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Influence of Early Bisphosphonate Administration
for Fracture Healing in Patients with Osteoporotic
Proximal Humerus Fractures

Joong-Bae Seo, MD, Jae-Sung Yoo, MD, Jee-Won Ryu, MD, Kun-Woong Yu, MD

Department of Orthopedic Surgery, Dankook University College of Medicine, Cheonan, Korea

Baclground: Bisphosphonates are generally known to adversely affect fracture healing because they inhibit osteoclastic bone
resorption. However, some authors argue that bisphosphonates have no adverse effect on the restoration of the mechanical integ-
rity of long bones after fractures. It is unclear whether bisphosphonates can be initiated safely in patients with acute proximal hu-
merus fractures. The aim of this study was to determine whether the early use of a bisphosphonate affects healing and outcomes
of osteoporotic proximal humerus fractures treated with a locking compression plate.

Methods: Between August 2004 and June 2013, a total of 82 osteoporotic patients who underwent locking plate fixation of proxi-
mal humerus fractures were enrolled retrospectively. The patients were divided into two groups according to the timing of the
commencement of treatment with alendronate after surgery: group A (n = 34, initiation of the bisphosphonate treatment within two
weeks after surgery) and group B (n = 48, control group, initiation of the treatment three months after surgery). Patients were as-
sessed for radiographic union at 2, 6, 10, and 16 weeks, 6 months, and 1 year after surgery. Clinical assessments were performed
using the Constant score and American Shoulder and Elbow Surgeons (ASES) score at 1 year after surgery.

Results: No significant differences were observed between the two groups with respect to radiographic and clinical outcomes af-
ter locking plate fixation. All patients obtained fracture union, and the mean time to radiographic union was similar in group A and
group B (6.3 and 6.6 weeks, respectively; p = 0.67).

Conclusions: This study shows that the early initiation of bisphosphonate treatment does not affect bone union or clinical out-
comes in patients with an osteoporotic proximal humerus fracture treated by locking compression plate fixation.
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Osteoporosis is a systemic skeletal disease characterized
by low bone mass and micro-architectural deterioration
of bone tissue with a consequent increase in both bone
fragility and susceptibility to fractures.” In addition to ver-
tebral, hip, and distal forearm fractures, humeral fractures
are among the most common osteoporotic fractures, and
the average lifetime risk in a 50-year-old Caucasian to ex-
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perience this type of fracture has been estimated at 12.9%
for women and 4.1% for men.” Osteoporotic fractures are
associated with significant morbidity, and fractures of the
hip, vertebrae, and humerus have been shown to be as-
sociated with excess mortality.* Fractures of the proximal
humerus account for 5% of all fractures and are the third
most common fracture pattern occurring in individuals
over the age of 65.>°

The widely used bisphosphonate (BP) therapy de-
creases bone resorption and hypercalcemia and reduces
osteolysis of bone metastasis.”” A number of randomized
clinical trials have shown that BPs increase the bone den-
sity and reduce the risk of vertebral, non-vertebral, and
hip fractures."” Nevertheless, BPs are not recommended
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in patients with acute fractures because they are known
to delay the process of fracture healing and suppress re-
modeling of the callus."”"” However, Kim et al.”? reported
that the early administration of BPs does not appear to
affect the rate of healing of an intertrochanteric fracture
or the incidence of complications. Gong et al."” argued
that the early initiation of a BP treatment did not affect
fracture healing or clinical outcomes. Cao et al."” reported
that after a bone fracture, BPs did not appear to interfere
with the early phases of repair; rather, continuous BP use
resulted in a larger, stronger callus. Recently, Li et al.'
reported that early administration of BPs after surgery did
not appear to delay fracture healing time either radiologi-
cally or clinically. Furthermore, according to the changes
in bone mineral density (BMD) and bone turnover mark-
ers, the anti-resorptive efficacy of BPs given immediately
after surgical repair should positively affect the rate of sub-
sequent fractures based on a meta-analysis of randomized
controlled trials.

It is unclear whether BPs can be initiated safely in
patients who have sustained an acute proximal humerus
fracture. We hypothesized that the early initiation of a BP
treatment for patients treated with a locking compression
plate fixation system would not affect fracture healing or
clinical outcomes. The aim of this study was to determine
whether the early use of a BP affects healing and outcomes
of osteoporotic proximal humerus fractures treated with a
locking compression plate.

