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Background: The purpose of this study was to analyze the epidemiology of T-score discordance between the spine and femur in
the South Korean population and compare the prevalence of T-score discordance between the Korean osteoporosis population and
atypical femoral fracture (AFF) patients.

Methods: A total of 12,422 subjects from the Korea National Health and Nutrition Examination Survey were reviewed retrospec-
tively. T-score discordance was defined as a difference of > 1 standard deviation between the lumbar spine (LS) and femoral neck
(FN) bone mineral density (BMD). The prevalence of T-score discordance (low LS [LS BMD < FN BMD], low FN [LS BMD > FN BMD],
and total [low LS + low FN]) was investigated in the osteoporosis and non-osteoporosis groups and stratified by sex and age. T-
score discordance of 63 patients with AFFs diagnosed at a single institution was compared with that of the Korean osteoporosis
population using propensity score matching.

Results: T-score discordance was prevalent in the Korean osteoporosis population (44.8%), and low LS discordance (37.5%) was
more frequently seen than low FN discordance (7.2%) (p < 0.001). The prevalence of total and low LS discordance was significantly
higher in AFF patients than in the Korean osteoporosis population (total discordance: 69.8% and 42.5%, respectively; low LS dis-
cordance: 63.5% and 31.7%, respectively; p < 0.001).

Conclusions: T-score discordance was highly prevalent in the Korean osteoporosis population, and low LS discordance was more
common than low FN discordance. Nevertheless, the prevalence of low LS discordance was significantly higher in AFF patients
than in the Korean osteoporosis population.
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Although atypical femoral fractures (AFFs) are a rare
disease that accounts for 0.26% to 2.95% of all femoral
fractures, ™ they have been receiving constant interest
since they occur in long-term bisphosphonate (BP) users
who have not suffered any major trauma.>” In addition to
BP use, osteopenia or osteoporosis, rheumatoid arthritis,
increased anterior/lateral femoral curvatures, and thicker
lateral femoral cortex have been reported as risk factors
for AFE*"® However, the etiology of AFF still remains un-
known.

Recently, Lee et al.” reported that the prevalence of
T-score discordance was significantly higher in AFF cases
than in intertrochanteric fracture cases and thus could be
a risk factor for AFE In particular, the majority of discor-
dances showed a lower T-score of the lumbar spine (LS)
than the femur. Weil et al.'"” also reported that bone min-
eral density (BMD) of the LS in AFF cases was significant-
ly lower than that of the femoral neck (FN). Furthermore,
in a similar study, Chou et al."” reported that femur BMD
in AFF cases was significantly higher than that in osteopo-
rotic femoral fracture cases.

On the other hand, T-score discordance has also
been reported in the general population.””"” Hong et al."
reported that 12.9% of men aged > 50 years and 10% of
postmenopausal women in South Korea had differences
in BMD. Additionally, Moayyeri et al."” reported BMD
discordance in 41.7% out of 4,229 patients, and the major-
ity of these patients (77.9%, with either major or minor
discordance) had a lower BMD in the LS than in the total
femur (TF). Thus, T-score discordance could be a general
phenomenon observed during BMD assessment.

However, it is not yet clear whether there is a signifi-
cant difference in T-score discordance between AFF pa-
tients and the general osteoporosis populations. Moreover,
there have been only a limited number of comparative
studies that have investigated differences in T-score dis-
cordance between these two groups. Additionally, registry
data has been mostly analyzed using factors related to T-
score discordance, and many did not divide the discor-
dance into distinct groups such as LS BMD < femur BMD
and LS BMD > femur BMD.

Therefore, the purpose of this study was to (1) ana-
lyze the epidemiology of T-score discordance between the
spine and femur in the Korean population and (2) com-
pare the prevalence of T-score discordance between the
osteoporosis population and AFF patients from a single
institution using propensity score matching. We hypoth-
esized that the prevalence of low low LS/high FN T-score
discordance would be significantly higher in AFF patients
than in the general Korean osteoporosis population.

METHODS

The study related with AFF patients of our hospital was
approved by the Institutional Review Board of SMG-SNU
Boramae Medical Center (IRB No. 20-2021-51). Informed
consent was waived by the Board because of its retrospec-
tive nature. All studies were carried out in accordance with
the relevant guidelines and regulations.

