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Abstract
DO was used in an aged mouse model to determine if systemically and/or locally administered rhIGF-
I improved osteoblastogenesis and new bone formation. Local and systemic rhIGF-I treatment
increased new bone formation. However, only systemic delivery produced measurable
concentrations of rhIGF-I in the circulation.

Introduction—Human and rodent research supports a primary role for IGF-I in bone formation.
Significant roles for both endocrine and paracrine/autocrine IGF-I have been suggested for normal
osteoblastogenesis and bone formation. We have assessed, using a mouse model of distraction
osteogenesis (DO), the impact of continuous administration of recombinant human (rh)IGF-I,
delivered either locally to the distraction site or absorbed systemically, on bone formation in an aged
mouse model.

Materials and Methods—DO was performed in aged mice (18-month-old C57BL/6 male mice),
which were distracted at 0.15 mm daily. At the time of osteotomy, miniosmotic pumps were inserted
subcutaneously to (1) deliver vehicle or rhIGF-I subcutaneously for systemic delivery or (2) deliver
vehicle or rhIGF-I directly to the newly forming bone through infusion tubing routed subcutaneously
from the pump to the distraction site. Serum concentrations of mouse IGF-I, human IGF-I, and
osteocalcin were determined at the end of the study.

Results—New bone formation observed in DO gaps showed a significant increase in new bone
formation in rhIGF-I–treated mice, irrespective of delivery route. However, detectable levels of
human IGF-I were found only in the serum of animals receiving rhIGF-I systemically. Osteocalcin
levels did not differ between controls and rhIGF-I–treated groups.

Conclusions—Locally and systemically delivered rhIGF-I both produce significant increases in
new bone formed in an aged mouse model in which new bone formation is normally markedly
impaired, suggesting that rhIGF-I may improve senile osteoporosis. Because systemic administration
of IGF-I can result in untoward side effects, including an increased risk for cancer, the findings that
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locally delivered IGF-I improves bone regeneration without increasing circulating IGF-I levels
suggests that this delivery route may be preferable in an at-risk, aged population.
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INTRODUCTION
The mechanisms controlling bone formation are complex, involving a variety of growth factors,
hormones and cytokines, extracellular matrix molecules, endopeptidases and proteases, and
mineral availability.(1,2) For over two decades, research has supported a primary role for
growth hormone (GH) and the IGFs (IGF-I and IGF-II) in anabolic bone formation.(3) Studies
in both animals and humans have shown that both GH and IGF-I can stimulate longitudinal
bone growth when given to GH-deficient individuals.(3) However, it has only been in recent
years that an essential role of IGFs in normal bone development has been confirmed through
the elimination of IGF-I and the type I IGF receptor in mice through homologous
recombination.(4,5) Profound growth retardation, growth plate abnormalities, and decreased
bone calcification were observed in these animals. Recent studies have further refined how
elimination of IGF-I affects bone physiology not only through the dwarfing of bones, but also
by significantly decreasing bone formation rate and cortical thickness, resulting in more
compact bone.(6)

Whereas IGFs play an important role in normal bone development, the source of IGFs is
complex. GH increases serum concentrations of IGF-I by stimulating IGF production by the
liver; this mechanism likely accounts for many of the anabolic effects of GH on bone.(3) The
great majority of serum IGFs are packaged in a large multimeric protein complex consisting
of the major serum carrier protein for IGFs, IGF-binding protein-3 (IGFBP-3), and an 85-kDa
acid-labile protein (ALS), providing a ready depot of IGFs for transport when needed at distant
sites, such as bone. Indeed, recent studies suggest that scavenging of IGFs from this large
complex by smaller IGFBPs, such as IGFBP-4, may shuttle IGFs from the vascular
compartment into skeletal tissues.(7) However, systemic IGFs as a source for regulating bone
homeostasis has come under scrutiny, in that several studies have shown that significant
reductions in their circulating concentrations yield only marginal affects on bone.(8)
Alternatively, numerous studies have shown that both IGF-I(9–13) and IGF-II(14–17) are
produced by both murine and human osteoblasts, suggesting that IGFs may function in a
paracrine/autocrine manner within bone. In bone, unlike liver, IGF production is not primarily
under the control of GH, but is regulated by a variety of agents including estrogen, PTH,
cortisol, and a host of local growth factors and cytokines.(3) Another source of IGFs is from
the large reservoir of IGFs complexed with bone matrix molecules.(2,3,12,18,19) This
abundant supply of IGFs is likely critical to ongoing bone formation, bone repair, and bone
cell proliferation. Indeed, recent data showed that skeletal IGF-I content in human bone
declines almost 60% between the ages of 20 and 60 years,(20) suggesting that this essential
pool of IGFs may not be sufficiently available for new bone formation as aging ensues.

