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Effect of cisplatin on bone transport
osteogenesis in dogs
Nicole Ehrhart, VMD, MS; Jo Ann C. Eurell DVM, PhD; Matteo Tommasini, DVM;
Peter D. Constable, BVSc, PhD; Ann L. Johnson, DVM; Antonio Feretti, DVM

Objective—To document effects of cisplatin on
regenerate bone formation during the distraction and
consolidation phases of bone transport osteogenesis.
Animals—10 skeletally mature hounds.
Procedures—Bone transport osteogenesis was performed to reconstruct a 3-cm defect in the radius of
each dog. Five dogs were randomly selected to
receive cisplatin (70 mg/m2, IV, q 21 d for 4 cycles),
and 5 were administered saline (0.9% NaCl) solution. Bone mineral density was measured by use of
dual-energy x-ray absorptiometry (DEXA) on days 24,
55, and 90 after surgery. Dogs were euthanatized 90
days after surgery. Histomorphometry was performed on nondecalcified sections of regenerate
bone. Bone mineral density and histomorphometric
indices of newly formed bone were compared
between groups.
Results—Densitometric differences in regenerate
bone mineral density were not detected between
groups at any time period. Cisplatin-treated dogs
had decreased mineralized bone volume, decreased
percentage of woven bone volume, decreased percentage of osteoblast-covered bone, increased
porosity, and increased percentage of osteoblastcovered surfaces, compared with values for control
dogs. Lamellar bone volume and osteoid volume did
not differ significantly between groups.
Conclusions and Clinical Relevance—Regenerate
bone will form and remodel during administration of
cisplatin. Results of histomorphometric analysis suggest that bone formation and resorption may be
uncoupled in cisplatin-treated regenerate bone as a
result of increased osteoclast activity or delayed secondary bone formation during remodeling. These histomorphometric differences were modest in magnitude and did not result in clinically observable complications or decreased bone mineral density as measured by use of DEXA. (Am J Vet Res
2002;63:703–711)

N

umerous studies1-11 have described the use of a circular ring fixator for distraction osteogenesis, a
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process first described by Ilizarov.5 This method relies
on prolonged, progressive, and gradual distraction that
preserves the blood supply and allows local tissues to
accommodate slowly over time. Bone transport osteogenesis is a modification of the distraction osteogenesis technique that can be used to reconstruct large segmental bone defects.5,7,9,12 Bone transport osteogenesis
involves slow transport of a small cylindrical bone segment into a large defect, bringing about vascularized
bone regeneration in the trailing distraction pathway.
The desired result is filling of the defect with new bone
and union of the transported segment of bone to an
adjacent bone surface. The process by which new bone
is formed is termed osteoneogenesis, and the resulting
bone is known as regenerate bone.5,8,12,13
Bone transport osteogenesis is used in the treatment of large segmental bone defects secondary to
trauma or infection. Few reports exist that highlight
the use of this technique in limb salvage after tumor
resection. Historical reluctance to use bone transport
osteogenesis in cancer patients has stemmed from the
concern that adjuvant anticancer therapies would
inhibit or delay osteoneogenesis.7,8,12,14 However, if bone
transport osteogenesis could feasibly be used in
patients receiving chemotherapy, it would provide a
promising option for limb salvage. Unlike other currently accepted reconstructive options such as cadaveric allografts and endoprosthetics, bone transport osteogenesis induces the formation of autogenous biologically compatible bone that is resistant to infection,
durable, biomechanically strong, and capable of
remodeling.1,2,7,8,12,15,16
Sporadic reports of limb salvage achieved by use of
bone transport osteogenesis have appeared in the
human literature. Tsuchiya et al9 reported a series of 19
human patients in which bone transport osteogenesis
was used to reconstruct bone defects after tumor resection. Seven of these patients received chemotherapy in
the postoperative period, and subjective differences in
healing were not evident in any of these patients.
Complication rates were comparable to those for
patients subjected to bone transport who did not
receive chemotherapy.
Studies that involve objective analysis of the
effects of chemotherapy on regenerate bone have been
extremely limited. In 1 study,17 investigators evaluated
a combination of methotrexate and doxorubicin on
distracted tibias in rabbits. That combination of drugs
resulted in major toxic effects on the heart and bone
marrow, which led to the death of numerous subjects.
Analysis of qualitative histologic and radiographic
variables evaluated in that study suggested that a combination of methotrexate and doxorubicin may cause a
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modest delay in bone consolidation; however, the
number of subjects that survived for a sufficient period
to allow evaluation were too few to objectively analyze.
More recently, investigators examining the effects of
methotrexate administered to rabbits during distraction osteogenesis of the tibia did not find significant
qualitative radiographic, histologic, or chemical differences between regenerate bone in methotrexate-treated
rabbits and control rabbits6; however, those investigators did not use quantitative radiographic or histologic
measurements.
The use of single-agent cisplatin has been a standard chemotherapeutic protocol for the treatment of
dogs with naturally developing osteosarcomas for
many years.18,19 To our knowledge, there have not been
any studies reported on the effect of cisplatin
chemotherapy on osteoneogenesis when cisplatin is
administered repeatedly throughout the distraction,
consolidation, and remodeling periods of bone transport. Objective data are needed to examine these
effects and provide a basis for multimodality treatments for dogs with cancer that would include bone
transport osteogenesis and postoperative administration of cisplatin.
The objective of the study reported here was to
investigate the effects of cisplatin on osteoneogenesis
in dogs when it was administered during the distraction and consolidation phases of bone transport osteogenesis, using doses and dosing intervals that mimic
the clinical protocols used for dogs with osteosarcoma.
The null hypothesis was that repeated doses of cisplatin administered during the distraction and consolidation phases of osteoneogenesis would not have an
effect on histomorphometric variables and bone density measurements.

