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Abstract

Purpose: To investigate the use of kartogenin (KGN) in augmenting healing of the repaired
enthesis after rotator cuff repair in a murine model.

Methods: Seventy-two C57BL/6 wild-type mice underwent unilateral detachment and
transosseous repair of the supraspinatus tendon augmented with either fibrin sealant (control
group; n = 36) or fibrin sealant containing 100 umol/L of KGN (experimental group; n = 36)
applied at the repair site. Postoperatively, mice were allowed free cage activity without
immobilization. Mice were humanely Killed at 2 and 4 weeks postoperatively. Repair site integrity
was evaluated histologically through fibrocartilage formation and collagen fiber organization and
biomechanically through load-to-failure testing of the supraspinatus tendon—bone construct.

Results: At 2 weeks, no differences were noted in percent area of fibrocartilage, collagen
organization, or ultimate strength between groups. At 4 weeks, superior collagen fiber
organization (based on collagen birefringence [17.3 + 2.0 vs 7.0 + 6.5 integrated density/um?; P
<.01]) and higher ultimate failure loads (3.5 £ 0.6 N vs 2.3 + 1.1N; P=.04) were seen in the
KGN group. The percent area of fibrocartilage (13.2 £ 8.4% vs 4.4 + 5.4%;P = .04) was higher in
the control group compared with the KGN group.

Conclusions: Rotator cuff repair augmentation with KGN improved the collagen fiber
organization and biomechanical strength of the tendon—»bone interface at 4 weeks in a murine
model.

Clinical Relevance: These findings have implications for improving the structural integrity of
the repaired enthesis and potentially reducing the retear rate after rotator cuff repair, which can
ultimately lead to improvements in clinical outcomes.

The healing of the surgically repaired rotator cuff tendon to the bone remains one of the
biggest challenges in orthopaedics, with reported retearing or nonhealing rates of 10% to
28% for medium to large tears.! This is in part due to the inability of natural physiologic
healing to recreate the transitional 4-zone interface of the native fibrocartilaginous enthesis.
Rather, the tendon heals to bone through a fibrovascular scar tissue, which has inferior
biomechanical properties compared with the native enthesis, making the construct
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susceptible to failure.23 The native enthesis is divided into 4 zones with increasing stiffness:
tendon, nonmineralized fibrocartilage, mineralized fibrocartilage, and bone. Dissipation of
force is achieved effectively through this gradual transition from tendon to fibrocartilage to
bone.4

Attempts to regenerate the zonal structure of this native fibrocartilaginous enthesis, either
with graded scaffolds, bioactive agents, and stem cells, has thus far been met with limited
success.® Kartogenin (KGN), a small synthetic heterocyclic compound (Fig 1), has been
reported to induce chondrogenic differentiation of mesenchymal stem cells and tendon stem
cells.87: The chondrogenesis induction properties of KGN have been investigated as a
potential chondroprotective therapy for osteoarthritis®:8 and as a supplement to microfracture
for the treatment of full-thickness cartilage defects.® Recently, Wang et al.”1011 have
studied the use of KGN, in combination with platelet-rich plasma (PRP), to facilitate
fibrocartilage formation at the interface between tendon and bone, in an attempt to recreate
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the fibrocartilage zones of the native enthesis. In their studies, KGN treatment enhanced
production of collagens | and Il and increased expression of Sox-9 and scleraxis, consistent
with the formation of fibrocartilage-like tissue.10 Additionally, KGN treatment resulted in
more organized collagen fibers and chondrocytes at the tissue interface, and KGN-treated
tendon—bone constructs demonstrated greater mean ultimate strengths compared with
saline control.”-10 However, whether KGN can promote the formation of fibrocartilage-like
tissue and/or improve the organization of collagen fibers within a healing rotator cuff tendon
after its surgical repair is unknown. Augmentation of rotator cuff healing to generate a
biomechanically stronger tendon-to-bone interface could result in substantial improvements
in the functional outcomes of rotator cuff repair.1?

The purpose of this study was to investigate the use of KGN in augmenting the healing of
the repaired enthesis after rotator cuff repair in a murine model. The hypothesis was that
KGN-treated animals would exhibit increased fibrocartilage formation, superior collagen
fiber organization, and consequently, increased ultimate loads during biomechanical testing.

