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the gold standard for identifying acute and old fractures Imaging acquisition
and can help diagnose speci c types of fractures, such adll CT scans were performed with two CT scan
occult VCFs. However, MRI examinations in some pri ners, a Philips Brilliance 256 iCT and a Brilliance
mary hospitals are not available under the hierarchicall16-Slice scanner. e collimations of the scanners were
medical mode [4]. Furthermore, MRI is not the preferred 256x0.625 mm and 16&0.75 mm, respectively. the kil
method for fracture patients without a history of serious ovoltage peak were 120 KVp, and the tube current time
trauma [5, 6]. product were 90 to 170 mAs. e image thickness of
Given its high-density resolution, computed tomogra the original axial images was 1.0 mm, with a matrix of
phy (CT) is a routine diagnostic modality for exploring 512x512 mm. For each patient, a single image in the
the etiology of chest/abdominal pain [7]. e dierential mid-sagittal plane of the spine was saved in DICOM
diagnosis of acute and old fractures by conventional CTformat.
scans can not only simplify the diagnostic process and MRI scans were performed with a 1.5 T MRI device
reduce the economic burden on the patient and medi (Signa Hdx; GE Healthcare) using a dedicated spine
cal insurance but also compensate for the lack of MRIsurface coil. e imaging protocol comprised a sagit
devices in primary medical institutions. Some studiestal T1-weighted fast spin echo sequence and a short-tau
have used a semiquantitative conventional CT parameterjnversion-recovery sequence.
the attenuation values (HUs), to evaluate acute occult
fractures, since the accompanying marrow edema mayertebrae selection
cause an increase in bone marrow density 8, Recent e diagnosis and classi cation of VCFs were determined
studies have further predicted fracture age by the valueby a radiologist with 18 years of experience according to
of trabecular attenuation [10]. However, these studiesMRI, CT and medical history [11]. Acute fractures were
only measured HUs at a single plane/position and did notdetermined according to the presence of bone marrow
assess the in uence of various factors on the diagnosis. edema with or without loss of vertebral height. Old frac
We hypothesized that factors such as the method fortures were identi ed based on a history of trauma, loss of
measuring HU, individual factors (including sex and vertebral height, and absence of marrow edema. Once a
age) and vertebral condition (including localization and fractured vertebra was included, an adjacent normal ver
degree of vertebral height loss) might in uence the evalu tebra from the same region was selected as a control.
ation process. erefore, the purpose of this study was to e spine was divided into 3 regions: thoracic spine (T,
evaluate the above potential confounding factors on HUs 1- 10), thoracic-lumbar junction (TLJ, 11-L1) and
in VCF patients, and further validate performance of the lumbar spine (L, L2-L5) [12].

HU di erences ( HU), which is obtained from the dif - en, the fractured vertebrae were divided into 4
ference between the fractured and the adjacent controlgrades according to the Genant semiquantitative grad
vertebra, in distinguishing acute and old fractures. ing scheme [13]: grade O (normal or uncertain, height

l0ss<20.0%), grade 1 (mild, height loss 20.0-24.9%);
Materials and methods grade 2 (moderate, height loss 25%-40%), or grade 3
Study population (severe, height loss 40%).

e current study was a retrospective observational

cohort study. e ethics committee approved the study Measurements of vertebral CT attenuation

and the waived the need for informed consent [2019]Two radiologists (with 18 and 5 years of clinical experi
No.(077). All methods were carried out in accordanceence) who were blinded to the MRI ndings obtained
with relevant guidelines. is study included patients four HUs by placing regions of interest (ROIs) in four
with acute/old VCFs who underwent chest and/or positions for each vertebral body: the mid-sagittal plane,
abdominal CT examination between August 2019 andthe upper 1/3 axial plane, the mid-axial plane, and the
February 2022 in our hospital. All of the VCFs werelower 1/3 axial plane (Figl). When delineating the ROls,
conrmed by MRI within 72 h. e exclusion criteria  the readers were blinded to the MR, the clinical informa
included (1) di use metabolic bone disease, malignanttion and radiological reports and included as much area
tumors that may cause bone metastasis, spinal tumorsas possible while keeping a minimal distance of 4 mm
and spinal infections; (2) Schmorl's nodule in the tar from the cortex. e mean values of the two radiologists
get vertebrae; (3) no adjacent normal vertebrae to thewere used for subsequent analysis. e CT attenuation
fractured vertebrae in the same region; (4) severe eomvalue di erences ( HUs) and ratios between the frae
pression that prevented measurement of the HUs of theture vertebrae and the corresponding adjacent control
fractured vertebrae at di erent axial levels; and (5) arti vertebrae were calculated.