monitored 4 times daily, and complications involving the
wire site were recorded. Craniocaudal and lateral radiographic views were obtained before surgery, immediately
after surgery, and at weekly intervals after surgery until bone
was harvested to assess healing. Fixators were removed from
all dogs on day 55.
Treatments—Five dogs were randomly selected to
receive cisplatin, and the other 5 dogs received saline (0.9%
NaCl) solution. Treatments commenced on day 3. Cisplatin
was administered IV at a rate of 70 mg/m2 every 21 days for
4 treatments. Cisplatin administration was preceded by a
4-hour period of diuresis with saline solution. Cisplatin was
administered throughout a 20-minute period, which was followed by an additional 2 hours of diuresis with saline solution. A CBC count and serum biochemical analyses were
conducted on cisplatin-treated dogs 11 days after each cisplatin treatment and again immediately prior to the subsequent cisplatin treatment. Saline-treated dogs were administered the same volume of fluid (ie, 6 hours of diuresis with
saline solution) but without the cisplatin.
Dual-energy x-ray absorptiometry (DEXA)—Bone mineral density (BMD) and bone mineral content (BMC) were
measured on days 24, 55, and 90, using DEXA.b These days
corresponded to the end of the distraction period, the

Materials and Methods
Animals—Ten conditioned skeletally mature dogs that
weighed between 25 and 30 kg were used in the study. Prior
to use in the study, all dogs underwent a complete physical
examination, radiographs of the forelimbs were obtained,
and a CBC count and serum biochemical analyses were performed. Dogs were housed in 3 X 5-m kennel runs. Housing,
care, and experimental use of the dogs were in full compliance with guidelines established by the National Institutes of
Health and approved by the University of Illinois Animal
Care and Use Committee.
Surgical procedures—Dogs were anesthetized, using a
thiobarbiturate for induction and isoflurane-oxygen mixture
for maintenance. Using sterile surgical procedures, a 5-ring
circular fixatora was applied to the right radius of each dog.
Two divergent 1.2-mm wires were used on each ring, except
for the ring that supported the transport segment, which had
a single wire placed through the transport bone (Fig 1).
Ostectomy was performed at a location 3 cm proximal to the
radiocarpal joint, and a 3-cm gap was created. Osteotomy of
the radius immediately adjacent to the defect was used to
create a 2-cm transport segment of bone. Day of surgery was
defined as day 0. Beginning on day 3, the transport segment
was moved into the ostectomy gap at a rate of 0.25 mm
every 6 hours for 30 days. Postoperative control of pain was
achieved by administration of buprenorphine (0.015 mg/kg,
IM, q 4 to 6 hours for 24 hours) and carprofen (2.2 mg/kg,
PO, q 12 h). Dogs were allowed to bear full weight on the
surgically treated limb throughout the study. Dogs were
704

