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Purpose. Calcium phosphate cements control bleeding and are safe to use in osteoporotic
sternums during open heart surgery. We looked at the clinical and radiographic effects of
this agent on bone healing.

Description. Since March 2006, 18 patients had calcium phosphate cement inserted in
their sternal tables at heart surgery. They were followed-up by office visits and chest
computed tomographic (CT) scans. All preoperative and postoperative CT chest scans were
evaluated for cement absorption, bone replacement, and bone density.

Evaluation. Five preoperative and 41 postoperative CT chest scans were available for
evaluation. Median interval from surgery to CT scan was 531 days (range, 3 to 966 days). At
follow-up there were neither clinical dehiscences nor nonunions of the sternums. Calcium
phosphate cement appears to reabsorb quickly, but not completely. Five patients with
pre-surgical CT chest scans demonstrated an average, improved bone density of 281.66
Hounsfield units at follow-up (p � 0.006).

Conclusions. In each patient, cement was replaced by new bone, and there is evidence
that more bone is present as a result of cement use.

(Ann Thorac Surg 2009;88:1658–61)
© 2009 by The Society of Thoracic Surgeons

We previously reported the successful use of calcium
phosphate cements as a hemostatic agent in os-

teoporotic patients with large sternal marrow defects
after cardiac surgery [1]. In our original study, 11 patients
had no adverse reactions to the hydroxyapatite cement,
and none required re-exploration for bleeding. A limited
subset of patients demonstrated early bone replacement
of the cement on computed tomographic (CT) scan. We
used calcium phosphate cements to avoid copious
amounts of bone wax and its inherent complications [2].
We have followed these patients and others to evaluate
the radiologic and clinical intermediate-term results of
sternal healing using these cements.

Technology

Eighteen patients undergoing open heart surgery
through a median sternotomy incision between March
2006 and July 2008 were treated with the calcium phos-
phate cement Callos (Skeletal Kinetics, Cupertino, CA) to
control persistent bleeding from their severely osteopo-
rotic sternum after open heart surgery. Each had a large
sternal bone marrow defect due to osteoporosis that
involved at least 35% of their sternal surface between the
sternal tables and was 1-cm deep (Fig 1). Only patients

with extremely friable osteoporotic sternums received
the study product. The decision to use Callos (Skeletal
Kinetics) was made at the end of surgery to primarily
stop sternal table bleeding.

Technique

Typically, 5 cc of cement filler was used per patient in an
effort to avoid using bone wax. The product was applied
with a thick paper spatula and digitally to fill all the defects
between the sternal tables in a fashion similar to placing
caulk between tiles (Fig 2). The cement was used as bone
void filler, as well as to control bleeding. The sternal halves
were packed full to capacity in an effort to tamponade
sternal bleeding. No other topical hemostatic agents were
used. Standard cardiopulmonary bypass techniques were
used. Seventeen patients underwent coronary artery by-
pass grafting and 5 had one or more valves repaired or
replaced. Patient characteristics are shown in Table 1. None
of these patients were on bone replacement medicines.

Each sternum was closed with eight sternal wires and
was irrigated with an antibiotic solution before place-
ment of the cement. No other mechanical methods were
used to stabilize the sternum. Hospital institutional re-
view board sanction was obtained (August 8, 2008), and
consents for the study were obtained on all subjects
included in the study.

Patients were followed-up with office visits and CT
scans (all patients). Scans were reviewed by one radiol-

Accepted for publication May 15, 2009.

Address correspondence to Dr Muehrcke, 300 Health Park Blvd, Suite
5000, St. Augustine, FL 32086; e-mail: dmuehrcke@aol.com.

© 2009 by The Society of Thoracic Surgeons 0003-4975/09/$36.00
Published by Elsevier Inc doi:10.1016/j.athoracsur.2009.05.058

N
EW

T
EC

H
N

O
LO

G
Y

mailto:dmuehrcke@aol.com


ogist (RA-L) for the presence of retained calcium phos-
phate cement, bone healing, replacement of cement with
bone over time, evidence of osteomyelitis, nonunion of
the sternum, quantification of continual calcium phos-
phate cement in the sternum, and new bone density.
New bone density was determined by comparing bone
window image Hounsfield units in patients with preop-
erative chest CT scans to their respective postoperative
scans at the same sternal level. Bone density was com-
pared between postoperative scans in the same patient, if
multiple postoperative scans were available.

