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Aims

Low-energy distal radius fractures (DRFs) are the most common upper arm fractures cor-
related with bone fragility. Vitamin D deficiency is an important risk factor associated with
DRFs. However, the relationship between DRF severity and vitamin D deficiency is not elu-
cidated. Therefore, this study aimed to identify the correlation between DRF severity and
serum 25-hydroxyvitamin-D level, which is an indicator of vitamin D deficiency.

Methods

This multicentre retrospective observational study enrolled 122 female patients aged over
45 years with DRFs with extension deformity. DRF severity was assessed by three independ-
ent examiners using 3D CT. Moreover, it was categorized based on the AO classification,
and the degree of articular and volar cortex comminution was evaluated. Articular com-
minution was defined as an articular fragment involving three or more fragments, and
volar cortex comminution as a fracture in the volar cortex of the distal fragment. Serum
25-hydroxyvitamin-D level, bone metabolic markers, and bone mineral density (BMD) at
the lumbar spine, hip, and wrist were evaluated six months after injury. According to DRF
severity, serum 25-hydroxyvitamin-D level, parameters correlated with bone metabolism,
and BMD was compared.

Results

The articular comminuted group (n = 28) had a significantly lower median serum
25-hydroxyvitamin-D level than the non-comminuted group (n = 94; 13.4 ng/ml (interquar-
tile range (IQR) 9.8 to 17.3) vs 16.2 ng/ml (IQR 12.5 to 20.4); p = 0.005). The AO classifica-
tion and volar cortex comminution were not correlated with the serum 25-hydroxyvitamin-D
level. Bone metabolic markers and BMD did not significantly differ in terms of DRF severities.

Conclusion

Articular comminuted DREF, referred to as AO C3 fracture, is significantly associated with
low serum 25-hydroxyvitamin-D levels. Therefore, vitamin D, supplementation for vitamin D
deficiency might prevent articular comminuted DRFs. Nevertheless, further studies must be
conducted to validate the results of the current study.
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Introduction osteoporosis and are believed to be the
Low-energy distal radius fractures (DRFs) first fractures among other osteoporotic
correlated with bone fragility are commonly  fractures.? A previous study revealed that
caused by falling from standing position.” patients with DRF are 3.22 times at higher
Moreover, DRFs are the most frequent risk for future femoral hip fracture than
upper arm fractures associated with those with non-DRF.? DRF severity is based
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Fig. 1
Articular comminution was defined as a fragment involving three or more
fragments. a) Articular comminution and b) non-comminution. Volar cortex
comminution was defined as a fracture in the volar cortex of the distal
fragment. c) Volar cortex comminution and d) non-comminution.

on fracture pattern, and severe DRF is correlated with
poor clinical and radiological outcomes.** Some studies
have revealed an association between DRF severity and
injury intensity® and low bone mineral density (BMD).”8
However, other factors affecting DRF severity are not
fully elucidated.

Vitamin D is a hormone that regulates calcium ion
concentration in the body, and vitamin D deficiency is
associated with osteoporosis.® Recently, vitamin D was
found to have multiple effects on the human body, which
include preventing diabetes and enhancing the immune
system.’® Most importantly, it affects bone metabo-
lism. Vitamin D deficiency decreases bone mass. Thus,
it is considered a risk factor for osteoporotic fractures
including DRFs." Vitamin D sufficiency is reflected by
serum 25-hydroxyvitamin-D levels. Approximately 76%
of patients with DRFs had vitamin D deficiency (serum
25-hydroxyvitamin-D levels: < 20 ng/ml).”> Previous
studies have compared the serum 25-hydroxyvitamin-D
levels between patients with DRFs and those with non-
DRFs, and the results varied.”™'* However, the relationship
between DRF severity and serum 25-hydroxyvitamin-D
level was not fully elucidated. We hypothesized that
25-hydroxyvitamin-D level is correlated with DRF severity.
This multicentre retrospective observational study aimed
to identify the relationship between DRF severity and
serum 25-hydroxyvitamin-D level among perimeno-
pausal and postmenopausal woman by assessing serum
25-hydroxyvitamin-D levels according to DRF severity.
Moreover, bone metabolic markers and BMD were evalu-
ated according to DRF severity.