Figure 1—Illustration depicting the radius and ulna of a dog with
the external circular fixator apparatus in position. Notice the
direction of the applied distraction (arrows).
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removal of the external ring fixator, and the day on which
dogs were euthanatized, respectively. The right forelimb of
each dog was positioned in a custom-made positioning
device to ensure that the limb was consistently positioned for
all examinations. Three standard regions of interest (proximal third, middle third, and distal third; 0.44 cm2 in each
region) within the regenerate bone were evaluated (Fig 2).
Collection and processing of tissue samples—Dogs
were euthanatized on day 90.The right radius was harvested
and cut in a midsagittal plane to obtain a longitudinal section of bone. The remaining half of each radius was cut in
transverse planes through the proximal, middle, and distal
regions of the regenerated bone and through the transport
segment.
Samples were fixed in neutral-buffered 10% formalin,
dehydrated in a graded series of ethanol solutions, and
cleared in xylene followed by a xylene substitute.c Tissues
then were infiltrated in 3 steps. Tissues were infiltrated in a
solution of 1% benzoyl peroxide in methylmethacrylate
monomerd for 1 week. The solution was changed, and the tissues were infiltrated for an additional week. Tissues then
were infiltrated in a solution containing 10 g of polymethylmethacrylatee in 100 ml of methylmethacrylate monomer
with 1% benzoyl peroxide for 1 week. The solution was
changed, and the tissues were allowed to infiltrate for an
additional week. Tissues then were infiltrated for 1 week in a
solution containing 20 g of polymethylmethacrylate in 100
ml of methylmethacrylate monomer with 1.5% benzoyl peroxide as the final embedding solution. Polymerized blocks
were cured in a water bath (37 C) overnight and then dried
in an oven (4 hours at 60 C). Blocks were cut, using a diamond saw.f The resulting sections were glued to acrylic
slides, using cyanoacrylate glue.g The mounted sections were
ground to a thickness of 400 µmh and polished, using an
ultramiller.i The surface then was stained with phosphatebuffered toluidine blue (pH 8.3).

tric analysis were those defined by the American Society of
Bone and Mineral Research Histomorphometry Nomenclature Committee.20 Hits on woven bone, lamellar bone,
osteoid, and void spaces were counted in each field.
Intercepts with 6 types of bone surfaces were counted,
including osteoid, osteoblast, eroded, osteoclast, reversal,
and quiescent surfaces. Total number of hits or intercepts per
category was divided by the total number of hits or surface
intercepts per sample, respectively.20
Statistical analysis—Repeated-measures ANOVA were
used to examine changes in BMD and BMC with main effects
of treatment (cisplatin-treated vs control dogs), time (24, 55,
and 90 days), site (proximal, middle, and distal), treatmentby-time interaction, treatment-by-site interaction, and siteby-time interaction. Site and dog were nested within treatment, and data were expressed as mean ± SE.
Histomorphometric data from cisplatin-treated and control dogs were compared, using an ANOVA with treatment
and field (1 to 20) as fixed factors and dog as a random factor; dog was nested within treatment. Whenever a significant
value for the F-test for treatment was detected, least-square
means for the 2 treatment groups were compared. The
pathologist (JACE) and statistician (PDC) were unaware of
treatment group of each sample. For all analyses, a value of
P < 0.05 was regarded as significant.

Results
Dogs—All dogs tolerated the external fixators during the postoperative period and were able to bear
weight within 1 week after surgery. Infection of the
wire tract was documented in 1 control dog on day 25;
however, purulent drainage resolved following administration of antibiotics. One dog in the control group

Histomorphometric analysis—Sections from the middle region of the regenerated bone were quantitated, using a
point count and intercept method.20 Twenty fields were
counted in each section (total of 8.2 mm2 of bone/tissue section). A Merz eyepiece grid was used to define the measuring
field.20,21 Nomenclature and calculations for histomorphome-

Figure 2—Illustration depicting the 3 regions of interest (ROI)
analyzed by use of dual-energy x-ray absorptiometry (DEXA; left)
and a magnified view of the ROI (right). Notice the direction of
the applied distraction (arrow). The areas depicted by ROI-1,
ROI-2, and ROI-3 are the proximal, distal, and middle regenerate
bone, respectively.
AJVR, Vol 63, No. 5, May 2002

