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Summary
Objetive: To evaluate bone mineral density (BMD) and 3D‐Shaper parameters at the proximal femur (FP) level in adults

with genetically confirmed hypophosphatasia (HPP) and to compare them in those subjects with and without fractures. 

Material and methods: Cross‐sectional analysis of densitometric data and bone architecture from the baseline visit of

a longitudinal study in which patients with HPP were included. A densitometric study (Lunar Prodigy, GE iDXA) was ca‐

rried out in FP using 3D‐Shaper software (version 2.7. Galgo Medical). 

Results: 33 adults with HPP with heterozygous mutations were included. 63.6% (21/33) were women (42.9% postme‐

nopausal), and 8 of the men (66.6%) were older than 50 years. The mean age was 50.56±15.08 years, 30.3% (10/33)

had previous traumatic fractures and 15.2% (5/33) presented stress fractures. The prevalence of osteoporosis in CF

was 11.8% (2/17) and of osteopenia, 82.4% (14/17). In premenopausal women and young men, low bone mass was

detected for age in 12.5% (2/16). When comparing subjects with and without stress fractures, as well as traumatic ones,

there were no differences in BMD. The 3D‐Shaper showed a decrease in cortical thickness (mm) in patients with stress

fractures [1.8 (1.77‐1.89)] compared to subjects without them [1.94 (1.87‐2.03, p=0.03)] and compared to those with

traumatic fractures [1.97 (1.88‐2.04), p=0.03]. 

Conclusions: These data reflect a discrete densitometric impact in milder forms of the adult. Bone architecture studies

could be of interest in determining patients susceptible to stress fractures. 
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INTRODUCTION

Hypophosphatasia (HPP) is a rare metabolic disease cha‐
racterized by low enzymatic activity of non‐tissue‐specific
alkaline phosphatase (TNSALP), which causes an accumu‐
lation of its natural substrates: inorganic pyrophosphate
(PPi), pyridoxal‐5'‐phosphate (PLP) and phosphoethanola‐
mine (PEA)1. PPi acts as a potent inhibitor of hydroxyapatite
crystal formation and its high extracellular levels can induce
skeletal alterations, such as decreased bone mineraliza‐
tion2,3. In general, the more severe forms are associated with
earlier symptoms and diagnosis, even perinatal, while the
milder forms often present later in childhood or adulthood4.
The importance of an early diagnosis lies in the potential
severity of the disease and the alteration of the quality of
life, as well as in the possible iatrogenesis derived from a
wrong diagnosis and treatment5. Previous studies have
analyzed the symptoms that characterize adult HPP, which

usually shows a wide range of clinical manifestations, so‐
metimes nonspecific, such as the presence of musculoske‐
letal pain, weakness, dental pathology or early loss of teeth,
and the presence of of recurrent stress fractures and pseu‐
dofractures6,7. In a pediatric age cohort, the analysis of bone
mineral density (BMD) in these patients has detected low
values in the most severe cases8. 

However, the limited evidence available in adults with
HPP has shown a normal or slightly decreased BMD7,9‐12,
from which it is deduced that bone densitometry may not
adequately predict the risk of fracture7. Therefore, the
objective of this study is to evaluate the BMD in the pro‐
ximal femur (PF) and carry out a volumetric analysis of
the cortical and trabecular bone of this region, as well as
cortical thickness using 3D‐Shaper in subjects with HPP,
and compare these parameters between subjects with
and without a history of fractures. 

Work presented in return for a scholarship to attend the 39th Congress of the ASBMR (Denver, 2017)
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MATERIAL AND METHODS

Study population and design First, a search was carried
out in the biochemical database of our tertiary hospital
and associated outpatient clinics in which 383,353 pa‐
tients with alkaline phosphatase (APH) determinations
were located, of which 231,805 were adults with at least
two measurements. Of these, 427 showed persistent
hypophosphatasemia (≥2 determinations less than or
equal to 35 IU/L and none greater than 45 IU/L; normal
range: 46‐116 IU/L). Subsequently, their medical re‐
cords were reviewed, and 31 subjects were excluded
due to underlying secondary causes of hypophosphata‐
semia13 and 13 due to the impossibility of telephone
contact. A total of 383 subjects met the selection criteria
and were contacted, of which 85 signed the informed
consent for the performance of a genetic test to detect
variants in the ALPL gene. 39 (46%) patients with pa‐
thogenic or probably pathogenic mutations were detec‐
ted and offered follow‐up in our consultations. 

