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ABSTRACT
Aim: Bone mineral density (BMD) is vital in spinal fusion surgery. 
Dual X-ray absorptiometry (DEXA) is the gold standard for evaluat-
ing BMD. In this study, we aim to assess the bone density of the 
patients using Hounsfield units (HU) who underwent spinal surgery 
with instrumentation.

Material and Method: Computed tomography (CT) and DEXA 
results of 99 cases of 40 years of age or older who had postero-
lateral fusion operation between 2014 and 2017 were evaluated 
retrospectively. The HU values of the vertebral body obtained from 
the lumbar CT, which is routinely used in surgical planning, were 
measured with the image archiving and communication system 
(PACS; Maroview, Infinitt Healthcare). Three measurements were 
taken from each vertebra. Hounsfield unit values were determined 
according to age groups. These results were compared with the 
L1–4 DEXA results acquired before the operation and/ or within 
six months.

Results: HU values of patients obtained from CT were classified 
between four age groups. Hounsfield unit values of each vertebral 
level were compared with the T score obtained with DEXA. The 
correlations of the HU value with the T score were significant (p 
<0.001). The mean HU values of the compared levels decreased 
consistently over the ten years. The differences were statistically 
significant. There was no significant difference between HU values 
in age groups.

Conclusion: Estimating the osteopenic/ osteoporotic spine by 
measuring the HU values from CT is a simple, cost-effective meth-
od that helps surgical planning at instrumentation.
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ÖZET
Amaç: Kemik mineral yoğunluğu (KMY), spinal füzyon cerrahisinde 
önemli bir faktördür. BMD’yi değerlendirmek için Dual X-ray ab-
sorpsiyometri (DEXA) altın standarttır. Bu çalışmada, enstrüman-
tasyon ile spinal cerrahi uygulanan Hounsfield üniteleri (HU) kulla-
nan hastaların kemik yoğunluğunu araştırmayı amaçladık.

Materyal ve Metot:  2014–2017 yılları arasında posterior transpedi-
küler vida-rod sistemleri ile posterolateral füzyon operasyonu geçiren 
40 yaş ve üzeri 99 olgunun BDT ve DEXA sonuçları retrospektif ola-
rak değerlendirildi. Cerrahi planlamada rutin olarak kullanılan lomber 
BT’den elde edilen vertebra gövdesinin HU değerleri PACS sistemi 
ile ölçüldü. Her bir omurdan üç ölçüm alındı. Hounsfield ünitesi de-
ğerleri yaş gruplarına göre belirlendi. Bu sonuçlar operasyon öncesi 
ve/veya altı ay içinde alınan L1–4 DEXA sonuçları ile karşılaştırıldı.

Bulgular: Bilgisayarlı tomografiden elde edilen hastaların HU 
değerleri dört yaş grubu arasında sınıflandırıldı. Her bir vertebral 
seviye için HU değerleri, DEXA ile elde edilen T skoru ile karşı-
laştırıldı. HU değeri ile T skoru arasındaki korelasyonlar anlamlıydı 
(p <0,001). Ortalama HU değerleri, dekatlar boyunca karşılaştırılan 
vertebra seviyelerinde tutarlı bir şekilde azaldı. Farklar istatistiksel 
olarak anlamlıydı. Yaş gruplarında HU değerleri arasında anlamlı 
bir fark yoktu.

Sonuç: Bilgisayarlı tomografiden HU değerlerini ölçerek osteope-
nik/osteoporotik omurgayı tahmin etmek, enstrümantasyonda cer-
rahi planlamaya yardımcı olan basit, uygun maliyetli bir yöntemdir.

Anahtar kelimeler: Hounsfield birimi; lomber vertebra; enstrümantasyon; 
posterolateral füzyon; osteoporoz; omurga
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Introduction
Success in spinal instrumentation operations is mul-
tifactorial. Many factors have an impact on surgical 
success. The quality of bone is an important prognos-
tic factor for fusion. Severe osteoporosis is an impor-
tant cause of failure, such as loosening and pulling 
out of the pedicle screw after spinal fusion surgery1–4. 
Therefore, bone mineral density (BMD) is essential in 
surgical planning.