Study Overview

This study was approved by the Institutional Animal Care and Use Committee. A rotator
cuff repair murine model was used. Each animal underwent unilateral detachment and
transosseus repair of the supraspinatus tendon augmented with either fibrin sealant (control
group; n = 36) or fibrin sealant containing KGN (experimental group; n = 36) applied at the
tendon—bone repair site. Prior work has demonstrated that fibrin sealant itself does not
improve tendon—bone healing in a rodent model of supraspinatus repairl3; therefore, an
untreated control group was not studied. The dependent variables were histologic measures
of cellularity, fibrocartilage formation, and collagen fibril organization, as well as
biomechanical tensile load-to-failure testing. Animals were humanely killed at 2 and 4
weeks for histologic and biomechanical analysis (Fig 2).

Preparation of KGN Beads

KGN (Sigma-Aldrich, St. Louis, Missouri) was dissolved in dimethyl sulfoxide (DMSO) at
15 pg/uL and added to fibrin sealant (Evicel Fibrin Sealant, Ethicon, Somerville, New
Jersey) to obtain a final working concentration of 100 umol/L KGN, a concentration used in
prior studies.19 Therefore, each 7 uL of fibrin sealant bead contained 0.224 pg of KGN and
0.002 pL of DMSO. Similarly, control beads containing only DMSO and fibrin sealant were
also prepared such that each bead contained an identical amount of DMSO present in each
KGN bead (0.03% DMSO).

Surgical Procedure

Seventy-two skeletally mature (12 weeks old) male C57BL/6 wild-type mice (weight, 25-30
g) were used. A unilateral supraspinatus repair was performed using a previously described
techniques.1* Briefly, after skin incision, the acromion was identified and elevated with a
small hook. The deltoid was minimally detached to expose the rotator cuff tendons. The
supraspinatus was isolated with an angled micro Adson forceps, and a 6-0 Prolene double-
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armed suture (Ethicon) was placed through the supraspinatus tendon using a modified
Kessler stitch. The supraspinatus was then detached from its footprint on the humeral head,
and the footprint was gently abraded using a scalpel. Two transosseous drill holes were
created using a 30-G needle in a crossing configuration, one starting from the anterior aspect
of the footprint and exiting the posterolateral cortex and other starting from the posterior
aspect of the footprint and exiting the anterolateral cortex. The sutures limbs were then
shuttled through each corresponding tunnel. Before tendon reattachment, fibrin sealant/
DMSO (control group) or KGN suspended in fibrin sealant/DMSO (experimental group)
was applied to the tendon—bone interface. The fibrin sealant bead was then secured and the
tendon approximated by tying the sutures over the proximal humeral cortical bridge. The
wounds were closed in a layered fashion. Postoperatively, animals were recovered with
subcutaneous analgesic administration (buprenorphine, 0.05 mg/kg) and ad libitum cage
activity.

In Vitro KGN Release

To quantify KGN release from the fibrin beads, KGN-fibrin gels (1 pg/uL) containing 250
mg KGN dissolved in 16.7 uL DMSO were prepared and suspended in 233.3 pL fibrin
sealant. The gels were incubated in 0.5 mL phosphate-buffered saline (PBS) with 10% fetal
bovine serum (FBS) at 37° C with continuous rotation using a micro-hybridization incubator
for 7 days. The PBS solution was removed and replaced with fresh solution daily. Proteins
were precipitated from the aliquoted PBS solutions with 1.5 mL acetonitrile, and the daily
amount of KGN released from the gels was determined using liquid chromatography-mass
spectrometry-mass spectrometry (Agilent Technologies, Santa Clara, California). The liquid
chromatography method was a 2 mobile phase gradient (A = 0.1% formic acid in water; B =
0.1% formic acid in acetonitrile; solvents used were liquid chromatography/mass
spectrometry grade and water was freshly drawn from a Milli-Q Integral system [Sigma-
Aldrich]). The mobile phase ratio was 50:50 (A:B) for 1 minute and then 10:90 for 0.75
minute (total run time of 1.75 minutes); the injection volume was 1.0 L, the column
temperature was 40° C, and the flow rate was 0.6 mL/min. Concentrations for KGN release
were calculated based on a KGN standard from 2 to 1000 nmol/L. This release experiment
was performed 3 times with daily samples measured in triplicate.

