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Abstract. The purpose of this study was to (1) quantify
the healing process of the human osteoporotic proximal
humerus fracture (PHF) expressed in terms of callus
formation over the fracture region using BMD scanning,
and (2) quantify the impact of medical intervention with
vitamin D3 and calcium on the healing process of the
human osteoporotic fracture. The conservatively treated
PHF was chosen in order to follow the genuine fracture
healing without influence of osteosynthetic materials or
casts. Thirty women (mean age = 78 years; range =
58–88) with a PHF, osteoporosis or osteopenia (based
on a hip scan, WHO criteria), and not taking any drugs
related to bone formation, including calcium or vitamin
D supplementation, were randomly assigned to either
oral 800 IU vitamin D3 plus 1 g calcium or placebo, in a
double-blind prospective study. We measured bio-
chemical, radiographic, and bone mineral density effect
parameters to evaluate the impact on the healing pro-
cess. Scanning procedures of the fractured shoulder in-
cluded use of a fixation device to obtain the highest
possible precision. Double scans of the fractured
shoulder revealed a coefficient of variation (CV) on
BMD measurements that improved from 2.8% imme-
diately after fracture occurrence to 1.7% at 12 weeks
(P = 0.003) approaching the 1.2% levels observed over
the healthy shoulder. BMD was similar in the two
groups at baseline (active 0.534 g/cm2 vs. placebo
0.518 g/cm2), and both increased over the 12-week
observation period, with peak levels in week 6. By week
6 BMD levels were higher in the active group (0.623
g/cm2) compared with the placebo group (0.570 g/cm2,
P = 0.006). Thirty seven percent of the patients pre-
sented with vitamin D levels below 30 nmol/l, indicative
of mild vitamin D insufficiency. In conclusion, we have
demonstrated that it is possible to quantify callus for-
mation of the PHF with sufficiently high precision to
demonstrate the positive influence of vitamin D3 and
calcium over the first 6 weeks after fracture. Whether
this results in more stable fractures, extends to other
fracture types, or applies to other osteogenic bone
agents such as bisphosphonates remains to be examined.
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The formation of callus is the natural repair and fixation
response to a fracture in the absence of artificial fixating
devices including casts or osteosynthetic materials.
Callus response is also an expression of fracture healing
[1, 2], and, by numerically measuring the amount of
callus, it is possible to quantify the healing process.
The conservatively treated nondisplaced proximal

humerus fracture (PHF) is ideal to follow the genuine
healing by callus response, since it is not fixated in a cast
or by osteosynthetic materials [1, 2]. We have recently
established a methodology for the measurement of bone
mass with high precision using BMD scanning over the
unfractured shoulder region [3]. We hypothesize that
BMD scanning provides a suitable methodology to
quantify changes in callus formation over the PHF,
enabling us to determine the impact of medical inter-
vention during the healing process.
Several animal studies have shown that vitamin D

treatment promotes both fracture healing and mechan-
ical strength of the callus [4–6]. However, no data on the
role of vitamin D and calcium treatment in fracture
healing are currently available in humans.
The aim of this study was to follow the healing pro-

cess of the osteoporotic/osteopenic fracture by means of
measuring changes in the calcium density (callus) over
the fracture region using BMD scanning. For this pur-
pose, only patients with a PHF and reduced BMD (T-
score < )1) were included in the study, in part because
reduced BMD is highly prevalent in subjects with this
type of fracture, and in part to obtain a reasonably
homogenic group of patients. The other aim of this
study was to investigate the potential of an oral sup-
plement of calcium and vitamin D3 mitigating some ofCorrespondence to: A. M. Doetsch; E-mail: doetsch@mail.dk
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the problems associated with the osteoporotic fracture
healing process, such as delayed or insufficient healing
and impeded mobility of the elderly, through nonoper-
ative methods by means of enhanced callus formation
[7–9]. For this purpose we conducted a double-blind,
randomized, placebo-controlled study over a 12-week
period on 30 women each with a conservatively treated
PHF, who received either calcium plus vitamin D3 or
placebo.