METHODS

Subjects

Following Dankook University Hospital Institutional Re-
view Board exempt approval (IRB no.: DKUH IRB 2013-
10-011), a total of 127 patients over the age of 50 years
who had undergone locking compression plate fixation of
proximal humerus fractures and had been diagnosed with
osteoporosis were enrolled retrospectively from August
2004 to June 2013. All patients were recommended BMD
examinations preoperatively.

Fracture pattern grading was accomplished radio-
graphically using the Neer classification system: a part/
segment was considered displaced if it was separated from
its neighboring segment by more than 1 cm or angulated
by more than 45°."'"

The inclusion criteria were: (1) preoperative BMD
confirming osteoporosis with a T-score of < -2.5; (2) no
BP therapy during two years preceding the fracture; and
(3) 2-, 3-, or 4-part displaced fractures (including surgical
neck fractures) of the proximal humerus treated with lock-
ing compression plate fixation. The exclusion criteria were:
(1) refusal to take or a contraindication for BP medication;
(2) a condition capable of affecting BMD or bone metabo-
lism, such as renal or adrenal insufficiency, diabetes, rheu-
matoid arthritis, or thyroid disease; (3) fractures treated
with another method (conservative treatment, Kirschner
wire fixation, screw fixation, intramedullary nailing, or
prosthesis); (4) open fractures; (5) stable fractures; (6)
isolated tuberosity fractures; (7) head split fractures and
fracture dislocations; and (8) fractures with significant ip-
silateral injuries that could prevent early rehabilitation. All

Table 1. Demographic Data

Variable Group A (early oral bisphosphonate) Group B (late oral bisphosphonate) p-value

Gender (male:female) 10:24 15:33 0.277
Age (yr) 65.2+99 67.7+89 0.445
Bone mineral density (T-score) -28+09 -30+09 0.39%4
Body mass index (kg/m’) 235+33 229+39 0.324
ASA score 18 16 0.386
Fracture pattern (Neer classification) 0.172

2 Part 4 6

3 Part 13 18

4 Part 17 24

ASA: American Society of Anesthesiologists.
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patients received an oral BP (alendronate, 70 mg) weekly.
In group A (34 patients), the BP treatment was started
within 2 weeks after surgery, whereas in group B (48 pa-
tients), it was initiated 3 months after surgery, as fractures
usually heal within 3 months. For an effective comparison,
patients who started to receive the BP treatment between
2 weeks and 3 months after surgery were excluded. A total
of 45 patients were excluded, leaving a study sample of 82
patients.

The investigators examined the sex, age, type of
fracture, BMD, body mass index, and American Society of
Anesthesiologists (ASA) scores and found no statistically
significant difference between the groups (Table 1).

Surgical Technique and Postoperative Care

All patients underwent surgery for proximal humerus
fracture fixation using a proximal humeral internal lock-
ing system (PHILOS) plate (Synthes; Stratec Medical Ltd.,
Mezzovico, Switzerland). All the operations were per-
formed by the same surgeon (JBS) with the patient placed
in the beach chair position on a radiolucent table under
general anesthesia with the aid of intraoperative fluo-
roscopy. An anterior deltopectoral approach was chosen
for the exposure of all fractures. The biceps tendon was
identified and retracted, and with the fracture exposed
between the tuberosities and behind the bicipital groove,
transosseous sutures were occasionally used to assist with
the reduction of tuberosity fragments. The fracture was re-
duced and held temporarily with K-wires. Reduction was
checked fluoroscopically and the PHILOS plate was then

Fig. 1. Immediate postoperative radiographs. (A) Anteroposterior view.
(B) Axillary view.

applied using a minimum of four proximal locking screws.
The plate was positioned with the aid of an aiming device
5 to 8 mm distal to the upper end of the greater tuberosity
and 2 to 4 mm posterior to the bicipital groove. Five to six
locking angularly stable screws were placed into the hu-
meral head and three to four standard cortical screws were
placed in the shaft. Final intraoperative images were taken
to verify correct screw placement, and the range of motion
(ROM) was assessed to minimize the risk of any postop-
erative impingement (Fig. 1).

The wound was closed over a suction drain, which
was removed 24 hours later. Postoperatively, the arm was
supported in a sling. Pendular movements were started
from the first postoperative day and the shoulder was mo-
bilized with active assisted exercises, which was followed
by active exercises three weeks later.

Clinical and Radiological Evaluation

The patients were routinely followed at 2, 6, 10, 16 weeks,
6 months, and 1 year after surgery. Standard anteroposte-
rior and axillary radiographs were obtained at each visit.
Radiogrpahic union was defined as the presence of bridg-
ing of trabeculae or osseous bone in three of four (medial,
lateral, anterior, and posterior) cortices (Fig. 2). In each
evaluation of the union of proximal humerus fractures, the
images were interpreted by two orthopedic surgeons (JSY
and JWR). In cases where no agreement could be reached
on the union by the two observers, the mean union times
were used as a representative value.

