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ABSTRACT: Distal radius fractures (DRFs) occur in various complexity patterns among patients differing in age, gender, and bone mineral
density (BMD). Our aim was to investigate the association of patient characteristics, BMD, bone microarchitecture, and bone strength with the
pattern complexity of DRFs. In this study, 251 patients aged 50–90 years with a radiologically confirmed DRFwho attended the Fracture Liaison
Service of VieCuri Medical Centre, the Netherlands, between November 2013 and June 2016 were included. In all patients fracture risk factors
and underling metabolic disorders were evaluated and BMD measurement with vertebral fractures assessment by dual‐energy X‐ray
absorptiometry was performed. Radiographs of all DRFs were reviewed by two independent investigators to assess fracture pattern complexity
according to the AO/OTA classification in extra‐articular (A), partially articular (B), and complete articular (C) fractures. For this study, patients
with A and C fractures were compared. Seventy‐one patients were additionally assessed by high‐resolution peripheral quantitative computed
tomography. Compared to group A, mean age, the proportion of males, and current smokers were higher in group C, but BMD and prevalent
vertebral fractures were not different. In univariate analyses, age, male gender, trabecular area, volumetric BMD (vBMD), and stiffness were
associated with type C fractures. In multivariate analyses, only male gender (odds ratio (OR) 8.48 95% confidence interval (CI) 1.75–41.18,
p=0.008]) and age (OR 1.11 [95% CI 1.03–1.19, p=0.007]) were significantly associated with DRF pattern complexity. In conclusion, our data
demonstrate that age and gender, but not body mass index, BMD, bone microarchitecture, or strength were associated with pattern complexity of
DRFs. © 2019 The Authors. Journal of Orthopaedic Research® Published by Wiley Periodicals, Inc. J Orthop Res 37:1690–1697, 2019

Keywords: distal radius fracture (DRF); high‐resolution peripheral quantitative CT (HR‐pQCT); micro‐finite element analyses (micro‐
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Fracture patterns of the distal radius are commonly
complex in middle‐aged and elderly women, which is
related to worse functional outcome. Pattern complexity
of DRFs can be assessed using a classification system
such as the AO/OTA classification. It is hypothesized that
bone microarchitecture and strength are associated with
the pattern complexity of the fracture.1–8 Decreased bone
mineral density (BMD) has been described as a con-
tributor to the peak in incidence rates of distal radius
fractures (DRFs) at the age of 50–60 years.3,4,7,9–11

Clayton et al.6 found a nonsignificant trend toward a
higher BMD in partially articular (B) and complete
articular (C) fractures compared to complete extra‐
articular (A) fractures. Several other studies reported
no significant difference in mean BMD between extra‐
articular and complete articular fractures.3,7,8 However,
assessment of bone microarchitecture and separate

assessment of trabecular and cortical bone is not feasible
with bone densitometry. Computed tomography (CT) has
been used to assess trabecular and cortical bone, but
visualization of trabecular and cortical bone requires
spatial resolutions of less than 200 μm.12–14 More
recently, a noninvasive method for the assessment of
bone microarchitecture at the distal radius and tibia
using high‐resolution peripheral quantitative CT (HR‐
pQCT) has become available.15–18

To the best of our knowledge, there are no previous
studies regarding the association of DRF pattern com-
plexity with bone microarchitecture and strength assessed
by HR‐pQCT at the distal radius and tibia. In addition,
since most studies on DRF pattern complexity contain only
female patients, the impact of gender is not yet extensively
examined.3,6 The aim of this study was to investigate the
associations of patient characteristics, BMD (measured by
dual‐energy X‐ray absorptiometry (DXA) and HR‐pQCT),
bone microarchitecture, and calculated bone strength (by
HR‐pQCT) with the pattern complexity of DRFs.

METHODS
Study Population
A cross‐sectional cohort study (level of evidence: III) was
conducted among patients with a recent DRF. All men and
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women aged 50–90 years with a clinical fracture who
attended the Fracture Liaison Service (FLS) of VieCuri
Medical Centre, Venlo, the Netherlands, between
November 2013 and June 2016 were identified. Patients
with fractures as result of high energy trauma, patients
with open fractures, osteomyelitis, and bone metastasis
were excluded. A total of 251 patients with a radiologically
confirmed DRF were included for this study. At the FLS,
patients received a detailed evaluation according to the
Dutch guideline for treatment of osteoporosis. The evalua-
tion consisted of a questionnaire assessing risk factors for
falls, fracture risk, medical history including medication
use, and daily dietary calcium intake. In addition, blood
samples were collected to identify metabolic disorders and
a DXA measurement with vertebral fractures assessment
(VFA) was performed. If indicated, anti‐osteoporosis
treatment or treatment of newly diagnosed metabolic
bone disorders was initiated according to the current
guidelines.19