Methods

Ethical approval. This multicentre, retrospective ob-
servational study was approved by the institutional
review board of Toyonaka Municipal Hospital, Kansai
Rosai Hospital, and JCHO Hoshigaoka Medical Center.
Moreover, it was performed in accordance with the
Declaration of Helsinki.'® Not all patients were required
to provide informed consent because the clinical data
were anonymized after each patient agreed to treatment.
We applied the opt-out method, which enabled patients
to refuse to be included in this study. The consent in
this study was obtained from the website of Toyonaka
Municipal Hospital.

Patients. Female patients aged 45 years or over with
low-energy DRF who were treated at our institutions
from January 2018 to January 2021 were included in
this study. Low-energy injury was defined as falling from
standing position. The exclusion criteria were as follows:
high-energy injury; age under 45 years; flexion deform-
ity DRF; hyperparathyroidism due to chronic kidney dis-
ease; vitamin D, supplementation at the time of injury;
lost to follow-up within six months of surgery or non-
agreement with osteoporosis examination; and male sex.
All patients underwent CT scans of the distal forearm be-
fore treatment.

Assessment of DRF severity. Because DRF severity was cor-
related with treatment strategy and clinical outcome, we
focused on comminution of the articular surface and the
volar cortex of the distal radius, which are also important
factors for validating the AO classification.>'”'® Although
metaphyseal comminution was commonly observed in
the dorsal site," the volar cortex was thicker than the dor-
sal side, and it is correlated with the clinical outcome of
DRFE.4' Therefore, this study focused on volar cortex com-
minution. DRF severity was eventually defined based on
the following three classifications: AO classification, com-
minution of the articular surface, and comminution of the
volar cortex of the distal radius.* Although AO classification
was defined as A1-C3 based on the initial classification, to
prevent small group categorization, we allocated patients
with extra-articular fracture in group A, those with partial
articular fracture in group B, and those with complete ar-
ticular fracture in group C.% Regarding comminution of
the articular surface, comminution fracture was defined as
articular fragment involving three or more fragments, and
this is referred to as C3 fractures based on the AO classifi-
cation. Comminution of the volar cortex was defined as a
fracture line existing in the volar cortex of the distal frag-
ment (Figure 1). Categorization into these classifications
was independently performed by three examiners (SA, TS,
KK) using preoperative 3D CT scan. Three examiners were
two hand surgeons and one was an orthopaedic resident
who was trained for hand surgery. If the classification de-
cision was not reached among the three examiners, the
classification was confirmed via a discussion.

BONE & JOINT OPEN



RELATIONSHIP BETWEEN DISTAL RADIUS FRACTURE SEVERITY AND 25-HYDROXYVITAMIN-D 263

Table 1. Reliability of distal radius fracture classification.

Articular comminution Volar cortex comminution

Variable AO classification
Interobservers 1 and 2 0.49
Interobservers 1 and 3 0.64
Interobservers 2 and 3 0.48
Intraobserver 1 0.74
Intraobserver 2 0.94
Intraobserver 3 0.91

0.68 0.42
0.70 0.41
0.69 0.38
0.73 0.56
0.91 0.86
0.96 0.73

Demographic characteristics and osteoporosis. Age, sex,
BMI, estimated glomerular filtration ratio (eGFR; an indi-
cator of renal function), current smoking status, steroid
intake, and comorbidities (diabetes mellitus (DM)), and
osteoporosis treatment at the time of DRF injury were
assessed.

Measurement of bone metabolic markers. To prevent the
effect of fracture healing on bone metabolism and to
standardize the measurement period, we evaluated bone
metabolic marker levels at six months after the injury.”
Total type 1 procollagen N-terminal propeptide (PTNP)
was a marker of bone formation. Tartrate-resistant acid
phosphatase 5b (TRACP-5b) was used to measure bone
resorption. Undercarboxylated osteocalcin (ucOC) was
adopted for vitamin K sufficiency and bone quality. Intact
parathyroid hormone (PTH) levels were evaluated to ex-
clude primary or secondary hyperparathyroidism due to
advanced-stage chronic kidney disease.

Assessment of BMD. The BMD of lumber spine, femoral
neck, and distal forearm of the contralateral normal side
were assessed via dual X-ray absorptiometry (Horizon W,
Hologic, USA; PRODIGY, GE Healthcare Japan, Japan). T
score was calculated at all measured sites.