Figure 3—Mean values for bone mineral density (BMD) and
bone mineral content (BMC) in cisplatin-treated (open circle) and
control (solid circle) dogs. Day 0 is the day of surgery. *Within a
variable, value differs significantly from mean value at day 23.
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had a clear serous discharge at the proximal wire site;
the discharge responded to orally administered
cephalexin. We did not observe other complications
associated with the external fixators. All radii had radiographic evidence of union by day 55, the time at
which the external fixators were removed.
All dogs in the treatment group tolerated administration of cisplatin. We did not detect evidence of
substantial toxic effects on the bone marrow or renal
tissues.
DEXA analysis—Mean values for BMD or BMC
did not differ significantly between treatment groups at
any time point. Mean values for BMD and BMC
increased from day 23 to 55 and from day 23 to 90 in
both groups (Fig 3). Overall, the middle regenerate
region of interest had lower BMD and BMC values than
the other 2 sites. There was not a significant effect for
treatment, treatment-by-time interaction, or site-bytime interaction.
Histologic examination—Regenerate bone comprised a cortex with a central medullary cavity (Fig 4).
A variable amount of spongy bone was evident in the
medullary cavity and also surrounded the periosteal
surface from proximal to distal along the regenerate
bone. This periosteal reaction also extended into the
parent bone proximal and distal to the regenerate
region. Islands of mineralized cartilage were detected
in some of the bony trabeculae. The transport segment
was often slightly misaligned with the distal bone,
resulting in large amounts of mineralized cartilage and
spongy bone at the interface. Transport segments that
were more closely aligned with the distal bone had less
cartilage and spongy bone at the interface.
In cisplatin-treated and control dogs, bone of the
regenerated cortex was continuous with the cortices of
the proximal bone and the distal portion of the transport segment (Fig 5). The interface of the proximal
parent bone and regenerate bone was tightly apposed
and demarcated by an intervening cement line in most
areas (Fig 6). In some instances, the interface had a
thin gap that separated host bone and regenerate bone;
there was amorphous dark-staining material in the gap.
Completed osteons or remodeling units crossed the
interface at several sites. The interface between regenerate bone and the transport segment was also tightly
apposed in a similar manner. The closing cones of the
interface remodeling units were located in regenerated
bone, whereas the cutting cones were in the host bone
or transport segment.
Cross-sections of regenerate bone comprised a
cortex of compact bone and varying amounts of
periosteal osteonal and spongy bone in cisplatin-treated and control dogs. Spongy bone also was evident in
the medullary cavity. Dense fibrous connective tissue
formed the fibrous layer of periosteum surrounding the
bone. The cellular layer varied from flattened cells to
osteoblasts or osteoclasts. The endosteal region of the
cortex had inner circumferential lamellae that often
extended as trabeculae into the medullary cavity.
Osteons surrounded by woven bone were scattered in
this region. An inconsistent cement line separated the
endosteal region from the adjacent central region of the
706

Figure 4—Photomicrographs of longitudinal sections through the
radius in a cisplatin-treated (panel A) and control (panel B) dog
after distraction osteogenesis. Regenerated bone (R) extends
from the interface (dotted line) with proximal parent bone (P) to
the interface with the transport segment (T; region between solid
lines). Notice the fibrocartilage at the transport segment-distal
bone union (arrow). Distal bone (D) is on the right. Bar = 1 cm.

Figure 5—Photomicrographs of the interfaces between regenerated bone (R) and proximal parent bone (P; panel A) or regenerated bone and the distal transport segment (T; panel B) in a
cisplatin-treated dog. The regenerated bone forms tight interfaces (solid black arrows) or slight gaps filled with dark staining
material (solid white arrow). Notice the remodeling unit (large
open arrows) that cross the interface. Bar = 100 µm.
AJVR, Vol 63, No. 5, May 2002
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cortex. The central cortex had mature primary and secondary osteons in addition to remodeling units, which
were in various stages of the remodeling cycle (Fig 6).
Proximal sections of the regenerated bone had mature
secondary osteons, which were not detected in the
middle or distal sections (Fig 7). Islands of woven
bone were interspersed between the osteons and
remodeling units.
The periosteal region of the cortex varied in
structure around the perimeter of the bone and
among bones. Some portions of the periosteal surface
were eroded by osteoclasts, which resulted in a scalloped surface (Fig 8). Other areas had layers of
osteons that were separated by increased amounts of
woven bone, compared with osteons of the central
cortex. The central canal of some osteons extended to
the periosteal surface. Multiple remodeling units were
evident. An inconsistent cement line separated the
periosteal region from the underlying bone of the
central cortex.
The transport segment was characterized by