To better clarify the role of local versus systemic effects of IGF-I in direct bone formation and
osteoblastogenesis in the aging skeleton, we studied in a model of mouse distraction
osteogenesis (DO) how the continuous exogenous application of recombinant human IGF-I
impacts regenerating bone. Whereas longitudinal bone growth results from endochondral
ossification from growth plates in long bones, DO produces intramembranous ossification,
providing for isolated zones of osteoblast proliferation and differentiation. For these studies,
we used DO in an aged mouse model, because this animal shows very poor new bone formation.
(21) We show that local application of recombinant human (rh)IGF-I promotes marked
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improvements in bone formation in this model without impacting circulating concentrations
of IGF-I, yet systemically delivered rhIGF-I, whereas also promoting enhanced de novo bone
formation, can expose extraskeletal tissues to circulating rhIGF-I.

MATERIALS AND METHODS
Animal model

Male, 18-month-old C57BL/6 mice were purchased from The Jackson Laboratory (Bar Harbor,
ME, USA) and acclimatized to 12-h light/dark cycles in climate-controlled rooms before
surgery. All research protocols were approved by the Institutional Animal Care and Use
Committee (IACUC) of the University of Arkansas for Medical Sciences.

Each mouse was anesthetized with intraperitoneal sodium pentobarbital at a dose of 71 mg/kg.
A titanium two-ring fixator was secured on the left tibia by four transosseous wires. A mid-
diaphyseal osteotomy of the tibia and fibula was created, as previously described.(21) Figure
1A shows the distraction apparatus and how it is applied around the osteotomy before
distraction. After the osteotomy, Alzet Model 1002 miniosmotic pumps (Durect, Cupertino,
CA, USA) were filled with either (1) PBS (vehicle) or (2) (vehicle) + recombinant human IGF-
I (rhIGF-I; delivery rate: 1 μg/7μl, delivering 0.25 μl/hr ± 0.05 μl/day) and were inserted
subcutaneously on the back according to the manufacturer’s recommendations to (1) deliver
vehicle or rhIGF-I subcutaneously where it would be absorbed into the systemic circulation or
(2) to deliver vehicle or rhIGF-I directly at the distraction site (Fig. 1B). For local delivery to
the distraction gap, a catheter was attached to the pump, the catheter’s opening was placed
adjacent to the osteotomy (Fig. 1B,inset), and two sutures were used to secure the catheter, one
near the site of the osteotomy and one midway between the osteotomy and the pump. Infusions
of rhIGF-I or vehicle were begun at the beginning of the latency phase, and the pumps remained
in place throughout the entire distraction phase. Buprenex (0.1 mg/kg) was given
postoperatively by intramuscular injection for analgesia.

Two study designs were carried out. In the first study (Figs. 2 and 3), locally delivered vehicle
(i.e., PBS) was compared with locally delivered rhIGF-I. Distraction began 1 day after surgery
at 0.075 mm b.i.d. (0.15 mm/day) for 13 days. In the second study (Fig. 4), locally delivered
vehicle or systemically delivered vehicle were compared with locally delivered rhIGF-I or
systemically delivered rhIGF-I, respectively. Distraction began 3 days after surgery at 0.075
mm b.i.d. (0.15 mm/day) for 14 days total. Mice were killed at the completion of distraction.
At death, the distracted tibias were harvested and fixed in 10% neutral buffered formalin for
radiographic and histological studies as detailed below. In a pilot study to assess the local
delivery and spread of the contents delivered through miniosmotic pumps to the distraction
gap, methylene blue (10 mg/ml) was infused locally for 14 days in two animals. Figure 1C
shows the infusion site from an animal treated with methylene blue for 14 days, showing that
the dye was only observed to be present within the distraction gap per se and not in adjacent
tissues surrounding the gap, suggesting that this mode of exogenous application could deliver
a local and sustained infusion that permeated into the DO gap of the mouse.

