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Abstract Type I diabetes mellitus inhibits fracture heal-

ing and leads to an increase in complications. As a pilot

study, we used a closed fracture model in the diabetic rat

to address the question of whether osteogenic protein-1

(OP-1) in a collagen carrier can overcome this inhibition

by increasing the area of the newly mineralized callus and

femoral torque to failure compared with diabetic animals

with fractures treated without OP-1. Diabetes was created

in 54 rats by injection of streptozotocin. After 2 weeks, a

closed femur fracture was created using a drop-weight

impaction device. Each fracture site was immediately

opened and treated with or without 25 lg OP-1 in a col-

lagen carrier. Animals were euthanized after 2 or 4 weeks.

Fracture healing was assessed by callus area from high-

resolution radiographs, callus strength from torsional

failure testing, and undecalcified histologic analysis. The

area of newly mineralized callus was greater in diabetic

animals treated with 25 lg OP-1/carrier compared with

diabetic animals with untreated fractures and with fractures

treated with carrier alone. This increase in callus area did

not translate into an equivalent increase in torque to failure.

Osteogenic protein-1 showed some evidence of overcom-

ing the inhibition of fracture healing in the diabetic rat.

Introduction

Type I diabetes mellitus is associated with an increased risk

of complications with fractures, including delayed union,

wound necrosis, and increased incidence of infection [6, 8,

23, 25, 28]. Many of these complications result from pro-

gressive small vessel arterial disease and peripheral

neuropathy that develop with time and are largely un-

treatable [19, 29]. Type I diabetes mellitus alters the

mechanical and biologic properties of bone [3, 22].

Impairment of histomorphometric, cellular, and biochem-

ical indicators of bone formation, like osteocalcin have

been linked to diabetes mellitus [15, 27, 32]. One study

suggests delayed fracture healing in an animal model of

diabetes is attributable in part to reduced cellular prolif-

eration associated with decreased levels of platelet-derived

growth factor (PDGF) [31]. Thus, it is possible biologic

interventions capable of stimulating cellular proliferation

and osteogenesis may promote fracture healing in patients

with diabetes.

Bone morphogenetic proteins (BMPs) are members of

the transforming growth factor-beta class of growth factors.

Bone morphogenetic proteins upregulate the expression of

vascular endothelial growth factor, a member of the PDGF

superfamily [30]. In clinical and animal studies, BMPs
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promote fracture healing in a normal setting and in path-

ologic conditions, including infection [4, 5, 7, 14, 35].

A closed, transverse femoral fracture in streptozotocin-

induced diabetic rats was examined to address the fol-

lowing question: Does treatment of a femoral fracture in

diabetic animals with 25 lg OP-1 in a collagen car-

rier increase (1) the area of the newly mineralized

reparative callus, and (2) femoral torque to failure com-

pared with untreated fractures (no carrier and no OP-1) and

with fractures treated with the collagen carrier alone (no

OP-1)?

Materials and Methods

We injected 54 male Sprague-Dawley rats (200 g) with

50 mg/kg streptozotocin in 0.1 mol/L citrate buffer sub-

cutaneously in the highly vascular region near the base of

the tail to produce insulin-dependent diabetes mellitus

(Table 1) [12, 17]. Eighteen additional animals were

injected with citrate buffer only to create nondiabetic

controls. After 2 weeks, a closed femur fracture was cre-

ated in all animals using a drop-weight impaction device.

Each fracture site was immediately opened and either left

untreated (18 diabetic and the 18 nondiabetic rats), or

treated with OP-1 in a collagen carrier (18 diabetic rats) or

carrier alone (18 diabetic rats). Animals were euthanized

after 2 or 4 weeks. Dependent outcome variables were

fracture callus area from high-resolution radiographs and

callus strength from torsional failure testing. The number

of animals per treatment and time (n = 6) was determined

by a power analysis based on data from a previous study

using the same closed fracture model and collagen carrier

with and without OP-1 in rats treated with and without

prednisolone [14]. Based on an average variability in callus

area and torque to failure of 20%, a difference in the means

of these parameters in animals treated with and without

OP-1 of 40%, a power level of 0.8, and a p value of 0.05, it

was determined we would need six animals per treatment

and a time to achieve significance. All procedures involv-

ing animals were approved by our Institutional Animal

Care and Use Committee in accordance with the Associa-

tion for the Assessment and Accreditation of Laboratory

Animal Care guidelines.