mature compact bone perforated by multiple remodeling units and mature secondary osteons in the cisplatin-treated and control dogs (Fig 9). The proximal
parent bone was similar in appearance. Varying
amounts of apposed osteonal bone or spongy bone surrounded the transport segment and proximal parent
bone. New spongy bone often was evident in the
medullary cavity of the transport segment.
Examination of unstained sections revealed
numerous blood vessels trailing from the proximal surface of the transport segment into the regenerated
bone. Blood vessels at the interface between the proximal parent bone and regenerated bone were observed
only in stained sections. These blood vessels crossed
the interface within remodeling units.
Histomorphometric analysis—Histomorphometic variables did not differ significantly among the
20 fields, but a number of histomorphometric variables differed significantly between treatment groups
(Table 1). Bone from cisplatin-treated dogs had significantly decreased mean percentage of mineralized

Figure 6—Photomicrographs of the proximal regenerated bone
in a cisplatin-treated (panel A) and control (panel B) dog. Islands
of woven bone (W) are between osteons that are in various
stages of development. Numerous remodeling units are evident
in resorption (R) and formation (F) phases. Notice the secondary
osteons (S). Bar = 100 µm.

Figure 7—Photomicrographs of the distal regenerated bone in a
cisplatin-treated (panel A) and control (panel B) dog. Primary
osteons predominate as formation (F) or a combination of formation and resorption (WO) osteons. Resorbing cutting cones
(R) are also evident. Mature secondary osteons are not evident
in these tissues. Bar = 100 µm.
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bone volume in the cortical region, compared with
that for control dogs. Mean percentage of woven
bone volume also was significantly less in the cisplatin-treated dogs, but mean percentages of lamellar
bone volume and osteoid volume were not significantly different between groups. Mean percentage
porosity of bone was significantly increased in cisplatin-treated dogs. The percentage of bone surface
that was covered by osteoid or osteoblasts was significantly reduced in cisplatin-treated dogs, compared with control dogs.
In contrast to variables that relate to bone formation, the percentage of bone surface that was eroded
was significantly (P < 0.001) increased in cisplatintreated dogs (eroded surface divided by total number
of surface intercepts, 30.9%), compared with control
dogs (17.4%), similar to the situation for the amount
of bone surface occupied by osteoclasts (osteoclast
surface divided by total number of surface intercepts,
10.9 vs 5.6%, respectively). Reversal surface also was
significantly (P < 0.001) increased in cisplatin-treated
dogs (reversal surface divided by total number of surface intercepts, 19.9%), compared with control dogs

(11.8%). The percentage of quiescent surface also was
significantly (P = 0.04) higher in the cisplatin-treated
dogs (quiescent surface divided by total number of
surface intercepts, 15.8%), compared with control
dogs (12.6%).

Figure 9—Photomicrographs of transport segments of bone
from a cisplatin-treated (panel A) and control (panel B) dog.
Notice the numerous secondary osteons (S) that indicate
remodeling. Woven bone is not evident in these tissues. Bar =
100 µm.
Table 1—Mean values for bone histomorphometric variables for
the middle region of the regenerated bone in cisplatin-treated
and control dogs
Variable

Figure 8—Photomicrographs of 2 regions of the periosteal surface of regenerated bone that represent a resorbing region
(panel A) and new bone (panel B). Notice the scalloped resorption cavities occupied by osteoclasts (arrows). In panel B, new
bone is evident to the left of the dotted line on the periosteal
surface. Primary osteons are separated by darker woven bone
and perforated by remodeling units (R). Bars = 100 µm (panel A)
and 45 µm (panel B).
708