Biochemical analyses
Measurements were performed on serum samples obtained at the time of death. Human IGF-
I was measured using two different IGF-I ELISAs: (1) nonextraction IGF-I ELISA, Diagnostic
Systems Laboratories, Webster, TX, USA (sensitivity 0.01 ng/ml) and/or hIGF-I IDS Octeia
IGF-I, Immunodiagnostics Systems, Fountain Hills, AZ, USA (sensitivity 1.9 ng/ml). Mouse
IGF-I was measured using a rodent-specific ELISA (Rat/Mouse Octeia IGF-I;
Immunodiagnostic Systems; sensitivity, 82 ng/ml). Murine osteocalcin was measured by
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enzyme immunosorbent assay (Mouse EIA kit; Biomedical Technologies, Stoughton, MA,
USA).

Radiographic and histological analysis
After 48 h of fixation in 10% neutral buffered formalin, the tibias were removed from the
fixators for high-resolution single beam radiography: a Xerox Micro50 closed system
radiography unit (Xerox, Pasadena, CA USA) was used at 40 kV (3 mA) for 20 s using Kodak
X-OMAT film. For quantification, the radiographs were video recorded under low power (×
1.25 objective) magnification, and the area and density of mineralized new bone in the
distraction gaps were evaluated using NIH Image J software. The distraction gap was outlined
from the outside corners of the two proximal and the two distal cortices forming a quadrilateral
region of interest (ROI). The mineralized new bone area in the gap was determined by outlining
regions with radio density equivalent to or greater than the adjacent medullary bone. The
percentage of new mineralized bone within the distraction gap (percent new bone) was
calculated by dividing mineralized bone area by total gap area.

After radiography, select distracted tibias from the first study were decalcified in 5% formic
acid, dehydrated, and embedded in paraffin, as previously described.(22,23) Longitudinal
sections (5–7 μm) were stained with hematoxylin and eosin. Sections were selected for analysis
to represent a central gap location. As detailed above, a ROI was outlined and recorded. New
bone was defined as all organized osteoid/sinusoid columns, and any marrow elements within
the gap were excluded. Both the proximal and distal endosteal new bone matrix was outlined,
and the area was recorded. The percentage of new bone area within the DO gap (percent new
bone) was calculated by dividing the new bone matrix area by the total distraction gap area.

μCT
Representative specimens of distracted tibias from the first study were determined from the
2D radiographs and imaged by μCT using a μCT-40 (Scanco, Bassersdorff, Switzerland) and
the manufacturer’s supplied software, as previously described.(24)

Statistical analysis
For statistical analysis, the unpaired Student’s t-test was used to compare differences between
groups for all serum analyses and skeletal parameter comparisons. All data are reported as
mean ± SE, and differences were considered statistically significant at p < 0.05.

RESULTS
Biochemical parameters

Locally delivered rhIGF-I by miniosmopump could theoretically lead to both increases in
rhIGF-I concentrations at the site of application and increases in serum concentrations through
leaching of rhIGF-I into the systemic circulation. If the latter did occur, the relative contribution
of locally delivered rhIGF-I compared with systemically delivered rhIGF-I could not be clearly
elucidated in the model described herein. Therefore, to determine if locally delivered rhIGF-I
did gain access to the systemic circulation, we measured human IGF-I in serum of animals
from the first study using two human-specific IGF-I ELISAs. Using the IDS hIGF-I ELISA,
no human IGF-I was detected in the serum of any animal treated with locally delivered vehicle
(n = 7) or rhIGF-I–treated animals (n = 8); the DSL human IGF-I assay detected extremely
low levels of IGF-I in several animals, yet these very low values were not statistically different
between the vehicle-treated and rhIGF-I–treated groups (0.63 ± 0.13 [n = 7] versus 1.58 ± 0.52
ng/ml [n = 8], respectively). These data suggest that the DSL assay likely has very low cross-
reactivity with mouse IGFs because it detected IGF-I even in animals that did not receive any
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exogenous rhIGF-I. Therefore, the IDS hIGF-I ELISA was used in all ensuing studies. In the
first study, serum levels of mouse IGF-I in both groups were not significantly different (296.0
± 74.8 versus 234.4 ± 74.0 ng/ml, respectively), suggesting that endogenous mouse IGF-I
production was not altered in either locally delivered rhIGF-I–treated or locally delivered
vehicle-treated mice. When serum was assayed for hIGF-I in the second study, no hIGF-I was
detected in systemic vehicle-treated (n = 4), locally delivered vehicle-treated (n = 8), or locally
delivered rhIGF-I–treated (n = 8) mice. In contrast, hIGF-I was detected in serum of seven of
nine animals receiving systemic rhIGF-I (8.3 ± 2.5 ng/ml), showing that the assay was capable
of detecting the ligand of interest and that systemic delivery of rhIGF-I resulted in measurable
amounts of hIGF-I in the circulation.