Two weeks after streptozotocin (or buffer only) injec-

tion, we anesthetized all diabetic and nondiabetic animals

with an intraperitoneal injection of ketamine (80–120 mg/

kg) and xylazine (2–3 mg/kg) and prepared them for aseptic

surgery. A medial incision was made to open the left knee of

each animal. We made a femoral intercondylar entrance

hole through the open knee. The medullary canal was hand-

reamed with an 18-gauge hypodermic needle so each

medullary cavity would be uniformly prepared to receive a

stainless steel intramedullary pin (33 mm in length, 1.4 mm

in diameter). Each pin had a tapered end that provided for

an intimate fit of the pin in the medullary canal proximally.

We inserted the pin in a retrograde manner into the femoral

intramedullary canal of each animal, and a closed transverse

middiaphyseal femoral fracture was created with a drop-

weight impaction device [2]. To fracture the femur in a

controlled, reproducible way, the animal’s lower limb was

supported on the stage of the fracture device so the middi-

aphysis of the femur was situated under the impactor. The

stage was vertically adjustable so the femur could be

positioned against the impactor creating a 44-N preload as

measured by a load cell placed in series with the impactor.

A 960-g weight then was dropped 8 cm against the impactor

to create a transverse fracture in the middiaphysis. The

intent of preloading the impactor against the femur was to

minimize soft tissue damage, fracture comminution, and

variability in the fracture pattern. We obtained a radiograph

immediately after surgery to confirm the pattern and loca-

tion of the fracture.

At the same surgical setting, we aseptically opened each

fracture site laterally with a 5-mm longitudinal incision,

maintaining periosteal integrity. Eighteen diabetic animals

received 25 lg OP-1 in 0.1 mL sterile water mixed with

50 mg lyophilized bovine Type I collagen matrix (Stryker

Biotech, Hopkinton, MA) that was packed around the

fracture site (Table 1). This 25-lg dose of OP-1 was

reportedly sufficient to induce new bone formation with a

closed femoral fracture in rats treated with prednisolone

Table 1. Experimental design

Time (weeks) Assessment Experimental groups

Nondiabetic Diabetic

Sham surgery* Sham surgery* 0 lg OP-1 + carrier 25 lg OP-1 + carrier

2 Radiographic histologic 5 5 6 4

4 Radiographic histologic 6 6 4 6

Biomechanical 6 4 6 5

* Control animals in which closed fracture was created and fracture site was opened and then closed without treatment; OP-1 = osteogenic

protein-1.
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and with an intramuscular osteoinduction model in the rat

challenged with bacteria [5, 14]. The fracture sites in 18

other diabetic animals received the collagen carrier mixed

with 0.1 mL sterile water without OP-1. Finally, the frac-

ture sites in the remaining 18 diabetic animals and in the 18

nondiabetic animals were surgically opened and closed

without any OP-1 or carrier placed at the site, providing

sham surgery controls. The deep and superficial layers of

soft tissue at the pin insertion and fracture sites were closed

with suture, and the animals were allowed to recover in

their cages. An analgesic (0.013–0.026 mg/kg buprenor-

phine) was administered intramuscularly immediately after

surgery. Animals typically exhibited normal weightbearing

by the second postoperative day. All surgical procedures

were performed by one orthopaedic surgeon (XC).

Six rats from each of the four treatment groups were

euthanized 2 and 4 weeks after creation of the closed

fracture using inhalant anesthesia (glass-covered tank with

a sponge soaked with 1 mL of halothane) and an overdose

of euthanasia solution (intraperitoneal administration of

100 mg/kg Beuthanasia-D [Schering-Plough Animal

Health Corp, Kenilworth, NJ]). The 2- and 4-week times

were chosen because extracellular matrix proteins are

maximally expressed in the hard callus by 15 days and

maximum torque to failure peaks at 4 weeks and remained

at the same level to 8 weeks [18, 21]. The fractured femurs

from these animals were harvested and fixed in 10% for-

malin (Fischer Scientific, Pittsburgh, PA), a formaldehyde/

methanol solution buffered with phosphate-buffered saline.

We first measured the area of newly mineralized callus

from these specimens using quantitative high-resolution

radiography. These same specimens subsequently were

prepared for decalcified histologic analysis. Fractured and

intact contralateral femurs from the remaining six animals

in each treatment group at 4 weeks were harvested,

wrapped in saline-soaked gauze, stored in plastic bags, and

frozen for eventual torsional failure testing.

