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Abstract

Purpose: Repairing tendon injuries with recombinant human platelet-derived growth factor-BB has potential for
improving surgical outcomes. Augmentation of sutures, a critical component of surgical tendon repair, by coating with
growth factors may provide a clinically useful therapeutic device for improving tendon repair. Therefore, the purpose of
this study was to (a) coat Vicryl sutures with a defined dose of recombinant human platelet-derived growth factor-BB
without additional coating excipients (e.g. gelatin), (b) quantify the recombinant human platelet-derived growth factor-
BB released from the suture, and (c) use the recombinant human platelet-derived growth factor-BB-coated sutures to
enhance tendon repair in a rat Achilles tendon transection model.

Methods: Vicryl sutures were coated with 0, 0.3, 1.0, and 10.0 mg/mL concentrations of recombinant human platelet-
derived growth factor-BB using a dip-coating process. In vitro release was quantified by an enzyme-linked immunosorbent
assay. Acutely transected rat Achilles tendons were repaired using one of the four suture groups (n = |12 per group).
Four weeks following repair, the tensile biomechanical and histological (i.e. collagen organization and angiogenesis)
properties were determined.

Results: A dose-dependent bolus release of recombinant human platelet-derived growth factor-BB occurred within the
first hour in vitro, followed by a gradual release over 48 h. There was a significant increase in ultimate tensile strength (p
< 0.01) in the two highest recombinant human platelet-derived growth factor-BB dose groups (1.9 £ 0.5 and 2.1 £ 0.5
MPa) relative to controls (1.0 £ 0.2 MPa). The modulus significantly increased (p = 0.031) with the highest recombinant
human platelet-derived growth factor-BB dose group (7.2 + 3.8 MPa) relative to all other groups (control: 3.5 + 0.9 MPa).
No significant differences were identified for the maximum load or stiffness. The histological collagen and angiogenesis
scores were comparable in all groups, although there was a trend for improved collagen organization in the recombinant
human platelet-derived growth factor-BB-treated groups (p = 0.054).

Conclusions: The results of this study suggest that recombinant human platelet-derived growth factor-BB can be used
to reproducibly coat Vicryl sutures and improve remodeling in a rat Achilles tendon transection model by significantly
decreasing the resulting cross-sectional area, thus improving the material properties of the repaired tendon.
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Introduction

The Achilles tendon is the thickest and strongest tendon in
the human body, which allows it to support high loads.!
However, the mechanical loading environment in which
the Achilles tendon functions makes it prone to degenera-
tive changes, including changes in fiber structure/arrange-
ment, cellularity, vascularity, and collagen and
glycosaminoglycan content, which can ultimately lead to
rupture of the tendon.? Treatment for Achilles tendon rup-
tures consists of either nonoperative or surgical interven-
tions, with the decision often left to the preference of the
surgeon. Surgical intervention results in lower rerupture
rates compared to nonoperative treatment, but carries an
increased risk of complications (e.g. sural nerve injury,
infection, and delayed wound healing) associated with the
procedure.310 Although the reported incidence of rerup-
ture following surgical treatment is relatively low (1.7%—
5.4%),'3-10 many patients still experience functional
deficits, as evidenced by the percentage of patients who
report “good or excellent” outcomes (84%)° or who were
able to return to their previous level of activity (71%—
73%).37 As the ultimate goal of Achilles tendon repair is to
return the patient to prerupture levels of activity, there is a
compelling need to improve contemporary Achilles tendon
repair, especially for active patients who seek a rapid
return to function.! Augmentation of the biological repair
process with recombinant growth factors is an exciting
option for improving tendon healing, accelerating return to
activity, improving clinical outcomes, and decreasing
posttreatment morbidity.

