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Abstract

Aim:To analyze prevalent vertebral fractures (VF), clinical risk factors and dual energy
x-ray absorbtiometry (DXA) results in postmenopausal women. Material and method: In
a cross-sectional study we included 120 postmenopausal women (61 with VF, 59
without VF). VFswere diagnosed in lateral thoracolumbar X-rays and classified
according to the semiquantitative method of Genant. In all patients, DXAwas performed
for lumbar spine, hip and distal forearm. Results:The mean age of patients was 68.7
years in VF group and 61 in non-fracture group (p<0.05). Patients in VF group had
significantly higher reporting of back pain, height loss and previous low-energy
fracture;were significantly shorter and had lower body weight than patients in non-
fracture group. Bone mineral density (BMD) was significantly lower for all points of
measurement in VF group. In VF group, 57.4% of patients had lumbar T-score<=-
2.5SD, 34.4% had osteopenia and 3.2% T-score>=-1SD. Eighty percentage had T-
score<=-2.5 in at least one point of measurement. BMD in all points of measurement
correlated with number and grade of VF (p<0.05). Conclusion: Age, previous low-
energy fracture and BMD in at least two measurement points should be factored when
assessing low-energy fracture risk and need for treatment. Low-energy VF should be
actively searched for in women with advanced age, history of back pain and self-
reported height loss.
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KOPEJALINJA HA HUCKOEHEPTETCKM ®PAKTYPU HA
"PBET, KJIMHUYKH OAKTOPU HA PU3UK u
NEH3UTOMETPUCKHA HAOIHU KAJ JKEHU BO
MOCTMEHOIAY3AJIEH NEPHO

ANCTPaKT

Ilen: fna ja aHauM3upame BpeCKaTa nomely TIPEBaJEHTHATE HHCKOCHEPTETCKH
dpaxTypuHa 'poeT, KIMHUYKATE haxTopu Ha PUIUK U ACH3UTOMETPHCKHUTE HAOLM Kaj
JKEHH BO [IOCTMEHOIay3aneH nepuoll. MaTepHjal U METOJH: CIPOBE/ACHA € CTyaHja Ha
fIpecek BO Koja ce BKIYICHH 120 MamMeHTKH BO MOcTMeHomnaysa (61 marmenTka co B®,
59 Ge3 B®). TlocroemeTo Ha GpakTypaTa € yTBPACHO Ha npoduaHn perarenrpadun na
TopakonymM0bancH ‘pOer. dpaxTypHuTe o6 knacuuumupanu criopen
CeMMKBAHTHTATHBHHIOT MeTo/ Ha I'enant. Kaj mauueHTKATE € HANpaBeHa dual energy Xx-
ray absorbtiometry(DXA) Ha mymGanen ’pOeT, KONK X JUCTaTHA MOMIAKTHALA.
Pesynrat: ['pymnara co BO e curandukanTHO TocTapa (68,7 roIMHU) BO criopenda co
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rpynarta Ge3 hpaxtypn (61 roxmma). [ManuenTkuTe Bo Tpynara co BO curnndukantHo
MoYecTo JaBaar ToOAaToK 3a Gomkd Bo TpOOT, rybeme Ha BHCOYMHA W TPETXOTHH
HHCKOEHEPTEeTCKH (DPaKTypH, TIOHHCKH Ce | CO TTIOMajia TeJlecHa TEKHHA BO criopenda co
namuenTkuTe 6e3 dpakrypa. KockeHarta MuHepanHa ryctina (KMI') e CUTHHQHKaHTHO
[IOHHCKAa HAa CHTE MEpHM MecTa BO rpymara co B®. 57.4% onx nmaumentkure co BD
umaat T-ckop Ha JI-'pOer<=-2,5C]I. 34,4% numaaT ocreornenuja u 8,2% HOpMaleH HA0/
ma JI-’p6er. Tlpu komGUHMpaHa WHTeprpeTaldja HAa cUTe MEpHH MecTa, Kaj 80% ox
manmeHTkuTe co BD e MCnoaHeT KPUTEPHYMOT 3a [MjarHo3a Ha ocreonoposa. [Tocton
curandukanTHa kopenarja momery KMIT Ha cure MepHM MecTa M OpOjOT ¥ CTETIEHOT
Ha (pakTypure. 3akny4ok: [Ipu mporeHaTa Ha PU3KK 0Jf HHCKOEHEPTETCKH DPaKkTypH 1
norpebaTa 3a 3aMOYHYBAIbC Ha TEpanuja € MoTpedHo Ja ce 3eMe NMpeJIBHJI BO3pacTa Ha
HarMeHTKaTa, PETXOAHUTEe HUCKOSHEPTeTCKH (DPakTypH H ACH3UTOMETPHCKUTE HAOAU
Ha HajManKky IBe MepHH Mecra. HuckoeHeprerckure BO Tpeba akTuBHO na ce Oapaart
Kaj TaIMeHTKHTe BO HAIpeAHaTa BO3PACT, CO aHaMHe3a 3a 6omku Bo Tp6oT U rybeme Ha
BHCHHA.