Data Collection

This study was conducted using registry data acquired
from the Korea National Health and Nutrition Examina-
tion Survey (KNHANES IV and V) performed between
2008 and 2011. The KNHANES is a nationwide cross-
sectional survey conducted annually by the Korea Disease
Control and Prevention Agency since 1998. Samples are
stratified and extracted to represent the entire country.
Data of a total of 12,422 participants aged > 40 years (5,354
men and 7,068 women; age, 58 + 11.5 years), consisting
of 9,207 without osteoporosis and 3,215 with osteoporosis
were available, and their characteristics such as age, height,
weight, body mass index (BMI), and T-scores for the LS
and FN were collected retrospectively. All participants
provided informed consent before registering for the sur-
vey. The study related with registry data (KNHANES) was
approved for exemption by the IRB of SMG-SNU Bora-
mae Medical Center and conducted in accordance with
the relevant guidelines and regulations.

In addition, medical records of 169 patients diag-
nosed with AFF from a single institution between 2010 and
2021 were reviewed retrospectively. The inclusion criteria
were as follows: (1) treated with BP therapy for at least 3
years before AFE (2) underwent dual X-ray absorptiometry
(DXA) within 1 month before and after AFE and (3) met

Study design: retrospective study
Subject: 169 patients diagnosed with atypical femoral
fracture at out hospital from 2010 to 2021

_| 22 Bisphosphonate therapy
for less than 3 years

50 Without DXA |

21 T-score unavailable |

13 Non-osteoporosis |

1]

63 Study cohort |

Fig. 1. Patient enrollment flowchart.
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the criteria for diagnosing osteoporosis (Fig. 1). Overall,
a total of 63 patients (1 men and 62 women; age, 73.7 +
7.4 years) were enrolled in the AFF group, and their de-
mographic data, fracture site, the average duration of BP
therapy, and T-scores for the LS and FN were collected.
The average duration of BP therapy was 70 + 24 months,
while subtrochanteric and diaphyseal fractures accounted
for 30% and 70% of all AFFs, respectively.

BMD Measurement

The BMD values of the participants registered in the
KNHANES database and of the AFF patients in our hospi-
tal were measured at the LS (L1-L4), FN, and TF by DXA
using the Hologic QDR4500A (Hologic Inc., Waltham
MA, USA) and Lunar DPXMD densitometer (GE Health-
care, Madison WI, USA). The precision errors for BMD
measurements of both instruments were 1.9% and 1.5%
in the LS and 1.8%-2.5% and 1.3%-2.2% in the femoral
regions. To calibrate the BMD values of the AFF patients
(from Lunar) to the KNHANES data (from Hologic), a
cross-calibration equation as per a previous study'® was
applied.

T-score was standardized using the reference value
provided by the World Health Organization (WHO)."”
The T-score of FN was generated by comparing the FN
BMD values of the subjects with reference FN BMD values
of Caucasian women aged 20-29 years derived from the
National Health and Nutrition Survey IT1."”*® The T-score
of LS was generated by comparing the LS BMD values of
the subjects with reference LS BMD values of Caucasian
women aged 20-29 years derived from Hologic."*'”

Osteoporosis was diagnosed based on the definition
provided by the WHO: the lowest T-score among the FN,
TF, and LS should be -2.5 or less, provided the T-scores of
the FN and TF were measured in the unfractured femur.

Data Analysis

T-score discordance was defined as a difference of > 1
standard deviation between the LS and FN BMD"**” and
was divided into three categories: low LS discordance (LS
BMD < FN BMD), low FN discordance (LS BMD > FN
BMD), and total discordance (low LS discordance + low
FN discordance).

To evaluate the epidemiology of T-score discordance
between the spine and femur in the Korean population,
the prevalence of low LS, low FN, and total discordances
was investigated in the osteoporosis and non-osteoporosis
groups and stratified by sex and age. In addition, to un-
derstand the difference in T-score discordance among age
groups, the T-score values of the LS and FN were also ana-

lyzed separately and stratified by sex and age.

Finally, to evaluate whether there was a significant
difference in T-score discordance between the general
Korean osteoporosis population and AFF patients, the
prevalence of discordance was compared between the two
groups. The mean T-score values of LS and FN were also
analyzed between the two groups.