Biological augmentation of tendon healing with growth
factors has shown promising preclinical results.!! One such
growth  factor, platelet-derived growth factor-BB
(PDGF-BB) homodimer, is endogenously expressed in ten-
don following injury.'>'* PDGF-BB promotes chemotaxis
and mitogenesis of mesenchymal cells, including tendon
fibroblasts and mesenchymal stem cells,'>° which deposit
and remodel the extracellular matrix and improve biome-
chanical properties of the repaired tendon. Recombinant
human platelet-derived growth factor-BB (thPDGF-BB)
has successfully promoted tendon healing, including
improving the mechanical function, collagen organization,
and vascularity.!829-25 While thPDGF-BB has been previ-
ously shown to be effective for tendon healing, optimiza-
tion of the method of delivery is expected to further improve
the treatment of tendon ruptures by matching the applica-
tion of therapeutic biologicals and the wound healing pro-
cess. A vehicle for thPDGF-BB delivery therefore must
fulfill tight wound healing parameters, which includes
delivering the molecule to the site of repair at the correct
time and in optimum doses for therapeutic efficacy.
Moreover, a surgically convenient delivery system for the
rhPDGF-BB would improve clinical utility. Consequently,
we utilized coated sutures as the mode of delivery for
rhPDGF-BB.

Sutures are almost universally used in surgical interven-
tions to repair torn tendons, as they provide initial mechani-
cal stability to the repair, making them an ideal delivery
vehicle. Growth factor-coated Vicryl sutures have been
used to improve healing in rat Achilles tendon?¢ and sheep
anterior cruciate ligament (ACL) repair models.?” A single
dose of growth factor was used in each study and the in vivo
dose of growth factor was inferred based on the concentra-
tion of the coating solution, but the actual amount coated on
the suture was not quantified. Consequently, the delivered
dose was not determined. The actual delivered dose is cru-
cial for predicting outcomes and translating doses from ani-
mal studies to human trials.

Dines et al.2® used growth/differentiation factor-5
(GDF-5)—coated Vicryl sutures, quantified for growth
factor loading, to improve the outcomes of Achilles ten-
don repair in rats. Similarly, Uggen et al.2* demonstrated
that treatment with FiberWire sutures coated with quanti-
fied amounts of rhPDGF-BB resulted in improved heal-
ing in an ovine model of rotator cuff repair. In both
studies, 10% gelatin was added to the coating solution to
improve the efficiency of the growth factor coating.
While addition of gelatin to the coated suture is not nec-
essarily deleterious to repair, it can present regulatory
(i.e. safety and toxicity testing) and manufacturing com-
plications. Although it may be advantageous to use
sutures coated with only the growth factor solution, the
efficacy of this approach has not been previously explored
for Achilles repair.

The purpose of the current study was to (a) coat Vicryl
sutures with a defined dose of thPDGF-BB without addi-
tional coating excipients (e.g. gelatin), (b) quantify the
amount of thPDGF-BB released from the suture, and (c)
use the rhPDGF-BB-coated sutures to enhance tendon
repair in a rat Achilles tendon transection model. We
hypothesized that (1) Vicryl sutures could be successfully
coated with reproducible amounts of hPDGF-BB by vary-
ing the initial dip-coating solution concentration and (2)
rhPDGF-BB-coated sutures would enhance rat Achilles
tendon repair in a dose-dependent manner.

Materials and methods

The study was carried out in two parts: (a) in vitro suture
coating and quantification and (b) in vivo Achilles tendon
repair in a rat model. The in vivo study was Institutional
Animal Care and Use Committee (IACUC) approved.

Part |I:suture coating

Four groups of 4-0 Vicryl sutures (Ethicon, Somerville,
NJ) were coated with 20 mM sodium acetate (Group 1,
vehicle control), 0.3 mg/mL rhPDGF-BB in sodium ace-
tate (Group 2), 1.0 mg/mL rhPDGF-BB in sodium acetate
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(Group 3), or 10.0 mg/mL rhPDGF-BB in sodium acetate
(Group 4), using a dip-coating process as described previ-
ously.282% Sodium acetate is an inert solution that allows
rhPDGF-BB to be in solution during the suture coating
process. Sodium acetate does not interact with the suture,
rhPDGF-BB, or the local tissue. Briefly, after treatment
with 70% ethanol, the sutures were submerged in sodium
acetate, with or without thPDGF-BB (0, 0.3, 1.0, and 10.0
mg/mL), for 30 min and then air-dried. Unlike the process
described by Dines et al.,? no gelatin was used in the coat-
ing solution. Sutures were trimmed to 15 cm lengths for
the in vivo study with the remainder used for in vitro
analysis.