Kayunn 36oposum:DXA ckeH, pusuk-QakTopu, (pakTypu Ha ’pOer, KOCKeHa
MHHepallHa I'yCTHHA

Introduction

Osteoporosis is a systemic skeletal diseasecharacterised by low bone mass and
microarchitectural deteriorationof bone tissue, with a consequent increase in
bonefragility and susceptibility to fracture (1).Its clinical significance is represented
with a risk of low-energy fractures, and vertebral, hip and distal forearm fractures being
the most frequent.

Between 30 and 50% of women and 20 and 30% of men sustain vertebral fracture (VF)
during lifetime and half of them have multiple fractures. In Europe, the VF prevalence
over 50 years of age is 20% and is increased with advancing age. One third of low-
energy VF occur due to low energy trauma, i.e. falls and for approximately half of them
there is no history of trauma. Only one third of all low-energy VF are diagnosed. Most
of them remain undiagnosed even when spine x-rays are performed (2).Only the most
severe fractures can be diagnosed because they cause pain and disability. VF, including
asymptomatic ones, cause increased morbidity and mortality. Pain and disability lead to
impaired physical performance, isolation and depression and have adverse influence on
health-related quality of life (3,4). Numerous prospective and retrospective studies have
shown that these effects to persist during a number of years; they cause sequelae which
can be more severe compared to other low-energy fractures and impair quality of life as
much as hip fractures (5,6).

Currently there is no clinical tool for accurate estimation of all aspects of bone quality.
For practical purpose, diagnosis of osteoporosis is based on quantitative assessment of
bone mineral density (BMD), which represents the main measurable characteristic of
quality of bone. WHO defined BMD values for diagnosis of osteoporosis and
osteopenia (low bone mass) measured by dual x-ray energy absorbtiometry (DXA) in
1994(7). Recently, the focus on osteoporosis has been shifted from diagnosing low
BMD to identifying patients at risk of fragility fractures and prevention of those
fractures. Efficient osteoporosis treatments were developed in order to reduce the low-
energy fracture risk, including VF risk. Identifying more patients with high fracture risk
will lead to better prevention and diminishing number of low-energy fractures and will
improve quality of life.
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The aim of this study was to analyze the relationship between prevalent vertebral
fractures, clinical risk factors and BMD of hip, lumbar spine and distal forearm
measured by DXA in postmenopausal women.

Material and method

A total of 120 postmenopausal women (at least 1 year in menopause),who had had DXA
exam in the PHI Clinical Hospital Shtip and had available thoracolumbar spine X-1ays
not older than 1 year, were included in this cross-sectional study. Patients with high-
energy spinal trauma (Th4 to L4), pathologic vertebral fracture, congenital vertebral
anomalies, surgery and implants in the region of lumbar spine, bilateral hip implants,
patients younger than 30 years and males were excluded.

Patients were divided in two groups:

VF group: 61 patients with VF from Th4 to L4, which occurred without history of
trauma or after low-energy trauma (fall from a standing height or from a sitting
position), which were diagnosed on lateral thoracolumbar x-rays, and

Non-fracture group: 59 patients without vertebral fracture. Absence of fracture was
confirmed on x-rays.