This paper presents the cross‐sectional analysis of
the baseline densitometric and bone architecture data
of 33 adults subsequently included in a prospective ob‐
servational longitudinal study carried out at Hospital La
Paz (Madrid). Details related to the recruitment process
have been reported in a previous publication by our
group14. The study has been approved by the Ethics and
Research Committee of Hospital La Paz. Informed con‐
sent has been obtained from the patients. 

METHODS

They were collected using a protocolized questionnaire
and risk factors for osteoporosis were analyzed, inclu‐
ding smoking, alcohol intake (≥30 g/day), sun exposure
(≥10 minutes/day), exercise practice, dietary calcium in‐
take from dairy products (1 serving = 1 glass of milk = 2
yogurts = 1 serving of cheese (40‐50 mg) = 200 mg/cal‐
cium), personal history of fracture and its etiology, as
well as family history of hip fracture. 

A densitometric study (Lunar Prodigy, General Elec‐
tric Medical Systems iDXA) was performed in each of the
subjects for the analysis of BMD in FP (neck, trochanter,
total hip and femoral shaft). The presence of osteoporo‐
sis has been defined according to the WHO criteria15. On
the other hand, the 3D‐Shaper software (version 2.7,
Galgo Medical) was used to evaluate the volumetric den‐
sity of the cortical and trabecular bone of the FP. The
software uses a 3D statistical model of the FP and ad‐
justs it on the densitometric image, to achieve a perso‐
nalized 3D model of the shape and distribution of the
bone BMD. The measures provided by the software in‐
clude volumetric bone mineral density (BMD) of the cor‐
tical, trabecular, and integral compartments, cortical
superficial bone mineral density (BMD), and cortical
thickness. Additional information on the methodology
implemented in the software and its validation can be
found in previous works16. 

Statistic analysis 
For the description of the sample, the mean and standard
deviation (SD) or median and interquartile range (IQR)
were calculated for the quantitative variables, as well as
the absolute number and the relative percentages for the
qualitative variables in each group. Comparisons bet‐
ween groups were made using the U‐Mann‐Whitney sta‐
tistical test. All analyzes were performed using the SPSS
version 23.0 statistical package for Windows.  

RESULTS

Demographic, clinical, densitometric and 3D-Shaper
data of subjects with HPP 
Thirty‐three adults with HPP were included, all of whom
had pathogenic or probably pathogenic variants in hete‐
rozygosity. 63.6% of the patients (21/33) were women
(42.9% postmenopausal), and 8/12 of the men were
older than 50 years (66.6%). The mean age was
50.56±15.08 years; BMI, 26.31±4.39 kg/m2, and mean al‐
kaline phosphatase, 25.2±6.53 IU/L. 12.1% (4/33) had
a family history of hip fracture. The total number of frac‐
tures was 16: 30.3% (10/33) had a personal history of
fractures of traumatic etiology (3 in the metatarsals, 4 in
the hand bones, 2 in the elbow and one in the clavicle)
and 15.2% (5/33), previous stress fractures (three pa‐
tients in one metatarsal, one patient in two metatarsals
and one patient, atypical femoral shaft fracture that
meets the criteria of the American Society for Bone and
Mineral Research (ASBMR)17, without previous exposure
to diphosphonates. No patient had fragility fractures. 

