hip fractures between 2011 and 2020. All patients under-
went dual energy X-ray absorptiometry and anteroposterior and lateral views of the
lumbosacral spine during admission. Data on demographics, diagnosis, American Soci-
ety of Anesthesiologists score, and mortality were collected. A T-score difference of more
than 1.5 between L1-4 and the femur neck was considered discordant, and 3 groups
(lumbar low [LL] discordance, no discordance [ND], and femur neck low [FL] discordance)
were compared. In the discordance group, lumbar radiographs were reviewed to deter-
mine the cause of discordance. Results: Among 1,220 eligible patients, 130 were ex-
cluded due to patient refusal or bilateral hip implantation; therefore, this study included
1,090 patients (271 male and 819 female). The prevalence of LL, ND, and FL was 4.4%,
66.4% and 29.2% in men and 3.9%, 76.1%, and 20.0% women. Mortality was not associ-
ated with discordance. The most common causes of discordance were physiological in
the LL group and pathological in the FL group for both sexes. Conclusions: Patients with
hip fractures showed lower rates of ND and higher rates of FL compared to the general
population. True discordance should be carefully judged for pathological and artifact
reasons. The clinical implications of SHD require further investigation.
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INTRODUCTION

Osteoporosis is a systemic skeletal disease characterized by low bone mass and
microarchitectural deterioration of bone tissue, with a consequent increase in
bone fragility and susceptibility to fracture.[1] Measurement of bone mineral den-
sity (BMD) is a central component in the diagnosis of osteoporosis. Dual energy X-
ray absorptiometry (DXA) measurement of BMD is considered the gold standard
in diagnosing osteoporosis and assessment for the risk of osteoporotic fracture.[2]
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Recently, spine-hip discordance (SHD) is increasingly in-
vestigated by researchers. By the definition of the World
Health Organization (WHO),[3] minor discordance is osteo-
penia at 1 site and normal or osteoporotic BMD at another,
and major discordance is the normal bone density at 1 site
and osteoporosis at another.[4] Other definition also exists,
which uses a difference in T-score of least 1 standard devia-
tion (SD; regardless of any change in diagnostic class) as
minor discordance [5] or T-score difference of 1.5 SD as a
discordance.[6] These discordances are known to be asso-
ciated with risk of fracture.[7,8]

However, the prevalence of SHD and its clinical implica-
tions were not assessed. Considering the growing interest
in SHD and the importance of hip fracture, which results in
high mortality, loss of independence, lower quality of life,
and high rate of socioeconomic burden,[9] the clinical im-
plication of SHD in hip fracture patient needs investigation.
The purpose of this study is to assess the prevalence and
clinical implication of SHD and investigate the cause of
SHD in elderly patients with hip fractures.

METHODS

1. Study population

Between 2011 and 2020, patients aged >65 years who
were admitted for surgery due to acute hip fracture were
eligible for this study. During this period, 1,220 patients
visited our emergency department due to a fresh hip frac-
ture. Of these patients, 64 patients could not undergo DXA
due to patient refusal, 60 excluded due to bilateral implan-
tation state, and 6 for other issue. As a result, data on 1,090
patients were analyzed for this study (Fig. 1).

2. Bone density measurement

The areal BMD (aBMD) of the lumbar spine (LS) was ac-
quired using DXA scan images (Lunar Prodigy Advance; GE
Lunar, Madison, WI, USA). Daily calibration and quality as-
surance testing were performed, and the coefficient of
variation for precision in measuring the aBMD of the LS
was 0.34%. The aBMD was expressed in g/cm?, and the T-
score was defined as the number of SDs from the mean
aBMD for a reference group from the general South Korean
population. The diagnosis was made according to the WHO
classification using T-scores as follows. T-scores -2.5 SDs
were defined as osteoporosis, T-scores between -2.5 and
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Fig. 1. Flow diagram illustrating patient inclusion/exclusion.

-1.0 SDs were defined as osteopenia, and T-scores >1.0 SD
were defined as normal. The difference in the discordance
between L1-4 and femur neck BMD was defined as =1.5
SD, and was divided into 3 groups: LS low (LL) discordance,
no discordance (ND) and femur neck low (FL) discordance
groups.[6]

3. Data collection

Since 2011, data including age, sex, height, weight, Amer-
ican Society of Anesthesiologists (ASA) score, BMD of L1-4,
femur neck were prospectively collected. And for this spe-
cific study, data were retrospectively reviewed from No-
vember 2021 to January 2022 compared with the original
data on the electrical medical record system. After surgery,
patients were followed up at our outpatient clinic at 6 weeks,
6 months, 1-year, and yearly thereafter. Patients who were
lost to follow-up within 1 year after operation were con-
tacted by phone to check for mortality. Also for missing
cases, mortality was checked with medical records or the
expiration of the social security number.