Measurement of serum 25-hydroxyvitamin-D. The se-
rum 25-hydroxyvitamin-D level (standard range: 3.0-
99.9 ng/mL) was investigated using a commercially avail-
able electrochemiluminescence immunoassay (ECLIA)
(Roche Diagnostics KK, Japan) and was quantified with
intra-assay and inter-assay coefficients of variation of
1.47% and 2.64%, respectively. We evaluated serum
25-hydroxyvitamin-D level at six months after the injury,
which was the same timing of measurement of above-
mentioned bone metabolic marker levels. We compared
bone markers including serum 25-hydroxyvitamin-D
and BMD according to DRF severity. To evaluate the
effect of the seasons on serum 25-hydroxyvitamin-D
level, we evaluated seasons during which the serum
25-hydroxyvitamin-D level was to be measured. Because
serum 25-hydroxyvitamin-D level is affected by age,?? the
serum 25-hydroxyvitamin-D level between the DRF sever-
ity groups was compared after adjusting for age.
Statistical analysis. To assess the reliability of DRF sever-
ity classification, the Cohen’s kappa coefficient was cal-
culated. We defined kappa value as follows: 0.0 to 0.2,
slight agreement; 0.2 to 0.4, fair agreement; 0.4 to 0.6,

moderate agreement; 0.6 to 0.8, substantial agreement;
and 0.8 to 1.0, almost perfect agreement.?* The Mann-
Whitney U test and the chi-squared test were used to
compare parameters between the two groups. Data were
presented as median value (interquartile range (IQR)).
The Kruskal-Wallis test was used to compare serum
25-hydroxyvitamin-D levels in terms of seasons. After
adjusting for age, we performed analysis of covariance
(ANCOVA) to compare serum 25-hydroxyvitamin-D levels
between the two groups. A p value of < 0.05 was consid-
ered statistically significant.

To conduct a power analysis, we assessed effect size in
advance. The effect size was calculated based on a previous
study that compared serum 25-hydroxyvitamin-D levels
between the DRF and control group.”™ Power analysis
revealed that a minimum sample size of 114 was required
to achieve a significance level of 0.05, with a power of
80% power and with an effect size of 0.564, for two-
group comparison.

Statistical tests were performed using JMP Pro 15.0
(SAS Institute, USA), SPSS v. 22.0 (IBM, USA), and G-
power 3.1 (University of Kiel, Germany).

Results

In total, 319 consecutive patients were treated at our
institutions. However, male patients (n = 85); those
aged 45 years or below (n = 3); those with high-energy
injury (n = 25), flexion deformity (n = 28), and hyper-
parathyroidism (n = 1); those receiving vitamin D,
supplementation (n = 13); and those who were lost to
follow-up or who refused to join the BMD survey (n =
42) were excluded. In total, 122 female patients were
enrolled in this study. All injuries were caused by falling
from standing position, and all cases of DRFs involved
extension deformity.

Regarding fracture severity based on the AO classifi-
cation, 35 patients presented with type A fracture, and
87 with type C. None of the patients had type B fracture.
In total, 28 and 20 patients presented with articular
comminuted and volar cortex comminuted fracture,
respectively. Table | shows the kappa coefficient for the
reliability of the classifications. Articular comminution
classification had the highest reliability among the three
classifications, with substantial to almost perfect agree-
ment in both inter- and intraobserver reliability.
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Fig. 2
Serum 25-hydroxyvitamin-D level (25(OH)D) was compared according to fracture classifications. The box plot indicated interquartile range and median as

well as mean value (cross mark). *p < 0.05.
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Fig. 3
The serum 25-hydroxyvitamin-D levels (25(OH)D) according to each season

are shown in box plots. Spring, March to May; summer, June to August;
autumn, September to November; and winter, December to February.