Cisplatin-treated

Control

SEM

Mineralized bone volume (%)
Woven bone volume (%)
Lamellar bone volume (%)
Osteoid volume (%)
Porosity (%)

a

68.5
22.7a
45.8
4.4
27.2a

b

74.8
27.6b
47.1
5.3
19.9b

1.0
0.8
1.0
0.3
1.0

Osteoid surface (%)
Osteoblast surface (%)
Eroded surface (%)
Osteoclast surface (%)
Reversal surface (%)
Quiescent surface (%)

53.8a
48.3a
30.9a
10.9a
19.9a
15.8c

70.0b
63.8b
17.4b
5.6b
11.8b
12.6d

2.0
2.0
1.5
0.8
1.2
1.7

a,b
Within each variable, values with different superscript letters differ significantly (P ⬍ 0.001). c,dWithin each variable, values with different superscript letters differ significantly (P = 0.04).
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Discussion
Limb salvage after tumor resection has been
increasingly used in human and canine patients with
primary bone tumors. Limb salvage techniques available for dogs are limited and often involve the use of
massive cortical allografts.22 Allograft limb salvage has
a high rate of complications, requires an abundant supply of cadaveric bone harvested in a sterile manner,
and necessitates a specialized surgical team.22-25
Infection is the main complication associated with
allograft limb salvage in dogs, reportedly affecting
approximately 44% of dogs undergoing limb salvage
techniques.8,26 Reported complications in humans associated with the use of large cadaveric allografts in limb
salvage recipients include allograft fractures,
nonunion, and infection.23-25,27-32 In a study24 that evaluated long-term results of 870 allograft replacements for
the management of bone tumors in humans, an overall
complication rate of 46% was reported, with infection
representing 11% of the complications. Allograft infection is believed to result from a lack of an intrinsic
blood supply in combination with a paucity of soft-tissues surrounding the graft after tumor resection.24,29,30,32,33 Radiation therapy and chemotherapy also
contribute to the high complication rate by altering
biological characteristics of the recipient site for the
allograft.24,30,32,33 Continuing concern exists over transmission of retroviruses, which remain a rare but grave
complication in humans who are recipients of bone tissues.34-37
Because of the aforementioned exigent issues,
alternatives to the use of allograft tissue have been
extensively
explored
in
human
medicine.
Microvascular transfer of autogenous bone has been
used in humans and provides an autograft with an
immediate blood supply; however, grafts obtained by
use of this technique are often of insufficient size to
support weight-bearing postures soon after surgery.38
Substantial problems at the donor site and late fracture
complications have limited the clinical use of this technique for reconstruction after tumor resection on
weight-supporting extremities.38
Endoprosthetic and endoprosthetic-allograft
devices are commonly used for limb salvage in
humans; however, late complications such as stress
shielding, fracture of adjacent bone, and aseptic loosening are frequent problems.39,40 Lack of a reliable
method to adequately attach tendons and ligaments to
a metal prosthesis remains a major dilemma.39
Complications that result in major revision or amputation reportedly range between 52 and 79%.39,40
Interest has developed in the use of bone transport
osteogenesis for the reconstruction of bone defects
after tumor resection because of its optimal qualities
for bone replacement. Vascularized autogenous bone
tissue that can be formed and remodeled in situ without the need for cadaveric tissue, endoprosthetics, or
additional donor-site incisions and associated problems is an attractive alternative. In addition, bone
transport osteogenesis can be modified to achieve
planned limb-lengthening procedures.4,41,42
Histologic characteristics of distraction osteogenesis have been documented2,3,11,13; however, to our
AJVR, Vol 63, No. 5, May 2002

