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INTRODUCTION:

Rotator cuff surgery has improved through use tfreuanchors an
understanding mechanical issues related to fixaBavlogical
improvements in tendobene healing in the shoulder represent an
of new focus to augment patient outcome. Lotensity Pulset
Ultrasound (LIPUS) has been shown to have poditielgical effects
on different stages of bone healing, includingiaggnesis
chondrogenesis and osteogenesisl[IRUS increases many aspect:
cell proliferation, protein synthesis, and cytokpreduction which ca
have an in vivo effect [2]. In an intiticular sheep ACL modLIPUS
was shown to increase mechanical streagtthimprove healing ka
notable increase in vascularity and cell@etivity at the tendc-bone
interface [3].

This study examined the effects LIPUS badendo-bone healing
in a clinically relevant extra-articular transosseequivalentovine
rotator cuff model. We hypothesized that LIPW8uld enhance and
hasten tendon-bone healing.

METHODS:

8 adult crosbred wethers (18 months of age) wemndomly
allocated to either the control or LIPUS growfidwing ethics approv.
The infraspinatus tendon was detached from itgtileseinto the greate
tuberosity to expose the footprint and repairedhaitouble row sutui
bridge construct using.5 mm PEEK Corkscrew Suture Anch
(Arthrex, Karlsfeld, Germany)LIPUS treatment was applied daily -
the duration of 20 minutes at the repdtie sintil sacrifice at 4 weel

Tendonbone constructs were harvested and procesr histology,
immunohistochemistry and miaromputed tomograpt(micro-CT).
Histological sections were cut at 5 microns anthsth withH&E for
tissue morphology and cellular constituehtistology was qualitativel
graded for new bone formation, cellular activitha®ey's fibres an
collagen fibre allignment. Immunohistochemysstaining fo protein
expression of VEGF and appropriate controls wafopeed using
routine techniques [4Protein expression was graded according to
staining intensity and cellular distribution.

Intact humeral head — infraspinatus tendumplex was scanne
using a Siemens Inveon mic@F system (Siemens Medical Solutio
USA), with a resultingffective pixel size of 50.88 Scans were
examined using MIMICS software (Mimics 12.0, Maaige, Belgium)
The trans-axial midline of the tead footprint was identified visually k
aid of suture anchors in each sample. Five everdged axial slice
were evaluated for BMD measurement witfive circular regions ¢
interest of each slice. Average BMi&s taken across 5 slict

BMD data was analgzl using SPSS version 17.0 for Windc
(SPSS Inc., USA). T-Test was performed<(p.05)to examine the
effect of LIPUS.

RESULTS:

Micro-CT analysis of volumetric bomiensity at the tend-bone
interface demonstrated an overall increase in BNlthé LIPUS group
(Figure 1).

Histological results showed a thicker regogdmewly formedbone at
the tendon-bone interfagéth increased osteoblast activity along
bone surface in the LIPUteated group compared to the controls.
interface in the LIPUSreated group revealed a continuum betweel
tendon and bone in an interdigitated fashionontrast to the contr
group where discontinuous contact between the teadd bone wa
observed. Structurally, more mature collagen fddignment and les
disorganization was noted in the LIPUS gragpnpared to the conts.

VEGF expression was strongest in the LIRté&ted group with
broader distribution and a higher intensity of figsly stained cells ¢
the tendon bone interfa¢gigure 2).

Bone Mineral Density: Control vs. LIPUS

*p=0.008
1.600-]

S S
=

BMD (g/cmA3)
8
7

1.000

500

T T
Control LPUS
Group

Figure 1. Increase in Bone Mineral Density (p = 0.008) at the tendon-
bone interface was noted between the LIPUS-treated group and control
group at 4 weeks.

Figure 2 VEGF expression at the tendon-bone interface at 4 weeks (10x
objective).

DISCUSSION:

The current study explored the effeaft& IPUS application
following an ovine rotator cuff repairsing a transossec-equivalent
techniquewhich optimizes tendon to bone contact dimensiamsle
providing initial strendi sufficient to withstand immediate wei-
bearing by the sheep postoperativedybiological effect was note
following only a 4 week treatment witHPUS compared to controls.
Micro-CT BMD measurementss well a histological grading revealed
greater ween bone formation in the LIP\-treated group.

LIPUS group alsexpressed stronger VEGF positive sign
including osteoblasts within woven boaed vascular endothal cells,
then the control group. This was confirmed by iases cellula
distiibution as well as staining intensity of the pagly stained cel.

This study is limited by smadhimal numbers and only one tii
point however it confirmsesults from previot in vitro[5] [6] and in
vivo [7] [8] studies suggesting that LIPUmproves tendon-bone
healing by upregulating angiogenic and osteogenic pathw
Furthermore this studyroadens this research into the context of te-
bone healing in a clinically relevant exteticular rotator cuff model.

LIPUS is a simple and nonvasive treatmet that has the potential
to increase the quality of repdallowing rotator cuff surgery.
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