4. Cause of discordance

To evaluate the cause of discordance, L-S spine antero-
posterior/lateral radiographs of discordant cases were re-
viewed. The cause of discordance was classified into physi-
ologic, pathophysiologic, and artifacts according to the
description by Woodson [3]. Cases were classified as physi-
ologic cases when there was no pathologic or artifacts le-
sion. Cases were classified as pathophysiologic when there
was vertebral osteophytosis, endplate and facet sclerosis,
ankylosing spondylitis, osteochondritis, compression frac-
ture, or aorta calcification. Cases with bone cement, im-
plantation, and metal particles were classified as artifact
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groups. The X-ray was reviewed by 2 experienced orthope-
dic surgeons, and the most contributing abnormality was
decided by discussion between the 2 and classified ac-
cordingly.

5. Statistical analysis

All measurements were reported as the mean £ SD. For
comparison, ANOVA was used for continuous variables
and post hoc analysis was done with least significant dif-
ference. A y* test was used for categorical variables. SPSS
for Windows statistical package (version 27.0; SPSS Inc.,
Chicago, IL, USA) was used, and a P-value of less than 0.05
was considered significant.

RESULTS

Of the 1,090 patients, 271 (24.9%) were male and 819
(75.1%) were female. The diagnosis was 453 femur neck
fractures (41.6%), 600 intertrochanteric fractures (55.0%),
and 37 subtrochanteric fractures (3.4%). ASA was one in 18
cases (1.7%), 2 in 445 cases (40.8%), 3 in 617 cases (56.6%),
and 4 in 10 cases (0.9%). The 769 cases were diagnosed
with osteoporosis (70.6%), and 1-year mortality rate was
10.8%. Discordance was observed in 504 cases (46.2%).
Baseline demographic information and patient character-
istics are summarized in Table 1.

Compared with sex differences, although height and wei-
ght were higher in male (P<0.01), body mass index (BMI)
was higher in female (P<0.05). BMD of L1-4 and neck was
higher in male and 1-year mortality was higher in male
(P<0.01). ND was lower and FL was higher in male group,
and the prevalence of osteoporosis was higher in female
group. Overall, between sexes, age, height, weight, BMI, L1-4
BMD, femur neck BMD, 6-month mortality, 1-year mortality,
discordance, osteoporosis showed a difference (Table 1).

Compared with 3 different groups in males regarding
clinical implications such as diagnosis, ASA, and mortality,
FL group was older than ND group and showed higher body
weight and BMI compared to LL and ND group (P<0.05).
LS BMD was different between groups (P<0.01). There was
no difference in mortality between groups (Table 2).

Comparing with 3 different groups in females regarding
clinical implications such as Diagnosis, ASA, and mortality,
FL group showed higher body weight and BMI compared
to LL and ND group (P<0.01). LS T-score was different be-
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Table 1. Comparison of clinical values between sexes

Male Female

Total (N=271)  (N=819) P-value
Age (yr) 78.47+£98 7576+10.4 79.37+£9.4 <0.001
Height (cm) 156.4+8.7 166.6+6.3 1529465 <0.001

Body weight (kg) 5461104 609+95 526+98 <0.001

BMI (kg/m?) 223+36 219431 224+38 0.018
BMD T-score

L1-4 -210+£160 -1.37£1.71 -23+1.48 <0.001

Neck -266+1.05 -2.02+1.12 -2.87+0.92 <0.001
Diagnosis 0.248

FNF 453 (41.6) 120(44.3) 333(41.0)

ITF 600(55.0) 139(51.3) 461 (56.3)

STF 37(3.4) 12 (4.4) 25(3.1)
6 months mortality 72 (6.6) 28(10.3) 44 (5.4) 0.004
1 year mortality 118(10.8)  47(17.3)  71(8.7)  <0.001
ASA 0.150

1 18(1.7) 2(0.7) 16 (19.5)

2 445(40.8)  111(41.0) 334(40.8)

3 617(56.6) 158(58.3) 459 (56.0)

4 10(0.9) 0(0.0%) 10(1.2)
Discordance 0.006

LL 44 (4.0) 12 (4.4) 32(3.9)

ND 803(73.7) 180(66.4) 623(76.1)

FL 243(22.3)  79(29.2) 164(20.0)
Osteoporosis 769(70.6) 127(46.9) 642(78.4) <0.001

The data is presented as N (%) or mean + standard deviation.