facts on the raw CT images.
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Fig. 1 Diagram of CT attenuation value measurements for vertebra. d shows the mid-sagittal image; T5 was an acute fracture vertebra con rmed

by MRI; and T4 was selected as the control vertebra. Quadrilateral ROIs were used in this plane for CT value measurement. a, b, and c show the
upper 1/3 axial, mid-axial, and lower 1/3 plane of T4, for which oval ROIs were used. e, f, g show the corresponding measurement planes of T5. The
di erences and ratios between the HUs between T5 and T4 were calculated

Statistical analysis comparisons were performed with the least signi cant
Statistical analysis was performed in SPSS 19.0 andi erence (LSD) method. To evaluate the e ect of verte
GraphPad Prism 7. Whether the data conform to normal brae localization on the HUs, one-way ANOVA was used
distribution was evaluated by the Kolmogorov Smirnov to compare the vertebral HUs of the T, TLJ and L regions
test. e Mann-Whitney U test was used to compare the in the four groups, further pairwise comparisons were
ages of patients with acute fractures and those with oldperformed.
fractures. e chi-square test was used for comparisons e in uence of personal factors was only evaluated
of composition ratios (sex, Genant grade, and localiza using the HUs of the upper 1/3 axial plane, given their
tion of vertebrae) between groups. For interobserverhigh diagnostic e ciency and stability. Pearson’s cor
agreement analysis between the two radiologists, theelation analysis was used to evaluate the correlation
intraclass correlation coe cient (ICC) was calculated. between HUs and age in four groups. To evaluate the
To evaluate the dierences in HUs under dierent e ect of sex on vertebral HUs, the independent samples
measurement methods, one-way analysis of variance test was used to compare the HUs of males and females
(ANOVA) was used to compare the HUs of the acutein each group.
fracture, old fracture and control groups in the mid-sag  Finally, to evaluate whether the HUs and HUs from
ittal, the upper 1/3 axial, the mid-axial, and the lower 1/3 di erent CT machine images were dierent, the inde
axial planes. e independent-samples t test was used to pendent samples t tests were conducted.
compare the di erences in the HUs between two groups.
We further used receiver operating characteristic (ROC) Results
curve analysis to evaluate the e ectiveness of the HUsPatient characteristics
HUs and ratios in di erentiating among the acute frac- A total of 184 vertebrae (including 113 acute fracture
ture, old fracture and control groups. e area under the vertebrae and 71 old fracture vertebrae) and 184 adja
ROC curve (AUC) was obtained. cent normal vertebrae from 147 patients were included
To evaluate the e ect of the height reduction on the in the study. Among them, 109 patients were enrolled
HUs, one-way ANOVA was used to compare the dif with 1 pair of vertebrae, 25 with 2 pairs of vertebrae,
ferences in HUs among dierent Genant grades in the 7 with 3 pairs of vertebrae, and 1 with 4 pairs of verte
acute fracture, old fracture and their corresponding con brae. ere were no signi cant di erences in age, sex,
trol groups. ROC analyses were performed to evaluater region between the acute fracture group and the old
the e ectiveness of HUs and HUs in distinguishing fracture group, but there were signi cant di erences in
acute and old fractures with di erent grades. Pairwise Genant grades (Tabl&). e ICC of the HUs measured
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Table 1 Clinical characteristics of the acute fracture and oktcute fracture group (F4.319, P=0.005). However,