Statistical Analysis

Statistical analyses were performed using the IBM SPSS
ver. 26.0 (IBM Corp., Armonk, NY, USA). Chi-square test
was used to determine whether there was a significant dif-
ference in T-score discordance, while a Student #-test and
Mann-Whitney test were used to evaluate the difference
in mean T-score between the groups. Propensity score
matching was used to evaluate the difference in the preva-
lence of T-score discordance between the general Korean
osteoporosis population and AFF patients. Furthermore,
63 AFF patients were matched to the 252 subjects with os-
teoporosis after a 1 : 4 propensity score matching for age,
sex, height, weight, and BML

RESULTS

T-score discordance was highly prevalent in the Korean
population, especially in those with osteoporosis (osteopo-
rosis: 44.8%; non-osteoporosis: 27.1%, p < 0.001), and low
LS discordance was more frequently observed than low
FN discordance (low LS: 37.5%; low FN: 7.2%, p < 0.001)
in those with osteoporosis (Table 1). Men showed signifi-
cantly higher prevalence of total T-score discordance than
did women (men: 57.8%; women: 41.4%, p < 0.05). Fur-
thermore, when the osteoporosis population was stratified
according to age group, the total as well as low LS discor-
dance gradually decreased with age (Fig. 2). This finding
was associated with a greater decrease in the FN T-score
with age than in the LS T-score (Fig. 3).

In the propensity score matching analysis, the
prevalence of total and low LS discordance in the AFF pa-
tients was significantly higher than that in the Korean os-
teoporosis population (total discordance: 69.8% vs. 42.5%,
low LS discordance: 63.5% vs. 31.7%; p < 0.001) (Table 2).
While low LS discordance in the AFF patients accounted
for 91% of total discordance cases, it accounted for 74% of
the cases in the osteoporosis population. In addition, the
mean T-score of FN in the AFF patients was significantly
higher than that in the osteoporosis population (-1.9 and
-2.3, respectively, p < 0.001). However, there was no sig-
nificant difference in LS T-scores between the two groups.
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Fig. 2. (A) Change in T-score discordance according to age in patients without osteoporosis. (B) Change in T-score discordance according to age in
patients with osteoporosis. LS: lumbar spine, FN: femur neck, LS < FN: low LS discordance, LS > FN: low FN discordance, Total: LS < FN + FN > LS.
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Fig. 3. (A) Change in mean T-score according to age in patients without osteoporosis. (B) Change in mean T-score according to age in patients with
osteoporosis. LS: lumbar spine, FN: femur neck, LS < FN: low LS discordance, LS > FN: low FN discordance, Total: LS < FN + FN > LS.

DISCUSSION

The principal finding of this study is that even though
T-score discordance was highly prevalent in the Korean
population with osteoporosis, the prevalence of total and
low LS T-score discordances in the AFF patients were sig-
nificantly higher than that in the Korean population with
osteoporosis. Our findings support the hypothesis that the
prevalence of low LS T-score discordance would be signifi-
cantly higher in AFF patients than in the Korean popula-
tion with osteoporosis.

This study showed the high prevalence of T-score
discordance and low LS discordance dominance in the
Korean population with osteoporosis. According to previ-
ous studies, although T-score discordance was critically
dependent upon the comparison site of the BMD (LS,

FN, TF) and the definition of discordance, trends such as
the high prevalence of T-score discordance and low LS
discordance dominance were also observed in most coun-
tries (Table 3).”*"**** Mounach et al."” reported that T-
score discordance was observed in 46% of 3,479 patients
and that the majority of those patients (86.8%) had low LS
discordance (40%). Seok et al.”” also reported that T-score
discordance was noted in 29.3% of 443 female patients and
that the majority of those (73%) had low LS discordance
(21.4%). This may be because cancellous bone, of which
the vertebrae is mainly composed, has an accelerated me-
tabolism and therefore might exhibit an earlier and more
rapid loss than cortical bone, which is mainly present in
the femur.”® Thus, T-score discordance and low LS discor-
dance dominance are general phenomena observed during
BMD assessment, and our results reflect the phenomena.
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Table 3. Summary of T-score Discordance in Population-Based Studies

Study

Woodson”'!
(2000, America)

Moayyeri et al.”®
(2005, Iran)

Mounach et al."”