The demographic characteristics and the rest of the
risk factors for osteoporosis are described in table 1. The
prevalence of osteoporosis in the femoral neck was
11.8% (2/17), and osteopenia was detected in 82.4%
(14/17) of patients. In premenopausal women and men
under 50 years of age, low bone mass was observed for
the age range in 12.5% ( 2/16) of patients. The rest did
not show alterations in the densitometric study of the
femoral neck (FN). The mean BMD in the femoral neck
of the patients with osteoporosis was 0.73±0.01 and the
T‐score was ‐2.65±0.7. In patients with osteopenia, the
mean BMD in this region was 0.86±0.05 g/cm2 and the
T‐score was ‐1.3±0.43. In subjects with low bone mass
for their age range, the mean BMD was 0.67±0.07 g/cm2

and the Z‐score was ‐2.4±0.6.
In relation to stress fractures, two postmenopausal

patients had both femoral diaphysis and metatarsal frac‐
tures, and both had bone densitometry in the osteopenic
range, while the three premenopausal patients with me‐
tatarsal fractures had normal densitometry. Among the
patients with traumatic fracture, five were men (four
aged >50 years). One of them suffered a traumatic elbow
fracture and presented osteoporosis in CF, while the
other three suffered metatarsal, elbow and scaphoid
fractures, and presented osteopenia. The patient under
50 years old had a traumatic fracture in a metacarpal
and normal bone densitometry.

The median BMD at the CF level was 0.876 (0.83‐0.92)
g/cm2; at the level of the femoral shaft, 1.123 (1.03‐1.21) g/cm2;
0.759 (0.693‐0.82) g/cm2 in the trochanteric region, and 0.931
(0.89‐1) g/cm2 in the total hip. The Z‐score value at the CF level
was ‐0.29 (‐1.13‐0.25) and in total hip, ‐0.06 (‐0.79‐0.39). In the
3D‐Shaper analysis, a total cortical BMD of 813.45 (759.12‐
862.26) mg/cm3 was observed, a trabecular BMD of
155.77 (136.73‐180.08) mg/cm3, a total cortical BMD of
157.55 (144.8‐166.94) mg/cm2 and a total integral BMD of
309.29 (280.3‐324.62) mg/cm3. Cortical thickness (mm) was
1.89 (1.85‐2.01). Table 2 includes densitometric data and 3D‐
Shaper parameters of patients with HPP. 

Demographic, clinical, densitometric and 3D-Shaper
data of subjects with PPH with fracture versus without
fracture
In the first place, the comparison of demographic, clinical,
densitometric and 3D‐Shaper data of the five subjects with
HPP who presented stress fractures compared to the 28
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who did not. The patients with
stress fractures were women, 40%
postmenopausal, with a mean age
of 46.35±10.1 years, while in the
group of patients without them,
57.14% were women (25% pos‐
tmenopausal ) with a mean age of
51.31±15.82 years (p=0.48). Diffe‐
rences were observed in the pre‐
valence of women, higher in the
first group (p=0.07) and in BMI,
lower in patients with stress frac‐
tures (23.5±2.44 kg/cm2) compa‐
red to the other group (26.81±4.5
kg/cm2; p=0.07). There were no
differences in the rest of the risk
factors for osteoporosis. Although
no differences were observed in
BMD parameters in FP, the 3D‐
Shaper analysis showed a statisti‐
cally significant difference in
cortical thickness (mm), which
was less in those patients with
stress fractures [1,8 (1 .77‐1.89)]
versus the non‐fractured [1.94
(1.87‐2.03); p=0.03)]. 

Second, the 9 patients with a
history of traumatic fracture
were compared to the 19 without
a history of fracture, and no den‐
sitometric differences were obser‐
ved or in 3D‐Shaper parameters
(p>0.05). Third, in the comparison
between subjects with stress frac‐
tures and those who presented
fractures of traumatic etiology, a
decrease in cortical thickness
(mm) was observed, lower in pa‐
tients in the first group [1.8 (1.77‐
1.89)] versus the second [1.97
(1.88‐2.03), p=0.03]. No differen‐
ces were observed in the rest of
the densitometric parameters or
DXA‐3D. 