fracture groups there was no signi cant di erence among the HUs in the
Acute fracture  Old fracture  chi- P value other 3 groups (= 1.188,P=0.314; F=1.01?=0.387;
group (n=113) group square /F F=0.828,P,=0.479). Pairwise analysis indicated that the
(n=71) value HUs at the mid-sagittal plane and the upper 1/3 axial
Age 64 (53573) 69 (57,76) ] 053 plane were signi cantly higher than those at the lower
sex 1173 0279 1/3 axial plane (20.009,,=0.001).
Male 57 (50.44%) 30 (42.25%) e_fo_ur kind; of HUs of the acute fracture group were
Female 56 (49.56%) 41 (57.75%) statistically higher than those of the control group and
Region 0018 0991 Old fracture group (all <0.001). e HUs of the old frac-
T 28 (24.78%) 17 (23.94%) tures at the r.nid.-sagittal plane and the upper 1/3 axial
T 57 (50.44%) 37 (52.12%) plane were signi cantly higher than those of the core
L 28 (24.78%) 17 (23.94%) spondl_ng. contr_ol group (2=0.031,,=0.006). ere were
Genant grade 18.463 <000l No statistical di erences between the HUs c_>f the.old frac
0 42 (3717%) 9 (12.68%) ture group and the control group at the mid-axial plane
1 25(22.12%) 11 (15.49%) and lower 1/3 axial pllane (20.141,,=0.071).
5 27 (23.89%) 29 (40.84%) ROC curve analys.ls shoyved that the AUCs of the HUs
3 10 (16.82%) 22 (30.99%) measured at the mid-sagittal, the upper 1/3 axial, the

mid-axial, and the lower 1/3 axial planes in di erentiat
ing acute fracture vertebrae from their control vertebrae
were 0.778, 0.840, 0.749, 0.728, respectively (E&).
by the two radiologists at the mid-sagittal, upper 1/3 e AUCs of the HUs in discriminating old fracture ver-
axial, mid-axial and lower 1/3 axial planes of the ver tebrae from their control vertebrae were 0.592, 0.618,
tebrae were 0.955, 0.969, 0.973, and 0.984, respectivelg.550, 0.514, respectively (Figp). e AUCs of the HUs

in di erentiating acute from old fractures were 0.779,

In uence of measurement method on the HU and AHU 0.801, 0.737, 0.761, respectively (Fig). e AUCs of
e HUs measured in the 4 planes are shown in Tabl2.  the HUs in distinguishing acute and old fractures

One-way ANOVA indicated that the HUs of the 4 meas were 0.773, 0.839, 0.757, 0.727, respective]y (E(D
urement methods were signicantly dierent in the e AUCs of the ratio were 0.721, 0.773, 0.618, 0.699,

Table 2 CT attenuation values (HUs) measured using di erent methods in four groups

Mid-sagittal Upper 1/3 axial Mid-axial Lower 1/3 axial F values P values
Acute fracture group 168.2570.46 174.88-70.11 157.79- 65.52 144.68-63.31 4.319 0.005*
Control group A 104.69-49.70 95.15+48.61 104.18-47.91 96.38+50.23 1.188 0.314
Old fracture group 101.73-58.50 101.95+-61.16 95.61+ 54.20 87.75-49.16 1.015 0.387
Control group B 82.81+5.23 77.74:40.80 83.55+42.20 73.87%41.46 0.828 0.479

" Control group A, control group of acute fracture group; Control group B, control group of old fracture group
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Fig. 2 ROC curves of the CT attenuation values (HUs), value di erence ( HUs) and ratio at the 4 positions in di erentiating fracture and control
groups. 2a ~ 2c shows the ROC curves of the HUs measured at the 4 planes in discriminating the acute fracture from control group, the old fracture
from control group, and the acute fracture from the old fracture group. 2d ~ 2e shows the ROC curve for the HUs and ratio in di erentiating the

acute and old fracture groups
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respectively, which was lower than HU (Fig.2e). e e AUCs for HUs di erentiation between the two

parameters at the upper 1/3 axial plane showed the bestracture groups were 0.598, 0.887, 0.904, 0.782, for

performance. Genant grades 0, 1, 2, 3, respectively. While, the diag
nostic performance of HUs were all increased com