Histologic Analysis

Eight animals in each experimental group were allocated for histologic analysis. Tissue
specimens were fixed in 10% neutralbuffered formalin for 48 hours and then decalcified in
Immunocal (Decal Chemical, Tall-man, New York) for 24 hours. The tissues were then
dehydrated, embedded in paraffin, and cut in 5-um-thick sections in the coronal plane
through the greater tuberosity and supraspinatus tendon. Serial sections were stained with
hematoxylin and eosin, Alcian blue, and picrosirius red. Histologic sections were examined
using light and polarized light microscopy (Eclipse E800, Nikon, Melville, New York) using
a 10 x objective, and digital images of the stained tissue sections were taken using a SPOT
RT camera (Diagnostic Instruments, Sterling Heights, Michigan). The illumination and
detection parameters of the microscope were kept constant between specimens to allow for
direct comparisons.
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Semiquantitative analyses for cell density, fibrocartilage area, and collagen fiber
organization were performed using computerized image analysis with ImageJ software
(National Institutes of Health, Bethesda, Maryland) within a standardized region of interest
(e.g., repaired enthesis). Cell density was quantified using manual thresholding with ImageJ
and conversion of hematoxylin and eosin images to binary. Particle analysis was then
performed to count the cells with the specific area. Percentage of fibrocartilage area at the
repair site was identified with Alcian blue staining. First, the region of interest was manually
outlined using ImageJ. Then, the percentage of Alcian blue—positive area within the
outlined region of interested was calculated using a threshold of 0/120 in the red color
channel.

Collagen fibril organization was evaluated with picrosirius red staining, and sections were
illuminated with monochromatic polarized light. Bidirectional analysis was performed using
a custom-made stage rotator. Photographs were taken of the repaired enthesis at 0° (defined
as the position where the long axis of the humerus is horizontal) and 45° of rotation. Mean
signal intensity (brightness (AB) was quantified in gray scale for each of the 2 positions, and
the change in brightness (AB) was measured by integrated density per micrometer squared
was calculated. A higher ag indicates superior collagen fiber organization.1® All
histomorpho-metric analyses were performed in a blinded fashion by 2 independent
reviewers (Y.N., S.W.). The intraclass correlation coefficient (2,1) between the 2 reviewers
was 0.81, 0.91, and 0.62 for cellularity, fibrocartilage, and collagen fiber organization
analysis, respectively.

Biomechanical Testing

Ten animals in each experimental group were assigned to biomechanical testing to determine
ultimate load and stiffness of the tendon—bone construct. At the 2-and 4-week intervals, the
mice were humanely killed, and the supraspinatus—humerus construct was carefully
harvested and stored at —80°C. Before testing, the specimens were thawed at room
temperature and all soft tissue was dissected, preserving only the supraspinatus muscle—
tendon—humerus construct. Additionally, all suture was removed. The humerus was potted
in Bondo Filler (3M, St. Paul, Minnesota) in 2-mL tubes. Specimens were then mounted into
a custom-designed materials testing system that allowed for uniaxial tensile loading at a 60°
abduction angle. The tendons were first preconditioned for 3 cycles between 0.0 and 0.1 N
and then loaded to failure at a rate of 1 mm/min. The ultimate load was recorded, and
stiffness was calculated from the linear portion of the load—deformation curve. The site of
failure (pullout from tendon—bone interface or tendon midsubstance) was also recorded.

Statistical Analysis

Previously published results on biomechanical testing of tendon attachment strength in
similar rotator cuff repair rodent models were used for a power analysis.18-17 With those
estimates, an a priori power analysis demonstrated that a sample size of 10 animals per
group achieved 80% power to detect estimated effect sizes of 20% between 2 groups with 2-
sided hypothesis testing. All data are presented as mean value + standard deviation of at
least 3 replicates. The independent samples Student #test was used to compare results
between groups at each time point. Significance was set at P <.05.
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All animals tolerated the surgical procedure. There were no perioperative complications.
Animals in both groups resumed normal forelimb function and gait after recovery from
anesthesia with no noticeable differences between the groups. There were no gross failures
at the supraspinatus—greater tuberosity repair site in any of the 2-and 4-week specimens.

In Vitro KGN Release

Within the first 24 and 72 hours, 16 + 2% and 22 + 2% of the total KGN in the KGN—fibrin
gel was released into the PBS-FBS solution, respectively (Fig 3). At 4 days, KGN release
had plateaued, with 24 + 2% of the total KGN dose released into the PBS-FBS solution.