Experimental Subjects

All patients presented with an acute, X-ray confirmed,
nondisplaced proximal humerus fracture (PHF),
according to the Neer classification of the displaced
fractures [10], and were recruited from the emergency
ward of the Frederiksberg Hospital, situated in the
center of Copenhagen City. Inclusion criteria were (1)
women 55 years of age or older; (2) an acute nondis-
placed conservatively treated PHF; (3) established
osteoporosis or osteopenia as defined by a standard hip
BMD (osteoporosis: T-score < )2.5 and osteopenia T-
score of )1 to –2.5 according to WHO classifications
[11]). Exclusion criteria were (1) suffering from any
other shoulder disease or symptoms related to the
shoulder region; (2) current treatment with vitamin D3,
calcium, estrogen, bisphosphonate, or other medications
for bone diseases within six months before the investi-
gation; (3) any diseases affecting the liver or kidney
metabolism; (4) any known diseases affecting the
absorption from the gastrointestinal tract; (5) any dis-
eases affecting thyroid gland; (6) known cancer; (7) se-
vere dementia; (8) abnormally high serum calcium; (9)
abnormal serum TSH or serum creatinine.
During a period of 20 months we identified 62 wo-

men meeting inclusion criteria (1) and (2). Eighteen
declined to participate in the investigation with incon-
venience cited as the primary reason, and 9 subjects were
excluded due to a hip BMD T-score > )1. An addi-
tional 5 patients originally included dropped out or were
subsequently excluded from the investigation due to
death [N = 1 (week 0)], fracture dislocations [N = 3
(week 2)], and noncompliance [N = 1 (week 6)]. This
left us with 30 Danish women (mean age = 77.7 years,
range = 58–88 years) who were included and who
completed the investigation.
Informed consent was obtained from all subjects and

the appropriate national ethics committee approved the
protocol (KF 12-049/01).

Material and Methods

A randomized, double-blind, placebo-controlled study was
conducted. Half of the fracture patients received one g of
calcium + 800 IU of vitamin D3, and the other half received

placebo, each given in the form of chewable tablets taken
twice daily for 12 weeks. Prior to entering the study, bone
status of each patient was determined by a standard hip scan
over the left hip. At the time of inclusion, all patients com-
pleted a questionnaire relating to physical activity and sun
exposure.
A standard X-ray image was taken over the fracture area

for each participant at weeks 0, 2, 6, and 12. The X-ray
images included anterior–posterior (AP) and side positions of
the shoulder. For each image, the number of fracture lines
(fracture grade) and the position of the fragments were de-
scribed. We compared the X-rays over the observation per-
iod for each patient. Distance between the fragments was
measured in millimeters, and the angling of the fragments
was measured in degrees. If any changes in the location
between the fragments were observed, we described the
change in terms of axial distraction/consolidation, rotation,
and/or angling. If the fracture evolved into a displaced type
according to Neer [10], the patient was excluded from the
investigation.
The Region of Interest (ROI) covered the caput humerus

including the fracture area. ROI was defined as starting at the
top of the caput humeri and submitted 15 mm distal over the
fracture line with a breadth covering the caput. The ROI was
positioned manually over each scan picture. The ROI for the
hip was the femoral neck.
A Norland DEXA XR-36 BMD scanner was used for