In vitro rhPDGF-BB release

To determine the amount of hPDGF-BB released from the
suture, an in vitro elution assay was performed as described
previously.2* Coated sutures (n = 5 per group) were placed
in 1 mL of elution buffer (minimum essential medium with
2% fetal bovine serum, 1% penicillin—streptomycin, 1%
L-glutamine, and 1% 4-(2-hydroxyethyl)-1-pipera-
zineethanesulfonic acid (HEPES) buffer) and incubated at
37°C on arocking platform. The buffer was fully exchanged
at 1, 6, 24, and 48 h. The total rhPDGF-BB released at each
time point was determined using a human PDGF-BB
DuoSet enzyme-linked immunosorbent assay (ELISA)
according to manufacturer’s instructions (R&D Systems,
Minneapolis, MN). Relative bioactivity was evaluated in an
in vitro proliferation assay comparing the dose—response
curves of MG-63 osteosarcoma cells. Serial dilutions of the
rhPDGF-BB eluted from the sutures or the original rhP-
DGF-BB coating solution (dose range: 2—600 ng/mL) was
added to MG-63 cells plated in serum-free medium. Cells
were incubated for 3 days and the relative bioactivity of the
samples was calculated by comparing the slopes of the
dose—response curves using the original rhPDGF-BB coat-
ing solution as the reference.

Part II: surgical procedure

Forty-eight Sprague—Dawley rats (350—400 g) were rand-
omized to one of the four treatment groups (n = 12 per
group) as described above. All surgeries were performed
under sterile conditions. Following blunt dissection to
expose the Achilles tendon, the tendon was transected
proximal to its insertion on the calcaneus and immediately
repaired using one modified Mason—Allen stitch and one
simple interrupted stitch using sutures from one of the four
treatment groups. The remaining, unused suture was meas-
ured to determine the length of coated suture implanted.
The skin was closed with interrupted uncoated Vicryl
sutures and the animals were allowed to ambulate nor-
mally. After 4 weeks, the rats were killed and the tendons,
including a bone block from the calcaneus and the

proximal gastroc-soleus muscle complex, were harvested.
The specimens were randomly assigned to biomechanical
(n =8 per group, fresh frozen) or histological analysis (n =
4 per group, formalin fixed).

Biomechanics

Uniaxial tensile biomechanical analysis was performed
using an Instron system (Model No. 5566) with a 100 N
load cell (accuracy: +0.5%).39 Samples were thawed at 4°C
in phosphate-buffered saline (PBS) containing protease
inhibitors, dissected to remove excess muscle, and the cal-
caneus and gastroc-soleus ends secured between pneumatic
grips in a PBS bath. Samples were preloaded (1 N) in ten-
sion and sample dimensions at the midpoint of the gage
length were measured using calipers. Cross-sectional area
(CSA) was calculated based on rectangular geometry to
allow for comparative analysis across the samples from
each group.2830 Specimens were pulled to failure at a strain
rate of 0.25% per second in precise displacement control
and the resulting load—extension data were collected at 10
Hz. The linear stiffness and elastic modulus were deter-
mined from the linear portion of the load—displacement or
stress—strain curve, respectively, using a best-fit analysis.
The maximum load and ultimate tensile strength were also
determined. Biomechanical data are presented as mean +
standard deviation (SD).

Histology

Tendon specimens were detached from the calcaneus at
the Achilles tendon insertion site and the repaired Achilles
tendons were processed and embedded in paraffin.
Parasagittal sections were stained with either Mallory’s
trichrome or Sirius red. Slides were imaged and scored by
three observers, masked to treatment, using a scoring sys-
tem for collagen organization and degree of angiogenesis
(Table 1), as described previously.?83! Three sections
were scored and the average scores from the three observ-
ers were taken. Histology scores are presented as median

(range).

Statistical analysis

The amount of rhPDGF-BB released in vitro was analyzed
using a repeated measures analysis of variance (ANOVA),
with time as the repeated measure. The cumulative amount
of thPDGF-BB released and the total dose delivered versus
the initial coating concentration were fit with a nonlinear
(log—log scale) least squares fit. A one-way ANOVA with a
Holm-Sidak multiple comparison test was used to deter-
mine differences among groups for the biomechanical
parameters. Statistical analysis on the histology grading
scores was performed using an ANOVA on the ranks.
Significance was set at p < 0.05.
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Table I. Histology scoring system?8

Score Collagen organization Angiogenesis
| Normal collagen oriented tangentially Normal tendon tissue
2 Mild changes with collagen fibers, less than 25% disorganized Increased presence of capillaries
3 Moderate changes with collagen fibers, less than 50% disorganized Moderate infiltration of tissue with vessels
4 Marked changes in collagen, more than 50% disorganized -
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Figure 1. (a) Amount of rhPDGF-BB released from the coated sutures at each time point in vitro and (b) the cumulative amount
of rhPDGF-BB released from the coated sutures in vitro plotted on a semilogarithmic scale. The amounts released in vitro were

normalized by the length of the suture (ng/cm).
rhPDGF-BB: recombinant human platelet-derived growth factor-BB.