Fig. 2. Radiographs taken at 6 weeks after operation showing union of
the proximal humerus fracture. (A) Anteroposterior view to confirm the
medial and lateral cortices. (B) Axillary view to confirm the anterior and
posterior cortices.
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To evaluate loss of fixation, the cervicodiaphyseal
angle (formed by the intersection between a line per-
pendicular to the anatomical neck and a line parallel to
the axis of the humeral diaphysis) was measured on true
shoulder anteroposterior view radiographs by two ortho-
pedic surgeons (JSY and JWR) immediately postoperative-
ly and at the last follow-up (Fig. 3). To minimize interob-
server bias, the mean difference of the cervicodiaphyseal
angle between immediate postoperative and last follow-up
measurements was used as a representative value. Fixation
failure was defined as more than 10° of difference of the
cervicodiaphyseal angle between immediate postoperative
and last follow-up measurements.

Clinical outcomes were assessed at 1 year after sur-
gery using the American Shoulder and Elbow Surgeons
(ASES) scoring system, Constant score (CS),"” and the
ROM of the shoulder. The ROMs of the shoulder assessed
were the forward flexion, external rotation, and internal
rotation.

Statistical Analysis

Fig. 3. Measurement of the cervicodiaphyseal angle.

The reliability of agreement in determining radiological
fracture healing between two observers who were blinded to
the treatment was assessed using Kappa coefficients. Kappa
coefficients were interpreted as follows: < 0 denoting poor
agreement, 0 to 0.2 slight agreement, 0.2 to 0.4 fair agree-
ment, 0.4 to 0.6 moderate agreement, 0.6 to 0.8 substantial
agreement, and > 0.8 almost perfect agreement."”

Group results were compared using the Pearson
chi-square and the Student #-test for continuous variables.
Correlation analyses were conducted to identify the rela-
tionships between the variables. Statistical analyses were
performed with use of SPSS ver. 21.0 (IBM Co., Armonk,
NY, USA), and p-values of < 0.05 were considered statisti-
cally significant.

RESULTS

Radiologic Outcomes

All patients showed evidence of fracture healing. In group
A, radiographic fracture union was obtained at six weeks
in 28 patients (82%) and at ten weeks in 6 patients (18%).
In group B, radiographic fracture union was achieved at 6
weeks in 38 patients (79%) and at 10 weeks in 10 patients
(21%). The average time to radiographic union was simi-
lar (6.3 weeks; range, 6 to 10 weeks) between group A and
group B (6.6 weeks; range, 6 to 10 weeks) (p = 0.65). There
was no significant intergroup difference in the proportion
of patients who obtained healing at 6 weeks after surgery (p
=0.81) (Table 2). Interobserver reliability reached the level
of “almost perfect agreement” with a weight kappa coef-
ficient of 0.82.

Five patients in group A (14.7%) and 4 patients in
group B (8.3%) showed fixation failure with more than 10°
of difference in the cervicodiaphyseal angle measured on
radiographs immediately postoperatively and at the last
follow-up. The mean difference of the cervicodiaphyseal
angle was not significantly different between group A (av-
erage, 3.7° range, 0° to 24°; standard deviation, 6.1°) and
group B (average, 2.2°% range, 0° to 17° standard deviation,
7.3°) (p = 0.238) (Table 2).

Table 2. Radiologic Qutcomes

Variable Group A (early oral bisphosphonate)  Group B (late oral bisphosphonate) p-value
Time to radiographic union (wk) 6.3(6-10) 6.6 (6-10) 0.571
Patients with healing at 6 postoperative weeks 28(82.4) 38(77.2) 0.160
Difference of cervicodiaphyseal angle (°) 3.7(0-24) 2.2(0-17) 0.238

Values are presented as mean (range) or number (%).
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Table 3. Clinical Outcomes at 24 Weeks after Operation

Variable Group A (early oral bisphosphonate) ~ Group B (late oral bisphosphonate) p-value
ASES score, mean (range) 80.2 (62-92) 78.6 (58-94) 0.612
Constant score, mean (range) 71.6 (54-90) 73.1(58-92) 0.631
Range of motion 0.892
Forward flexion (°) 1305 1284
External rotation (°) 4472 462

Internal rotation

11th thoracic level

10th thoracic level

ASES: American Shoulder and Elbow Surgeons.