Medical history was collected for all patients (data about age, menarche, menopause,
history of previous trauma and fractures, maternal history of low-energy fractures, back
pain, self-reported height loss of more than 4cm). All patients had their height and
weight measured.

VFs were diagnosed on lateral thoracolumbar x-rays. Only x-rays from recent years
were used. VFs were diagnosed and classified by the semiquantitative method of Genant
(8). Vertebrae from Th4 to L4 were analyzed.

DXA was performed in all patients with Lunar DPX-NT (General Electric) machine.
Regions of interest were lumbar spine, hip and distal forearm.

Lumbar spine: L1-L4 vertebrae were measured. Data for vertebral arca in cm®, bone
mineral content (BMC, g) bone mineral density (BMD, g/cm?), vertebral height and
width, T-score and Z-score were collected and analyzed.

Hip: DXA was performed for left or right hip. In patients with previous trauma, hip
condition or surgery, measurement was made on the healthy side. If there was a bilateral
condition present, measurement was made on the side with less symptoms and clinical
findings. Patients with bilateral implants were excluded. Both hip and femoral neck
BMD, T-score and Z-score were analyzed.

Distal forearm: Measurement was made on the non-dominant side. If there was previous
trauma, condition or implant present, the healthy side was measured. If there was a
bilateral condition, the side with lesser clinical findings was measured. There were no
bilateral implants in this series. BMD, T-score and Z-score for Radius 33% region of
interest were analyzed.

The statistical analysis was performed with SPSS ver. 21.0 software.

Results

Basic characteristics of both study groups are shown in Table 1. Student t-test was used
for analysis of age, menarche, menopause, body height and weight and body mass index
(BMI) between groups. Mann-Whitney test was used for analysis of incidence of
maternal history of low-energy fracture and previous low-energy fractures. Chi-square
test was used to analyze back pain and loss of height.
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Table 1 Basic characteristics of studied patients with comparison between
groups _
‘Non-fracture VF group p value
- SR RSO s 13 (=50l il
[Age(years) .~ " 4 GHE 68.66  p<0.01
Menarcheage o PR e ' 145  p>0.05
i___Menopause age 48 0 Batinnd9.] 5_____p>0 05
 Menopause length (years) R i peoal
Maternal hip fracture 6. (102%) v 2 (3.3%) . p=0.231
5 Loss of helght>4cm I 91531 27 (44.3%)  p<0.01
Back pain 39(66.1%) | 43(70.5%)  p<0.05
 Other low-energy fracure | 11(18.6%) | 19 (31.1%) ~ p=0.021
Weight (kg) 4 73.0 f 68.5  p<0.05
~ Height (cm) : qsguusE AR [T T L pen 0f |
" Body Mass Index (BMI, kg/m) ool e R  p>0.05

‘Number and type of other low-energy fractures in both study groups are shown in

Figure 1.
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Figure1  History of other low-energy fractures in both study groups

Figure 2 shows DXA scan results distributionin normal, osteopenia and ostcoporosis

range according to WHO criteria.

Cumulative frequencies of patients with different T-score ranges for all regions of

interest are shown in Table 2. Cumulative percentage is shown in Figures 3-6.
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Figure 2 Patient distribution according to WHO osteoporosis diagnosis criteria

Table 2 Patient distribution in different T-score ranges

5  Nofre . VF | 'Nofre VF | Nofre | VF | Nofae | VF
| Tscore>_ 18D | 13 1 5 | 13 R L I 5 Gk
e A SR RN e o
s o e’ B e et L o

| T-score<3SD | 32 TS T 37
Escorte 55571t i e

R e e
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T-scores-  T-scores T-scores-  T-scorez T-scores

180 % 150 % 1550 % 25B% 2.865D%
= M~ nofracumre —t— WF group

Figure 3  .Cumulative distribution of patients with different lumbar spine T-
score cut-out values
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Figure 4  Cumulative distribution of patients with different Radius 33% T-score
cut-out values
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Figure5  Cumulative distribution of patients with different femoral neck T-
score cut-out values
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Figure 6  Cumulative distribution of patients with different total hip T-score
cut-out values
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These figures show that all patients with VF did not fulfil osteoporosis diagnosis criteria
as defined by WHO as T-score <-2.5SD. Depending on the region of interest measured,
24%-57% of patients from VF group had osteoporosis. 34.4% of patients with VF had
osteopenia of the lumbar spine. Hip measurements showed that 60% of VF patients had
osteopenia in the region of femoral neck and 52% were osteopenic for the total hip.
Radius 33% showed a similar trend as the lumbar spine — 25% of VF patients were
osteopenic.