BMD measurements in the investigations. We previously de-
scribed a method for BMD scanning with high precision
[coefficient of variation (CV) of 1.2%] over the unfractured
shoulder [3]. This technique includes use of a foam cushion
device that fixes the upper arm, including the shoulder joint,
and ensures an identical ROI for each patient from scan to
scan. Each scanning session consisted of two separate scans
over the ROI. The patient rose to a standing position on the
floor between the two scans and was immediately repositioned
in the foam cushion for the second scan. The method creates a
scan image in the AP position equivalent to the standard AP
X-ray image (Figs. 1 and 2), providing the opportunity to
identify anatomical landmarks on the scanning image with
support of the X-ray picture. All patients were scanned over
the shoulder in duplicate at weeks 0, 2, 6, and 12, and the mean
of the duplicate scans was used for statistical analysis. Scans
were performed with no banding applied to the subjects during
the scanning procedure.
The following parameters were measured at baseline and

after 12 weeks: serum or plasma levels of: 25-OHD3 TSH,
sodium, potassium, hemoglobin, sedimentation rate, and leu-
kocytes. Serum level parameters were measured at baseline and
after 2, 6, and 12 weeks for calcium (total, albumin-corrected),
phosphate, alkaline phosphatase, creatinine, and albumin. To
prevent bias the serum levels of calcium and vitamin D3 were
blinded to the investigators during the whole investigation
until the code was broken.
For initial assessment of the changes in BMD between

groups, t-tests as well as the procedures outlined by Bland and
Altman were used [12]. We then compared the three post-
treatment BMD measurements in the two groups, using a
multivariate model (due to repeated measurements on each
subject) and adjusting for differences in baseline BMD by
including this as a covariate. All statistical analyses were done
using SYSTAT and SAS statistical software (SAS Institute,
Cary, NC).

Results

Experimental Subjects

The active group consisted of 16 patients, 12 osteopo-
rotic and 4 osteopenic. The placebo group consisted of
14 patients, 12 osteoporotic and 2 osteopenic. Time
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from fracture to start of treatment was a mean of 5.1
days (range = 2–11 days) for the placebo group and 6.7
days (range = 2–11 days) for the active group.

Changes in BMD over the RO1 During Fracture Healing

Both groups experienced statistically significant trends
(increase) in BMD levels from week 0 over the obser-
vation period, with peak levels in week 6 (active:
P = 0.00001, control: P = 0.015) (Table 1). From
week 0 to week 6, the active group experienced a sig-
nificantly higher trend increase in BMD than the pla-
cebo group (16.% compared with 10.0%) (P = 0.028).
By week 6 we observed a significant difference between
BMD levels in the active group (0.623 g/cm2) compared
with the placebo group (0.570 g/cm2) (P = 0.006) (Ta-
ble 1). The multivariate model, which is adjusted for
repeated measurements as well as for differences in
baseline BMD between the two groups, showed that the
difference between the active and the placebo groups
was 0.048 g/m3 (95% confidence limit 0.0060–0.0636 g/
m3), which is statistically significant (P = 0.02).

Changes in Precision During Fracture Healing

The mean CV of paired double scans between week 0
and week 12 decreased significantly from 2.8% to 1.7%.
(P = 0.0029). The only significant difference in preci-
sion between the active and the placebo groups was in
week 6, with the active group showing a CV of 1.5%
compared with 2.6% for the placebo group (P = 0.016).
This compares with 1.2% on the same equipment mea-
sured over the unfractured shoulder [3].

Dislocation of the Fractures over the Observation Period

There were no significant differences in relation to
changes in the location between the fragments or frac-
ture grades (number of fracture lines) between the active
and the placebo groups over the observation period. All
patients were bandaged for one week in a fixated collar
and cuff sling, one week in a loose collar and cuff sling,
and unbandaged thereafter.

Changes in Hip BMD During the Observation Period

No statistically significant changes in hip BMD levels
were observed in either group between weeks 0 and 12
(Table 2).

Changes in Biochemical Tests During Fracture Healing

Serum calcium levels were similar in the two groups
at inclusion (placebo: 2.27 ± 0.09 vs. active:
2.33 ± 0.10 nmol/l); however, serum calcium levels in-
creased in the active group [2.38 ± 0.09 nmol/l at week
6 (P < 0.001)]. Hereafter no difference was detected in
otherwise unaltered serum calcium levels. Serum 25-
OHD3 levels were similar in the two groups at inclusion
[placebo: 39 ± 16 nmol/l (range = 22–79) vs. active:

Fig. 2. Time series of BMD images over the fractured should.