The articular comminuted group had significantly
lower median serum 25-hydroxyvitamin-D levels than
the non-articular comminuted group (13.4 ng/ml (IQR
9.8 to 17.3) vs 16.2 ng/ml (IQR 12.5 to 20.4); p = 0.005,
Mann-Whitney U test). Age-adjusted ANCOVA indicated
that the articular comminuted group had a significantly
lower serum 25-hydroxyvitamin-D level than the non-
comminuted group (13.5 ng/ml (95% confidence interval

(Cl) 10.8 to 16.3) vs 17.6 ng/ml (95% CI 16.1 to 19.0);
p = 0.012, ANCOVA). Renal function was quite similar
between the articular comminuted and non-comminuted
groups. However, the articular comminuted group had
a relatively higher median intact PTH level than the non-
articular comminuted group (44.2 ng/ml (IQR 36.9 to
56.0) vs 39.0 ng/ml (IQR 31.0 to 50.0); p = 0.072, Mann-
Whitney U test). This result indicated secondary PTH
elevation caused by vitamin D deficiency in the articular
comminuted group. There were no significant differences
in terms of serum 25-hydroxyvitamin-D levels based on
the AO classification and volar cortex comminution classi-
fication (Figure 2). The serum 25-hydroxyvitamin-D levels
did not significantly differ in terms of seasons (p = 0.322.
Kruskal-Wallis test) (Figure 3). Furthermore, there were
no significant differences in terms of demographic char-
acteristics, bone metabolic markers, and BMD between
the articular comminuted and non-comminuted groups
(Table II).

Discussion

This study showed the relationship between DRF
severity and serum 25-hydroxyvitamin-D level among
women with low-energy DRFs with extension deformity.
Compared with articular non-comminuted DRFs, artic-
ular comminuted DRFs are associated with lower serum
25-hydroxyvitamin-D levels.
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Table II. Comparison of demographic characteristics between patients
with articular non-comminuted fracture and those with comminuted

fracture.

Non-comminuted Comminuted p-
Characteristic fracture (n = 94) fracture (n = 28) value
Median age, yrs 72 (61 to 78) 72.5 (67 to 79) 0.439*
(IQR)
Median BMI, kg/m? 22.3 (19.6 to 24.8) 21.9(20.2t0 23.8) 0.801*
(IQR)
Current smoking 2(2) 0 0.421+%
status, n (%)
Steroid intake, n 0 0
Diabetes mellitus, 9 (9.5) 2(7.1) 0.69371
n (%)
Median eGFR, ml/  68.5(59.2 to 79) 71.2(58.2t078.9) 0.801*
min (IQR)
Osteoporosis 10 (10.6%) 5(17.8%) 0.7867
treatment, n (%)
Bisphosphonate 9 3
Denosumab 1 1
Others 0 1
Median BMD T-
score (IQR)
Lumbar spine -2.0(-2.9 t0 -0.8) -2.0(-2.7t0-1.2) 0.859*
Femoral neck -2.2(-31to-1.6) -2.6 (-3.0to -1.7) 0.491*
Forearm -2.7 (-3.8t0 -1.0) -2.2(-3.4to-1.5) 0.911*
Median PTNP, ug/l  58.0 (43.6 to 74.5) 56.8(42.6t068.7) 0.712*
(IQR)
Median TRACP-5b, 413 (319 to 522) 416 (319 to 496) 0.801*
muUy/dl (IQR)
Median intact-PTH  39.0 (31.0 to 50.0) 44.2 (36.9 to 56.0) 0.072*
level, pg/m (IQR)
Median ucOC level, 4.9 (3.4to 7.5) 6.0 (3.8t09.1) 0.244*

ng/ml (IQR)

*Mann-Whitney U test.

TChi-squared test.

BMD, bone mineral density; eGFR, estimated glomerular filtration ratio;
IQR, interquartile range; PT1NP, total type 1 procollagen N-terminal
propeptide; PTH, parathyroid hormone; TRACP-5b, tartrate-resistant acid
phosphatase 5b; ucOC, undercarboxylated osteocalcin.

Vitamin D is a hormone that regulates serum calcium
concentration, and vitamin D deficiency is considered
a risk factor for osteoporosis.®?* Moreover, vitamin D
deficiency increases body sway and the risk for falls
and possible fall-related fracture.?> Therefore, DRF is
commonly associated with vitamin D deficiency, and it
is the first fracture that was discovered among the oste-
oporotic fractures.>?¢ The serum 25-hydroxyvitamin-D
levels between the DRF and control groups were
compared. However, the results were not consistent.
Jang et al™ showed that the 25-hydroxyvitamin-D level
of the DRF group was significantly lower than that of
the control group. By contrast, Rozental et al'* and Ting
et al’® revealed that there were no significant differences
in terms of 25-hydroxyvitamin-D levels between the
DRF and control groups.