Of the 251 patients with a DRF included in this study,
71 participated in an observational 3‐year follow‐up study
at the FLS (“Prospective evaluation of bone strength,
physical activity, falls, subsequent fractures, and mortality
in patients presenting with a recent clinical fracture”).
This study is approved by the Medical Ethics Committee
(NL 45707.072.13) of Maastricht University. In that study
patients consented with HR‐pQCT measurements of the
distal radius and tibia and the baseline data are used for
the HR‐pQCT part of the current study.

Assessment of Fracture Pattern Complexity
DRFs were classified based on severity of comminution,
displacement, involvement of the radioulnar or radiocarpal
joint and associated lesions (e.g., ulnar styloid fracture)
according the AO/OTA classification system, which has a
strong intra‐observer reliability.20–22 DRFs were classified
into three main types and each main type was then
divided into nine subtypes. Type A being extra‐articular,
type B partial articular, and type C complete articular (Fig.
1). Plain radiographs were used to classify the fractures.
Two investigators (A.D. and L.T.) independently classified
all fractures by type and subtype according to the AO/OTA
classification.23 In 200 patients, there was agreement
between the investigators (A.D. and L.T.). Assessment by a
third independent investigator (H.J.) resulted in agree-
ment on another 47 fractures. For the remaining four
fractures conformity was reached by all three investigators
in a consensus meeting. For this study, type B fractures

were not included in the analysis because we aimed to
compare the complete extra‐articular fractures (type A) to
the complete articular fractures (type C).

DXA
Two‐dimensional BMD was measured at the lumbar
spine (LS; L1‐L4), total hip (TH), and femoral neck
(FN) using DXA (Hologic QDR 4500; Hologic Inc.,
Bedford, MA). BMD measurements were categorized
according to the World Health Organization criteria24

based on the lowest T‐score at the LS, TH, or FN into
normal BMD (T‐score ≥ −1), osteopenia (T‐score be-
tween −1 and −2.5), and osteoporosis (T‐score ≤ −2.5).

VFA
VFA was performed on the DXA lateral spine images
using quantitative morphometric assessment of ver-
tebral height. The method described by Genant et al.25

was used to classify the severity of VF; grade 1 (mild
fracture, with vertebral height loss of 20–25%), grade 2
(moderate fracture with height loss of 25–40%), and
grade 3 (severe fracture with height loss> 40%).25

HR‐pQCT
The nonfractured radius and ipsilateral tibia of the
patients were scanned using the second generation HR‐
pQCT (XtremeCT II; Scanco Medical AG, Brüttisellen,
Switzerland). Images were evaluated using the standard
manufacturer protocol (effective energy of 68 kVp, tube
current of 1470 µA, and 43 ms integration time).26 A
standard phantom was scanned daily for quality control.
The patient’s forearm and lower leg were placed into an
anatomically formed fiber cast to obtain a standardized
position. On the basis of a scout view of the forearm and
lower leg, the region of interest was determined and a
reference line was placed on the joint surface of the distal
radius and tibia. The area to be scanned starts 9.0mm
proximally to the reference line and ends 1.2mm distally
to the reference line. Images were reconstructed using an
isotropic voxel size of 61 µm, resulting in 168 consecutive
slices. Motion‐induced degradation of the images was
graded according to the manufacturer’s protocol and the
method of Pialat et al.27 Scans with grade 1–3, referring to
high to moderate quality, were accepted for analysis, scans
with grade 4–5 (bad quality) had to be repeated with a
maximum of two extra scans.

