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ABSTRACT

Aims: To assess the effect of zoledronic acid (ZOL) on fracture healing in osteoporotic patients with intertrochanteric
fracture based on radiological evaluation and to study the correlations between severity of osteoporosis, age, gender, and
time taken to fracture union. Settings and Design: An open label study was conducted on 43 patients at a tertiary care
center. Subjects and Methods: The osteoporosis status of all the included patients was documented using a double-energy
X-ray absorptiometry scan. A single dose of injection ZOL 5 mg was administered intravenously to all the patients after
fixation during their hospital stay. Follow-up of the patients was done at |, 3,and 6 months after surgery until union was seen
radiologically. Statistical Analysis Used: Data were entered into Microsoft Office Excel version 2007, and interpretation
and analysis of obtained data were done using summary statistics. Pearson correlation between age, gender, bone mineral
density (BMD), and time taken to fracture union was done using the IBM SPSS Version 22.0 (IBM Corp. Released 2013. IBM
SPSS Statistics for Windows,Version 22.0. Armonk, NY: IBM Corp.). Results: The average age of the patients included in the
study was 71.27 + | 1.48 and the average BMD was —4.58+1.42. All the fractures united by the 6 month of follow-up, which
was similar to the union rate in comparison with the literature.The correlations between the gender, BMD, age, and time to
union were calculated,and all the r values obtained showed very low correlation and the P values in all the variables were not
significant. Conclusion: The bisphosphonate therapy did not adversely affect radiologically determined fracture union,and :
no correlations between severity of osteoporosis, age, gender, and time taken to fracture union were found to be significant.
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INTRODUCTION The symptoms of osteoporosis, generally speaking, are from
the fractures they cause. These can be microfractures, or
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Osteoporosis is a metabolic bone disease caused by they can be fragility fractures occurring from trivial trauma.

progressive bone loss. It is characterized by low bone mineral
density (BMD) and structural deterioration of bone tissue
leading to bone fragility and increased the risk of fractures.!"!

Diagnosis of osteoporosis can be suspected on the basis of
a plain X-ray evaluation, but the objective and internationally
accepted method of diagnosing are a measurement of :
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of osteoporosis as they reduce the overall risk of fracture
among patients with osteoporosis, with a long-lasting beneficial
effect.l! Bisphosphonate pharmacology also makes possible
monthly, intermittent, quarterly, or yearly dosing. Intravenous
administration regimens (quarterly or yearly) are newer
options available to patients.P!

Intravenous bisphosphonate regimens provide alternative
options for osteoporosis patients and extend the benefits
of bisphosphonates to patients unable to take them orally.
Zoledronic acid (ZOL) is an injectable aminobisphosphonate
with potent antiresorptive activity and high affinity for
mineralizing bone. It is administered as a 5 mg intravenous
infusion through vented intravenous tubing over no <15 min.!

Since osteoclasts are essential to the normal remodeling
activities in bone and are involved in bone growth, development,
and repair, it is important to recognize situations in which
the use of a bisphosphonate may inhibit or impair a normal
physiological process. One of the most commonly asked
questions is whether bisphosphonates affect fracture healing?
As it is well known that bone formation and resorption are
coupled through molecular and metabolic pathways!®! and as it
is also known that the ability of newly formed fracture callus
to be remodeled into mechanically competent lamellar bone
is osteoclast-mediated,/”? several investigators have examined
the role of bisphosphonates during fracture healing. An early
study on the effects of ethane-1-hydroxy-1, |-diphosphonate,
a so-called first-generation bisphosphonate that inhibits
mineralization at high doses, showed dose-dependent and
reversible inhibition of fracture healing in mature beagle
dogs.®! An investigation in which mature beagle dogs were
treated with therapeutic doses of alendronate 9 weeks
preceding a radial osteotomy, | 6 weeks after the osteotomy, or
continuously from 9 weeks to 16 weeks after the osteotomy
showed no adverse effects on fracture union, strength, or
callus mineralization. However, dogs treated with alendronate
during the healing period were found to have a delay in
callus remodeling compared with the remodeling seen in
dogs treated with a placebo.”!’ More recent investigations
in which incadronate was used showed similar findings, with
high, continuously administered doses delaying the process
of fracture healing but not impairing the ultimate recovery of
mechanical integrity of the callus.['”