Histomorphometric Analysis

At 2 weeks, hematoxylin and eosin staining demonstrated poorly organized, highly cellular,
fibrovascular granulation tissue at the supraspinatus tendon—bone interface in both groups.
Mean cell density was higher in the control group (6,304 + 800 cells/mm?) than the KGN
group (5,362 + 663 cells/mm?2) at 2 weeks (P=.04). At 4 weeks, remodeling of the initial
granulation tissue had occurred, with areas of direct tendon—bone contact through a
fibrovascular scar. In both groups, the interface remained highly cellular with new
chondrocytes being more prevalent; however, they were not organized in any specific
pattern. Mean cell density remained higher in the control group (6,266 + 848 cells/mm?2)
compared with the KGN group (5,170 + 594 cellssmm?) at 4 weeks (P =.02).

There was no difference in the mean percentage of Alcian blue—positive areas of
fibrocartilage within the tendon—bone interface between the control group (7.0 £ 9.7%) and
the KGN group (5.1 + 10.9%) at 2 weeks (P=.74). However, at 4 weeks, the mean percent
area of fibrocartilage at the tendon—bone interface was higher in the control group (13.2

+ 8.4%) than the KGN group (4.4 + 5.4%; P = .04; Fig 4). The change in percentage of
Alcian blue—positive areas from 2 to 4 weeks was not significant in either group.

There were no differences in collagen birefringence (AB) in the control group (12.9 + 7.2
integrated density/um?) compared with the KGN group (8.8 + 3.6 integrated density/um?) at
2 weeks (P=.24). In contrast, collagen birefringence was significantly higher in the KGN
group (17.3 £ 2.0 integrated density/um?) compared with the control group at 4 weeks (7.0
+ 6.5 integrated density/um?; P< .01), indicating significantly more organized collagen
fibers at the healing enthesis (Fig 5). The change in collagen birefringence from 2 to 4
weeks was significant in the KGN group (P =.01), but not in the control group (P =.14).

Biomechanical Testing

At 2 weeks, there was no difference in the mean ultimate load between the control group
(1.7 £ 1.1 N) and the KGN group (1.4 £ 0.3 N; P =.27). At 4 weeks, the mean ultimate load
of the control group (2.3 £ 1.1 N) was significantly lower than the mean ultimate load of the
KGN group (3.5 + 0.6 N; £ =.04; Fig 6). There were no differences in the mean stiffness
between groups at 2 weeks (control group, 1.1 £ 0.34 N/mm; KGN group, 1.3 + 0.3 N/mm;
P =.35) and 4 weeks (control group, 1.6 £ 1.0 N/mm; KGN group, 1.2 + 0.3 N/mm; P =.
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25). All specimens (n = 40) failed at the tendon—bone attachment site during load-to-failure
testing.

Discussion

The principal findings of this study were that KGN-fibrin beads applied to the tendon—bone
interface in a murine model of rotator cuff repair resulted in an improvement in collagen
fibril organization and biomechanical strength of the repaired enthesis at 4 weeks. Combined
with the finding of lower cellularity, our data suggest that KGN leads to a more mature
connective tissue microstructure at the healing enthesis.

Our results demonstrating enhanced collagen organization and superior biomechanical
strength in KGN-treated tendon repairs are consistent with the results of 2 recent studies
using KGN-PRP injection.10:11 Zhou et al.11 compared the effects of KGN-PRP, PRP alone,
or saline injection on tendon—bone healing within a bone tunnel in rats. At 8 weeks, the
authors reported significantly higher pull-out strengths of the tendon graft from the bone
tunnel in the KGN-PRP group compared with the PRP and saline control groups. Similarly,
Zhang et al.1% compared the effects of KGN-PRP, PRP, and saline injection on healing in an
Achilles punch biopsy rat model, and reported well-organized collagen fibers and mature
chondrocytes aligning with the fibers at tendon—bone interface in the animals treated with
KGN-PRP injection. The PRP and saline-treated tendons demonstrated less-organized
collagen fibers and a lack of chondrocytes. Moreover, the KGN-PRP—treated tendons
demonstrated a greater mean ultimate tensile strength compared with the salinetreated
tendons, consistent with the observation of persistent gaps in the wounds of the control
tendons. Despite the lack of augmentation of cartilage-like tissue formation observed in our
study, KGN treatment still seemed to enhance the formation and organization of collagen
fibrils at the healing enthesis, which corresponds with its greater ultimate strength observed
during mechanical testing.