Serum levels of osteocalcin were not significantly different when comparing locally delivered
vehicle versus locally delivered rhIGF-I in serum from animals in the first study (37.44 ± 15.3
versus 20.8 ± 10.5 ng/ml, respectively). Similarly, serum assayed for osteocalcin in animals in
the second study receiving vehicle systemically or locally, or hIGF-I systemically or locally,
showed that osteocalcin levels were not significantly different among any of the groups (16.15
± 16.15 or 23.0 ± 8.6 versus 37.3 ± 8.5 or 28.0 ± 10.8 ng/ml, respectively).

Assessment of new bone formation
The impact of locally delivered rhIGF-I on new bone formation was addressed in the first study
using radiographic quantification of only aligned distraction gaps from mice receiving either
locally delivered vehicle or locally delivered rhIGF-I. These data showed a significant
improvement in new bone formation in distraction gaps from mice treated locally with rhIGF-
I (40.6 ± 8.3%; n = 7) compared with 16.5 ± 6.4% (n = 6) in animals treated with locally applied
vehicle (p < 0.05; Fig. 2A). A second measure of new bone formation in the first study was
performed using histological analyses. Again, an increase in the formation of new bone
columns was apparent by histological analysis in aged mice receiving locally delivered rhIGF-
I (49.5 ± 1.28%; n = 5) compared with mice receiving only locally delivered vehicle (21.4 ±
8.9%; n = 5; p < 0.01; Fig. 2B). The modest discrepancy between radiographic and histological
quantification is expected because single-beam radiographic analysis superimposes endosteal
and periosteal new bone formation, whereas histological analysis can differentiate endosteal
from periosteal new bone and includes unmineralized bone matrix.(21,25)

Representative radiographs, histological sections, and μCT images of distraction gaps from
the first study from mice treated with locally delivered rhIGF-I (Figs. 3A, 3C, and 3E) or locally
delivered vehicle (Figs. 3B, 3D, and 3F) are shown in Fig. 3. Figure 3A shows significantly
more radiodense material present within the distraction gap compared with a control aged
animal (Fig. 3B). These findings were corroborated histologically as evidenced in Fig. 3C,
showing that locally delivered rhIGF-I treatment results in significantly more regenerate bone
compared with vehicle (Fig. 3D); new endosteal bone is outlined in Figs. 3C and 3D. Finally,
the significant improvement in new bone volume observed with locally delivered rhIGF-I
treatment was confirmed when specimens were analyzed for microarchitecture by μCT. Figure
3E shows significantly more bone columns bridging the distraction gap compared with vehicle
treatment (Fig. 3F). Taken together, these three modalities complement each other in providing
evidence that locally delivered rhIGF-I treatment improves accrued bone formation throughout
the distraction process.

To compare the effects of systemically delivered rhIGF-I with that of locally delivered rhIGF-
I on de novo bone formation, 18-month-old mice were randomized to receive either locally
delivered vehicle, locally delivered rhIGF-I, systemic vehicle, or systemic rhIGF-I.
Miniosmotic pumps used to deliver rhIGF-I either systemically or locally were loaded with
the same amount of rhIGF-I and were set to deliver at the same rate. Figure 4 shows that new
bone formation, as assessed by radiography, was again increased in mice receiving locally
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administered rhIGF-I compared with mice receiving locally delivered vehicle (72.5 ± 9.6%
[n = 8] versus 23.4 ± 9.6% [n = 8], respectively; p < 0.001). A significant effect on bone
formation of systemically delivered rhIGF-I was also observed compared with animals
systemically treated with vehicle (58.1 ± 8.9% [n = 9] versus 21.4 ± 6.3% [n = 4], respectively;
p < 0.05). Comparing the route of rhIGF-I delivery revealed no statistically significant
differences between locally delivered rhIGF-I versus systemically delivered rhIGF-I (p = 0.2).