These studies indicate that the effect of bisphosphonates in
fracture healing is not yet fully defined. Since ZOL is a recent
addition and it’s very convenient once a year dosing provides
a long-lasting effect, therefore this study has been undertaken
to evaluate its effect on fracture healing in cancellous bone
region in intertrochanteric (IT) fractures of the hip.
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SUBJECTS AND METHODS

The study was conducted in the Department of Orthopaedics
at a tertiary care centre from October 2013 to May 2015
after taking clearance from the Ethical Committee. Patients
above 45 years of age presenting in Orthopaedic Outpatient
Department and Emergency, having IT fracture of femur with
underlying osteoporosis, after obtaining written informed
consent, were included in the study. Men and women above
45 years of age, BMD documented osteoporosis (T-score
<-2.5 at femoral neck or at anterior-posterior [AP] spine)
and patients presenting within 3 weeks of an IT fracture
were included in the study. Patients with nonosteoporotic
pathological fractures, patients with head injury, creatinine
clearance <35 ml/min, patients already using bisphosphonates
for the treatment of osteoporosis or with chronic use of
glucocorticoids, and patients with conditions associated with
low bone density (e.g., diabetes mellitus, rheumatoid arthritis,
cystic fibrosis, Parkinson’s disease, etc.) were excluded from
the study.

Total seventy patients above 45 years of age and presenting with
an IT fracture were initially enrolled in the study. Forty-four
patients ultimately met the inclusion criteria. Of these, one
patient expired within | month of fracture fixation. Final study
included 43 patients. Initially, radiographic diagnosis of an IT
fracture was made on plain X-rays films in AP and lateral
views of the affected hip with thigh. Diagnosis of osteoporosis
was made on the WHO criteria through BMD by means of
a DEXA scan using the lunar prodigy advance DXA system
manufactured by GE Healthcare, UK. Intravenous ZOL 5 mg
was administered to all the patients within | week of the
fracture fixation. Patients were continued on osteoporosis
treatment with calcium and Vitamin D supplements during
and after hospital stay. Follow-up of the patients was done
at |, 3, and 6 months until union was seen radiologically.
The progress of union was evaluated based on the presence
of bridging callus and cortical continuity in AP and lateral
radiographs of the fracture site. Union was defined when all
three parameters were present in the radiographs.

RESULTS

The mean age of the study participants was 71.27 * | | .48 years.
The minimum age was 46 years and the maximum age was
90 years. The minimum number of patients, 4 (9.30%) were
between 45 and 55 years of age,and the maximum number of
patients, 16 (37.20%) were between 66 and 75 years.

Of the 43 patients evaluated, 19 (44.18%) were males and
24 (55.81%) were females.Twenty-four (55.81%) patients had
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a fracture of the right side and 19 (44.18%) of the left side.
Fractures were classified as per (Arbeitsgemeinschaft fiir
Osteosynthesefragen) (AO) classification, |5 (34.88%) patients
fell into 31-Al type of fracture, 20 (46.51%) into AO 31-A2,
and 8 (18.61%) into AO 31-A3.A maximum number of patients
had an AO 3 1-A2 type of fracture.The T-score,i.e.the number
of standard deviations above or below the mean for a healthy
30-year-old adult of the same sex and ethnicity as the patient
was calculated by means of a DEXA scan. The average BMD
of the patients included in the study was —4.58+1.42.

Figure | shows a graph of bone mineral densitometry in
different age groups in males and females.

Follow-up of the patients was done at |, 3, and 6 months
after surgery by which time union was seen radiologically in
all cases. Only eight patients were followed up till 6 month,
most of the patients had radiological fracture healing by the
3 month [Table I].