The underlying cellular and molecular mechanism for the collagen structure-modifying
effect in the surgically repaired tendon is unknown. This effect may be mediated through the
CBFR-RUNX1 pathway or transforming growth factor-g/bone morphogenetic protein
signaling,87:18 and warrants further investigation. Insight into this mechanism will help to
optimize its delivery into the areas of the healing enthesis where the therapy is most needed.
Of note, in their studies, Wang et al.10.11 discuss that their rationale for using a combination
treatment of PRP and KGN relates to the numerous growth factors contained in PRP, along
with the role of PRP gel as a carrier for KGN. PRP has been shown to stimulate cell
proliferation, collagen production, and tenocyte differentiation of tendon stem cells, thereby
improving the remodeling of collagen fibrils of injured tendons.19-22 However, the authors
did not investigate the effect of KGN alone in their studies, and whether a synergistic effect
of PRP and KGN contributes to tendon-to-bone healing remains unknown.

Contrary to our hypothesis, we did not find more fibrocartilage formation in KGN-treated
repairs, in contrast with results from other studies that describe the prochondrogenic effects
of KGN in healing tendons. Zhang and Wang’ reported that KGN stimulates the
proliferation and chondrogenic differentiation of bone marrow and tendon progenitor cells,
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as demonstrated by increased gene expression of aggrecan, collagen 11, and Sox-9, as well as
increased protein expression of proteoglycans, collagen I, and osteocalcin in cell culture.
Additionally, in a biopsy punch injury model of the rat Achilles enthesis, injection of KGN
induced formation of cartilage-like tissue in the wound, whereas injection of saline
demonstrated no such response. A further study examined the effect of combined KGN and
PRP injection in the same animal model and similarly reported histologic evidence of
fibrocartilage formation in the wound.® Immunohistochemical analysis showed abundant
production of collagens | and Il and increased expression of Sox-9 and scleraxis in KGN-
PRP—treated tendons, confirming the formation of fibrocartilage, whereas a lower
expression level of these fibrocartilage markers was found in the PRP and saline-treated
tendons.

The chondrogenesis inductive properties of KGN have been used in animal models to mimic
the structural changes seen in overuse tendinopathy,23 augment microfracture for the
treatment of full-thickness cartilage defects,® prevent the progression of osteoar-thritis,5:8
and induce the formation of meniscus-like tissue.24 However, in our study, we found that
KGN-treated animals had a lower percentage of Alcian blue—positive areas (indicating
fibrocartilage formation) within the repaired enthesis compared with controls. There are
several potential reasons for this discrepancy. First, our model differs from the Achilles
punch biopsy model used by Wang et al. in that the supraspinatus tendon was fully
transected at its footprint on the humerus before its transosseous repair. This model
simulates an acute full-thickness supraspinatus tear that, without surgical repair, has little or
no inherent capacity to heal. In a tissue that has a low inherent capacity to heal, an
exogenous progenitor cell source may be needed for KGN to act on to stimulate
chondrogenesis. Conversely, the Achilles tendon has a much greater healing potential,
particularly in rodents,?® owing to its extrasynovial nature where cells from the epitenon and
tendon sheath can migrate and contribute to fibrous tissue formation after injury.3 Therefore,
the application of KGN treatment for an Achilles injury may already be optimized owing to
the abundance of progenitor cells at the repair site. Second, there is evidence to suggest that
the molecular mechanisms by which KGN exerts its therapeutic effects are tissue specific. In
articular cartilage, KGN was found to increase the expression of transforming growth factor-
B Smads (Smad 2/3) while suppressing the bone morphogenetic protein Smads (Smad
1/5/8), thus inhibiting RUNX2. This inhibits the hypertrophy and terminal differentiation of
chondrocytes, which is supportive of the chondroinductive effect of KGN.26:27 However, in
human dermal fibroblasts, KGN increased type I collagen synthesis by activating the Smad
4/5 pathway.18 Further research is needed to delineate the cellular and molecular
mechanisms by which KGN exerts its therapeutic effects, which may differ depending on the
specific tissue type. Third, in our study, KGN treatment resulted in slightly decreased
cellularity at the healing enthesis compared with controls. It is unknown whether KGN has
any inhibitory effects on cell chemotaxis or proliferation. Although we did not attempt to
differentiate between cell types, a resultant decrease in the number of progenitor cells in an
already relatively hypocellular tissue may contribute to the inability of KGN to induce the
formation of cartilage-like tissues. Finally, the mechanical loading environment likely has an
important effect on the actions of KGN, and the local biomechanical forces in the healing
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rotator cuff tendon are likely very different from Achilles tendon or from the intra-articular
environment.