Using combinations of two or three vertebrae for lumbar spine T-scores, 38 (62.3%)
subjects fulfilled the osteoporosis diagnosis criterion, 19 (31.1%) were osteopenic and 4
(6.6%) had normal BMD. When combining data from two regions of interest — hip
(including femoral neck) and lumbar spine as well as T-scores for 2 or 3 vertebrae, 39
(63.9%) subjects had osteoporosis, 20 (32.8%) were osteopenic and 2 (3.3%) had
normal BMD in all measured regions.

The combination of all regions of interest provided diagnosis of osteoporosis (t-score<-
2.58D) in 48 (78.7%) patients and osteopenia in all of the remaining patients.

The average BMD, T-scores and Z-scores for all regions of interest used in osteoporosis
diagnosis are shown in Table 3. BMD and all T-scores were consistently and
significantly higher in the non-fracture group. There was no statistically significant
difference between Z-scores.

Table 3 Average BMD, T-scores and Z-scores for all regions of interest
BMD (g/om?) T-score Z-score
Non- VE Student | Non- VF Mann Non- | VF Mann
fracture | group t-test fracture | group Whitnev u | fractu | group | Whitnev
sig. 1est sig. re 1 test sig.
Lumb A
sp‘}f:; % | o962 | 0877 | peoo1 | -182 | =252 | p=0o0s | 080 | 11 | p=0290
E:Z‘:m 0827 | 0742 | p<005 | -153 214 | p=0.00001 | 042 | 039 | p=0.125
Total hip | 0.882 | 0.784 | p<0.01 | -1.00 -1.77 | p=0.00001 | 021 | -040 | p=0.126
g{;ﬂf"‘s 0.718 | 0608 | p<001 | -189 289 | p=0.00001 | 088 | -1.18 | p=0.15
We analyzed differences between both groups for each vertebra from L1 to L4

separately. Variance analysis was used to test for difference in BMC, BMD, T-score, Z-
score, vertebral height, width and area between both groups. A statistically significant
difference in BMD, BMC, T-score and vertebral height for each vertebra was found
(Table 4).

Correlation of BMD with number and severity of fractures.

Pearson’s correlation coefficient was used to evaluate the relationship between number
of fractures and fracture severity. A moderate positive correlation (r=0.61, n=61,
p<0.01) was found between both variables.

Pearson’s correlation coefficient was used to evaluate the relationship between BMD
and severity or number of fractures. A low to moderate negative correlation between
BMD and severity and number of fractures was found for each region of interest (Table
5):
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Table 4 ANOVA of DXA parameters of both groups for each lumbar vertebra
Sumof | df F Sig. Sumof | df B Sig.
Squares (o} Squares (o}
LiBMD 0.188 i £.966 0.003 L3 BMD 0.190 i 6.181 0.014
LiT score 12.342 i 8457 0.004 L3 T score 13.378 i 6.236 0014
L1Zscare (497 i 335 0.564 L3 Z score {.593 1 0.204 0,588
Li1BMC{g) 43981 i 7427 0.007 L3BMC (g} 74.636 1 7.886 0.006
L1 area (cm2) 5.692 i 2417 0.123 L3 area (cm2} 9.136 i 3.158 0.078
L1 width {cm) 0.237 1 1,543 0.216 L3 widrh (cm) 0420 i 272 0.101
L1 height (cm} 0976 1 11.693 0.001 L3 height (cm} 1413 i 12.79 0.001
12 BMD 0267 1 10381 0.00] L4 BMD 218 1| 6242 | 0014
L27T score 18.447 i 10313 0.002 LA T score 14.967 1 6.126 0013
L2 Z score 2.132 1 1.289 (1.259 L4 Z score 1.089 1 0.460 0499
L2BMC (g) 72300 1 8.170 0.003 L4 BMC (g} 98.059 1 8.1%0 (.003
L2 area (cm?2} 8.111 1 2951 0.088 L4 area {cm2) 8324 1 2434 0121
L2 width (cm) 0270 i 1.362 0.246 L4 width {cm) 002 1 0.011 0916
L2 height (cm} 1.293 1 10.289 | 0.002 L4 height {cm} 400 1 3.997 0.048
Table 5 Pearson correlation between BMD of all regions of interest and
number or degree of fractures
Sty ...... Sevi Eﬂt} af fractﬂre”'____'_ mﬂ‘éimber of fractures
Lumbar spine BMD 5 =-0317 e fo e 0 483 P‘“G 1, S
 Radius: 33% BMD - r=-0.502 p=0. 001_ =-0.370. p—D Oi}"’r
Pemoral neckB”vﬂD il r—-076-i p=0021 = r=-0478 p<0.001
“TotalkipBMD | r=-0370.p=0002 r=-0564p<0001