Osteoporosis is a systemic disease with increased bone 
fragility resulting in low bone density and microarchi-
tecture bone tissue degradation. DEXA, used as a rou-
tine screening, is the gold standard for BMD measure-
ment. In osteoporotic patients with aortic calcification, 
severe bone protrusion, sclerosis, and obesity, DEXA 
results may be normal1–4.

Measurement of BMD using computed tomography 
(CT) was an old technique. However, it has not been 
routinely used. Recent studies have increased the prob-
ability of predicting BMD using diagnostic CT imag-
es5–8. A Hounsfield unit (HU) represents a normalized 
index of X-ray based on a scale of -1000 defined for air 
and 0 for water9. Hounsfield unit values can be used 
as a marker for bone mineral density. Lumbar CT is 
performed routinely to identify anatomical structures 
before spinal fusion surgery.

In this study, bone density of the spine was evaluated 
using vertebral HU values obtained from CT scanners 
routinely used for spinal instrumentation surgery. These 
results were compared with DEXA results. Standard 
HU values were tried to be determined to predict nor-
mal, osteopenic, and osteoporotic backbone.

Material and Method
This study was approved by the Medipol University 
Institutional Review Board (05/05/2020–354). 
Informed consents were obtained from every patient. 
Ninety-nine patients aged 40 years and older who un-
derwent fusion operation with lumbar spinal instru-
mentation in our clinic were evaluated retrospectively. 
Patients with previous lumbar spinal instrumentation, 
those with secondary diseases that may affect BMD, 
such as a spinal fracture, spinal tumor, spondylopathy, 
and systemic disease, and patients under medical treat-
ment for osteoporosis were excluded.

Hounsfield unit values of the vertebral body obtained 
from lumbar KBT, routinely used in surgical planning, 
were measured with the PACS system. Patients who had 

DEXA up to 6 months before the operation or who 
were considered to be osteopenic and/or osteoporotic 
in the operation planning were included in the study.

A 126-channel CT scanner (Somatom Perspective, 
Siemens) was used for CT scans in all patients. An 
image archiving and communication system (PACS; 
Maroview, Infinitt Healthcare) was used to calculate 
the average HU value of the vertebral body. Hounsfield 
unit measurement for each vertebra was obtained using 
a protocol described by Schreiber et al.9. The HU calcu-
lation was measured from L1 to L5 in three locations: 
inferior to the upper cortex, the middle of the vertebral 
body, and the top of the lower cortex (Fig. 1). For the 

Figure 1 a -c. Measuring HU with CT: inferior of the upper cortex (a), middle of 
the vertebral body (b), above the lower cortex (c). When the largest possible 
elliptical area, excluding cortical edges, is drawn with the PACS system, the 
system automatically calculates the HU value.

a

b

c
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averages to be standard for each measurement, the larg-
est possible elliptical area was drawn, except for the cor-
tical edges. By calculating the mathematical average of 
HU values in three axial slices, a HU value was calcu-
lated for each lumbar vertebra. In DEXA scans, results 
were given according to the L1–4 vertebrae. Hounsfield 
unit results compared with both L1-4 and L1-5 results.

Statistical Analysis
Number Cruncher Statistical System (NCSS) 2007 
(Kaysville, Utah, USA) program was used for statistical 
analysis. The data was evaluated using descriptive sta-
tistical methods, and the Shapiro-Wilk Test was used 
to assess the distribution. A comparison of the three 
and above groups with a normal distribution of quanti-
tative data was performed using the ANOVA test, and 
the Mann-Whitney U Test was used to compare the 
differences between the three and above groups. The 
cut-off value of quantitative data was determined with 
ROC analysis. Significance was evaluated at p <0.01 
and p <0.05 levels.

Results
This study included 67 women and 32 men aged 40–
79. The HU values of patients were classified into four 
groups. Average HU values decreased consistently over 
the ten years at the compared vertebral levels (Fig. 1). 
The differences were statistically significant (p <0.05). 
The subgroup analysis showed no significant differ-
ence between the vertebrae in the age groups (p>0.05). 
However, there were significant differences between 
the age groups (p <0.05) (Table 1). There was a con-
siderable decrease in HU values between the 50 s age 
group and the 60 s age group (p <0.05). There was no 
significant difference in HU value between genders 
(p>0.05). There was no difference between the lumbar 

Figure 2. Decrease of L1–4 and L1–5 HU values in proportion to age.