We measured serum glucose levels using a plasma

glucometer just before streptozotocin (or buffer only)

injection, at the time of fracture creation 2 weeks after

injection, and just before euthanasia 2 or 4 weeks later

[12]. Animals were considered diabetic if serum glucose

concentrations were maintained at a level greater than

300 mg/dL throughout the study and nondiabetic if less

than 300 mg/dL.

Nine of the initial 72 diabetic and nondiabetic animals

could not be used for the radiographic, histologic, and

biomechanical assessments in this study because of infec-

tion (n = 2), unintended fracture through the distal femoral

condyles (n = 1), a comminuted fracture pattern (n = 1),

unintended fracture while applying preload before fracture

creation (n = 1), fracture location too distal to the intended

middiaphyseal fracture site (n = 2), and nonunion (n = 2)

(Table 1). All animals receiving streptozotocin had serum

glucose levels greater than 300 mg/dL during the entire

study period; no diabetic animals were excluded because

glucose levels decreased below 300 mg/dL.

The formalin-fixed specimens slated for radiographic

and subsequent histologic evaluation were first imaged

using high-resolution radiography (Faxitron X-ray System;

Hewlett-Packard, McMinnville, OR) with slow-speed film.

We attempted to position specimens so an anteroposterior

view could be obtained. The radiograph of each sample

was digitized and imported into an image analysis system

(BioQuant workstation; R&M Biometrics, Nashville, TN).

The areas of callus were outlined manually on the work-

station by each of three investigators (LSK, XC, WDL) in a

blinded manner, were expressed in squared millimeters

based on a scale factor from the known dimensions of the

intramedullary pin appearing in the films, and were aver-

aged. The bone outlined on the image analysis workstation

was the newly mineralized callus that occurred beyond the

original periosteal surface of the cortex as defined by the

length of the pin.

After completing the radiographic assessment, femurs

were processed for decalcified histologic analysis. Speci-

mens were demineralized in 1.35 N hydrochloric acid and

0.003 mol/L ethylenediaminetetraacetic acid. After

demineralization, we removed the intramedullary pins and

the specimens were dehydrated in ethanol, cleared in

xylene, and embedded in paraffin. Longitudinal 5-lm-thick

sections were cut in the coronal plane with a rotary

microtome and were stained by Masson’s trichrome to

clearly delineate newly synthesized types of tissue. Mature

mineralized tissues were stained green, cell nuclei blue,

and unmineralized and other soft tissues red. We qualita-

tively examined the histologic sections.

Each fractured femur and respective intact contralateral

femur to be used for mechanical testing was thawed in their

plastic storage bag in a saline bath at room temperature.

We removed the fixation pin from the intramedullary canal

of each fractured femur so as to not disturb the fracture

callus that had formed. Each femur then was placed in an

alignment fixture, and the distal and proximal ends of the

femur were potted in low-melting-temperature metal alloy.

Femurs were loaded in torsion to failure in an axial-torsion

test machine (EnduraTEC Systems Corp, Eden Prairie,

MN) at a rate of 0.5� per second. We recorded torque

versus angular displacement data and used them to com-

pute the torque to failure, energy absorbed to failure, and

torsional stiffness of the fracture site or intact contralateral

femur. The pattern of failure also was recorded.

The radiographic callus area was assessed by two-way

analysis of variance (ANOVA) with factors of treatment

group (nondiabetic and diabetic sham surgery, diabetic

with carrier only, and diabetic with carrier and 25 lg OP-1)
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and time from fracture (2 and 4 weeks). The mechanical

test data at 4 weeks (torque and energy to failure and linear

stiffness) were analyzed using repeated-measures two-way

ANOVA with factors of fractured femur/intact contralat-

eral femur and treatment group. Post hoc pair-wise

comparisons were made using the Student-Newman-Keuls

method. These analyses were used to determine whether a

closed femoral fracture in diabetic rats treated with 25 lg

OP-1 in collagen carrier has greater area of the newly

mineralized reparative callus and greater femoral torque to

failure compared with untreated fractures (no carrier and

no OP-1) and with fractures treated with the carrier alone

(no OP-1) in diabetic rats.