knowledge, there have not been reports on the specific
histologic characteristics of bone transport osteogenesis. Osteonal cortical bone formed the majority of the
structure in the cisplatin-treated and control dogs
reported here and was similar in thickness to host and
transport bone cortices. This is typical of the rapid differentiation and remodeling seen in distraction osteogenesis. In contrast to distraction osteogenesis, however, bone transport osteogenesis has a slightly differing
topographic distribution. In the samples collected from
the control and cisplatin-treated dogs, regenerate bone
closest to the proximal aspect of the defect was most
mature with secondary remodeling dominant, whereas
tissues closest to the transport segment were least
mature, with more primary osteons and lamellar bone
on woven bone templates. Analysis of data on distraction osteogenesis2,11,13 has revealed that the regenerated
cortex was less established at similar time periods and
that the least-mature bone exists at the center of the
regenerate region. Based on the structure of the regenerate bone formed by bone transport, it is hypothesized
that the gap between the proximal parent bone and
transport segment initially consisted of woven bone
organized around blood vessels that trailed in the
direction of transport from the proximal surface of the
transport segment. The trailing blood vessels from the
transport segment probably served as organizing sites
for remodeling units that formed secondary osteons
that initially extended across the interfaces and eventually extended throughout the regenerate bone.
The optimal surgical plan for the treatment of any
patient with cancer must take into account all adjuvant
therapeutic modalities and their possible effect on surgical outcome. Platinum-based chemotherapeutic
agents such as cisplatin and carboplatin are used in
multiple-agent adjuvant protocols for the treatment of
humans with musculoskeletal sarcomas and are considered the criterion-referenced standard for treatment
of dogs with osteosarcoma.43,44 Cisplatin administration
for the treatment of dogs with osteosarcoma involves
repeated administration in the postoperative period
during the time that osteoneogenesis, consolidation,
and remodeling would be occurring. Whereas there
have not been published studies that evaluated the
effect of cisplatin on osteoneogenesis per se, there have
been several studies in which the investigators evaluated the effects of various chemotherapeutic agents on
bone healing. In 1 study,45 methotrexate and doxorubicin did not significantly increase the percentage of
bone surface covered by osteoclasts on intact bone, but
the combination of drugs did cause an increase in
number of osteoclasts per unit area of trabecular surface. In that study, methotrexate and doxorubicin each
caused a decrease in trabecular bone volume and
appeared to inhibit bone formation. In another study,46
cisplatin was administered to dogs before or after
surgery in conjunction with replacement of a diaphyseal bone segment and a porous-coated prosthesis.
Bone continued to grow into the implants; however,
less bone was formed around the prosthesis in dogs
treated with cisplatin after surgery, compared with control dogs, and osteoclastic activity also was suppressed.
In the study reported here, the amount of eroded
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and osteoclast surfaces were increased in the cisplatintreated regenerate bone, compared with control values,
indicating an increase in bone resorption similar to
that reported for methotrexate.45 However, in another
report,46 bone surface covered by osteoid or by
osteoblasts was reduced in cisplatin-treated regenerate
bone, indicating a suppression of bone formation with
cisplatin. In the bones with increased bone resorption,
the decrease in bone volume detected in the cisplatintreated group indicates that cisplatin may contribute to
the uncoupling of bone formation and resorption. This
could be attributable to increased osteoclast activity or
a delay in bone formation during secondary remodeling. The observed increase in the percentage of reversal surface in the cisplatin-treated dogs further supports uncoupling.47
We concluded from analysis of our data that regenerate bone will form, consolidate, and remodel during
cisplatin treatment after surgery. The observed histomorphologic differences between treatment groups did
not result in clinically observable complications or
decreased BMD as measured by use of DEXA; however,
biomechanical testing should be performed to further
elucidate the relative stiffness of the regenerate bone in
cisplatin-treated and control dogs.
The objective of the study reported here was to
evaluate the effect of cisplatin on the histologic characteristics and density of regenerate bone tissue. It
should be mentioned that in a clinical situation,
osteosarcoma most commonly involves the metaphysis
and, as such, union of the transport segment to a prepared adjacent joint surface (radiocarpal bone) is necessary in many cases. Although limb salvage that
involves the use of bone transport osteogenesis has
been successfully utilized to achieve limb salvage in
dogs with osteosarcoma,8 our study did not attempt to
address the effect of cisplatin treatment on union of the
transport segment and subsequent arthrodesis.
Additional studies are warranted to evaluate healing of
the transport segment, particularly as it pertains to
arthrodesis.
Qualitative and quantitative evaluation of the
effect of multiple-agent chemotherapy and radiation
therapy on regenerate bone will further elucidate the
suitability of bone transport osteogenesis for limb salvage in dogs and humans with bone cancer. Dogs are
an excellent species for comparative study of the
effects of anticancer therapies on bone transport osteogenesis of humans because of the larger size of this
species, compared with rodents and rabbits, and the
potential to observe clinical outcome in an outbred
population of animals with naturally developing
tumors.
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