DISCUSSION
Debate remains as to the relative roles of systemic versus paracrine/autocrine and locally stored
IGF-I in bone homeostasis. Studies specifically designed to examine how relative degrees of
peripheral (i.e., hepatic production) IGF-I affect bone formation have revealed effects on
cortical periosteal bone growth along the cortex.(8) Further reductions in circulating IGF-I
concentrations (to 10–15% of controls) achieved by crossing mice null for hepatic production
of IGF-I with animals null for the acid-labile subunit of the IGFBP-3/IGF complex (all three
components form the major 150-kDa complex responsible for carrying IGFs in the vascular
compartment in mammals) results in a 10% decrease in BMD and a 35% decrease in periosteal
circumference and cortical thickness.(26) Similar findings regarding a positive correlation in
serum IGF-I, a quantitative trait locus on chromosome 6, and BMD has been established in
congenic mouse models.(27) Together, these studies showed that circulating (i.e., endocrine)
IGF-I can have a significant effect on several parameters of bone density and formation, as
well as the actual size of the bone. Exactly how IGF-mediated affects may involve anabolic
effects on osteoblast activity in vivo has been studied by Zhang et al.,(28) who, through tissue-
specific gene targeting, ablated the type I IGF (IGFR) receptor in osteoblasts using the
osteocalcin promoter. These studies showed that mice deficient in IGFR are of normal size,
yet show a marked decrease in cancellous bone volume, connectivity, and trabecular number,
as well as a striking decrease in the rate of mineralization of osteoid matrix. Thus, a significant
amount of the bone-forming and mineralization actions of IGF-I seem to be mediated through
effects of IGF-I specifically on the osteoblast. Indeed, autocrine overexpression of IGF-I in
vivo under the control of the osteocalcin promoter results in the opposite phenotype, in which
BMD, as measured by DXA and QCT, is significantly increased in IGF-I transgenic mice
compared with controls, and histomorphometric measurements reveal a marked increase in
femoral cancellous bone volume.(29) Complimentary to this model is one described recently
showing that transgenic mice expressing osteoblast-targeted IGF-I under control of the Col1a1
3.6 kb 5= upstream regulatory sequence show increased femur length, cortical width, and cross-
sectional area.(30)

Several studies support a role for local exogenous IGF-I delivered by various means on
improving indices of bone homeostasis.(31–33) The studies described herein were designed
to understand better how local application of rhIGF-I over a sustained period of time would
affect bone formation and osteoblastogenesis and how the route of delivery of rhIGF-I might
impact these measures. We examined these effects in aged mice who normally display severe
deficits in forming bone.(21) DO is germane to the study of de novo intramembranous bone
formation, because DO involves osteogenesis occurring exclusively as a consequence of
osteoblast-mediated events, requiring no cartilaginous scaffolding or endochondral bone
activity or remodeling. Thus, DO provides a pure model in which to study the actions of
exogenous agents on osteoblast activity. The concept of combining both DO and sustained
locally delivered or systemic administration of a growth factor by a miniosmopump in a mouse
model has not been reported to our knowledge. Thus, these studies provide proof-of-concept
that such an approach can be effectively used in a mouse model and that application of an agent
(rhIGF-I in this instance) by miniosmopump can be used to assess the impact of the delivery
route of the agent on bone development.

Fowlkes et al. Page 6

J Bone Miner Res. Author manuscript; available in PMC 2008 June 11.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