Images were processed according to the manufac-
turer’s standard protocol.26 The following parameters
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Figure 1. AO/OTA classification for distal radius fractures. Copyright by AO/OTA Foundation, Switzerland.
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were analyzed total, trabecular, and cortical bone area
(cm2), volumetric BMD for the total (mgHA/cm3),
trabecular (mgHA/cm3) and cortical (mgHA/cm3) com-
partment, trabecular bone volume fraction, trabecular
number (mm−1), trabecular thickness (mm), trabecular
separation (mm), cortical thickness (mm), cortical
perimeter (mm), cortical porosity (%), and cortical
pore diameter (mm). In addition, micro‐finite element
(micro‐FE) analyses were generated by directly con-
verting bone voxels in the segmented image to brick
elements.28–30 Elements were assigned a Young’s
modulus of 10GPa and a Poisson’s ratio of 0.3 and for
each model, four tests were simulated.31 The first load
case represented a “high friction” compression test with
a prescribed displacement in the axial direction of 1% of
the total length, from which the compression stiffness
(kN/mm) as well as the estimated strength was
calculated.32–34 The second load case represented a
prescribed rotation of 0.01 rad around the longitudinal
axis from which the torsional stiffness (kNmm/rad) was
calculated. A third and fourth load case represented a
prescribed rotation of 0.01 rad applied around the
sagittal and transversal axes, respectively, thus indu-
cing a state of pure bending in two directions, from
which the bending stiffness in each direction was
calculated. These four load cases were included to test
if the fracture type is associated with a reduced
stiffness in a specific loading direction.

Statistical Analysis
Data analysis was performed using IBM SPSS Statistics,
version 24. Normal distribution was tested using Q‐Q
plots and the Kolmogorov–Smirnov test. Data are
presented as mean with standard deviations (SDs) or as
median and interquartile range, depending on their
distribution. χ2 tests and analysis of variance were used
to analyze differences between the main types AO/OTA
(A/B/C). In further analysis, complete extra‐articular
fractures (type A) and complete articular fractures (type
C) were compared. Independent samples t tests were used
to compare bone microarchitecture and strength assessed
by HR‐pQCT between both groups. Logistic regression
analysis was used to investigate the independent associa-
tion between the fracture pattern complexity (type C vs.
type A) and baseline characteristics. Univariate analyses
were conducted for gender, age, osteopenia, osteoporosis,
VFs (grade 2/3), smoking, alcohol use and all standardized
scores (z‐scores) of the HR‐pQCT variables for both the
HR‐pQCT radius group (N=55) and HR‐pQCT tibia
group (N=63). Multivariate analyses were conducted
with adjustment for age and gender for HR‐pQCT
variables at the distal tibia and radius. The significance
level was set as α=0.05.

RESULTS
Patient Characteristics
In this cohort study, 251 patients with a DRF visited
the FLS, 38 men (15%) and 213 women (85%) with a
mean age of 67 years (SD± 9). According to the

AO/OTA classification 131 fractures (52%) were classi-
fied as extra‐articular (type A) fractures, 36 as partial
articular (type B) fractures (14%), and 84 as complete
articular (type C) fractures (34%). Overall, there was no
difference in patient characteristics between the three
groups except for age (p = 0.034). On the basis of the T‐
scores, 93 patients (37%) had osteoporosis, 120 (48%)
osteopenia, and 38 patients (15%) had a normal BMD
(Table 1). Patients in the group with type C fractures
(N = 84) were older (median age 68.0 [interquartile
range (IQR) 14] vs. 66.0 [IQR 16] years, p = 0.043) and
the proportion of males and was higher (18 (21%) vs. 14
(11%), p = 0.031) compared to patients with type A
fractures (N = 131). There were no differences for body
mass index (BMI), BMD, number and severity of VFs,
smoking, alcohol intake, and 25(OH) vitamin D.

HR‐pQCT Analyses
In a subset of 71 patients, HR‐pQCT scans were
performed. HR‐pQCT of the distal radius was con-
ducted in 63 out of 71 patients; eight patients could not
undergo HR‐pQCT due to a current or previous
bilateral DRF. Of those scans, 61 were graded as high
to moderate quality (grade 1–3). Two scans had a poor
quality (grade 4/5) and therefore not included in the
analysis. HR‐pQCT of the tibia was conducted in 71
patients; all scans were graded as high to moderate
quality and included in the analysis. Eight patients had
a type B DRF and were therefore not included in this
analysis. This resulted in a subset of patients 63
patients with type A or C DRFs assessed with HR‐
pQCT. Patients with type C DRFs (N = 22) were
significantly older (69 vs. 64 years, p = 0.009) and
more frequent of male gender (36% vs. 10%, p = 0.017)
compared to patients with type A DRF (N = 41).
Exploration of men and women separately revealed
that both women (N = 14) and men (N = 8) with type C
DRF were older than those (women N = 37, men N = 4)
with type A DRF (mean difference of 7 years for women
and 8 years for men). All other parameters were not
different between groups, except for a higher proportion
of past smokers in patients with type C DRF (Table S1).