Table 1. Comparison of HU values between age groups

N mean ± 
standard 
deviation

%95 
confidence 

interval

p

L-1 22 185.86±15.6 178.94–192.78

L-2 22 184.95±16.16 177.78–192.12

L-3 22 190.36±17.09 182.78–197.94

40–49 age group L-4 22 194.91±13.76 188.80–201.00 0.319

L-5 22 197.14±26.63 185.32–208.94

L-1–4 22 189.05±14.72 182.51–195.57

L-1–5 22 190.65±16.35 183.39–197.89

L-1 31 170.71±29.61 159.84–181.57

L-2 31 166.19±36.55 152.78–179.60

L-3 31 152.06±30.75 140.78–163.34

50–59 age group L-4 31 159.19±30.44 148.02–170.36 0.329

L-5 31 170.52±38.19 156.50–184.52

L-1–4 31 162.07±29.84 151.12–173.01

L-1–5 31 163.74±28.51 153.27–174.19

L-1 30 117.13±24.19 108.10–126.16

L-2 30 114.57±23.72 105.71–123.42

L-3 30 108.57±21.75 100.44–116.68

60–69 age group L-4 30 115.07±24.85 105.78–124.34 0.544

L-5 30 118.87±25.29 109.42–128.31

L-1–4 30 113.86±20.94 106.04–121.68

L-1–5 30 114.84±21.07 106.97–122.70

L-1 16 96.19±25.4 82.65–109.72

L-2 16 89.94±30.28 73.80–106.07

L-3 16 92.13±30.82 75.70–108.54

70–79 age group L-4 16 104.56±37.2 84.73–124.38 0.563

L-5 16 108.06±31.97 91.02–125.09

L-1–4 16 95.69±25.72 81.98–109.39

L-1–5 16 98.18±25.83 84.4–111.93

Kruskall-Wallis Test *p<0.05 **p<0.01

region vertebrae regarding HU values (p>0.05). When 
the values obtained from L1-4 and HU obtained from 
L1-5 were compared, the differences were insignificant 
(p>0.05). The HU values obtained from our study tend-
ed to decrease with age, and BMD decreased (Fig. 2).
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When the DEXA results of the patients were exam-
ined, the average T scores of 99 patients ranged from 
-3.4 to +2.8. Correlations of HU value with T score 
were significant (p <0.001).
According to the guidelines of the World Health 
Organization, the lumbar vertebrae T-score of 99 pa-
tients was divided into three groups: normal (-1.0 or 
greater), osteopenic (less than -1.0 and greater than 
-2.5), and osteoporotic (–2.5 or less) (Table 2). Average 
HU values of patients in normal, osteopenic, and os-
teoporotic groups were 168.57±27.64, 101.98±11.16, 
and 61.78±12.39 HU according to L1-4. According 
to L1-5, it was 169.57±28.13 normal, 104.86±12.9 os-
teopenic, 61.8±12.3 osteoporotic HU (Table 3). The 
differences in mean HU values between the groups 
were significant (p <0.001).
A post-hoc power analysis was performed to calculate 
the power obtained using the current findings of the 
study. The mean L1-4 measurement was calculated as 
168.57±27.64 in the patient group with normal HU, 
101.98±11.16 in osteopenic patients, and 61.78±12.39 
in osteoporotic patients. The corresponding effect size 
value was determined as f=2.45. Still, it was accepted 
as the upper limit of the effect size value. The value of 
f=0.40 was taken into account. Considering the rel-
evant effect size value, the power value obtained from 
our study, where the type I error was accepted as 5%, 
was determined as 95%, with a total of n=99 units, 
and the analyses were analyzed by G*Power has been 
made10.