Fig. 1. BMD Image of the shoulder.
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40 ± 21 nmol/l (range = 16–87)]. Levels increased
significantly in the active group from week 0 to week 12
(72 ± 17 nmol/l) (P < 0.001), whereas no changes oc-
curred in the placebo group. Alkaline phosphatase were
similar in the two groups at inclusion (placebo:
218 ± 57 vs. active: 211 ± 42 U/l), and increased
equally in the two groups after 3 weeks (placebo:
265 ± 41 vs. active: 279 ± 65 U/l, both P < 0.001).
Hereafter alkaline phosphophates returned to baseline
values with no difference in between. At baseline, serum
calcium and vitamin D levels did not correlate
(N = 30).

Discussion

We have used the undislocated PHF as a model for the
osteoporotic/osteopenic fracture as it provides an
opportunity to investigate the genuine healing process
without the interference from external or internal fixa-
tion on an analogous anatomical structure to the con-
servatively treated hip fracture. That osteoporosis/
osteopenia indeed is prevalent in women suffering a
PHF is evident, since at least 80% of women presenting
with a PHF in the present study had osteoporosis or
osteopenia.
The present study demonstrates that we were able to

follow the increase in callus formation by means of
BMD scanning on the undislocated PHF using the de-
scribed procedure. In evaluating the effectiveness of the
methodology for BMD measurement over the fractured
shoulder, we found that within 12 weeks of fracture
occurrence precision levels approached that of the
unfractured shoulder [3] and were of a similar magni-
tude as those on other skeletal sites [13]. As highlighted
in earlier work, fixation of the proximal humerus joint

was essential to obtain satisfactory precision since small
changes in the position of the ROI can lead to a dra-
matic drop in precision. Despite this, and working with
an unfixated fracture, we were able to demonstrate sat-
isfactory short-term precision, representing the ability to
reposition subjects and place the measure box (for the
ROI) over the identical area between successive scans.
BMD increased after fracture, and the peak in week 6
expresses the end of the callus production prior to
reorganization to organized bone [1, 2], which was
confirmed radiographically.
The main goal of the present study was to investigate

if calcium and vitamin D3 supplementation could en-
hance callus formation in patients with osteopenia or
osteoporosis, a PHE, and not taking any drugs affecting
bone formation, including calcium or vitamin D sup-
plementation. In a randomized study we found that
both active and placebo groups increased BMD over the
shoulder region with a peak level in week 6, but the
increase in the active group was significantly higher
(16.8% vs. 10.0%) (P = 0.028) than in the placebo
group. Since we have a repeated measures design and a
baseline difference in BMD between the two groups, we
also applied a multivariate model. We found the dif-
ference between the two groups was statistically signifi-
cant (P = 0.02), with a mean BMD difference between

Table 1. Observed shoulder values between active and control groups over time expressed in terms of BMD g/cm2 (mean ± SD)

Week 0 Week 2 Week 6 Week 12

Active group
(N = 16) 0.534 ± 0.049 0.588 ± 0.066 0.623 ± 0.060* 0.621 ± 0.077
Placebo group
(N = 14) 0.518 ± 0.067 0.548 ± 0.056 0.570 ± 0.037 0.564 ± 0.039

*P = 0.006

Table 2. Observed hip values between active and control
groups over time expressed in terms of BMD g/cm2

(mean ± SD)

Week 0 Week 12

Active group
(N = 16) 0.586 ± 0.105 0.595 ± 0.109
Placebo group
(N = 14) 0.586 ± 0.066 0.590 ± 0.059

