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ABSTRACT

Background: Bone graft substitutes are a group of substances available to us today, which are now being increasingly
used to enhance/ stimulate bone healing. The reason for this is because they obviate the need for an additional
procedure, decrease operative time and are not associated with any donor site morbidity.We endeavored to find out if []-
tricalcium phosphate (ChronOS®, Synthes) as a substitute gave better union rates in comminuted long bone fractures as
against using them in simple fractures which had gone into nonunion, or delayed union, and to compare the
complications that occurred.

Methods: This study was a retrospective review of prospectively collected data of patients that underwent bone
stimulating procedures using ChronOS® ([J-tricalcium phosphate) in cases such as nonunion, delayed union or acute
comminuted fractures. There were 38 patients, who underwent bone enhancing procedures within a 1-year period, of
which in 18 patients ChronOS® was used. Of the 18 patients, 10 were comminuted fractures and 8 were simple fractures
the outcomes assessed were union time, comparison of union for each indication and occurrence of any complications or
the need for secondary procedures.

Results: The results showed that at 3 months signs of union were evident in both groups. 80% (8 out of 10) of the
comminuted fractures and 87.5% (7 out of 8) of the simple fractures went on to unite. 2 patients in the comminuted
fracture group and one patient in the simple (non-comminuted fracture) group went on to non-union.

Conclusion: ChronOS® is a viable alternative to autograft in comminuted fractures as well as non-unions, delayed
unions and the management of small bone defects. It completely eliminates donor site morbidity associated with

autografts in addition to decreasing the operative time.

INTRODUCTION:

There has been a rise in trauma and trauma related deaths in
India in the recent times, especially the past two decades.One
of the reasons seems to be the ever increasing two- wheelers
in India which are the most vulnerable(l,2). Today India
accounts for at 73% of deaths due Road traffic accident in
South east Asia. India has only 1% of the world's vehicles, but
accounts for 6% of the world's road traffic accidents(3). With a
significant burden of trauma, most orthopedic surgeons in
India see complex injuries including open, comminuted
fractures which require bone stimulation in the form of bone
grafting or other methods.

The treatment of delayed unions, non-unions and
management of skeletal bone defects is complex and
challenging and adds to the morbidity. The “gold standard”
for managing such cases has been autologous bone
graft(4,5). The autologous bone grafts have all the
components required to promote bone healing. They are
osteoinductive (stimulate bone formation through
osteoprogenitor cells), osteoconductive (provide a scaffold
on which the bone can grow) and the most essential
osteogenic property (inherent capacity to form osteoblasts
and its precursors). However the autologous grafts have
associated with major complications such as abdominal
hernia, and minor complications such as superficial seromas
and infection, in addition to the extra operative time that is
required to harvest it(6-8).The next most common choice was
allograft, especially in North America, with abundance of
bone banks. However these have gone into disrepute due the
risk of infection and disease transmission(9). The allograft is
primarily osteoconductive and to some extent osteoinductive
due to the demineralized bone matrix (DBM).

To address the disadvantages of using autograft and
allografts, the synthetic bone graft substitutes have become
more popular over the past few decades. Among the synthetic
bone graft substitutes the calcium phosphate-based
biomaterials (e.g. hydroxyapatite, calcium phosphate-based
cements and ceramics) and recombinant bone morphogenic
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proteins (rh-BMP-2 and 7) are most widely used. Of these
biomaterials tricalcium phosphate (- TCP) cement/
ceramics are available in India.

In the present study we used ChronOS®, (- TCP)from
Synthes™. We hypothesized that using ChronOS® in acute
comminuted fractures versus delayed union and non-unions
would give rise to similar union rates.Logic dictates that since
bone graft substitutes have no osteogenic potential (only
osteoconductive), therefore they should be ineffective in
delayed and non-unions as compared to its use in acute
comminuted fractures. So, through this comparison we
wanted to find out if this was the case, this study could guide us
in exploring the use of bone graft substitutes in non- unions,
and delayed unions.