Clinical Outcomes

At 1 year after surgery, the ASES score averaged 80.2
points (range, 62 to 92 points) in group A and 78.6 points
(range, 58 to 94 points) in group B. No significant differ-
ence was observed in the mean ASES score between the
two groups (p = 0.61). In addition, the mean CS at 1 year
after surgery was 71.6 points (range, 54 to 90 points) in
group A and 73.1 points (range, 58 to 92 points) in group
B, indicating no significant difference between the groups
(p = 0.63). The respective mean values of the ROM of the
shoulder were 130.5° (forward flexion), 44.2° (external ro-
tation), and the eleventh thoracic level (internal rotation)
in group A and 128.4°, 46.2°, and the tenth thoracic level
in group B (p = 0.89) (Table 3).

DISCUSSION

In this study, all patients showed evidence of fracture
healing without any statistically differences between two
groups. Moreover, clinical results based on the ASES score
were satisfactory in both groups.

Eriksen et al."” reported that the administration of
zoledronic acid for more than two weeks after surgical
treatment for low-energy hip fractures increased hip BMD
scores and significantly reduced the risks of subsequent
vertebral and hip fractures, while also decreasing mortality.
Dirschl et al.”” reported that the loss of femoral neck BMD
in patients with a hip fracture was five times greater than
that found in a normal population. They recommended
pharmacological or some other forms of intervention dur-
ing the first critical year following a hip fracture to prevent
accelerated bone loss and reduce the risk of subsequent
fractures during this period.

Although the BP therapy reduces the risks of a
secondary fracture and mortality,”"*” the optimal tim-
ing of BP administration following a proximal humerus

fracture in osteoporotic patients remains unclear. Several
animal studies have demonstrated that BPs can delay cal-
lus remodeling.""* Clinically, Odvina et al.* observed
significantly delayed healing of fractures in patients on
long-term alendronate. Rozental et al.”” compared 43 dis-
tal radius fracture patients who were taking a BP with 153
controls: the time to union in the BP group was 55 days
compared to 49 in the control group. However, these clini-
cal studies did not evaluate the effect of BP medication on
fracture healing in patients who had no history of taking
BPs.

In contrast, some authors have reported that BPs
promote fracture healing. Amanat et al.”® demonstrated
that a single dose of zoledronic acid significantly increased
the callus volume and mechanical strength. Fleisch®” re-
ported that the callus size was either not influenced or was
increased by BPs, and it never decreased due to the slow-
ing of callus resorption. Moreover, this resulted in a para-
doxical increase in the mechanical strength.

In the present study, there was no delay in the heal-
ing of proximal humerus fractures fixed by locking plate
fixation. Recently, several authors have reported that the
early initiation of BPs does not delay the healing of frac-
tures fixed by a plate or by nailing."*"” One possible ex-
planation is the healing mechanism of proximal humerus
fractures treated with locking plate fixation. Gong et al."”
noted that fractures treated by means of plate fixation in-
volve primary bone healing between fragments rather than
bridging due to external callus formation. The difference
between cancellous and cortical bone could be another
reason. In a fracture of compact long bones, where frac-
ture bone debris must be absorbed to allow room for new
bone formation,” a resorption process is critical initially.
However, proximal humerus fractures involve cancellous
bone, in which the space for new bone formation is larger
than that in compact bones. Therefore, we speculate that
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the healing of proximal humerus fractures stabilized by a
locking plate may not be suppressed by a reduction in the
resorption process by BPs owing to the spacious environ-
ment offered by cancellous bone.

Our study had several limitations. First, we defined
radiographic fracture union as bridging of trabeculae or
osseous bone across fracture lines, but a quantitative as-
sessment of this type of union may be necessary by, for
instance, measuring the callus size on computed tomog-
raphy scans. Second, in order to evaluate the influence of
BP administration on fracture healing, it would have been
better to compare the effects on the BMD and bone me-
tabolism under the same condition. Third, the sample size
was not large enough to evaluate the outcomes between
two groups. Finally, the duration of follow-up was short;
a longer follow-up is needed to determine the prevalence

of complications and the long-term effects of an early os-
teoporosis treatment. Nevertheless, the significance of this
this lies in the fact that it attempted to analyze the influ-
ence of early BP administration in osteoporotic proximal
humerus fractures.

In conclusion, early initiation of BP treatment in
patients with an osteoporotic proximal humerus fractures
treated by locking compression plate fixation did not affect
fracture healing or clinical outcomes, although our sample
size was too small to detect a rare complication of non-
union.
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