Results

The mean serum glucose concentrations of animals injec-

ted with streptozotocin increased (p \ 0.001) to 300 mg/

dL or more by the time of fracture surgery 2 weeks later

and remained above 300 mg/dL during the study because

this was a model of uncontrolled diabetes (Table 2). All

animals continued to gain weight during the study,

although the weights of those injected with streptozotocin

increased at a lower rate than nondiabetic control animals

(Fig. 1). The uncontrolled streptozotocin-induced diabetic

disease process weakened the intact contralateral femurs

during the 6-week study, similar to other diabetic models

[10–12, 24]. The mean torque to failure of the intact femurs

in the nondiabetic group at 4 weeks was 1.6 to 2.1 times

greater (p \ 0.009 for all comparisons) than the failure

torques of the intact femurs in the three diabetic treatment

groups (Table 3).

The mean area of newly mineralized callus in the

periosteal envelope at 2 and 4 weeks was three to 30 times

greater (p \ 0.001 for all comparisons) when the closed

fractures in diabetic animals were treated with 25 lg OP-1

in the collagen carrier compared with untreated fractures

(no carrier or OP-1) and with fractures treated with carrier

alone (carrier with no OP-1) in diabetic animals (Table 4;

Fig. 2). Two weeks after fracture surgery, streptozotocin-

induced diabetes resulted in diminished tissue maturation

and organization compared with that seen in the nondiabetic

controls (Fig. 3). The core of the fracture callus was filled

with a dense fibrous meshwork lined with immature, rapidly

forming woven bone, and there was little soft callus-asso-

ciated fibrocartilage. Fibrocartilage persisted in the fracture

site at 4 weeks compared with that of nondiabetic controls,

which were well mineralized and appeared to be undergoing

active remodeling. Treatment with OP-1 promoted the

formation of a florid proliferation of woven, disorganized

bone surrounding islands of mineralized fibrocartilage.

Collagen granules (carrier) were surrounded by proliferat-

ing fibroblastic and inflammatory cell populations. Some

consolidation and organization of the fracture callus was

apparent by 4 weeks with a decrease in the collagen

Table 2. Serum glucose levels during the study period

Time (days) Experimental groups

Nondiabetic Diabetic

Sham surgery* Sham surgery* 0 lg OP-1 + carrier 25 lg OP-1 + carrier

Prestreptozotocin injection, Day 0 130 ± 3 133 ± 3 132 ± 6 133 ± 5

Fracture creation, treatment, Day 14 209 ± 29 384 ± 15� 402 ± 18� 414 ± 12�

2 weeks postoperatively, Day 28 213 ± 49 334 ± 13� 372 ± 27� 385 ± 21�

4 weeks postoperatively, Day 42 208 ± 24 388 ± 24� 440 ± 16� 400 ± 19�

Serum glucose levels in mg/dL are given as mean and standard error of the mean; *control animals in which closed fracture was created and

fracture site was opened and then closed without treatment; �greater than prestreptozotocin injection levels (p \ 0.001); OP-1 = osteogenic

protein-1.

Fig. 1 Weights of diabetic and nondiabetic animals were measured

just before streptozotocin injection (Day 0), 2 weeks later when

fracture was created (Day 14), and 2 or 4 additional weeks later at

study end point (Day 28 or 42). The bars represent the mean ± stan-

dard error of the mean. All animals continued to gain weight during

the study, although the weights of those injected with streptozotocin

increased at a lower rate than that of nondiabetic control animals.
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granules and associated host inflammatory cells. The callus

was composed of mineralizing trabecular-like structures

with little mineralized cartilage and woven bone.

The mean torque to failure of fractured femurs in the

diabetic animals treated with 25 lg OP-1 in the collagen

carrier was similar to that of diabetic animals with

untreated fractures (p = 0.381) and diabetic animals with

fractures treated with carrier alone (p = 0.508) (Table 3).

The mean torque to failure of the fractured femurs in the

diabetic animals treated with 25 lg of OP-1 was similar

(p = 0.351) to that of the respective intact contralateral

femurs. The mean failure torques of the fractured femurs

were 1.5 to 2.5 times less than the mean failure torques of

their respective intact contralateral femurs in the nondia-

betic (p \ 0.001) and diabetic sham surgery (p = 0.012)

groups and collagen carrier-only group (p = 0.002).