A significant difference was found between the L1–4 
values according to the groups (p <0.001). The L1–4 
value of the group with normal HU value was statisti-
cally significant compared to the group with osteope-
nic and osteoporosis (p <0.001). In addition, the L1–4 
value of the osteopenic group was higher than that of 
the osteoporosis group (p <0.001).
A significant difference was found between the groups’ 
HU values of L1–5 vertebrae (p=0.001; p <0.01). The 
L1–5 value of the group with normal HU values was 
higher than the group with osteopenic and osteopo-
rosis statistically significant (p=0.001; p <0.01). The 
L1–5 value of the osteopenic group was higher than 
that of the osteoporosis group (p=0.001; p <0.01).
The optimal cut-off value was calculated with the 
ROC curve to estimate osteopenia and osteoporosis 
using the HU value.
When the cut-off point of the L1–4 measurement 
was taken as 127.55, the sensitivity was determined 
as 93.7%, and the specificity as 99% as the reliable 
cut-off value. When the cut-off point of the L1-4 
measurement was 76.9, sensitivity was determined 
as 98.8%, and specificity as 99% as a reliable cut-off 
value. When the cut-off point of the L1-5 measure-
ment was taken as 125.5, sensitivity was determined 
as 98.4% and specificity as 93.7% as a reliable cut-off 
value. When the cut-off point of the L1-5 measure-
ment was taken as 78.7, sensitivity was determined as 
99.8%, and specificity was defined as a reliable cut-off 
value as 99.7%.

Table 2. Normal, osteopenic, and osteoporotic values according to HU values

T score mean ± standart deviation 95 confidence interval p
L1–4

Normal (≥ -1.0) 168.57±27.64 161.60–175.52 0.001

Osteopenic (<-1.0 or > -2.5) 101.98±11.16 97.95–105.99 0.001

Osteoporotic (≤ -2.5) 61.78±12.39 42.05–81.49 0.001

L1–5
Normal (≥ -1.0) 169.57±28.13 134.34–151.10 0.001

Osteopenic (<-1.0 or > -2.5) 104.86±12.9 100.21–109.51 0.001

Osteoporotic (≤ -2.5) 61.8±12.3 42.22–81.37 0.001

Table 3. Comparison of normal, osteopenic, and osteoporotic HU values

Normal Osteopenic Osteoporotic
Bredow et al.23 120.80±41.80 78.80±23.00 54.70±25.20

Choi et al.10 167.90±47.20 109.70±28.90 80.40±38.70

Schreiber et al.9 133.00±37.60 100.80±24.50 78.50±32.40

Current study 168.57±27.64 101.98±11.16 61.78±12.39
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but only trabecular bone density is calculated. At the 
same time, HU values are obtained from CT. Planning 
the spinal fusion operation according to HU values 
will increase success.
Türkyilmaz et al. used HU values for implant surgery 
in dentistry to detect the regional oral BMD21. Metal 
torques are highly correlated with insertion torque and 
stability of metal implants22. Hounsfield unit value can 
be an important prognostic factor in implant stability 
for any bone region in dentistry. Measuring the value 
of HU in the planned screw trajectory can be used to 
estimate the strength of the bone-screw interface. We 
think the measurement of HU can be useful in predict-
ing fusion success before spine fusion surgery.
Zou et al. investigated the relation between screw loos-
ening and HU in patients with pedicular screws. They 
demonstrated that the HU values measured on CT are 
an independent determinant for loosening the pedicle 
screw and that the low HU value is significantly cor-
related with the higher risk of loosening23. Bredow and 
Schwaiger also achieved similar results in their stud-
ies24,25. Some researchers reported that the fusion rate 
was considerably higher in patients with high HU val-
ues, and low HU values paved the way for developing 
pseudoarthrosis23–26.
In our study, there was a maximum time gap of 6 
months between CT and DEXA that can affect the 
study results. However, we exclude those who have 
medical treatment for osteoporosis and those with an 
endocrine disease that affects BMD, so this may be a 
low probability.
The significant limitations of this study are its retro-
spective nature and the relatively small number of pa-
tients in this series.