Comparison of BMD values of lumbar spine with fractured lumbar vertebrae and with
exclusion of fractured vertebrae

Forty-seven patients (77%) from the VF group had fractures of the lumbar vertebrae. In
order to analyze BMD with and without fractured vertebra, we used values from patients
that had at least two non-fractured L1-L4 vertebrae, which occurred in 41 patients. The
same analysis was performed with exclusion of Grade 2 and 3 fractures only. Dependent
sample t-test was used to test BMD difference. No significant difference between
lumbar spine BMD with and without fractured vertebra was found, although mean BMD
was higher for 0.01 g/cm’when fractured vertebrae were included in the analy51s and
this difference was more pronounced for Grade 2 and 3 fractures (0.05g/cm®).

Discussion

Low-energy VFs are a worldwide problem. They are estimated to represent 23%-24% of
all fragility fractures (9). There were 3.5 million patients with diagnosed VF in Europe
in 2010, and 28% of all fracture-related deaths in women are considered to be a result of
low-energy VF (10). Yet, approximately two thirds of all low-energy VFs remain
undiagnosed. Considering the fact that even asymptomatic VFs are an independent risk
factor for new fragility fractures, identifying patients with prevalent low-energy VF or at
risk for VF is important for primary and secondary prevention of fragility fractures.

62
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This study has compared densitometry results with demographic and clinical data of two
groups of postmenopausal patients — with and without low-energy vertebral fractures, in
order to draw conclusions that have provideda better detection of patients with
unidentified vertebral fractures or patients at risk for low-energy vertebral fractures.
Patients with VF in our study were significantly older than patients without VF. This
finding is consistent with multiple studies that have shown that vertebral fracture
prevalence increases with age (11,12). Menopause length was 6.5 years longer in
patients with VF, although there was no significant difference in menopause age in both
groups.

Johansson et al. (13) studied the effects of VF in 1027 women aged 75-80 and they
found that number and severity of VF were independently correlated to physical health,
back pain and physical function. They found even less severe fractures influence of
these parameters and consider their diagnosing clinically relevant. Other studies have
also shown the correlation between VF and back pain (14). In our study, 86% of patients
with VF reported a back pain, as opposed to 66% of patients without VF.

Loss of height >4cm is an independent predictor of VF. There are numerous studies that
link it with number and severity of VF diagnosed in lateral spine x-rays or with
Vertebral Fracture Analysis (VFA) (15,16). In our study, 53% of patients with VF
reported height loss >4cm and only 18% of patients without VF reported it. The
comparison of current patients’ height in both groups showed a significant difference,
with patients in the non-fracture group being 5cm higher than patients in VF group.
Combination of advanced age, back pain and loss of height is highly indicative for VF
and in patients with these risk factors VF should be actively looked for.