Definition of
T-score discordance

LS vs. TF categorical®

LS vs. TF categorical®

Study cohort (no)

Female: 5,051

Male: 340, female: 3,848

Male: 608, female: 2,871

Age (yr)

Male: 49.7 + 16.3,
female: 53.8 +11.2

Male: 51.1+15.1,

Result (%)

Total discordance”: 44, low LS
discordance’: 19, low LS / total: 43.2

Total discordance’; 41.7, low LS
discordance”: 32.5, low LS / total: 77.9

Total discordance”: 46, low LS

LS vs. TF categorical®
(2009, Morocco)

female: 55.7 £ 11.9 discordance’: 40, low LS / total: 86.8

Singh et al.”? LS vs. TF categorical® Menopausal female: 348 53.6 + 8.9 (27-84) Total discordance’: 51.2, low LS

(2012, India) discordance’: 47.1, low LS / total: 92.1
Younes et al.” LS vs. TF categorical® Male: 174, female: 1,606 595+14.3 Total discordance”: 50.5, low LS

(2014, Tunisie) discordance’: 41.2, low LS / total: 816
Seok et al.” LS vs. FN scale’ Female: 443 58.5+7.0 Total discordance”: 29.3, low LS

(2014, Korea) (1 SD difference) discordance’: 21.4, low LS / total: 73
Alarkawi et al.2 LS vs. FN scale’ Male: 1,373, female: 2,270 >60 Total discordance”: 67.1, low LS

(2016, Australia) (0.6 SD difference) discordance® 19.3, low LS / total: 28.7
Hong et al." LS vs. FN scale’ Male: 3,233, menopausal > 50 Total discordance”: 12.9, low LS

(2019, Korea) (1.5 SD difference) female: 2,915 discordance’: 4.7, low LS / total: 36.4
Chanetal.” LS vs. FN categorical scale®  Male: 382, female: 404 57.2+9.1 Total discordance': 32.6, low LS

(2020, Malaysia) (1 SD difference) discordance”: 26, low LS / total: 79.8
Singh et al.” LS vs. (TF or FN) categorical*  Female : 3,725 > 40 Total discordance”: 57.4, low LS

(2020, India) discordance’: 37.1, low LS / total, 64.6

Values are presented as mean + SD.
LS: lumbar spine, TF: total femur, FN: femur neck, SD: standard deviation.

*Categorical: minor discordance was considered present when the difference between two sites was no more than one World Health Organization
diagnostic class. Major discordance was considered present when one site was osteoporotic and the other was normal. "Total discordance: low LS
discordance + low FN discordance. ‘Low LS discordance: LS T-score < FN T-score. “Scale: spine—femur discordance was defined as SD of difference

between the FN and LS bone mineral density.

becomes, and the more peak stress it will tolerate. How-
ever, bones must also have enough elasticity to support
the weight and withstand the pressure. In other words,
when the bone is highly mineralized and homogeneous,
the bone density can be measured high, but the durability
of the bone becomes brittle, less rigid, and vulnerable to
cracks and micro-damages.”” It can be assumed that low
LS discordance and AFF occurred more significantly in
patients in whom this response to BP was more sensitive
in the femur than in the spine. However, further studies
are necessary to clarify. Although the clear relationship
between T-score discordance and AFF has not yet been
clearly elucidated, our finding may be clinically useful as
it can serve as a basis to explain that care should be taken
in relation to AFF when continuously administering BP to
osteoporosis patients with low spine/high femur BMD.
This study has some limitations. First, for the par-
ticipants with osteoporosis from the KNHANES database,
who were compared with AFF patients, information about
risk factors, such as BP use and radiologic findings (femoral

bowing and lateral cortical thickness that can affect AFF
occurrence), was not available; therefore, all risk factors
could not be properly controlled. However, considering
the large sample size of the KNHANES, the confounding
effect of uncontrolled risk factors was probably minimal.
Second, the DXA equipment used to measure BMD dif-
fered in the AFF patients and the KNHANES participants.
Although the difference in BMD was adjusted using an
appropriate cross-calibration equation, minor errors are
inevitable. There is a possibility that accurate results can
be obtained if similar equipment is used.