From a biochemical point of
view, there were no significant
differences in alkaline phospha‐
tase, PTH and vitamin D levels
between groups (p>0.05). Table
3 shows the intergroup compari‐
son of demographic, clinical, den‐
sitometric and 3D‐Shaper data,
and figure 1 shows the levels of
AF stratified by groups. 

DISCUSSION

In this work, a descriptive analy‐
sis of the densitometric characte‐
ristics of adults with HPP and of
the bone architecture parameters
was carried out using 3D‐Shaper,
a technique still little explored in
these patients, as well as a com‐
parison of these parameters bet‐
ween patients with and without
a history of fractures. 

Table 1. Demographic characteristics and risk factors for osteoporosis of patients
with HPP

Table 2. Densitometry and 3D-Shaper data in patients with HPP

Characteristics TG+ (N=33)

Age (years), median (IQR)
Age (years), mean ± SD 

51.01 (37.96‐63.02)
50.56 ± 15.08

Female gender, n (%) 21 (63.6%)

Postmenopausal women, n (%) 9 (42.9%)

Men >50 years, n (%) 8 (66.6%)

BMI (kg/m2), median (IQR)
BMI (kg/m2), mean ± SD 

25.91 (22.89‐29.25)
26.31 ± 4.39

Caucasian race, n (%) 33 (100%)

Calcium intake (g), median (IQR) 
Calcium intake (g), mean ± SD 

400 (250‐500)
401.52 ± 152.32

Smoking habit, n (%) 6 (18.2%)

Alcohol intake ≥30 g, n (%) 0%

Regular exercise, n (%) 19 (57.6%)

Solar exposure, n (%) 19 (57.6%)

Family history of hip fracture, n (%) 4 (12.1%)

PH traumatic fracture, n (%) 10 (30.3%)

PH fragility fracture, n (%) 0 (0%)

PH stress fractures, n (%) 5 (15.2%)

APH (IU/L), median (IQR) 
APH (IU/L), mean ± SD
(RN: 46‐116 IU/L)

25 (20.5‐27.5)
25.2 ± 6.53

PTH (pg/ml), median (IQR) 
PTH (pg/ml), mean ± SD 
RN: 18.5‐88 pg/ml

37 (30.5‐64)
44.82 ± 22.41

Vit. D (ng/ml), median (IQR) 
Vit. D (ng/ml), mean ± SD
(RN: 30‐100 ng/ml) 

19 (13‐23.5)
20 ± 9.75

Quantitative data are expressed as median (interquartile range, IQR) and mean ± standard deviation (SD). The
qualitative ones as absolute numbers and percentages. p<0.05 is considered significant. TG+: patients with per‐
sistent hypophosphatasemia and a positive genetic test confirming hypophosphatasia; BMI: body mass index;
PH: personal history; APH: alkaline phosphatase; PTH: parathyroid hormone; Vit. D: vitamin D; NR: normal range. 

Data are expressed as median (interquartile range, IQR). TG+: patients with persistent hypophosphatasemia
and a positive genetic test confirming hypophosphatasia; BMD: bone mineral density; VBMD: volumetric
bone mineral density; SBMD: superficial bone mineral density; p<0.05 is considered statistically significant. 

Densitometric and 3D SHAPER data TG+ (N=33)

BMD femoral neck (g/cm2) 0.876 (0.83‐0.92)

Z‐score femoral neck ‐0.29 (‐1.13‐0.25)

Diaphysis BMD (g/cm2) 1.123 (1.03‐1.21)

Trochanteric BMD (g/cm2) 0.759 (0.693‐0.82)

Trochanteric Z‐score ‐0.4 (‐1.05‐0.1)

BMD total hip (g/cm2) 0.931 (0.89‐1)

Total hip Z‐score ‐0.06 (‐0.79‐0.39)

Total cortical VBMD (mg/cm3) 813.45 (759.12‐862.26)

Total cortical SBMD (mg/cm2) 157.55 (144.80‐166.94)