Fig. 3. Box plot of fractured shoulder scan values. Difference
in mean BMD levels statistically significant between active and
placebo groups at week 6 (P = 0.006).
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the groups of 0.048 g/m3 (95% confidence limit 0.0060–
0.0636 g/m3).
Scanning precision was similar in the two groups but

showed a significant difference at week 6 with the active
group showing a CV of 1.5% compared with 2.6% for
the placebo group (P = 0.016). Although this may be
influenced by the relatively small sample size, one pos-
sible explanation for the significant improvement in
precision for the active group over the placebo group by
week 6 may be the earlier stabilization of the fracture as
a result of the increased callus formation.
The difference in BMD changes over the observation

period between the active group and the placebo group
could be interpreted as a positive impact on the fracture
healing process by the vitamin D3 and calcium from a
higher concentration in the cellular environments of
these agents. This potentially facilitates the osteoblast
in-building Ca2+ and producing callus and/or via an
increase in the osteoblast/osteoclast turnover from the
osteogenic cell.
There were no differences between the two groups

relating to osteoporotic/osteopenic status, age, physical
activity, sun exposure, or immobility of the fracture area
including number, design, and location of the fracture
lines.
Since none of the patients was taking calcium or

vitamin D supplementation, it was expected that some
degree of vitamin D insufficiency among the patients
would be found. Mean vitamin D levels were approxi-
mately 40 nmol/l, and 11/30 (37%) of the patients had
vitamin D levels below 30 nmol/l, a value indicative of
mild vitamin D insufficiency [14]. These figures are
similar to those previously found among European
(including Danish) elderly people [14]. Thus, some of the
positive effect on the amount of callus in the active
group might be due to treating mild vitamin D insuffi-
ciency. On the other hand, the population under study
represents typical Danish (and European) women, the
majority of whom do not take calcium and vitamin D
supplement. In a European survey on elderly people,
nearly 90% did not take vitamin D supplements [14].
It is possible that the measurement of changes to and

the amount of callus as an expression of the efficiency of
fracture healing could be biased, since the amount of
callus rises with the number of fracture lines and is in-
versely related to the fixation grade [15, 16]. However,
we found no significant differences in fracture lines and
fixation grades between the two groups when system-
atically studied.
Another bias could be the potential effect of calcium

and vitamin D supplementation on regional disuse
osteoporosis. The ROI used in our studies included both
the fracture lines with subsequent callus formation and
some amount of adjacent bone, both trabecular and
cortical, although the amount was limited by placing the
lower cut off level of the ROI as close as 15 mm to the

most distal part of the fracture. This regional and frac-
ture-close bone was probably subject to the regional
acceleratory phenomenon (RAP) leading to regional
osteoporosis [17]. Thus, our data might be the result of
two countervailing processes: callus formation and
temporary regional bone degradation. In order to elu-
cidate this, we constructed an additional ROI measuring
BMD from the original ROI and 10 mm more distal on
the humerus shaft. BMD over this region did not change
over time, neither was there any effect of calcium and D
vitamin supplementation compared with placebo (data
not shown). Therefore, this potential bias is probably of
less importance.
The question remains if calcium density over the

fracture area expresses the efficiency or quality of the
healing process. Other studies have shown little rela-
tionship between calcium concentration in trabecular
bone and bending strength [18–21]. Despite its high
concentration of calcium, callus has little bending
strength and it is therefore possible that the vitamin D3
and calcium increases the calcium concentration over
the fracture area but still yields a brittle bone. This re-
quires further investigation into fracture strength and
stability.
In conclusion, we have demonstrated that it is pos-

sible to quantify callus formation with sufficiently high
precision over the first 6 weeks after fracture to establish
the positive impact of vitamin D3 and calcium supple-
mentation on the PHF. Women with reduced bone mass
(osteopenia or osteoporosis) and an acute PHF might
benefit from a supplementation of oral calcium plus
vitamin D3 during the healing process. This is found in
women not already taking calcium or vitamin D sup-
plement. Whether this results in more stable fractures,
extends to other fracture types, or applies to other
osteogenic bone agents such as bisphosphonates remains
to be examined.
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