In conclusion, T-score discordance was highly prev-
alent in the Korean osteoporosis population, and low LS
discordance was more frequently observed than low FN
discordance. Nevertheless, the prevalence of low LS dis-
cordance was significantly higher in the AFF patients than
in the Korean osteoporosis population. Further studies are
necessary to clarify whether low spine/high femur BMD
can increase the risk of AFF in patients with long-term BP
use.



359

Choi et al. T-Score Discordance of Atypical Femoral Fracture

Clinics in Orthopedic Surgery * Vol. 14, No. 3, 2022 « www.ecios.org

CONFLICT OF INTEREST

No other potential conflicts of interest relevant to this ar-
ticle were reported.

ACKNOWLEDGEMENTS

This research was funded by JEIL Pharmaceutical Co., LTD.
(grant no. 20-2021-51).

10.

Yun Seong Choi
Tae Woo Kim
Jin Hwa Jeong

ORCID

https://orcid.org/0000-0001-7418-4031
https://orcid.org/0000-0003-2731-749X
https://orcid.org/0000-0002-2179-6998

Seung-Beom Han https://orcid.org/0000-0003-1880-4229
Moon Jong Chang https://orcid.org/0000-0002-2352-7599
Chong Bum Chang_ https://orcid.org/0000-0002-8597-1054
Seung-Baik Kang https://orcid.org/0000-0002-1184-4482

REFERENCES

Saita Y, Ishijima M, Mogami A, et al. The incidence of and
risk factors for developing atypical femoral fractures in Ja-
pan. ] Bone Miner Metab. 2015;33(3):311-8.

Beaudouin-Bazire C, Dalmas N, Bourgeois J, et al. Real
frequency of ordinary and atypical sub-trochanteric and
diaphyseal fractures in France based on X-rays and medical
file analysis. Joint Bone Spine. 2013;80(2):201-5.

Schilcher J, Michaelsson K, Aspenberg P. Bisphosphonate
use and atypical fractures of the femoral shaft. N Engl ]
Med. 2011;364(18):1728-37.

Lim §J, Yeo I, Yoon PW, et al. Incidence, risk factors, and
fracture healing of atypical femoral fractures: a multicenter
case-control study. Osteoporos Int. 2018;29(11):2427-35.

Shane E, Burr D, Ebeling PR, et al. Atypical subtrochanteric
and diaphyseal femoral fractures: report of a task force of
the American Society for Bone and Mineral Research. |
Bone Miner Res. 2010;25(11):2267-94.

Oh BH, Heo YM, Yi JW, Kim TG, Lee JS. Atypical fracture
of the proximal shaft of the ulna associated with prolonged
bisphosphonate therapy. Clin Orthop Surg. 2018;10(3):389-
92.

Chen LP, Chang TK, Huang TY, Kwok TG, Lu YC. The cor-
relation between lateral bowing angle of the femur and the
location of atypical femur fractures. Calcif Tissue Int. 2014;
95(3):240-7.

Saita Y, Ishijima M, Mogami A, et al. The fracture sites of
atypical femoral fractures are associated with the weight-
bearing lower limb alignment. Bone. 2014;66:105-10.

Lee KJ, Min BW, Song KS, Bae KC, Cho CH, Lee SW. T-
score discordance of bone mineral density in patients with
atypical femoral fracture. ] Bone Joint Surg Am. 2017;
99(19):1683-8.

Weil YA, Rivkin G, Safran O, Liebergall M, Foldes AJ. The
outcome of surgically treated femur fractures associated
with long-term bisphosphonate use. ] Trauma. 2011;71(1):
186-90.

11.

12.

13.

14.

15.

16.

17.

18.

19.

Chou AC, Ng AC, Png MA, et al. Bone cross-sectional
geometry is not associated with atypical femoral fractures
in Asian female chronic bisphosphonate users. Bone.
2015;79:170-5.

Mounach A, Abayi DA, Ghazi M, et al. Discordance be-
tween hip and spine bone mineral density measurement
using DXA: prevalence and risk factors. Semin Arthritis
Rheum. 2009;38(6):467-71.

Chan CY, Subramaniam S, Mohamed N, et al. Prevalence
and factors of T-score discordance between hip and spine
among middle-aged and elderly Malaysians. Arch Osteopo-
ros. 2020;15(1):142.