By I** month, two patients showed the radiological union of
which one was AO 31-Al type and another one wasAO 3 [-A2.
By 3 month, 33 patients showed the radiological union of which
I were 31-Al fracture type, 15 had AO 31-A2 type of fracture,
and 7 had an AO 31-A3 type of fracture. Eight patients were
followed up till 6" month of which three were AO 31-Al type,
four were AO 31-A2, and only one was AO 31-A3 type.Three
patients with an AO 31-Al fracture had to be followed up till
6" month for radiological signs of union, four patients with an
AO 31-A2 type healed by the 6" month,and one patient with an
AO 31-A3 united by 6™ month.Two patients one from each AO
31-Al and AO 31-A2 showed all the defined signs of radiological
union at the first follow-up, i.e., at the |** month [Table 2].

Figure 2 shows the preoperative, postoperative,and 3™-month
follow-up X-rays (AP and lateral views) of a patient with an
IT fracture.
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Figure 1: Bone mineral densitometry in different age groups in males and females

The correlations between the gender, bone mineral
densitometry, age, and time to union were calculated using
the Pearson correlation.The r value between gender and BMD
was —0.146, between gender and age was 0.240,and between
gender and time to union was 0.067.The r value between BMD
and gender was —0.146, between BMD and age was 0.023,
and between BMD and time to union was —0.130.The r value
between age and gender was 0.240, between age and BMD was
0.023, and between age and time to union was —0.202.The r
value between time to union and gender was 0.067, between
time to union and BMD was —0.130, and between time to
union and age was —0.202.The r value obtained between all
the variables was lower than 0.3, so it showed low correlation.
The P value between gender and BMD was 0.350, between
gender and age was 0.120, and between gender and time to

Table I: Union as per radiological parameters

I**month 3" month 6™ month
Bridging callus Il 35 8
Cortical continuity in AP view 24 38 8
Cortical continuity in lateral 25 36 8

view

AP: Anteroposterior

Table 2: Union in different fracture types at follow-up

Fracture type Total cases Showing union at

I* month 3"“month 6% month
AO 31-Al 15 | 11 3
AO 31-A2 20 | 15 4
AO 31-A3 8 0 7 |

Figure 2: Preoperative, postoperative, and at 3-month follow-up
X-rays (anterior-posterior and lateral views) of a patient
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union was 0.669.The P value between BMD and gender was
0.350,between BMD and age was 0.882,and between BMD and
time to union was 0.408.The P value between age and gender
was 0.120, between age and BMD was 0.882,and between age
and time to union was 0.193.The P value between time to
union and gender was 0.669, between time to union and BMD
was —0.408, and between time to union and age was 0.193.
The P values in all the variables were not significant [Table 3].

DiscussioN

Fracture healing has always been a major medical concern,
and it has been the aim of physicians and basic scientists
alike to find ways to shorten the healing time and to prevent
nonunion.!'"' Fleisch pointed out that in the majority of animal
studies, callus size either was not influenced or was increased
by bisphosphonates,and it never decreased due to the slowing
of callus resorption.['” Since hip fractures are commonly seen
in the same age group as primary osteoporosis, so patients
with hip fracture represent an important population to target
for the prevention of secondary fractures.["*!

Amanat et al. demonstrated that a single dose of ZOL
significantly increased callus volume and mechanical strength.[']
Poor adherence to oral bisphosphonate therapy has been
shown to compromise the efficacy of this treatment for
fracture reduction and to increase medical costs.!'! Gong et al.
concluded that early initiation of bisphosphonate treatment
for patients with an osteoporotic distal radial fracture treated
with volar locking plate fixation did not affect fracture healing
or radiographic or clinical outcomes.[' The most common
criterion for radiological union was bridging of the fracture
site.[l'”]

The mean age of the patients included in the study was
71.27 years which was similar to Kim et al’s study; they had