MATERIALS AND METHODS:

This was retrospective study of a prospectively collected data
in the department of Orthopedics, Christian Medical College
and Hospital, Ludhiana, Punjab. Our study spanned 12 months
and consisted of adult patients (18 -65 yrs.) who had sustained
comminuted long bone fractures, or had a delayed union or
non-union of fracture. Chron OS ([J- tricalcium phosphate).
There was a total of 38 patients who underwent bone
stimulating procedures. Out of these patients in 18 patients
Bone graft substitutes were put. All of these patients were
those patients who opted for Bone graft substitute after
detailed discussion with them including the risks, benefits
and the likelihood of reoperation and need for further
surgeries, in case of failure. These 18 further divided into two
groups. Group 1 included patients with comminuted fractures
(acute) who were treated with ChronOS® and Group 2
consisted of patients with simple fractures most of which were
either delayed unions or non-unions. Randomization was not
done. This consecutive prospective cohort series was
statistically analyzed.

Inclusion criteria was:
1. agegroup of 18to 65 years,
2. acute,comminuted fractures for group 1
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3. simple fractures for group 2
4. delayedunions and non-unions of fractures for group 2
5. bonedefectslessthanbcm.

Patients excluded were those with:

1) pathological fractures

2) conditions when both bone graft and the substitute are
used together (composite graft),

3) infected non-unions

4) gapnon-union,

5) patients who had received Bone marrow injections one
year prior and one year after the procedure and gap non-
union with bone gap of over 5cm were taken as exclusion
criteria.

The patient's data that were included in this study were those
with acute comminuted long bone fractures, a delayed union
(no signs of healing even after 6 months), non-union (no
progress of fracture healing on X-rays for 3 consecutive
months taken after 6 months) or a bone defectless than 5cm.

The data was recorded prospectively at the time of admission
and included the patient demographics, the pattern of
fracture (comminuted or simple), site of fracture (diaphyseal
or metaphyseal), weather bone grafting was immediate or
delayed, the occurrence of any complications both the
grafted site and the donor site.

Clinical union included the assessment
of pain at the fracture site and the presence of any abnormal
mobility of the fracture. All patients were clinically examined
by both the authors at each of the 3 monthly follow ups till a
period of 1 year or till the bone had united.

ment to

Radiological assessment also was also done during the same
time as the clinical assessment. The X-rays were seen
together by both the authors independently and then
together to bring about objectivity. The parameters that were
seen were the presence of callus at the fracture site and
bridging trabeculae across the fracture site. A fracture was
said to be fully united if 3 out of 4 cortices showed callus and
bridging trabeculae.

The variables were coded and entered into a Microsoft Excel
computer program. Data were analyzed using the Stata
version 8 and EpiInfo 2003.

RESULTS AND ANALYSIS:

This study compares bone healing with the synthetic bone
substitute (ChronOS®, Synthes) in patients with acute
comminuted long bone fractures versus those with delayed,
nonunion, malunion and bone defectsless than 5 cm.

Patients from the ages of 18-65 years were recruited for the
study. Patients were followed up at 3, 6,9 and 12 months or till
full union.

There was a total of 18 patients underwent bone graft
substitutes for inducing fracture healing. These were further
divided into 2 groups, 10 of whom had comminuted fracture,
and 8 of whom had simple non-comminuted fractures.

Table 1. Demographics in either groups

COMMINUTED SIMPLE

FRACTURES FRACTURE
Males 8 (80%) 7 (87.5%)
Females 2 (20%) 1(12.5%)
Mean age(years) |40.8 32

Majority of patients in both the groups (80% in the group with
comminuted fracture 87.5% males in the group with simple
fractures) were males. The average age in the comminuted
fracture group was 40.8 yrs. as compared to 32 yrs. in the

simple fracture group both the groups had a majority of
patients who had sustained closed fractures following their
injuries (80% patients with comminuted fractures had
sustained closed fractures, while all patients with simple
fractures had closed fractures). Most patients in both the
groups had sustained closed fractures, (non-comminuted
fractures had all closed fractures as against 80 % of those who
were in the comminuted fracture group).

Lower limb injuries were more common in both the groups;
however, they were significantly more common in the
comminuted fracture group (90% vs 62,5 % in the non-
comminuted fracture group). Diaphyseal fractures were
common in both the groups (70% in comminuted fracture
group and 100% in the simple fracture group).

Bone graft substitute was used on an average 1 month
following the index procedure in the comminuted fracture
group and 7Tmonths following the index procedure in the non-
comminuted fracture group. The substitute was introduced to
the fracture site either by opening it or by introducing it
percutaneously by small incisions. 3 out of 10 patients (30%)
underwent percutaneous graft insertion in the comminuted
group as compared to 3 of 8 in the closed fracture group
(87.5%).