All patients were seen in the office after surgery in
follow-up. In 16 patients high-resolution CT chest scans
were obtained at the time of follow-up (GE Lightspeed,
QX/I, 4-slice scanner, software version 07MW11.10; Gen-
eral Electric Corp, Milwaukee, WI). Retrospective recon-
structions were performed using a lung algorithm with
retrospective slices at 1.25-mm thickness (detector con-
figuration, 4 � 1.25) with 0.6-mm spacing (50% overlap)
to reconstruct. Reformatted coronal images were made at
1.25-mm spacing.

Clinical Experience

Forty-one postoperative scans were performed in the 18
patients during the study period. Five patients had pre-
operative CT chest scans. Twelve patents had multiple
scans for review (ie, two to seven postoperative scans).
The shortest interval between scans was 6 days and the
longest was 686 days. The median time between surgery
and CT scanning was 531 days (range, 3 to 966 days).

No patient suffered clinical dehiscence or nonunion.
No patients suffered sternal wound infections. One pa-
tient died at 201 days after surgery of chronic obstructive
lung disease. Eleven patients had CT scans far enough
apart to evaluate the rate of new bone replacement of
cement and to evaluate bone healing. Follow-up ranged
from 52 to 966 days (median, 628 days).

Persistent calcium phosphate cement was identified in
15 of 18 patients on follow-up CT chest scans. The rate of
cement absorption was not directly proportional to the
postoperative follow-up time. Three patients had com-
plete reabsorption of all calcium phosphate cement on

follow-up CT scan. No patient demonstrated radio-
graphic evidence of osteomyelitis or sternal infection.
One person operated on emergently, who was on Plavix
(Bristol-Myers Squibb, New York, NY), had to be ex-
plored for bleeding due to a coagulopathy unrelated to
his sternal bleeding. At the time of exploration for bleed-
ing, the calcium phosphate cement was easily removed
from the sternum and appeared to have no adhesive
properties. All 12 patients who had two CT chest scans
far enough apart to determine bony replacement of the
calcium phosphate cement revealed robust replacement
of the cement with new bone formation. Their sternal
bone densities consistently increased up to their last CT
chest scan.

Comparing CT scans from the same patient revealed
calcium phosphate cement was maximally absorbed by 1
month after surgery. After the first month after surgery,
the rate of cement absorption appeared to be slow. Most
patients were left with a thin discontinuous strip of
cement visible in the midline that persisted despite the
majority of cement having been reabsorbed from the
lateral sternal marrow and the cortex of the sternum
having healed. There was no tendency for sternums that
required greater amounts of cements to have delayed

Fig 1. Severely osteoporotic sternum with loss of lateral sternal
table. Fig 2. Direct application of calcium phosphate cement with spatula

and digit.

Table 1. Preoperative and Operative Patient Characteristics

Age 72.28 � 5.96
Male gender 9/18
Height (inches) 66.75 � 4.13
Weight (kg) 70.35 � 13.38
Body surface area 1.79 � 0.17
Obesity (body mass index � 30) 3/18
DM 4/18
CAD 17/18
HTN 16/18
CVA 0/18
Pump run time (min) 84.06 � 36.09
Ejection fraction 54.8% � 12%

CAD � coronary artery disease; CVA � cerebral vascular acci-
dent; DM � diabetes mellitus; HTN � hypertension.
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replacement by bone. Bone replacement after the first
month was patient specific. However, sternal healing
persisted through the follow-up period on serial CT chest
scans. Sternal step-offs and gaps were not uncommon.
Sternal gaps did not appear to be related to the presence
or absence of Callos.

Five patients had preoperative CT chest scans for
evaluation. Postoperative bone densities were improved
in each patient compared with their preoperative bone
density. The average preoperative bone density (using
bone density images) was �33.1 Hounsfield units (stan-

dard deviation 36.09). Postoperative bone densities aver-
aged 248.56 Hounsfield units (standard deviation 149.8)
(Figs 3A–3C). Using a two-tailed Student’s t test for two
samples of equal variances, the likelihood of these sternal
bone densities being of similar groups was p � 0.0063.

Comment

The most important finding in our study was the greater
bone density seen at follow-up in every patient who had
a preoperative CT chest scan for comparison (p � 0.006).
In these patients, we were able to demonstrate denser
new bone formation compared with what was present
before surgery. Also in patients who had at least two
postoperative CT chest scans, bone density also im-
proved on follow-up scans. Presumably denser bone
implies more bone present after Callos use. Whether this
means improved blood supply, improved sternal
strength, and improved resistance to infection is not
known. Whether this is a long-lasting effect is also
unknown, but it appears to be at intermediate follow-up.
Whether bone marrow production occurs is also unclear.
Clearly, bone healing is not impeded by the cement and
appears to be encouraged.