In uence of vertebral factors on HUs and AHUs pared with HUs, with AUCs 0.817, 0.953, 0.923, 0.883,

e HUs of fractured vertebrae of dierent Genant respectively.

grades and corresponding control vertebrae are Figure 4 shows the HUs for vertebrae of dierent
shown in Fig.3. For the control group of acute frac regions measured at the 4 planes in the di erent groups.
ture, one-way ANOVA showed no signicant dier For the control group of acute fracture, HUs showed a
ences among dierent grades F1.616, P=0.190; gradual downward trend from T to L regions. One-way
F=1.828, P=0.146; F=2.236, P=0.099; F=.596, ANOVA indicated that there was no di erence in the
P=0.195). While the HUs of Genant grade 0 verte HUs for the 3 di erent localizations in the acute frac
brae were signi cantly higher than those grades 1, 2ture group (all »>0.05). For the control group of old
and 3 vertebrae for the control group of old fracture fracture, the HUs on the mid-sagittal, upper 1/3 axial,
(all P<0.05). For the acute fracture group, the HUs and mid-axial planes were signi cantly di erent in di
on the mid-sagittal plane, upper 1/3 axial plane andferent regions (=4.210,,=0.019; F=4.610,,=0.013;
mid-axial plane showed no di erences among the dif F=5.059,P=0.066). Pairwise comparison showed that
ferent Genant grades (£2.193,P=0.093; F=2.104, the HUs of the T and TLJ regions were higher than
P=0.104; F=2.012,,=0.116). However, signi cant dif those of the L region. For the old fracture group, the
ferences were found in the HUs of the lower 1/3 axialHUs at the upper 1/3 axial plane showed no signi
plane (F=2.837,P=0.041). Further pairwise compati cant di erence among the 3 localizations &2.864,
son indicated that the HUs of grade 3 vertebrae wereP=0.064), while signi cant di erences were found in
higher than those of grades 0 &0.024) and grade 1 the HUs at the other 3 planes among localizations.
vertebrae (P=0.043). e HUs of grade 2 vertebrae

were higher than those of grade O vertebraeP.045). In uence of personal factors on HU and AHU

For the old fracture group, there was no di erence in Pearson correlation analysis showed that the HUs in the acute
the HUs on the upper 1/3 axial plane among di erent fracture group, old fracture group and their control groups
grades (F=2.326,,=0.083), but there shown di erence were negatively correlated with age =%+0.590, P<0.001,
at other positions (& 0.05). r=-0.555,,<0.001y=-0.742,P<0.001y=-0.540,,<0.001).

Acute fracture group Old fracture group Control group of acute fracture group Control group of old fracture group

200
BN Genant 0

= Genant 1
. Genant 2
B Genant 3

150

100

CT attention(HU)
CT attention(HU)
CT attention(HU)
CT attention(HU)

50

Fig. 3 CT attenuation values of vertebrae with di erent Genant grades measured in di erent positions in the acute fracture group (3a), old fracture
group (3b), and the corresponding control group of acute fracture (3c) and control group of old fracture (3d). * Indicates pairwise di erences

Acute fracture group Old fracture group Control group of acute fracture group Control group of old fracture group
200 150 [ [l ]

150 100 -

100

CT attention(HU)
CT attention(HU)
CT attention(HU)

CT attention(HU)

Fig. 4 CT attenuation values of vertebrae of di erent regions at the four planes in the acute fracture group (4a), old fracture group (4b), the
corresponding control group of acute fracture (4c) and control group of old fracture (4d). * Indicates pairwise di erences
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e HUs and the HUs of males and females are higher than those of the other groups. e bone strue
shown in Table3. e HUs of male patients were higher ture disruption, overlap and cancellous edema caused by
than those of female patients in all groups (P<0.001acute VCFs resulted in increased density as well as HUSs,
P=0.004,P<0.001,P<0.001). ere was no signicant consistent with previous studies [8]. e increase in the
di erence between the HUs of males and females in HUs of old fractures was less than that in the acute stage,

the two VCF groups. which may be related to the complete absorption of mar
row edema.
In uence of CT machine on HUs and AHUs e HUs measured at the upper 1/3 axial plane had the

ere were some numerical dierences in HUs meas best performance in distinguishing acute and old frac
ured from dierent CT machine images in each group, tures. A reasonable explanation may be that the patients
among which there were signi cant di erences in the included in this research were mainly elderly indivieu
control group for old fractures (20.028). While there als, whose VCFs were mostly caused by weight bearing

were no signi cant di erences between theHU of two or slight stress. e main stress point is always on the

machines in other groups (Table 4). upper edge of the vertebral body [14]; hence, the inci
dence of edema and bone overlap involving the upper 1/3