In our studies examining peripheral levels of human IGF-I in animals treated with local delivery
of rhIGF-I, no IGF-I was detected in serum, suggesting that it was primarily retained within
the gap and adjacent areas. This was also supported by observations of mice treated with
methylene blue as a tracer. Why exogenous rhIGF-I did not penetrate beyond the regenerating
bone tissue is not completely understood; however, both IGF-I and its homolog IGF-II are
found in biological fluids and/or in tissue matrices bound to at least six distinct high affinity
IGF binding proteins (IGFBPs).(34–38) Various studies have shown that bone cells produce
most IGFBPs; however, two of the IGFBPs, IGFBP-4 and IGFBP-5, have clearly been shown
to play important and possibly unique roles in controlling IGF action in bone. Specifically,
IGFBP-4 is the principal IGFBP produced by human bone cells and inhibits IGF-mediated
proliferation of osteoblasts.(2,39) In contrast to IGFBP-4, numerous studies have shown that
IGFBP-5 can enhance IGF action, especially in human and rodent osteoblasts.(2,18,40–45)
IGFBP-5 seems unique among the IGFBPs in that it is found in great quantity in human bone
tissues where it functions to store IGFs.(42) IGFBP-5 has been shown to bind several
extracellular matrix (ECM) molecules prominent in bone,(46,47) and it is likely that through
this mechanism IGFBP-5 provides a “trapping” mechanism for extracellular matrix IGFs.
Thus, in the model presented herein, it is possible that IGF-I administered to the gap or reaching
the gap from the circulation is sequestered by matrix-bound IGFBPs, and then released in a
regulated manner to interact with IGF receptors. We and others have shown that various
proteases, including matrix metalloproteinases (MMPs), can degrade IGFBPs and can liberate
IGFs, resulting in activation of the IGF receptor.(48–51) Interestingly, recent data also show
that, throughout DO, MMPs are significantly upregulated, thereby providing a mechanism by
which IGFBP-bound IGF-I could be released throughout the distraction period.(52)

Together, these studies support a role for both locally delivered and systemic IGF-I in
osteoblastogenesis and bone formation in the aged mouse. We have tested these hypotheses
using DO to determine if osteoblastogenesis and bone regeneration can be positively affected
by rhIGF-I delivered either though a local or systemic route. In these studies, rhIGF-I delivered
by either route and using the same dosing strategy, achieved a similar result. Whereas rhIGF-
I was measurable in the serum of the majority of mice receiving systemic rhIGF-I, it is possible
that IGF-I could have been shuttled preferentially to the regenerating bone, achieving a similar
goal as that of local delivery. Whereas the studies as designed do not specifically address this
possibility, the lack of suppression of endogenous IGF-I and no increase in osteocalcin levels
in mice treated with systemic rhIGF-I suggest little impact of this dose and delivery route on
peripheral tissues. Thus, the two routes of rhIGF-I delivery might provide for a similar result
in regards to bone formation. Indeed, systemic administration of IGF-I to animals and humans
has resulted in improved bone homeostasis(53–55); however, systemic administration of IGF-
I can result in hypoglycemia,(56,57) and there is also a strong positive correlation between
circulating IGF-I levels and the risk for breast, prostate, and colon cancer,(58) all tumorigenic
conditions associated with the aging population. Therefore, our findings that locally delivered
IGF-I improves bone formation and regeneration without increasing circulating IGF-I levels
in an aged animal model may hold promise for the treatment of senile bone disease with IGF-
I without the potential side effects of systemic IGF-I administration.
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FIG. 1.
(A) Fixator used for DO in the mouse model and how it is applied to the tibia around the
osteotomy site. (B) As shown in this whole animal radiograph, Alzet Model 1002 miniosmotic
pumps were inserted subcutaneously, and infusion tubing (arrows) was secured and routed
subcutaneously from the pump to the distraction site for local delivery. (Inset) The catheter’s
opening was placed adjacent to the osteotomy. (C) Methylene blue was infused for 14 days by
local infusion. At death, surrounding soft tissues were dissected away from the surgical site,
exposing the distraction gap, adjacent bone, and the infusion catheter tip. Blue dye was seen
only in the distraction gap (boxed area) and in the catheter tip (arrow).
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FIG. 2.
(A) Radiological and (B) histological quantification of new bone formed in aligned distraction
gaps from mice receiving either locally delivered vehicle or rhIGF-I. *p < 0.05 and **p < 0.01
(local vehicle vs. local rhIGF-I).
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FIG. 3.
Representative radiographs of a distraction gap from (A) an rhIGF-I–treated mouse and (B) a
vehicle-treated mouse (control). Histological sections from representative animals treated (C)
with or (D) without rhIGF-I are presented, showing new bone formation outlined in black. (E
and F) Effects of rhIGF-I infusion on bone formation was refined further using μCT.
Representative μCT reconstructions of distraction gaps from (E) an rhIGF-I–treated and (F) a
vehicle-treated mouse are shown.
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FIG. 4.
Quantification of new bone formed in aligned distraction gaps from mice receiving either
locally delivered vehicle, locally delivered rhIGF-I, systemic vehicle, or systemic rhIGF-I.
**p < 0.05 (systemic vehicle vs. systemic rhIGF-I); *p < 0.001 (local vehicle vs. local rhIGF-
I).
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