Results
In vitro release of rhPDGF-BB

The amount of thPDGF-BB released at each time point was
normalized by the length of the suture (ng/cm) (Figure 1).
The amount of thPDGF-BB detected in the elution buffer of
Group 1 (vehicle control) sutures was at the lower limit of
detection for the assay. A dose-dependent bolus release of
rhPDGF-BB from the sutures was observed after the first
hour of incubation (Figure 1(a)). The initial bolus was fol-
lowed by a continuous, gradual release of rhPDGF-BB
through the 48-h time point. The cumulative amount of
rhPDGF-BB released over the 48-h incubation was dose-
dependent, with more rhPDGF-BB released with higher ini-
tial dip-coating concentrations (Figure 1(b)). Group 4 was
significantly increased (p < 0.001) relative to Groups 2 and
3. Groups 2 and 3 were also significantly different from each
other (p < 0.05). The cumulative amount of rhPDGF-BB
released (Y, ng/cm) was proportional (2 = 0.9575) to the ini-
tial coating concentration (X, mg/mL) by the following equa-
tion: Y'=126.47 x X171, The rhPDGF-BB released from the
sutures coated with 10 mg/mL retained 71.8% =+ 3.6% of its
bioactivity compared to the thPDGF-BB coating solution, as
measured in an in vitro proliferation assay. The concentra-
tions of thPDGF-BB released from the 0.3 and 1.0 mg/mL
groups were too low to be tested in this bioactivity assay.

Surgical and observations

All animals responded well to the surgery, with the excep-
tion of one animal in Group 3 that died overnight following

surgery secondary to complications from anesthesia. The
length of suture used for the repair was consistent among
groups (Group 1: 4.8 £ 0.5 cm, Group 2: 4.7 £ 0.7 cm,
Group 3: 4.8 £ 0.3 cm, and Group 4: 4.8 £ 0.5 cm;
p =0.94). Based on the cumulative amount of hPDGF-BB
released in vitro and the lengths of suture, the in vivo doses
for each group were calculated to be as follows: Group
1: 0 ng, Group 2: 66.0 = 61.2 ng, Group 3: 602.5 + 190.9
ng, and Group 4: 31,342.6 + 6774.5 ng. Similar to the
cumulative amount of thPDGF-BB released, the in vivo
dose delivered (Y, ng) was proportional (72 = 0.9859) to the
initial coating concentration (X, mg/mL) by the following
equation: Y= 1571.48 x X1.732,

Biomechanics

The specimens used for biomechanical analysis were dis-
tributed as follows: n =7 (Groups 1-3) and n = 6 (Group 4).
No significant differences in the structural properties of the
repaired tendons (maximum load and stiffness) were
observed (Table 2). However, the mean values for the ulti-
mate load (p = 0.16) and stiffness (p = 0.21) were consist-
ently higher in the groups receiving rhPDGF-BB (Groups
2-4), relative to the control group (Group 1). A significant
decrease (p < 0.01) in the CSA was observed in Group 4
compared to Groups 1 and 2 (Table 2). The CSA was also
significantly decreased (p < 0.01) in Group 3 relative to
Group 2. The decrease in CSA resulted in significant differ-
ences in the material properties of the repaired tendons (i.e.
ultimate strength and elastic modulus) (Table 2). There was
a significant increase (p < 0.001) in the ultimate tensile
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Table 2. Tensile biomechanical properties of repaired Achilles tendons

Group Maximum load (N) Stiffness (N/mm) Ultimate strength (MPa) Modulus (MPa) CSA (cm?)

| 22.1 £48 67+10 1.0+£0.2 35+£09 0.21 £0.03
2 31.6 £9.3 89+2.1 14+£03 44+1.0 0.23 £ 0.04
3 28.0+9.38 8.1+£25 1.9 £0.52 4919 0.17 £ 0.02°
4 275+ 43 79+ 1.7 2.1 £0.5¢ 7.2 + 3.8 0.14 + 0.05¢

2p < 0.001 compared to Group |.