Discussion

Type I diabetes mellitus negatively alters the mechanical

and biologic properties of bone [3, 22] and has been

associated with an increased risk of complications with

fracture healing, including delayed union, wound necrosis,

and increased incidence of infection [6, 8, 23, 25, 28]. An

intervention that would overcome this inhibition of frac-

ture healing would be useful clinically. This pilot study

addressed the question of whether treatment of a closed

femoral fracture in streptozotocin-induced diabetic rats

with 25 lg OP-1 in a collagen carrier can increase the

area of the newly mineralized reparative callus and fem-

oral torque to failure compared with that of diabetic

animals with untreated fractures (no carrier and no OP-1)

and with fractures treated with the collagen carrier alone

(no OP-1).

Our study has several limitations. Streptozotocin-

induced diabetes mellitus is not the same disease process as

Type I diabetes mellitus in humans. However, streptozo-

tocin-induced diabetes in a closed fracture rat model

provides a useful and relatively controlled approach for

challenging fracture healing and using a pharmacologic or

biologic intervention to correct it with potential for an

eventual treatment of human patients with diabetes who

have fractures. The streptozotocin-induced diabetes was

Table 3. Torsional biomechanical testing at 4 weeks

Mechanical parameter Experimental groups

Nondiabetic Diabetic

Sham surgery* Sham surgery* 0 lg OP-1 + carrier 25 lg OP-1 + carrier

Failure torque (Nm)

Fractured femur 0.191 ± 0.033 0.147 ± 0.016 0.161 ± 0.024 0.210 ± 0.073

Intact contralateral femur 0.471 ± 0.027� 0.227 ± 0.019�,� 0.296 ± 0.021�,� 0.293 ± 0.041�

Energy to failure (Nm/0)

Fractured femur 1.106 ± 0.211 1.169 ± 0.364 0.617 ± 0.101 0.940 ± 0.462

Intact contralateral femur 2.728 ± 0.255 1.328 ± 0.095 1.911 ± 0.282 1.874 ± 0.263

Torsional stiffness (Nm/0)

Fractured femur 0.024 ± 0.008 0.021 ± 0.005 0.027 ± 0.004 0.045 ± 0.013

Intact contralateral femur 0.046 ± 0.005 0.026 ± 0.007 0.032 ± 0.005 0.033 ± 0.006

Values are given as mean and standard error of the mean; *control animals in which closed fracture was created and fracture site was opened then

closed without treatment; �intact femurs greater than fractured femurs for same experimental group (p \ 0.012); �less than intact nondiabetic

sham surgery controls (p \ 0.009); OP-1 = osteogenic protein-1.

Table 4. Radiographic fracture callus area at 2 and 4 weeks

Time (weeks) Experimental groups

Nondiabetic Diabetic

Sham surgery* Sham surgery* 0 lg OP-1 + carrier 25 lg OP-1 + carrier

2 weeks 4.5 ± 1.3� 1.5 ± 0.5� 2.6 ± 0.8� 44.2 ± 5.9

4 weeks 13.8 ± 2.9� 8.4 ± 2.4� 6.9 ± 3.1� 35.9 ± 5.7

Areas in mm2 are given as mean and standard error of the mean; *control animals in which closed fracture was created and fracture site was

opened and then closed without treatment; �less than treatment with 25 lg OP-1/carrier at same time (p \ 0.001); OP-1 = osteogenic protein-1.
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Fig. 2 Representative high-res-

olution radiographs of femurs in

the four treatment groups at 2

and 4 weeks after closed fracture

are shown. The area of newly

mineralized callus at 2 and

4 weeks in fractures of diabetic

animals after treatment with

osteogenic protein-1 (OP-1) was

greater than with carrier-only

and sham surgery groups.

Fig. 3 Histologic sections cut

from the same specimens in

Fig. 2 are shown (Stain, Mas-

son’s trichrome; original

magnification, 92.5). Mineral-

ized tissues are stained green

and soft tissues are red. OP-

1 = osteogenic protein-1.
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uncontrolled because no insulin therapy was initiated; this

is unlikely the case in humans. The single injection of

streptozotocin was sufficient to elevate the serum glucose

concentration to greater than 300 mg/dL 2 weeks after

injection and maintain it above that threshold at a relatively

constant level for the remainder of the study with only a

5% variation with time. However, it is possible this vari-

ation in serum glucose level resulting from the

uncontrolled nature of the diabetes, although small, may

have caused some of the variation in the area of newly

mineralized callus or the failure strength of the healed

fractures, which was approximately 15%. Some limitations

were associated with the area measurements from the high-

resolution radiographs. Interobserver variability and intra-

observer variability with these measurements were not

formally assessed. In addition, these area measurements

were influenced by variation in placement of the femurs

from the true anteroposterior projection. Finally, the 200-

gram rats used in this study were immature and still

growing. Introduction of streptozotocin likely disrupted

their normal growth pattern. It would have been more

appropriate to use adult rats before making them diabetic.