Table 3: Correlations between the gender, bone mineral density,
age, and time to fracture union

Variable Parameters Gender BMD Age Time to
union
Gender  Pearson correlation | -0.146  0.240 0.067
Significant (two-tailed) 0.350 0.120 0.669
n 43 43 43 43
BMD Pearson correlation -0.146 | 0.023 -0.130
Significant (two-tailed)  0.350 0.882 0.408
n 43 43 43 43
Age Pearson correlation 0.240  0.023 | -0.202
Significant (two-tailed)  0.120  0.882 0.193
n 43 43 43 43
Time to  Pearson correlation 0.067 -0.130 -0.202 |
union Significant (two-tailed) 0.669  0.408  0.193
n 43 43 43 43

BMD: Bone mineral density
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three groups with a mean age of 75 years in Group A, 75.3 in
Group B,and 78.1 in Group C.They included all the patients
with a T-score of <-2.5.The mean BMD in Group A of their
study was —3.2,in Group B —2.8,and —3.3 in Group C.In our
study, the average T-score at femoral neck of the nonfractured
side was —4.58 + [.42 which showed that osteoporosis was
markedly more in our patients.!'®!

Radiological healing was defined as bridging at the fracture
site by a callus or a cortical continuity involving at least
two cortices in the hip using AP and lateral views of the
femur.B! At |** month follow-up, | | patients in our study had
bridging callus, 24 patients had cortical continuity in AP view,
and 25 had cortical continuity in lateral view. At 3" month
most of the patients had radiologically defined union, out of
43 patients, 35 showed bridging callus, 38 showed cortical
continuity in AP view, and 36 showed cortical continuity in
lateral view. Only eight patients needed to be followed up
till 6 month by which time all eight patients had all the
radiological parameters to conclude definitive union.

Kim et al’s study showed that all fractures united by 20 weeks
in their Group A and by 24 weeks in their Group B and C.I'8
In our study, at I** month follow-up, 4.6% had evidence of
radiological healing, 76.7% showed signs of healing at 3™ month,
and 18.7% united by the 6* month of follow-up. Hence, by
the 12t week, i.e., 3 month, the majority of our patients had
radiologically defined union, and at 24 weeks, all the patients
included in our study had union.

Bridle et al. did a study on 100 patients with IT fractures at
a time when bisphosphonates were not available, 49 of their
patients were treated with intermedullary device and 5| with
extramedullary device, i.e.dynamic hip screw.They concluded
that all the internally fixed IT fractures heal by 6 months in
the absence of any complications irrespective of the fixation
device used.!'! Our results were comparable to Bridle et al’s
study as all the patients included in our study had radiologically
defined union at the 6*-month follow-up irrespective of the
type of implant used for fracture fixation, and administration
of ZOL did not seem to give any different results in our study.

In addition to the above-mentioned studies, we studied
the correlation between age, gender, BMD (severity of
osteoporosis), and time taken to union.All the patients were
given intravenous ZOL. However, no evidence of correlation
was found statistically in these variables. Various studies
have stated that the severity of osteoporosis increases with
age, but in our study, the most osteoporotic patient was a
male of 48 years with a BMD of —8.2. No evidence could
be established between age and BMD values in our study as
the r value had low correlation. Female preponderance was
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found probably due to postmenopausal osteoporosis but no
statistical correlation could be established between gender of
the patient and BMD values as the r values again showed low
correlation.Although all the fractures united by the 6 month,
statistically no correlation could be established between the
time taken to union and age, gender or BMD of the patients as
the r value had low correlation,and P values of all the variables
were not significant.

CONCLUSION

Hence, we would like to conclude that the bisphosphonate
therapy with ZOL after hip fracture surgery, in elderly
osteoporotic patients, did not adversely affect radiologically
determined fracture union.Although no significant correlation
was seen in time taken to fracture union, age, gender, or
severity of osteoporosis, due to the very small sample size
of this study, these correlation results need to be further
confirmed through a larger sample size study.
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