Conclusion
Hounsfield unit values obtained from lumbar CT sig-
nificantly correlates with BMD based on DEXA scan-
ning. This study obtained valid HU values for diagnos-
ing healthy individuals, osteopenia, and osteoporosis.
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Discussion
In surgical procedures where fusion is aimed by spinal 
instrumentation, osteoporosis is one of the leading 
causes of surgical failure11,12. Identifying the osteoporo-
sis before fusion surgery is very important.
Dual X-ray absorptiometry is the gold standard for 
evaluating BMD2,12–14. However, patients with severe 
degeneration, aortic calcification, and obesity may 
have false normal BMD values12,15–17.
Bone mineral density can also be measured using CT. 
Patients of various age groups, regardless of gender, can 
be evaluated at no additional cost. Quantitative CT 
only provides true volumetric Bone Mineral Density 
measurement (mg/ cm³). Unlike DEXA, cortical and 
trabecular bone can be analyzed separately. Computed 
tomography is more sensitive than DEXA in pre-
dicting vertebral fractures and monitoring bone loss. 
The main advantage of DEXA is that it excludes the 
measurement of structures that do not contribute to 
the mechanical resistance of the spine and selectively 
measures the trabecular bone. It is not affected by 
extra-bone calcifications. Computed tomography is 
useful for monitoring BMD changes in patients with 
structural abnormalities that prevent the use of DEXA 
in their spine (scoliosis, etc.). However, CT cannot 
be used in WHO diagnostic classification criteria. 
Computed tomography has several limitations, such as 
the high cost and the risk of high radiation exposure. 
Therefore, CT is not widely used in clinical practice in 
estimating osteoporosis, but it is routinely used in sur-
gical planning12,18,19.
The National Osteoporosis Foundation recommends 
that the lowest T-score for the L1-L4 lumbar verte-
bra, total proximal femur, or femoral neck should be 
evaluated for the diagnosis of osteoporosis1,20. In our 
study, we used the HU values obtained from L1–4 and 
L1-L5 and found a correlation with the DEXA values 
of the patients. We found 98.8% sensitivity and 99% 
specificity in CT. The cut-off value of this study shows 
that HU values are sensitive and specific for screening 
osteopenia and osteoporosis.
Patients with lumbar spinal instrumentation and those 
with secondary diseases such as spinal fracture, spinal 
tumor, spondylopathy, and systemic disease that may 
affect BMD may also give false results.
In spinal fusion surgery, trabecular bone density is sig-
nificant in the success of instrumentation. Dual X-ray 
absorptiometry evaluates trabecular and cortical bone, 



13

Kafkas J Med Sci 2024; 14(1):8–13

 15. Lochmuller EM, Burklein D, Kuhn V, Glaser C, Muller R, 
Gluer CC. Mechanical strength of the thoracolumbar spine 
in the elderly: prediction from in situ dual-energy X-ray 
absorptiometry, quantitative computed tomography (QCT), 
upper and lower limb peripheral QCT, and quantitative 
ultrasound. Bone. 2002;31:77–84.

 16. Nguyen ND, Eisman JA, Center JR, Nguyen TV. Risk factors 
for fracture in nonosteoporotic men and women. J Clin 
Endocrinol Metab. 2007;92:955–62.

 17. Yu EW, Thomas BJ, Brown JK, Finkelstein JS. Simulated increases 
in body fat and errors in bone mineral density measurements by 
DXA and QCT. J Bone Miner Res. 2012;27:119–24.

 18. Genant HK, Block JE, Steiger P, Glueer CC, Smith R. 
Quantitative computed tomography in assessment of 
osteoporosis. Semin Nucl Med. 1987;17:316–33.

 19. Liu CC, Theodorou DJ, Theodorou SJ, Andre MP, Sartoris 
DJ, Szollar SM. Quantitative computed tomography in the 
evaluation of spinal osteoporosis following spinal cord injury. 
Osteoporos Int. 2000;11:889–96.

 20. American Association of Clinical Endocrinologists medical 
guidelines for clinical practice for the diagnosis and treatment of 
postmenopausal osteoporosis Endocr Pract 16(Suppl 3);2010.

 21. Turkyilmaz I, Aksoy U, McGlumphy EA. Two alternative 
surgical techniques for enhancing primary implant stability in 
the posterior maxilla: a clinical study including bone density, 
insertion torque, and resonance frequency analysis data. Clin 
Implant Dent Relat Res. 2008;10:231–7.

 22. Turkyilmaz I, Sennerby L, McGlumphy EA, Tozum TF. 
Biomechanical aspects of primary implant stability: a human 
cadaver study. Clin Implant Dent Relat Res. 2009;11:113–9.

 23. Zou D, Muheremu A, Sun Z, Zhong W, Jiang S, Li W. 
Computed tomography Hounsfield unit-based prediction of 
pedicle screw loosening after surgery for degenerative lumbar 
spine disease. J Neurosurg Spine. 2020;1–6.

 24. Bredow J, Boese CK, Werner CML, Siewe J, Löhrer L, 
Zarghooni K, et al. Predictive validity of preoperative CT scans 
and the risk of pedicle screw loosening in spinal surgery. Arch 
Orthop Trauma Surg. 2016;136:1063–7.