We found the area of newly mineralized callus in the

periosteal envelope at 2 and 4 weeks in fractures in dia-

betic animals after treatment with OP-1 was greater than in

treatment groups without OP-1. We also found that the

torque to failure of fractures in diabetic animals at 4 weeks

after treatment with OP-1 was similar to that in the treat-

ment groups without OP-1. Treatment with OP-1 restored

the mechanical strength of the fractured femurs (i.e., sim-

ilar to their respective intact contralateral femurs), albeit

these diabetic intact femurs were relatively weakened

compared with intact femurs of the nondiabetic animals.

Although a power analysis justified the six animals per

treatment and time, some of these animals were lost to

experimental complications. Nonetheless, these numbers

were sufficient to determine a major effect of OP-1 on the

area of newly formed callus. This was not the case with the

torque to failure, however. The percentage increase in area

of reparative callus with OP-1, compared with treatment

groups without OP-1, did not necessarily translate into an

equivalent percentage increase in torque to failure.

Although our choices of the 25-lg dose of OP-1 and 4-

week point initially seemed justified by the literature [4, 15,

18, 21], our torsion failure testing results indicated the

diabetic challenge in this model may have required a

higher dose of OP-1 and longer followup to observe a

difference in failure parameters. A time greater than

4 weeks may have allowed the callus to further remodel

and become stronger. In addition, the mechanical failure

parameters of the treated femurs were not normalized with

respect to their intact contralateral femurs because the

failure strengths of the intact diabetic femurs were less than

the intact nondiabetic femurs. Rather, a comparison of the

mean failure data for the fractured and intact femurs

indicated how well a treatment restored a fractured femur

to its intact counterpart and how that intact counterpart

varied with and without diabetes.

Although animal models in which diabetes mellitus was

genetically bred into the animal or chemically induced do

not precisely mimic human Type I diabetes mellitus, they

have been used to document reduced osseointegration with

metallic implants, delayed healing of fractures and bone

defects, reduction in bone strength, and diminished bone

mineral density and longitudinal bone growth [1, 10–12,

24, 26, 34]. Although diabetes mellitus inhibits fracture

healing in rat models, treatment of the diabetes or fracture

site can compensate for this impairment [1, 9, 12, 23].

Treatment of diabetes in these models with systemic

insulin ameliorated impairment of fracture healing [1, 9,

23]. Application of insulin locally to a fracture site directly

mediated fracture healing [13]. Local application of

recombinant human fibroblastic growth factor in a closed

fracture model in a streptozotocin-induced diabetic rat

restored the impaired ability of the fracture to heal [20].

A supraphysiologic amount of OP-1 may maintain os-

teoinductive activity in the diabetic setting by numerous

possible mechanisms. Responding progenitor elements

(stromal, periosteal, and perivascular cells) may retain their

inductive response to BMPs, thereby overcoming an

inhibitory environment [4]. Because BMP receptor II is

downregulated in diabetes mellitus [33], it is possible

treatment of a diabetic fracture with exogenous BMP may

stimulate expression of BMP receptors [35]. It also is

possible administration of exogenous BMP may compen-

sate for the delay in Type X collagen expression and

associated chondrocyte maturation observed in diabetes

[16]. However, the precise mechanism by which OP-1 may

enhance fracture healing in the diabetic environment is

unknown and needs to be addressed in future work.

We found preliminary evidence in this pilot study that

OP-1 has the potential to overcome the osteogenic inhibi-

tion of streptozotocin-induced diabetes in this closed

femoral fracture model in the rat with the treatments and

times studied. However, definitive conclusions can be

made only after more extensive work including larger

numbers of animals, longer followup, and a range of doses

of OP-1. Since their commercial introduction, there has

been increased use of BMPs clinically in circumstances

when fracture healing may be impaired such as in open

fractures and fractures in individuals who use tobacco.

Presuming further preclinical work confirms our initial

findings, we believe clinical assessment of BMP adminis-

tration in patients with diabetes should be considered.
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