Total trabecular VBMD (mg/cm3) 155.77 (136.73‐180.08)

Total integral VBMD (mg/cm3) 309.29 (280.3‐324.62)

Cortical thickness (mm) 1.89 (1.85‐2.01)
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In our study we found that densitometric alterations
were not particularly relevant in terms of the prevalence
of osteoporosis. The repercussion has resulted in more
moderate changes in these patients, with a high preva‐
lence of osteopenia, more pronounced in postmenopau‐
sal women and men over 50 years of age. The slight
decrease in BMD observed in this study seems to be in
accordance with the results found in the existing litera‐
ture on adults with HPP, in which the majority of pa‐
tients presented normal parameters or a slight decrease
in Z‐score values, findings that seem respond to milder
forms of the adult5,7,9. 

Previous studies have not found differences in BMD in
subjects diagnosed with HPP with and without fractures,
suggesting that this test may not adequately translate the
risk of presenting them7. Nor in our study have we found
significant differences in the densitometric analysis bet‐
ween individuals with HPP with and without a history of
stress fractures. However, the 3D‐Shaper technique shows
a statistically significant decrease in cortical thickness
(mm) at the FP level in patients with stress fractures [1.8
(1.77‐1.89)] compared to those without this history. [1.94
(1.87‐2.03, p=0.03)] and compared to those with trauma‐
tic fractures [1.97 (1.88‐2.04), p=0.03] that does not seem
to be explained by a lower level of alkaline phosphatase.  

In this same disease, applying high‐resolution peri‐
pheral quantitative computed tomography (HR‐pQCT)
in the left distal tibia and right distal radius, Schmidt et
al. also reported a decrease in cortical thickness in pa‐
tients with HPP with fractures compared to those wi‐
thout fractures7. Likewise, other work has highlighted
the presence of a decrease in cortical thickness in the ra‐
diographs of some adult patients with HPP18. 

Although we have not found evidence from other stu‐
dies that analyze 3D‐Shaper parameters in HPP, other pu‐
blications have evaluated this technology in patients with
different bone metabolic pathologies. Gracia‐Marco et al.19

observed differences in cortical thickness in subjects with
primary hyperparathyroidism, lower in patients with this

disease compared to healthy controls (1.85±0.14 mm vs.
1.93±0.17 mm ; p=0.023). These results suggest that bone
architecture studies could be of special interest with other
diseases involving high bone remodeling. However, Hum‐
bert et al.20 observed a non‐significant decrease in cortical
thickness in postmenopausal patients with hip fracture
compared to controls (1.746±0.127 mm vs. 1.783±0.123
mm; p=0.1). In our study, patients with HPP and trauma‐
tic fracture did not show a decrease in cortical thickness
compared to those who did not fracture. 

Stress fractures were originally described in military
recruits and were considered “fatigue fractures” as a
consequence of repeated and prolonged minimal or
small mechanical impacts on a bone with normal elastic
resistance. A subtype of stress fractures is insufficiency
fractures produced by a normal load on a bone with al‐
tered resistance, described in patients with vitamin D
deficiency (Looser‐Milkman lines, characteristic of os‐
teomalacia)21,22. A high prevalence of insufficiency frac‐
tures or pseudofractures has also been described in
patients with HPP1, but we do not know exactly which
patients will develop them. Regarding their location, re‐
current metatarsal fractures and femoral fractures and
pseudofractures are characteristic, which are those
found in our patients. 

With probable multifactorial pathogenesis, stress
fractures could reflect alterations in BMD and bone qua‐
lity23. In our study, we did not find differences in BMD at
the PF level of patients who had stress fractures versus
those who did not, coinciding with what was recently
published by other authors11. The decrease in cortical
thickness observed in our patients with stress fractures
would reinforce the existence of a qualitative bone alte‐
ration. López Delgado et al.12 describe low bone remo‐
deling in patients with persistent hypophosphatasemia,
although this does not seem to translate into differences
in BMD or trabecular bone score (TBS) when compared
with a control group. Our patients with stress fractures
did not show differences in the level of alkaline phos‐
phatase decrease compared to those who do not frac‐
ture, so it is difficult to explain the presence of fractures
due to a greater severity of the enzyme defect. 