5 < 0.01 compared to Group 2.

0 <0.0l compared to Groups | and 2.
dp <0.001 compared to all other groups.
CSA: cross-sectional area.

Table 3. Histology scores

Group Collagen organization Angiogenesis
| 1.6 (1.2-2.0) 1.3 (1.0-1.5)
2 1.0 (0.5-1.7) 1.3 (1.0-1.8)
3 0.8 (0.7-0.8) 1.0 (0.8-1.3)
4 1.0 (0.8-1.5) 1.7 (1.3-1.8)

Figure 2. Representative polarized light microscopy images showing collagen organization in the repaired regions of the tendons
for (a) Group 1, (b) Group 2, (c) Group 3, and (d) Group 4. Bright exposure under polarized light indicates collagen that is highly
aligned along the direction of loading, while areas of darker exposure (arrows) indicate regions of decreased collagen organization/
alignment. (b—d) A trend for increased collagen organization (decreased observations of unorganized tissue) was observed in the

rhPDGF-BB-treated groups (scale bar = 500 pm).
rhPDGF-BB: recombinant human platelet-derived growth factor-BB.

strength in Group 4 relative to Groups 1 and 2 and in Group
3 (1.9 £ 0.5 MPa) compared to Group 1. The elastic modu-
lus was significantly increased (p = 0.031) in Group 4 com-
pared to all the other groups. Groups 1-3 were not
statistically different from each other.

Histology

Histology was performed on four animals from each group
(except Group 3, in which n = 3). There was a trend for
improved collagen organization in the rhPDGF-BB-treated
groups (p = 0.054), with lower median scores (Table 3 and
Figure 2) in the tendons in which rhPDGF-BB-coated

sutures were used. Lower median scores were associated
with more aligned collagen fibers. The median angiogene-
sis score was increased in the highest hPDGF-BB dose
group (Table 3), suggesting increased vascularity; however,
this increase did not reach significance (p = 0.123).

Discussion

The purpose of the current study was to examine the release
kinetics of rhPDGF-BB-coated Vicryl sutures and the effect
of these coated sutures on tendon repair in a rat Achilles
tendon transection model. Our findings indicate that
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rhPDGF-BB can be successfully coated on Vicryl sutures
to specific dosing tolerances without the use of excipients,
such as gelatin. In addition, dose-dependent decrease in the
CSA and increase in the material properties of Achilles ten-
dons repaired with rhPDGF-BB-coated sutures suggest that
rhPDGF-BB may be effective at modulating the healing
response of torn Achilles tendons.

Quantification of rhPDGF-BB coated on the sutures is
of critical importance in order to determine the efficacious
dose for tendon healing and thus produce a precise thera-
peutic effect. Our findings indicate that the amount of rhP-
DGF-BB coated on the sutures was proportional to the
initial coating concentration, allowing consistent doses to
be delivered in vivo. Increasing initial thPDGF-BB concen-
trations resulted in more rhPDGF-BB being coated on the
suture material over the range of initial concentrations used
in this study (0.3, 1.0, and 10.0 mg/mL). While a theoretical
saturation limit would be expected, 10 mg/mL is the maxi-
mum feasible concentration of thPDGF-BB in solution, so
the initial concentration required to reach this saturation
limit is unknown. An initial bolus release of the rhPDGF-
BB was observed followed by a continuous, gradual release
of thPDGF-BB over a 48-h window, which is consistent
with the release of thPDGF-BB from FiberWire sutures
coated with gelatin as reported previously by Uggen et al.2*
Moreover, the rhPDGF-BB released from the sutures
retained approximately 70% of its bioactivity during this
time frame. While the in vitro release was used to estimate
the in vivo dose, the actual amount and time course of
release were not determined in vivo. The half-life of
rhPDGF-BB in vivo has been shown to be less than 1 h in
the systemic circulation, suggesting that there would not be
a systemic effect of locally delivered thPDGF-BB. Even
with the fast systemic clearance, the local tissue concentra-
tions of thPDGF-BB likely remain elevated for a longer
period of time due to the regulation of PDGF-BB clearance
by a,-macroglobulin and the binding of PDGF-BB to extra-
cellular matrix proteins.’?34 An elevated local concentra-
tion would influence the proliferative phase of the
tendon-healing cascade by increasing migration and prolif-
eration (both mechanisms of action of PDGF-BB) of teno-
cytes and progenitor cells, resulting in an increased number
of cells available to impact the later phases of tendon repair
and remodeling. Further characterization of the in vivo
pharmacokinetic release profile will help to elucidate, in an
even more precise manner, the in vivo parameters required
for optimum rhPDGF-BB efficacy. Moreover, the outcome
data further suggest that thPDGF-BB can be coated repro-
ducibly on Vicryl sutures without additional coating excipi-
ents (e.g. gelatin) in doses necessary to improve tendon
healing.