Hong AR, Kim JH, Lee JH, Kim SW, Shin CS. Metabolic
characteristics of subjects with spine-femur bone mineral
density discordances: the Korean National Health and Nu-
trition Examination Survey (KNHANES 2008-2011). ] Bone
Miner Metab. 2019;37(5):835-43.

Moayyeri A, Soltani A, Tabari NK, Sadatsafavi M, Hossein-
Neghad A, Larijani B. Discordance in diagnosis of osteopo-
rosis using spine and hip bone densitometry. BMC Endocr
Disord. 2005;5(1):3.

Fan B, Lu Y, Genant H, Fuerst T, Shepherd J. Does standard-
ized BMD still remove differences between Hologic and
GE-Lunar state-of-the-art DXA systems? Osteoporos Int.
2010;21(7):1227-36.

Kanis JA, Adachi JD, Cooper C, et al. Standardising the de-
scriptive epidemiology of osteoporosis: recommendations
from the Epidemiology and Quality of Life Working Group
of IOE Osteoporos Int. 2013;24(11):2763-4.

Looker AC, Melton L] 3rd, Borrud LG, Shepherd JA. Lum-
bar spine bone mineral density in US adults: demographic
patterns and relationship with femur neck skeletal status.
Osteoporos Int. 2012;23(4):1351-60.

Johansson H, Kanis JA, Oden A, et al. Impact of femoral
neck and lumbar spine BMD discordances on FRAX prob-
abilities in women: a meta-analysis of international cohorts.



360

20.

21.

22.

23.

24.

Choi et al. T-Score Discordance of Atypical Femoral Fracture
Clinics in Orthopedic Surgery * Vol. 14, No. 3, 2022 « www.ecios.org

Calcif Tissue Int. 2014;95(5):428-35.

Seok H, Kim K]J, Kim KM, Rhee Y, Cha BS, Lim SK. High
prevalence of spine-femur bone mineral density discor-
dance and comparison of vertebral fracture risk assessment
using femoral neck and lumbar spine bone density in Ko-
rean patients. ] Bone Miner Metab. 2014;32(4):405-10.

Woodson G. Dual X-ray absorptiometry T-score concor-
dance and discordance between the hip and spine measure-
ment sites. ] Clin Densitom. 2000;3(4):319-24.

Singh M, Magon N, Singh T. Major and minor discordance
in the diagnosis of postmenopausal osteoporosis among In-
dian women using hip and spine dual-energy X-ray absorp-
tiometry. ] Midlife Health. 2012;3(2):76-80.

Younes M, Ben Hammouda S, Jguirim M, et al. Discordance
between spine and hip Bone Mineral Density measurement
using DXA in osteoporosis diagnosis: prevalence and risk
factors. Tunis Med. 2014;92(1):1-5.

Alarkawi D, Bliuc D, Nguyen TV, Eisman JA, Center JR.
Contribution of lumbar spine BMD to fracture risk in indi-
viduals with T-score discordance. ] Bone Miner Res. 2016;
31(2):274-80.

25.

26.

27.

28.

29.

30.

Singh T, Ghosh A, Khandelwal N, Singla V, Gupta M. Major
and minor discordance in dual-energy X-ray absorptiom-
etry diagnosis of osteoporosis: a cross-sectional, population-
based, observational study in Indian women. J Midlife
Health. 2020;11(1):12-6.

Eastell R. Treatment of postmenopausal osteoporosis. N
Engl ] Med. 1998;338(11):736-46.

Riggs BL, Melton L], Robb RA, et al. A population-based
assessment of rates of bone loss at multiple skeletal sites:
evidence for substantial trabecular bone loss in young adult
women and men. ] Bone Miner Res. 2008;23(2):205-14.

Troy KL. Is atypical bisphosphonate treatment response a
risk factor for atypical femoral fracture?: commentary on an
article by Kyung-Jae Lee, MD, et al.: "T-score discordance of
bone mineral density in patients with atypical femoral frac-
ture”. ] Bone Joint Surg Am. 2017;99(19):e105.

Visekruna M, Wilson D, McKiernan FE. Severely sup-
pressed bone turnover and atypical skeletal fragility. ] Clin
Endocrinol Metab. 2008;93(8):2948-52.

Strewler GJ. Decimal point: osteoporosis therapy at the 10-
year mark. N Engl ] Med. 2004;350(12):1172-4.