As limitations of our study,  most of our subjects pre‐
sent heterozygous mutations that condition milder
forms of the disease. From the densitometric point of
view, that, up to now, we do not have the reference po‐
pulation values for 3D‐Shaper measurements, they have
not been compared with a control group, a fact that may
limit how the results are interpreted. As strengths, ho‐
wever, it is worth highlighting the significant number of
patients, given that this is a rare disease and studied
using a new technique. 

These data seem to reflect a discrete impact at the
densitometric level in the mildest adult forms. A decre‐
ase in cortical thickness was identified in patients with
HPP with stress fractures. Bone architecture studies in
PF could be of interest to determine subjects with HPP
susceptible to presenting this type of fracture. 

Ethics Committee approval: All the studies carried
out followed the principles set forth in the Helsinki
declaration and were formally approved by the La
Paz Hospital Clinical Trials Committee (PI 3239). In-
formed consent has been obtained from all patients.

Figure 1. Alkaline phosphatase levels stratified by groups
according to previous fracture history
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Table 3. Demographic, clinical, densitometric and 3D-Shaper data of subjects with versus without fracture

1
With fractures of

stress  (n=5)

2
No fractures of
stress (n=28)

3
With fracture

traumatic (n=9)

4
No fracture

(n=19)

P value
1-2

P value
3-4

P value
1-3

Age (years), median (IQR)
Age (years), mean ± SD 

43.76 (37.56‐56.46)
46.35 ± 10.1

52.78 (37.6‐64.25)
51.31 ± 15.82

56.58 (38‐63.03)
51.12 ± 12.21

51,01 (36,68‐69)
51,01 ± 17,58 

0.48 0.96 0.36

Female gender, n (%) 5 (100%) 16 (57.14%) 4 (44,4%) 12 (63,2%) 0.07 0.35 0.04

Postmenopausal women, n (%) 2 (40%) 7 (25%) 1 (25%) 6 (66,7%) 0.88 0.38 0.63

Men >50 years, n (%) 0 10 (100%) 4 (80%) 4 (50%) 0.51 0.41 ‐

BMI (kg/m2), median (IQR)
BMI (kg/m2), mean ± SD 

22.6 (21.81‐25.67)
23.5 ± 2.44

26.33 (23.19‐29.9)
26.81 ± 4.5

26.22 (23.44‐29.8)
26.22 ± 3.56 

26.4 (23.14‐31.2)
27 ± 4.96 

0.07 0.89 0.11

Calcium intake (g), median (IQR) 
Calcium intake (g), mean ± SD 

400 (250‐550)
400 ± 158.11

400 (225‐500)
401.8 ± 154.25

300 (200‐500)
350 ± 150

450 (300‐500)
450 ± 153.99

1.00 0.29 0.61

Smoking habit, n (%) 2 (40%) 4 (14.29%) 0% 4 (66.7%) 0.17 0.13 0.04

Alcohol intake, n (%) 0% 0% 0% 2 (33.3%) 0.91 ‐ 0.59

Regular exercise, n (%) 3 (60%) 16 (57.14%) 7 (77.8%) 9 (47.4%) 0.91 0.13 0.48

Solar exposure, n (%) 3 (60%) 16 (57.14%) 5 (55.6%) 11 (57.9%) 0.91 0.91 0.87

FH hip fracture, n (%) 0% 4 (14.29%) 1 (11.1%) 3 (75%) 0.37 0.74 0.44

APH (UI/L), mediana (RIQ)
APH (UI/L), media ± DE
(RN: 46‐116 UI/L)

30 (21‐37)
29.2 ± 9.45

25 (20.25‐27)
24.36 ± 5.1

23 (20.5‐26.5)
24.22 ± 7.1

25 (20‐27)
24.42 ± 4.06

0.23 0.56 0.36

PTH (IU/L), median (IQR) 
PTH (IU/L), mean ± SD
(RN: 46‐116 IU/L)