Discussion portion is the highest. is is supported by the fact that

To the best of our knowledge, our study was the rst to the increase in HUs in the mid-axial and lower 1/3 axial
evaluate the e cacy of HUs measured at multiple pesi planes was less than that in the upper 1/3 plane. Moreo
tions and the impact of individual and vertebral charac ver, the results suggested that we should focus on the
teristics on VCF evaluation, through which we draw the changes in HUs to exclude occult fractures in considera
following conclusions. Among the 4 measurement pesi tion of the high frequency of this phenomenon in Genant
tions, the HU of the upper 1/3 axial plane had the high grade 0 VCFs. Yan et al.found that the quantitative analy
est AUC in di erentiating acute from old fractures. e  sis with the virtual noncalcium technique based on dual-
localization and vertebral height loss, individual age andenergy CT performed well in identifying acute and old
sex, CT machine showed varying degrees of in uence orivVCFs [3]. Our highest AUC is close to that of their study
the HUs. e HU between the target vertebra and the (0.839 vs. 0.851), indicating the need to improve the
adjacent vertebra in the same region may play a role irmeasurement method.
avoiding the in uence of these factors. Most previous studies have rarely considered the inu
Our study found that the HUs of both the acute and old ence of di erent vertebral body-related factors in iden
fracture vertebrae were higher than those of normal ver tifying the type of VCFs [10]. e HUs of the control
tebrae, and the HUs of acute fractures were signi cantly vertebrae of Genant grade 0 old fracture were higher than

Table 3 CT attenuation values (HUs) and the HU di erences ( HUs) of female and male cases

HUs of acute  HUs of control group A HUs of acute HUs of old fracture group HUs of control group B HUs of

fracture group fracture group old fracture
group
Female 156.14:64.50 78.03:41.37 78.10151.36  77.87%48.58 61.86+ 36.16 16.0%L-34.59
Male 193.2%-71.05 111.9%A 49.64 81.32:55.70 134.86-61.91 99.44+ 37.03 35.42+ 46.08
P value 0.004* <0.001* 0.751 <0.001* <0.001* 0.058

Control group A, control group of acute fracture; Control group B, control group of old fracture

Table 4 CT attenuation values (HUs) and the HU di erences ( HUs) from two CT machines

HUs of acute  HUs of control group A HUs of acute HUs of old fracture group  HUs of control group B HUs of

fracture group fracture group old fracture
group
CT1 190.18-61.41 107.06:52.57 83.1149.15 88.30:49.70 64.19+ 28.33 24.11+38.83
CT2 170.9%71.95 92.11447.38 78.86+54.63 108.09-65.20 83.82:44.24 24.26+41.91
P value 0.243 0.189 0.739 0.210 0.028* 0.989

CT 1 Philips Brilliance 16-Slice, CT 2 Philips Brilliance 256 iCT
Control group A, control group of acute fracture; Control group B, control group of old fracture
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those of grades 1, 2, and 3 vertebrae, which may be relateal higher proportion of males (57/113 vs. 30/41) in the
to the higher proportion of males (grades 0, 1, 2, 3, 7/9pld fracture group. Finally, we found that there were
5/11, 9/29, 9/22) and relatively young age (55.89, 65.1&ome di erences in HUs measured from dierent CT
72.76, 65.45 years old). Nevertheless, signi cant dier machine images. Due to the di erent scanning param
ences were found only in the HUs of the lower 1/3 axialeters and signal conversion mode of di erent machines,
plane among the dierent Genant grades in the acutethe attenuation of photons through objects is di erent
VCF group. e HUs of vertebrae with greater height [18]. It is for the purpose of eliminating these potential
reduction were higher than those with mild collapse. in uencing factors that we calculated the HUs and
is may be related to the greater of height reduction, ratio between the HUs of the fractured and the normal
the greater degree of edema and bone overlap involvingertebra in the same region of the same person. e
the lower part of the vertebrae, which is re ected by the AUCs of ratios is lower than HUs, so the other data
higher degree of HUs increase. ere were no di erences of ratios was not exhibited. ese results suggest that
in the HUs at the upper 1/3 axial plane among the di-er the use of the HUs between the target vertebral body
ent grades in the old fracture group, the reason could beand the control can e ectively remove various potential
the bone overlap in the upper part of vertebrae exist inin uencing factors, which is bene cial to discriminate
most fractures. acute and old fractures.