Callos is a calcium phosphate cement that is Food and
Drug Administration approved for use as a bone filler in
orthopedic surgery to fill bony voids of the skeletal
system [3, 4]. A literature review showed that this bone
void filler has been used in fractures that typically have
not permitted weight bearing for a long time (tibial
pateau and calcaneal fractures) [3, 4]. As a result of its
superior compressive strength to normal bone, patients
can bear weight earlier, promoting quicker recovery.
Callos cures rapidly without exothermic reaction to form
carbonated apatite that corresponds to the mineral phase
of bone. When implanted, Callos bone cement is known
to be osteoconductive with no adverse tissue reactions.
The implanted area remodels through normal remodel-
ing by osteoclastic cell-mediated absorption and osteo-
blastic-mediated new bone formation [5]. Frankenburg
and colleagues [6] demonstrated in dogs both osteocon-
ductive and biocompatible properties. There was no
evidence of fibrosis or inflammation at any interval of
time. Vascular penetration in the cement was evident,
and many vessels were found to have circumferential
lamellae of bone that resembled developing haversian
systems in histiologic sections. The haversian bone was
similar to normal bone remodeling. This study clearly
demonstrated that calcium phosphate cement is both
osteoconductive and remodeled, with simultaneous re-
placement by bone through the normal osteoclastic-
osteoblastic coupling.

Several other agents are currently used clinically to
tamponade sternal bleeding [7–10]. They are all foreign
bodies, except Viostat (Vivolution, Birkeroed, Denmark)
[9]. None are promoted to be used in large volume. Those
that do not biodegrade can initiate infection at a later
date. Moreover, none become incorporated by the body
into bone as Callos does after its use. Bone wax is still a
better first line product to control bleeding during most

Fig 3. (A) Preoperative computed tomographic chest scan using bone
windows. The elliptical area measures 26.7 Hounsfield Units. (B)
Computed tomographic chest scan of the same patient on postopera-
tive day 31 reveals a small amount of retained cement and improved
Hounsfield Units of 275.1. (C) Computed tomographic chest scan of
same patient on postoperative day 508 reveals complete absorption
of Callos and increased sternal Hounsfield Units of 418.4.
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open heart surgeries, but its use would be ill advised in
our patient study group. In patients such as ours, with
large defects in their sternum, huge amounts of bone wax
would have been required to control bleeding. Bone wax
use is associated with foreign body granulomas [8], and a
higher incidence of sternal dehiscence, as well as deep
wound infections [2]. Its primary function in orthopedic
surgery is to inhibit bone growth. Callos appears to have
the opposite effect on the bone.

We found that new bone consistently replaced the
calcium phosphate cement. There was unambiguous
evidence of bone replacement of Callos in all patients
with at least two CT chest scans available for review. This
absorption replacement with bone continues through at
least the intermediate follow-up period. The majority of
Callos cement was reabsorbed within the first 30 days
after open heart surgery. Indeed, one patient demon-
strated almost complete absorption within 9 days of
surgery. When Callos remodels, first collagenous “os-
teoid” formation occurs (nonmineralized colloid scaf-
fold), then later mineralization occurs. This phenomenon
is typically seen in almost all orthopedic fracture healing.
Typically one sees a zone of vacant bone look around a
fracture. Later, mineralization occurs and radiographic
healing is evident. Similarly, when Callos is used, a zone
of bone void occurs around the cement. Histologic anal-
ysis of this colloid material has confirmed osteoid forma-
tion [5]. The osteoid formation is not recognized when
using CT scans, because it is not mineralized bone at this
point. This is likely the reason why patients in our study
had solid sternums on clinical examination while their
CT chest scans demonstrated absorbed Callos, but not
bony sternal union.

The limitations of our study are that preoperative CT
chest scans were not obtained in all patients and we do
not have a control group. This would allow us to confirm
the finding of denser new bone formation in a larger
patient population. Another limitation of our study is that
we did not perform CT chest scans at uniform time
intervals. This would expose patients to a greater radia-
tion exposure and cancer risk. However, such scans
would allow us to determine if all adults absorb Callos at
similar rates and deposit bone at like times. Our results
suggest that Callos is absorbed quickly but not com-
pletely, and bone formation takes longer to start, but is
long lasting. After calcium phosphate cement use, new
bone populates the sternum and appears to have greater
bone density.
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Disclaimer

The Society of Thoracic Surgeons, the Southern Thoracic
Surgical Association, and The Annals of Thoracic Surgery
neither endorse nor discourage use of the new technol-
ogy described in this article.
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