BMI, body mass index; BMD, bone mineral density; FNF, femur neck frac-
ture; ITF, intertrochanteric fracture; STF, subtrochanteric fracture; ASA,
American Society of Anesthesiologists; LL, lumbar low discordance; ND,
no discordance; FL, femur neck low discordance.

tween all groups, but femur neck T-score was higher in LL
group compared to ND and FL group (P<0.01) There was
no difference in mortality between groups (Table 3).

The cause of discordance was different between groups.
In both sexes, physiologic discordance was dominant in LL
group and pathologic discordance was dominant in FL group
(P<0.001) (Table 4).

DISCUSSION

SHD is known to increase fracture risk. However its prev-
alence and clinical implication have not been investigated
in hip fracture patients. The purpose of this study was to
determine the prevalence and association with mortality
in SHD group compared to ND group and investigate the
cause of SHD in hip fracture patients. The results of this
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Table 2. Comparison of clinical values between LL, ND, and FL groups in male patients

LL(N=12) ND (N=180) FL(N=79) P-value P-valug?

Age (yr) 76.2+8.1 746+10.5 78.3£10.1 0.036 @
Height (cm) 166.5+7.49 166.5+6.4 167.0£59 0.797
Body weight (kg) 56.9+94 60.1+£9.6 63.3£9.1 0.016 o.d
BMI (kg/m?) 20.4+2.1 21.7+£3.1 22.7+3.1 0.011 c.d
BMD T-score

Lumbar spine -3.79+1.05 -1.90+1.36 021+£127 0.000 bl. ol d

Femur neck -1.88+1.20 -1.94+1.14 -2.02+1.04 0.135
Diagnosis 0.228

FNF 2(16.7) 80 (44.4) 38(48.1)

ITF 10(83.3) 92 (51.1) 37 (46.8)

STF 0(0.0) 8(0.4) 4(5.1)
ASA

1 0(0.0) 2(1.1) 0(0.0)

2 4(33.3) 75(41.7) 32 (40.5)

3 8(66.7) 32(17.8) 47 (59.5)

4 0(0.0) 0(0.0) 0(0.0) 0.843
6 months mortality 3(25.0) 16(8.9) 9(11.4) 0.193
1 year mortality 3(25.0) 31(17.2) 13(16.5) 0.765
Osteoporosis 11(91.7) 86 (47.8) 33(41.8) 0.02

The data is presented as N (%) or mean + standard deviation.
“Post-hoc analysis using least significance difference correction.
¥P<0.05 between low lumbar spine and without discordance.
9P<0.05 between low lumbar spine and low FN.

9P<0.05 between without discordance.

BMI, body mass index; BMD, bone mineral density; FNF, femur neck fracture; ITF, intertrochanteric fracture; STF, subtrochanteric fracture; ASA, Ameri-
can Society of Anesthesiologists; LL, lumbar low discordance; ND, no discordance; FL, femur neck low discordance.

study was shown that pattern of discordance in each sex
(ND>FL>LL) and in both sexes, and FL was associated
with higher body weight and BMI. The most common causes
of discordance in both sexes were physiologic in LL group,
and pathophysiologic in FL group, respectively. However,
discordance was not related to 6 months and 1-year mor-
tality in both sexes.

The prevalence of discordance shown in this study was
higher than those of the previous study,[6] Hong et al. [6]
assessed the prevalence and characteristics of individuals
with BMD discordance using a total of 3,233 men aged
=50 years and 2,915 postmenopausal women. They de-
fined T =1.5 as a standard for spine hip BMD discordance
and found 417 men (12.9%) and 290 women (10%) exhib-
ited spine-femur BMD discordance. Of them, LL and FL in
males and females were 152 (4.7%) vs. 159 (5.5%) and 265
(8.2%) vs. 131(4.5%), respectively. In this study, prevalence
of LL and FL in males and females were 12 (4.4%) vs. 32
(4.0%) and 79 (29.2%) vs. 164 (20.0%), respectively. The
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difference in prevalence of discordance might be related
to differences in demographic characteristics in 2 studies.
Additionally, our group was older than the previous study,
which also can explain a higher proportion of discordance
in our study.[10-12]

Moreover, population group in this study was elderly pa-
tients with fragility hip fracture. The risk factor of hip frac-
tures was known to be old age, osteoporosis, visual impair-
ment etc. [13] and femoral neck BMD is also known as a risk
factor of hip fracture.[14] Recently discordance has been
proposed as a risk factor for fracture.[7,8] However, as shown
in this study, not the discordance itself, but the FL type of
discordance may be a strong risk factor for femur fracture
which needs further investigation.