Although KGN treatment did not enhance fibrocartilage tissue formation in this animal
model of rotator cuff repair, it did improve collagen fiber organization at the tendon—bone
interface. The improved collagen fiber organization is likely a reason for the superior failure
load of the healing enthesis, 2829 which validates the use of KGN to augment rotator cuff
repair. Therapies that increase the formation of fibrocartilage tissue within the healing
enthesis without improving the overall matrix organization may not necessarily improve the
biomechanical strength of the tendon repair. Although rodent models generally exhibit more
rapid and complete healing of tissues than the healing that occurs in humans, the use of this
particular rotator cuff repair model allowed us to perform an initial screen of KGN
application and to examine a proof of concept rather than to simulate a clinical scenario.
Additionally, although the effects of a therapy may be more difficult to demonstrate owing to
the rapid-healing of small animal models, our results showed significant improvements in
collagen organization and biomechanical strength with KGN. Much more research is needed
into the cellular and molecular mechanisms by which KGN exerts its effect in various
orthopaedic tissues. Improved understanding of these mechanisms will aid in determining
when, where, and how much KGN to integrate into a therapy intended for enhancing rotator
cuff repair.

There are several limitations to this study. Although there seems to be a dose-dependent
response to KGN,818 most in vivo studies, including this one, have only studied a single
dose. Higher dosages or use of more optimized delivery systems may reveal different effects
of KGN on rotator cuff healing in this specific model. Furthermore, regeneration of the 4
zones of the native enthesis likely requires more than just simple application of KGN at the
surgical repair site. In our study, we continued to observe the generation of a fibrovascular
scar at the tendon—bone junction, which is biomechanically inferior and more prone to
failure compared with the native 4-zone enthesis.30:3! Differential expression of numerous
cytokines, transcription factors, and other signaling molecules at the healing tendon—bone
enthesis that recapitulate the environment present during embryonic development is likely
required to direct cell phenotype and promote the formation of the structure and composition
of the enthesis.2 Mechanical loading is critical to the processes of mineral accumulation,
fibrocartilage formation, and collagen fiber formation that are intimately involved in a
healing enthesis. However, as with most quadrupedal animal models, joint motion and
loading on the healing tendon are difficult to control owing to the inability to reliably
immobilize the extremity or restrict weight bearing.

Conclusions

Rotator cuff repair augmentation with KGN improved the collagen fiber organization and
biomechanical strength of the tendon—bone interface at 4 weeks in a murine model.
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Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Fig 1.
Chemical structure of kartogenin.
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72 C57BL/6 wild-

type mice

L 4

Control group: 36
mice treated with
supraspinatus
tendon repair with
fibrin sealant

A 4

Experimental group: 36
mice treated with
supraspinatus tendon
repair with fibrin sealant
containing KGN

Histologic analysis: 8 mice from each group
Biomechanical testing: 10 mice from each group

2 weeks

Histologic analysis: 8 mice from each group
Biomechanical testing: 10 mice from each group

4 weeks

Fig 2.

Flowchart of experimental protocol with control and kartogenin (KGN) groups.
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Fig 3.

In vitro kartogenin (KGN) release: 16 + 2% and 22 + 2% of the total KGN in the KGN-
fibrin gel was released into the phosphate-buffered saline-fetal bovine serum solution at 24
and 72 hours, respectively.
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Fig 4.

Percentage of Alcian blue-positive areas within the tendon-bone interface for the control and
kartogenin (KGN) groups (original magnification x10). Area outlined by the dotted line
represents the tendon-bone interface. *P =.04.
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2 weeks 4 weeks

1 Control
I KGN

4 weeks

Collagen birefringence at the tendon-bone interface positioned at 0° for control and
kartogenin (KGN) groups (original magnification x 10). Collagen organization was
measured by the change in brightness (AB) in gray scale between 0° and 45° of rotation. *P

<.01.
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Fig 6.
Mean ultimate load at 2 and 4 weeks for the control and kartogenin (KGN) groups. *P =.04.
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