The primary goal of repairing ruptured tendons is to
restore the structure and mechanical function of the injured
tissue. The structural properties (maximum load and stiff-
ness), which indicate the overall ability of the tendon to

support a load, were increased, on average, following
rhPDGF-BB treatment; however, the increase did not reach
statistical significance (p = 0.16 and 0.21). Significantly
increased material properties (ultimate strength and elastic
modulus), which are a measure of the quality of the tissue,
were observed with the highest dose of rhPDGF-BB. The
dose-dependent increase in material properties but not
structural properties is likely to be a result of the significant
decrease in CSA. Consequently, improvements in the mate-
rial properties are indicative of improved remodeling and
reorganization of tendon repaired with highest dose of
rhPDGF-BB. While the use of noncontact measures of
sample dimensions may potentially improve measurement
accuracy, the use of contact method (calipers) have been
used previously in this model?$-30 and did not interfere with
the detection of statistical significance in the CSA at the
midsegment of the specimens.

Our results indicate that the histological collagen and
angiogenesis scores were comparable in all groups,
although there was a trend for improved collagen organiza-
tion in the thPDGF-BB-treated groups (p = 0.054). Previous
studies have indicated that a sample size of four animals
was sufficient to observe significant differences in the his-
tological outcomes measured here.283! Additional meas-
ures, such as fibroblast density, collagen cross-linking, or
collagen fibril diameter, may also impact the mechanical
properties; however, those measurements were beyond the
scope of this study. Although the histological scores did not
reach statistical significance in this study, the overall trend
of the histological outcomes, combined with the decrease
in CSA and increase in material properties, suggests that
the highest dose of rhPDGF-BB promoted improved
remodeling relative to the tendons repaired with control
suture. As such, these results provide a compelling indica-
tion that rhPDGF-BB improves the remodeling of torn
Achilles tendons when the growth factor is delivered locally
coated on sutures.

Previous studies have shown that hPDGF-BB can suc-
cessfully promote tendon healing, including improving the
mechanical function, collagen organization, and vascular-
ity.18:20-25 In addition to investigating different injury mod-
els, including tendon-to-bone (i.e. sheep rotator cuff) and
tendon-to-tendon (i.e. canine flexor tendons), these previ-
ous studies have looked at a variety of delivery systems
and dosages. However, despite the differences in the injury
models, dosages, and delivery systems, the results of the
current study are consistent with those found previously.
For instance, in a series of studies that used a fibrin matrix
to deliver thPDGF-BB to a flexor tendon, 8:21-22 the authors
noted improvements in the functional properties (e.g. joint
rotation and excursion) and the histological appearance
(e.g. fibroblast density, type I collagen, and collagen cross-
linking). Although the functional properties of the tendon
were improved, the tensile properties were not increased in
these prior studies. This may be due to the mechanical
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function of the specific tendons being investigated or dif-
ferences in the dosage of thPDGF-BB (100 ng) used as
compared to other studies investigating tendon healing.
Including the current study, the efficacious dose that
improves the tensile properties has ranged from 1000 ng in
a rat patellar tendon defect?® to 12—150 ug in a sheep rota-
tor cuff model.2*?> The differences in magnitude between
the rat and the sheep may also be due to the size of the
animal being studied. Conversely, a high dose of rhPDGF-
BB (500 pg) was shown to be less efficacious at improving
the mechanical properties than lower doses (75 and 150
pg) and no different than control repairs in the sheep rota-
tor cuff model.? Such a biphasic phenomenon was not
observed in this study, reinforcing that the doses delivered
using the coated sutures were sufficient for improving ten-
don repair without applying too high of a dose. Another
result of using thPDGF-BB in tendon repair models is
improvement of the morphological properties of the ten-
don, such as collagen content, collagen alignment, colla-
gen cross-linking, and vascularity. Previous studies
consistently demonstrated improvements in these
areas,!$:20-25 which is consistent with the overall trend of
the histological outcomes demonstrated in this study.
Taken together, the results of this study demonstrate that
coated sutures are a practical method of delivering thera-
peutic doses of hPDGF-BB in tendon repair applications.