In terms of DRF severity, vitamin D affects bone
microstructure, and vitamin D deficiency increases the
risk of fractures.??® Therefore, vitamin D deficiency may

affect both the cartilage and subchondral bone. An in
vitro study revealed that vitamin D deficiency has dele-
terious effects on the cartilage based on a rat model,?
thereby supporting our suggestion of the mechanism
for articular comminution. Vitamin D deficiency has
an impact on the subchondral bone,** which might be
correlated with articular surface comminution. In this
study, the articular comminuted group had a higher
intact PTH level than the non-comminuted group.
Vitamin D deficiency causes intact PTH elevation. A
substantial elevation in serum intact PTH levels cause
not only osteoporosis but also mineralization disorder.*'
Subchondral bone fragility caused by severe osteopo-
rosis and mineralization disorder may be correlated
with articular comminuted DRFs.

According to our results, the 25-hydroxyvitamin-D
level did not differ according to fracture type based
on the AO classification and volar cortex comminution
classification. Articular comminution specifically reflects
cancellous bone fragility, and volar cortex comminu-
tion may indicate cortical bone fragility. Moreover, the
AO classification showed mixing cancellous and cortical
bone fragility. Hence, vitamin D deficiency is strongly
correlated with articular comminution compared with
cortical comminution. This result is supported by a
previous study showing that the cortical bone is main-
tained under vitamin D deficiency.?

The serum 25-hydroxyvitamin-D level was affected
by several factors including race, ageing, and duration
of sunshine exposure.’?3* In our cohort, all patients
were Asian, and serum 25-hydroxyvitamin-D levels did
not significantly differ according to seasons. ANCOVA
revealed that the serum 25-hydroxyvitamin-D level of
patients with articular comminuted DRF was signifi-
cantly lower than that of patients with articular non-
comminuted DRF regardless of age.

Bone fragility is caused by low bone mass and low
bone quality.** Previous studies revealed that low BMD
is correlated with severe DRF.78 However, the definition
of DRF severity in a previous study was based on the
risk of early and late displacement, which was different
from our method.® Moreover, in another research, BMD
was calculated based on the peripheral quantitative CT
scan of the distal radius and was analyzed using abso-
lute values, which was also differed from our method.”
Previous studies revealed that the osteoporosis treat-
ment ratio before and after surgery among patients with
DRF ranged from 7.8% to 21% and from 13% to 27%,
respectively.®>3¢ In the current study, 15 patients (12%)
received treatments for osteoporosis other than vitamin
D, supplementation before sustaining fractures, which
is similar to previous reports. Vitamin D sufficiency is
correlated with DRF severity. Thus, we should focus
on vitamin D supplementation, which might prevent
severe DRF.
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The current study had several limitations. First, DRF
severity was affected by bone fragility and trauma
degree. This analysis focused on low-energy DRF. Thus,
we wanted to standardize the degree of trauma. The
manner of falling or body weight affects the degree of
trauma. However, they could not be completely stan-
dardized. Furthermore, other bony metabolism markers
that might affect DRF severity were not assessed. These
include pentosidine and homocysteine levels, which
are markers of bone quality. Second, BMD measure-
ment was not performed using a single, standardized
set of equipment because the study was conducted at
multiple centres. Therefore, we could compare T score,
but not absolute bone density, via a relative evaluation.
Third, because bone metabolic markers and BMD were
assessed six months after the injury and not at the time
of the initial injury, our data do not exactly indicate
the markers present at the time of injury. Finally, each
group included patients who received osteoporotic
treatment, which might have affected bone structure.
This factor might be correlated with articular or volar
cortex comminuted DRF. However, the radius could
hardly benefit from osteoporotic treatment, and there
was no significant difference in the number of patients
treated between the groups.

In summary, vitamin D deficiency was correlated with
articular comminuted DRF. Vitamin D supplementation
could decrease DRF severity. However, further studies
must be conducted to validate whether vitamin D supple-
mentation might prevent articular comminuted DRFs.

A
P

DRFs.

- Vitamin D deficiency is related to DRF severity.

- Vitamin D3 supplementation for vitamin D deficiency might prevent
articular comminuted DRFs.

Take home message

- Articular comminuted distal radius fractures (DRFs),

are associated with a significantly lower serum
25-hydroxyvitamin-D level compared to non-comminuted
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