In the control group of acute fracture, the HUs is study had some limitations. First, this study
decreased from the T to the L regions. We speculatedocused on the potential in uencing factors in the pro
that decreased functional mobility with impaired ver cess of distinguishing acute and old fractures by the
tebral strength in the elderly population might alter quantitative index, HUs, and did not analyze other con
mechanical loading and lead to bone loss, predominantlyventional imaging features. We expect to further cem
a ecting heavier weight-bearing vertebrae accompaniedbine multiple signs to achieve better results on the basis
by lower localization [15]. While the HUs of TLJ were of this experiment. Second, the presence of bone marrow
higher than T, the higher proportion of males (T, TLJ, edema on MRI was used as the gold standard for theclas
L, 6/17, 19/37, 5/17) might be the reason. Neverthelesssi cation of fracture type. However, a small minority of
there was no signi cant di erences among the dierent VCFs may generate little or no marrow edema in acute
regions in the acute fracture group due to the commoninjury, potentially leading to false negative results in
factors that increased the HUs. No signi cant di erence MRI. ird, considering the extensibility of the research
was found in the HUs at the upper 1/3 axial plane amongresults, the axial HUs were measured on the original
old VCFs in dierent regions. e reason for this phe  axial CT images. While the axial images of the body may
nomenon may be related to the high probability of frac not be the axial images of each vertebral body due to the
ture involving the upper 1/3 portion mentioned above. existence of physiological spinal curvature or patholegi
After the absorption of marrow edema, the pathological cal spinal curvature changes. As a result, the HUs were
changes, including bone remodeling are common. Over measured at approximate slices rather than the expected
all, a signi cant di erence was found in the HUs of ner standard plane, which is more in line with the actual
mal vertebrae in di erent regions, but the HUs measured situation of imaging reading. Furthermore, although
at the upper 1/3 plane after VCFs (for both acute and oldthere was no signi cant di erence in age, sex or region
fractures) were relatively stable. between the two fracture groups, the e ect of muiti

With increasing age, the HUs of normal vertebrae ple factors superimposed inevitably interfered with the
gradually decreased, this could be relevant for ageresults. is is why the control vertebral HUs of Genant
associated bone loss [16]. e vertebral HUs of males grade 0 VCFs were higher than those of grades 1, 2, and
were higher than those of females in both fracture 3 VCFs. Further large-scale and multicenter evaluations
groups and the control groups. e reason may be that are needed.
bone loss in women rapidly increases after menopause In conclusion, HUs can re ect the increased bone den
due to lower levels of estrogen [17]. We also noticedsity caused by marrow edema in acute VCFs and bone
that vertebral HUs had large individual di erences. In overlap in old VCFs to a certain extent. Considering that
some patients, the HUs of the control vertebral body potential interference factors, including individual or ver
were close to 0 HU, the HUs of their acute fracture tebral conditions, may a ect the HU, the HU obtained
vertebrae were even lower than HUs of other patuents’by selecting a suitable control vertebra for further evalu
control vertebrae. Moreover, the HUs of the control ation could help eliminate the in uence of confounding
group corresponding to old VCFs were lower than factors. is nding may be helpful for primary medical
those of the acute VCFs, which might be a result of theinstitutions that lack of MR machines and for patients
combination of relatively older age (65.89 vs. 67.18) andvho cannot undergo MR examination.
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