Univariate analyses in the HR‐pQCT group are
presented in Tables 2 and 3, for distal tibia (N = 63)
and radius (N = 55), respectively. There was a signifi-
cant association of age, male gender, total area,
trabecular area and vBMD, trabecular bone volume
fraction, trabecular thickness (only at the distal radius)
and cortical perimeter at the distal radius, and tibia
with DRF type C versus A. In addition, compression
and torsion stiffness at the distal tibia and bending
stiffness at the distal radius and tibia were also
significantly associated with DRF pattern complexity.
After adjustment for age alone, almost all univariate
associations for HR‐pQCT parameters at the distal
tibia and radius remained significant, while after
adjustment for gender alone, none of the HR‐pQCT
parameters was associated with DRF pattern com-
plexity anymore (Tables 2 and 3). Results of the
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age‐adjusted analysis of the female subgroup are
analogous to the analyses for the total cohort, with no
association of HR‐pQCT parameters at the distal tibia
(N = 51) and distal radius (N = 43) (Table S5 and S6).

In the model with adjustment for gender and age,
both male gender (OR 8.48 [95% CI 1.75–41.18,
p = 0.008]) and age (OR per year 1.11 [95% CI 1.03–
1.19, p = 0.007]) were significantly associated with DRF
type C versus A, but no significant associations were
found for any HR‐pQCT parameters at the tibia or
radius.

DISCUSSION
We observed that patients with type C (complete
articular) DRFs were significantly older and more
frequently of male gender compared to patients with
a type A (extra‐articular) DRF, but there was no
difference in BMI, BMD, number and severity of
prevalent VFs, smoking, alcohol intake, and 25(OH)
vitamin D levels.

In the unadjusted HR‐pQCT analyses, fracture
pattern complexity (type C vs. A fractures) was
significantly associated with age, male gender, total

trabecular area, vBMD, and stiffness parameters.
However, in the fully adjusted model DRF pattern
complexity was significantly associated with age and
male gender, but not with any of the other parameters.
These findings imply that bone characteristics, such as
BMD, VF status, bone microarchitecture, and strength
are not independently associated with DRF pattern
complexity.

In previous studies, it was reported that the
prevalence of osteoporosis in patients with DRFs was
high compared with prevalence in control subjects and
that osteoporosis was a risk factor for DRFs in both
men and women.4,5 With regard to the severity or
complexity of DRFs, literature is sparse, and the
methods applied varied. Dhainaut et al.3 reported a
weak association between cortical hand BMD by digital
X‐ray radiogrammetry and increased ulnar variance
and dorsal angle, but no association of BMD with the
AO scoring system for fracture type. Itoh et al.7

reported no significant difference in the mean BMD,
measured by DXA at the distal radius and the fracture
pattern, which was classified according to a modifica-
tion of Frykman’s system. Although the findings in
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Table 1. Characteristics of 251 Patients with type A, B, and C Distal Radius Fractures According to the AO/OTA
Classification

AO/OTA A AO/OTA B AO/OTA C
N = 131 N = 36 N = 84 p value

Female 117 (89) 30 (83) 66 (79) N.S.
Age (y)* 66.0 [16] 70.5 [14] 68.0 [14] 0.034
Weight (kg)* 69.9 [23.9] 75.4 [21.7] 72.3 [19.6] N.S.
Height (m) 1.63± 0.07 1.64± 0.09 1.64± 0.08 N.S.
BMI (kg/m2)* 25.5 [6.8] 28.0 [7.9] 27.1 [7.3] N.S.
BMI category N.S.
<30 kg/m2 (nonobese) 95 (77.9) 21 (63.6) 49 (71.0)
>30 kg/m2 (obese) 27 (22.1) 12 (36.4) 20 (29.0)

Bone mineral density N.S.
Normal BMD 18 (13.7) 4 (11.1) 16 (19.0)
Osteopenia 66 (50.4) 15 (41.7) 39 (46.4)
Osteoporosis 47 (35.9) 17 (47.2) 29 (34.5)

Vertebral fracture assessment N.S.
No Grade 2/3 Fx 116 (88.5) 29 (80.6) 76 (90.5)
≥Grade 2/3 Fx 15 (11.5) 7 (19.4) 8 (9.5)

Smoking N.S.
Never 49 (38.6) 20 (55.6) 38 (46.3)
Past smoker 57 (44.9) 12 (33.3) 35 (42.7)
Current smoker 21 (16.5) 4 (11.1) 9 (11.0)