In this study, body weight and BMI in FL group were high-
er than those of LL and ND group in both sexes. This is in
accordance with the previous study.[6] Moreover, what
should be emphasized, this finding is in accordance even
with lower BMI values in our study group. Previously, BMD
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Table 3. Comparison of clinical values between LL, ND, and FL groups in female patients

LL(N=32) ND (N=623) FL(N=164) P-value P-valug®

Age (yr) 76.3+10.1 79.3+9.7 80.4%8.0 0.067
Height (cm) 152.5+6.3 153.0£6.5 152.8+6.2 0.850
Body weight (kg) 4914938 51.9+97 56.0+9.8 0.000 o.d
BMI (kg/m?) 21.1£39 22.1+36 239+38 0.000 cid
BMD T-score

Lumbar spine -4.13+1.32 -273+£1.13 -051+1.10 0.000 bl ¢} d}

Femur neck -1.96+1.44 -2.90+0.91 -291+0.77 0.000 bl.e)
Diagnosis 0.756

FNF 12(37.5) 258 (41.4) 62 (37.8)

ITF 18 (56.3) 347 (55.7) 97 (59.1)

STF 2(6.3) 97 (15.6) 5(3.0)
ASA 0.957

1 1(3.1) 12(1.9) 3(1.8)

2 14 (43.8) 251 (40.3) 69 (42.1)

3 17 (53.1) 353 (56.7) 89 (54.3)

4 0(0.0) 7(1.1) 3(1.8)
6 months mortality 1(3.1) 35(5.6) 8(4.9) 0.790
1 year mortality 1(3.1) 61(9.8) 9(5.5) 0.115
Osteoporosis 30(93.8) 495 (79.5) 117 (71.3) 0.008

The data is presented as N (%) or mean + standard deviation.
“Post-hoc analysis using least significance difference correction.
¥P<0.05 between low lumbar spine and without discordance.
9P<0.05 between low lumbar spine and low FN.

9P<0.05 between without discordance.

BMI, body mass index; BMD, bone mineral density; FNF, femur neck fracture; ITF, intertrochanteric fracture; STF, subtrochanteric fracture; ASA, Ameri-
can Society of Anesthesiologists; LL, lumbar low discordance; ND, no discordance; FL, femur neck low discordance.

Table 4. Type of discordance in both sexes

Male (N=91) Female (N=196)
LL FL LL FL
Physiologic 7(58.3)  11(13.9) 22 (68.8) 8(4.9)
Pathologic 3(25.00 60(75.9) 8(25.0) 128(78.0)
Avrtificial 2(16.7) 8(10.1) 2(6.3) 28(17.1)

The data is presented as N (%).
LL, lumbar low discordance; FL, femur neck low discordance.

of femoral neck is known to be associated with type 2 dia-
betes mellitus and metabolic abnormalities [15,16] which
may explain the association between BMD and FL group.
However, our study shows major determinant to decide
the type of discordance is L1-4 BMD (P<0.01), not the fe-
mur neck value. This discrepancy might be related to the
difference in patient characteristics.

Discordance in both sexes was not associated with 6 mon-
ths and 1-year mortality. The pattern between ND and LL/
FL was different. In ND group 1-year mortality was about
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twice compared to 6-month mortality. However, LL/FL group
showed no or minimal change in mortality between the 2
time periods. Although further follow-up study is neces-
sary to access clinical implications between mortality and
type of discordance, this study could not confirm a signifi-
cant relationship between mortality and discordances.

The cause of discordance was different between groups.
In both sexes, physiologic discordance was dominant in LL
group and pathologic discordance was dominant in FL group.
However, what is more important, there were also patho-
logical findings in LL group and also physiologic findings
in FL group. This implies that the true degree of discordance
can be underestimated or overestimated in both groups
due to their pathology. Therefore, discordance should be
assessed with caution. Additionally, as FL group was asso-
ciated with a high proportion of pathology (75.9% and 78.0%
each), the effect of BMI, which is described previously, can
be considered to affect the pathologic process of the spine
resulting in high spine BMD.
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This study has several limitations. First, this study was
retrospectively designed and selection bias was inevitable.
Second, patients visiting tertiary referral center can have
different profiles compared to whole hip fracture popula-
tion. However, in Korea, hip fractures are mostly treated in
tertiary center, and the sample size of our study can make
the generalization of our result more acceptable. Third, as-
sociation underlying implication of FL could not be revealed
in this study. Further study might be necessary to confirm
implication of FL in hip fracture population.

In conclusion, hip fracture patient groups showed lower
ND and higher FL compared to the general population. True
discordance should be judged carefully for pathologic and
artifact reasons. The clinical implication of SHD needs more
verification.
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