29 (19.5‐43.5)
31 ± 12.9

38 (31.5‐64)
47.29 ± 23

40 (36.5‐65)
45.44 ± 16.88

37 (31‐64)
48.16 ± 25.77

0.1 0.56 0.15

Vit. D (ng/ml), median (IQR) 
Vit. D (ng/ml), mean ± SD
(RN: 30‐100 ng/ml) 

30 (14‐42.5)
28.6 ± 17.2

18.57 (13‐22.75)
18.57 ± 7.31

13 (11.5‐21.5)
17.67 ± 9.87

19 (16‐23)
19 ± 6

0.14 0.24 0.24

BMD neck femur (g/cm2) 0.88 (0.75‐0.91) 0.88 (0.83‐0.94) 0.91 (0.82‐1.04) 0.87 (0.83‐0.9) 0.48 0.59 0.3

Z‐score neck femur ‐0.56 [‐1.5‐(‐0.17)] ‐0.12 (‐1.12‐0.3) ‐0.1 (‐1.18‐0.36) ‐0.29 (‐1‐0.32) 0.34 0.92 0.36

Diaphysis BMD (g/cm2) 1.02 (1.005‐1.17) 1.13 (1.06‐1.2) 1.18 (1.07‐1.24) 1.13 (1.04‐1.21) 0.29 0.47 0.24

Trochanteric BMD (g/cm2) 0.74 (0.68‐0.8) 0.78 (0.69‐0.82) 0.79 (0.73‐0.85) 0.74 (0.68‐0.8) 0.55 0.25 0.19

Trochanteric Z‐score ‐0.5 (‐0.85‐0.2) ‐0,3 (‐1,08‐0,2) ‐0.6 (‐1.05‐0.15) ‐0.2 (‐1.1‐0.2) 0.9 0.96 0.7

Total BMD (g/cm2) 0.88 (0.85‐0.99) 0.95 (0.9‐1.01) 0.99 (0.91‐1.04) 0.93 (0.89‐1) 0.29 0.44 0.24

Total Z‐score ‐0.06 (‐0.78‐0.3) ‐0.07 (‐0.8‐0.4) ‐0.1 (‐0.75‐0.22) ‐0.05 (‐0.86‐0.65) 0.94 0.85 1

Cortic VBMD (mg/cm3)
844.64

(762.14‐879.22)
804.3

(758.06‐860.12)
795.14

(768.14‐864.74)
813.45

(757‐859.97)
0.48 0.6 0.8

Total cortical SBMD (mg/cm2)
155,61

(136,77‐162,5)
156.97

(146.18‐168.44)
164.01

(148.97‐169.07)
157.54

(142.29‐166.77)
0.42 0.33 0.24

Total trabecular VBMD (mg/cm3)
154.43

(122.66‐189.92)
156.86

(139.41‐178.91)
164.71

(136.03‐191.63)
155.77

(142.25‐178.04)
0.84 0.84 0.7

Total integral VBMD (mg/cm3)
297.28

(267.83‐352.33)
309.77

(279.28‐322.21)
306.32

(282.58‐341.22)
310.25

(277.73‐323.31)
0.92 1 0.8

Cortical thickness (mm) 1.8 (1.77‐1.89) 1.94 (1.87‐2.03) 1.97 (1.88‐2.04) 1.88 (1.86‐2.03) 0.03 0.44 0.03

Quantitative data are expressed as mean and standard deviation (SD) and median, interquartile range (IQR) and qualitative data as fre‐
quencies and percentages. BMI: body mass index; FH: family history; APH: alkaline phosphatase; PTH: parathyroid hormone; vit. D: vitamin
D; BMD: bone mineral density; VBMD: volumetric bone mineral density; SBMD: superficial bone mineral density; p<0.05 is considered sta‐
tistically significant. 
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