Table 2: Union rates and average time to union in both the
groups at the end of the study

COMMINUTED |SIMPLE
FRACTURES FRACTURE
union 8 (80%) 7 (87.5%)
non-union 2 (20%) 1(12.5%)
Earliest appearance |3 3
of callus (in months)
Average time to 11.1 8.8
union(months)

The average union time was lesser for the simple fracture
group as compared to comminuted fracture group (11.2
months in comminuted fracture group as compared to 8.8
month in the simple fracture group).

The outcomes for fracture union were assessed by the
average union time and the appearance of callus. 2 patients
(20%) in the comminuted fracture group did not unite and
required secondary grafting procedures using autologous
bone grafts, the simple fracture group had 1 patient (12.5%)
who did not unite. In all the fractures that united in both the
groups the callus and sings of union could be seen at 3
months. 2 of the 10 (20%) in the comminuted fracture group
underwent complete graft resorption at the time the fracture
was labelled as united. While only 1 patient * (12.5%) in the
simple fracture group underwent full resorption of the graft.

DISCUSSION:

This study was designed to test the efficacy of bone graft
substitute f-TCP (ChronOS®,Synthes) in fracture healing in
comminuted long bone fractures and comparing its use in
simple fractures. This data revealed that in this particular
population both the groups were skewed towards having
more males in each group and most of them had sustained
these fractures secondary to road traffic accidents. Bajammal
et. al. in 2008 conducted a metanalysis on the use of calcium
sulfate bone cement and 14 other studies were analyzed in
this metanalysis all of which had a demographic data with
equal number of males and females(10). While Chapaman
et. al study on Collagen phosphate ceramic with a bovine
collagen carrier had a majority (69%) males in their study
population(11).

Our study showed that the comminuted fracture group had
more 20% open fractures, while none of the simple fractures
were open fractures. It corroborates with the fact that most
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comminuted fractures are of higher energy and are more
likely to be open than the simple fractures which would occur
with a lower energy. Both the Chapaman's study of 1997 and
the BESTT-ALL included open and closed fractures in their
study but their impact on the outcomes were not studied(12).

Our study found that the bone graft substitute procedure was
done on an average 1 month following the index procedure,
while in the simple fracture group this duration was found to
be 7 months, this showed that primarily the fracture
comminution dictated the bone graft substitute procedure as
against the development of a delayed union or a non-union
was the major indication of bone graft substitute in the simple
fracture group. The study by Chapman et. al studied the
treatment of acute long bone fractures with collagen
composite bone graft substitute, however they did not define
the criteria of bone grafting in acute long bone fractures, they
compared this with autologous graft and found on significant
difference between the 2 groups, This was similar to our
findings as in the comminuted group 80% ( 8 out of 10
fractures) and in the simple fracture group 87.5%( 7 out of 8)
achieved union.

The mean union time however was 11.2 months for the
comminuted fracture group as compared 8.8 months for the
simple fracture group. These results were as expected as
comminuted fractures took longer to unit; however, the
ultimate union rates were not very different between the
groups. The first appearance of callus was seen in both the
groups at 3 months.

Both the comminuted and non-comminuted fractures had
very good union rates in long bone fractures following
ChronOS® insertion, we did not use any composite material
to get osteogenic potential. What was a surprise was that the
non-unions and delayed unions also went on to unite. Many
studies have shown that the union rates comparing bone graft
substitutes are similar when compared to the gold standard
Autogenous grafts(13-15).

LIMITATIONS:

The sample size was very small to draw any definite
conclusion. There was no randomization of the patients. The
indication of bone grafting in the comminuted fracture group
was not very well defined.

CONCLUSION:

Most of the available literature like the study by Chapman
does not give us clear cut indications for the need for grafting
in acute long bone fractures. This study demonstrates that the
use of ChronOS® as a bone graft substitute provides good
unionrates in both comminuted acute fractures as well as non-
unions and delayed unions, in long bones without the need
composite grafts such as bovine collagen or bone marrow
injections, or BMP which provide the osteoinductive and to
some extent osteogenic potential needed for union. However,
more studies with larger sample sizes and randomized
controlled trials are required to give us more clarity on this
subject.
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