VF group had a significantly higher prevalence of other low-energy fractures, distal
radius fractures being most frequent in both groups. Research shows that women with
one prevalent VF are 5 times more likely to suffer from future VF and other low-energy
fractures compared to women without VF (17). There is a 2.3-fold higher risk for
subsequent hip fracture, 1.4-fold risk for distal forearm fracture and 1.8-fold higher risk
for other non-vertebral fractures (18).A study of 3560 postmenopausal women, who
were surveyed for low-energy fractures annually showed that previous low-energy
fracture was a universal predictor of incident low-energy fractures, followed by BMD
and osteoporosis diagnosis (T-score <-2.5) (19). According to this study (19), L-spine
BMD, age, osteoporosis diagnosis, previous low-energy fractures and corticosteroid
treatment correlated with VF.

BMD measured by DXA is a gold standard for osteoporosis diagnosis.A large body of
clinical studies has shown the risk of fracture to increase 1.5 to 3-fold for each 1SD
BMD decrease (20). But, BMD values have high specificity and low sensitivity for
prediction of low-energy fractures. Multiple studies reported that only 70% of low-
energy VFs can be predicted by BMD measurement (21,22,23). Similar results exist for
other low-energy fractures. A large prospective study of 8065 women above 65 years of
age that were followed during a period of 5 years showed that 54% of patients who
sustained hip fracture were not initially diagnosed with osteoporosis (24).Approximately
4% of patients with low-energy VFs have normal BMD and 20% of osteopenic patients
(-1SD = T-score> -2.5SD) have one ore multiple VF and a non-vertebral low-energy
fracture (25).In this study, patients with VF had significantly lower BMD values in all
regions of interest compared to patients without VF. However, only 57% of them had L-
spine T-score<-2.5 and 8% had normal BMD. When we combined T-scores from all
measured regions, 80% of VF patients had osteoporosis and all of the remaining had
osteopenia.
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These values indicate that decision making based solely on DXA findings could
potentially lead to undertreatment of patients at risk for fracture. There are numerous
clinical tools that combine BMD with other risk factors in order to identify greater
number of patients at risk, but recently there is a growing body of evidence that greatest
power in future fracture prediction can be attributed to combination of BMD, age and
prevalent vertebral fractures, while inclusion of other risk factors does not add much to
better risk assessment (26-29).

The number and severity of VF in this study are negatively correlated to BMD, showing
that multiple fractures and higher-grade fractures indicate higher risk of hip fracture and
other fragility fractures. This finding is confirmed by morphometric research that shows
severity and number of VF to reflect peripheralcortical bone condition, therefore making
VF evaluation an important tool for estimation of osteoporosis severity (30,31).

DXA and its temporal change interpretation is based on subtle differences in BMD
values, regardless of treatment, and hence we wanted to test the effect of vertebral body
fracture and changed vertebral geometry on DXA findings. There are numerous studies
that demonstrated degenerative conditions of Iumbar spine and surrounding tissue
calcification to influence DXA findings (32,33).Because VF causes geometry change
and initiates bone healing process that might increase local BMD, we expected that
fractured vertebrac might have higher BMD and T-scores compared to healthy
vertebrae. In this study, there were 41 patients that had lumbar spine VF. There was no
significant difference between L-spine BMD and BMD with excluded fractured vertebra
or between DXA results of fractured and neighboring vertebrae. BMD values were
slightly higher for fractured vertebrae and this difference was more pronounced for
Grade 2 and 3 fractures. However, it didn’t reach significance, probably due to a small
number of patients as well as to the fact that posterior vertebral elements, which are not
affected in low-energy VF add up to 50% of BMD in DXA scans (33). These limitations
did not allow us to reach a definitive conclusion about the influence of VF on DXA
results and a larger study with greater power is warranted.

Conclusion

Thecombination of advanced age, history of back pain and loss of height is highly
indicative for prevalent vertebral fracture. In patients with this risk factor combination,
VF should be searched for with imaging methods. Previous VF or other low-energy
fractures should raise suspicion for new VF in patients with acute onset back pain.

When evaluating DXA results, in order to identify a larger number of patients at risk for
fracture, at least two regions of interest (L-spine and femoral neck or total hip) should
be included. L-spine DXA results for two or three vertebrae only should be considered if
they are lower than L1-L4 results. Distal forearm should be measured if spine or hip
regions are not available due to implants or other conditions.

When a combination of risk factors is present, fracture prevention treatment should be
started even when DXA findings show osteopenia.
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