Alcohol intake N.S.
< 1 unit/day 98 (77.2) 30 (85.7) 59 (73.8)
≥ 1 unit/day 29 (22.8) 5 (14.3) 21 (26.3)

Calcium intake (mg/day)* 780.0 [320] 785.5 [557] 844.5 [473] N.S.
25‐OH Vitamin D (nmol/l) N.S.
<30 (deficiency) 14 (10.7) 3 (8.3) 9 (10.7)
30–50 (insufficiency) 37 (28.2) 10 (27.8) 27 (32.1)
>50 (sufficiency) 80 (61.1) 23 (63.9) 48 (57.1)

Data missing: length (26), weight (26), calcium intake (6), alcohol intake (9), smoking (6).
Normally distributed data are presented as mean (SD).
BMD, bone mineral density; BMI, body mass index; Fx, fracture; N.S., not significant.
*Non‐normally distributed data are presented as median [interquartile range].
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these studies are in line with our study, it is difficult to
compare studies due to differences in BMD measure-
ment techniques and location of measurement and DRF
classification system.

Clayton et al.6 found a trend toward a higher BMD in
patients with AO/OTA type B and C fractures compared
to type A fractures, which is in contrast to our study.
However, they did not directly compare group C versus A
and BMD was only measured at the total hip, not at the
femoral neck and lumbar spine as we did in our study. In
a limited report, de Klerk et al.8 found no correlation
between the AO‐classification of DRFs and BMD,
measured at the hip and lumbar spine, which is in line
with our findings. Rozental et al.2 reported a significantly
lower total and trabecular vBMD and trabecular separa-
tion, measured by HR‐pQCT, at the distal radius and
tibia in premenopausal women with a DRF compared to
those without a fracture. However, the association of
other characteristics, such as prevalent VFs, vitamin D
levels, bone microarchitecture, and strength assessed by
HR‐pQCT, with DRF pattern complexity was not studied
up till now.

On the basis of the findings in this study, it is
important to note that risk factors known to be associated
with fracture risk, such as BMI, osteoporosis, number and
severity of prevalent VFs, smoking, and alcohol use are
not associated with DRF pattern complexity. In the
univariate model, age, male gender, and mainly trabe-
cular micro‐architectural parameters as well as compres-
sion, torsion, and bending stiffness especially at the distal
tibia were associated with DRF pattern complexity. The
finding that bone micro‐architectural and stiffness para-
meters were univariate associated with the more complex
(type C) DRFs, but not after adjustment for age and
gender, can be explained by the fact that men and older
patients have larger bones, with greater cortical peri-
meter, trabecular and total area and trabecular vBMD
and higher stiffness.35–38

Our study has limitations. First, we used the AO/
OTA classification, which is only one of many
fracture classification systems such as the universal
system, the Fernandez classification, the Frykman
classification, and the Melone classifica-
tion.20,22,39–41 Unfortunately, none of these classifi-
cation methods has perfect reproducibility.10,21,39,40

In contrast to the other classification systems, a
strong intra‐ and inter‐observer reliability was
reported for the AO/OTA classification when fo-
cusing on the main type only (A—extra‐articular, B
—partly articular, C—complete articular).20–22 In
line with this, we had a consensus rate of 79.7% after
classification by two independent investigators and
the distribution of the main types of DRFs correlates
with previous published papers.3,9,42 Second, we
studied a selection of patients that presented at
the ED of our hospital with a DRF because assess-
ment of BMD, VFA, and HR‐pQCT was only possible
in FLS attenders. Third, not all of the patients in our
study had a HR‐pQCT measurement due to the

retrospective design of our study. However, there
was no difference between the HR‐pQCT group and
non‐HR‐pQCT group (except for alcohol intake,
Table S2); hence, we believe that the results in this
study are representative for the total cohort of
patients with a DRF. Fourth, the number of patients
with type C fractures in the HR‐pQCT analyses was
relatively low, resulting in large confidence intervals
in some of the analyses. In addition, we could only
adjust for a limited number of determinants in the
multivariate analyses. Fifth, we do not have infor-
mation on the specific trauma mechanism.

In conclusion, our data demonstrate that age and
gender were independently associated with the pattern
complexity of DRFs. Other factors known to be associated
with fracture risk, such as BMI, osteoporosis, number and
severity of prevalent VFs, smoking, and alcohol use are
not associated with DRF pattern complexity. This indi-
cates that, besides age and gender, trauma mechanism
may also be an important determinant for distal radius
fracture pattern complexity.
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