 25. Schwaiger BJ, Gersing AS, Baum T, Noël PB, Zimmer C, Bauer 
JS. Bone mineral density values derived from routine lumbar 
spine multidetector row CT predict osteoporotic vertebral 
fractures and screw loosening. AJNR Am J Neuroradiol. 
2014;35:1628–33.

 26. Schreiber JJ, Hughes AP, Taher F, Girardi FP. An association can 
be found between Hounsfield units and success of lumbar spine 
fusion. HSS J. 2014;10:25–9.

References
 1. Bulut G, Aytar MH, Güngör A. Surgıcal prıncıples ın posterıor 

transpedıcular screw fıxatıon and fusıon for treatment of 
spondylolısthesıs: Retrospectıve evaluatıon of 77 cases. The J of 
Turkish Spinal Surg. 2019;30:111–6.

 2. Ebbesen EN, Thomsen JS, Beck-Nielsen H, Nepper-Rasmussen 
HJ, Mosekilde L. Lumbar vertebral body compressive strength 
evaluated by dual-energy X-ray absorptiometry, quantitative 
computed tomography, and ashing. Bone. 1999;25:713–24.

 3. Masud T, Langley S, Wiltshire P, Doyle DV, Spector TD. Effect 
of spinal osteophytosis on bone mineral density measurements 
in vertebral osteoporosis. BMJ. 1993;307:172–3.

 4. Prevention and management of osteoporosis World Health 
Organ Tech Rep Ser. 2003;921:1–164.

 5. Adams JE. Quantitative computed tomography. Eur J Radiol. 
2009;71:415–24.

 6. Link TM, Koppers BB, Licht T, Bauer J, Lu Y, Rummeny EJ. In 
vitro and in vivo spiral CT to determine bone mineral density: 
initial experience in patients at risk for osteoporosis. Radiology. 
2004;231:805–11.

 7. Papadakis AE, Karantanas AH, Papadokostakis G, Petinellis E, 
Damilakis J. Can abdominal multi-detector CT diagnose spinal 
osteoporosis? Eur Radiol. 2009;19:172–6.

 8. Tay WL, Chui CK, Ong SH, Ng AC. Osteoporosis screening 
using areal bone mineral density estimation from diagnostic CT 
images. Acad Radiol. 2012;19:1273–82.

 9. Schreiber JJ, Anderson PA, Rosas HG, Buchholz AL, Au 
AG. Hounsfield units for assessing bone mineral density and 
strength: a tool for osteoporosis management. J Bone Joint Surg 
Am. 2011;93:1057–63.

 10. Foul F, Erdfelder E, Lang AG, Buchner A. Using G*Power 3: 
A flexible statistical power analysis program for the social, 
behavioral, and biomedical sciences. Behavior Research 
Methods. 2007;39, 175–191.

 11. Choi MK, Kim SM, Lim JK. Diagnostic efficacy of Hounsfield 
units in spine CT for the assessment of real bone mineral density 
of degenerative spine: correlation study between T-scores 
determined by DXA scan and Hounsfield units from CT. Acta 
Neurochir (Wien) 2016;158:1421–7.

 12. Kim JK, Kim DH, Lee JI, Choi BK, Han IH, Nam KH. 
Hounsfield Units on Lumbar Computed Tomography for 
Predicting Regional Bone Mineral Density. Open Med (Wars) 
2019;14:545–51.

 13. Cauley JA, Lui LY, Ensrud KE, Zmuda JM, Stone KL, Hochberg 
MC. Bone mineral density and the risk of incident nonspinal 
fractures in black and white women. JAMA. 2005;293:2102–8.

 14. Damilakis J, Maris TG, Karantanas AH. An update on the 
assessment of osteoporosis using radiologic techniques. Eur 
Radiol. 2007;17:1591–602.

https://www.ncbi.nlm.nih.gov/pubmed/31899883
https://pubmed.ncbi.nlm.nih.gov/?term=No%C3%ABl+PB&cauthor_id=24627455
https://pubmed.ncbi.nlm.nih.gov/?term=Zimmer+C&cauthor_id=24627455
https://pubmed.ncbi.nlm.nih.gov/?term=Bauer+JS&cauthor_id=24627455