The rat model for studying Achilles tendon repair is well
established in the orthopedic literature.26-28:30.31.35.36 Ag with
any animal model, there are some limitations in this study
that preclude direct extrapolation of thPDGF-BB-coated
sutures directly to use in the clinical setting. In smaller ani-
mals, the mechanical loading requirements are not as rigor-
ous as they are in humans, which is reflected in the size and
type of suture that was used. In this study, a 4-0 degradable
Vicryl suture was coated with rhPDGF-BB which does not
match the clinical use of nondegradable reinforced sutures
that provide mechanical stability. Preliminary studies dem-
onstrated that higher doses of hPDGF-BB could be coated
onto degradable sutures as compared to nondegradable
sutures when no additional excipients were used. Gelatin
was required to coat appreciable amounts of rhPDGF-BB
on #2 FiberWire sutures (1730.8 + 338.2 ng/cm with gela-
tin vs 56.8 + 14.4 ng/cm without gelatin), whereas suffi-
cient amounts of thPDGF-BB could be coated on 4-0 Vicryl
sutures (1100.1 £+ 57.0 ng/cm with gelatin vs 703.2 + 138.65
ng/cm without gelatin). While the sutures used here are not
typical for Achilles tendon repair in the clinic, this study
does underscore the fact that delivery of rhPDGF-BB is
possible using coated sutures and is able to augment the
biological repair of the rat Achilles tendon, even without
the additional support that would be provided by nonde-
gradable sutures. In addition to differences in mechanical
loading requirements, the ability to control the post-repair
loading is not consistent with the human condition, where
different regimens of casting/bracing and physical therapy

can be prescribed. The inability to control post-repair load-
ing in this model creates a challenging environment for
repair that would be analogous to a noncompliant patient,
which can present clinical challenges that are difficult to
overcome with standard repair. Furthermore, there are dif-
ferences between the acute laceration model used in this
study and the clinical presentation of tendon ruptures.
Namely, the degenerative process that precedes rupture in
the clinic? is not observed in this model. While repair of an
acutely lacerated tendon may not be indicative of the
degenerated condition, this model is still useful for evaluat-
ing the role of growth factors in tendon healing and repair.
One limitation in this study is that a time course of healing
was not investigated. A single time point of 4 weeks was
chosen to evaluate the effect of thPDGF-BB on tendon
properties, as 4 weeks has been used previously in the rat
Achilles tendon transection model to demonstrate the effi-
cacy of growth factors or cell therapies on the biomechani-
cal properties of the repaired tendons.2630-35 While
additional time points will help assess the rate of healing
using this model, the current study was used to identify a
specific dose that is capable of modulating the healing
response of an Achilles transection. Future studies will
examine the effect of hPDGF-BB on the rate of repair.

In conclusion, to our knowledge, this is the first study to
report on rhPDGF-BB-coated sutures as a therapy for
improving the material properties of healing rat Achilles
tendon in a dose-dependent manner. Continued progression
with thPDGF-BB-coated sutures in animal studies, such as
in the ovine rotator cuff repair model evaluated by Uggen
et al.?*, may be an antecedent step to human applications
for improving, and potentially accelerating, healing follow-
ing tendon injury. The results of this study suggest that
rhPDGF-BB-coated sutures improve tendon remodeling
and increase function at 4 weeks following tendon repair in
a rat Achilles tendon model. Recombinant human growth
factors, such as thPDGF-BB, have made a beneficial impact
in clinical care3’3° and new methods for their delivery are
likely to grow with the ever increasing supply of biomateri-
als for improved wound repair and delivery.
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