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MASSIVE ROTATOR CUFF TEARS

Pathoanatomy and Pathomechanics:

By definition, involve cuff tears of more than 5 @nd (almost by definition) involve
more than than one tendon. The cuff is comprisddwfmuscles whose tendons form a
histologically confluent sleeve of tissue aroune lumerahead. Most massive tears
involve the supraspinatus tendon and at least tre tendon. Massive isolated
subscapularis tears can occur. Infraspinatus teas, without exception, in
combination with supraspinatus tears.

The cuff acts as a dynamic stabilizer, resistinggandimotion of the humeral head during
contraction of the deltoichuscle. In some massive tears, this force cogglast,

allowing the humeral hedd displace superiorly during contraction of thétad. Thisis
associated with a loss of elevation and, in sorsesawithsuperior shoulder instability.

The supraspinatus is important in theiation of abduction. In cadaveric studies
performed by Thompson et al, loss of supraspinfatostion doubled the force on the
middle deltoid needed to initiate glenohumeral motat low abduction levels. Loss of
supraspinatus function did not significantly aleotion when the arm was abducted
more than 60 degrees. The supraspinatus makes @nhall (14%) contribution to the
overall moment arm for abduction of the shouldEhne infraspinatus and teres minor
contribute 32% while the subscapularis contrib&2%.

When the supraspinatus is not functioning, glenatmalhmotion is still possible if the
remaining rotator cuff is strong enough to comptesshumeral head into the socket,
thereby providing a stable fulcrum for elevatio@urrent thought is that this tends to be
possible when there are balanced “transverse” foooples between the subscapularis
anteriorly and the infraspinatus and teres minatgaorly. If tears of the subscapularis
or infraspinatus do not extend below the equatdhethumeral head, a stable fulcrum
may be maintained. When tears extend below thategbiomechanical
decompensation is likely to ensue.
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Hansen et al have recently shown a substantia¢aserin subscapularis and posterior
cuff forces with arm elevation in cadavera with siated cuff tears. This force is applied
through the smaller cross-sectional area of theaneimg tendons and may predispose to
further tearing. When the balance between thesianand posterior forces is lost,
patients lose motion.

Clinical Evaluation of a Patient with a Massive Cuf Tear

Variable manifestations: No symptoms or nsijanptoms, or they may be completely
disabled and in severe pain. Unpredictable dsfiniboth active and passirange of
motion, rangindgrom little or no deficit to a complete loss of i@etmotion. (See
mechanics above.)

Inconsistent levels of disability.
Physical Examination:

Atrophy of the supraspinatus and infraspinatusaiignts who have had longstanding
lesions.

Passive and active ROM discrepancy. Weaknessducsbn or rotation. Weakness of
greater than 50% relative to the contralateral mdedicative of a large or massive
rotator cuff tear. Patients witomplete loss of rotator cuff function may onlydide to
shrugthe shoulder.

Two distinct anatomic patterns.
Posterosuperior (more common):

Complete tears of the supraspinatus, infraspsatod teresiinor
Often have decreased abduction, forward flexaonl, activeER

Two classic physical findings:

External rotation lag sign: Arm is placed in nmaal ER. Pts with
massive RTC tear will be unable to maintaingha in the
position and the arm will swing toward neut@tiation

Hornblower's sign: Unable to ER the arm to 9@rdes with
arm in abduction. The hornblower’s sign indicade
massive tear of infraspinatus and teres mindraan
re-rupture rate of >50% after surgical repair.




Anterosuperior:

Complete tears of the supraspinatus and subsuapténdonssometimes
with damage or disruption of the long head efdilceps tendon.

Often have decreasabduction and forward flexion and increased passive
external rotation.

Loss ofthe coracoacromial arch combined with anterosupergtability
may lead to escape of the humeral head, a potgrdeastating
clinical situation.

Subscapularis is tested with lift-off test and aindwal compression test.

The lift-off test (Gerber and Krushell): The pati places the dorsum of
the hand against the lumisaine. If he or she can lift the hand off
the back, the subscapulasgunctioning.

Belly press test: When the patient cannot intgrmatate theshoulder
enough to place the hand behind the back, g-pe#isdest can be
used. A belly-press test is considered to béipesalso indicating
loss of subscapularis function) when the patbamnokeep the
wrist straight and the elbow away from the sideenhe or she
presses the palm against the abdomen.

X-Ray: Superior migration of humeral head indicates chordomg-standing, massive tear
and is associated with failures of direct repair.

Acromiohumeral interval: >7 mm: better outcome witpair
<5 mm: two-tendon tear.
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MRI:
Cuff retraction, Superior Migration of Head




Fatty Infiltration/Muscle Atrophy:

Tears withan increased degree of fatty infiltration/muscl®pliyare at high risk for
irreparability. Goutallier et al. us@&il' scans to evaluate fatty infiltration, BdRI T1-
weighted images are thought to be more sensitive.

Goutallier Classification of Fatty Infiltration

Stage 0=completely normal muscle with no fat.

Stage 1=muscle contains some thin fatty streaks.

Stage 2=fatty infiltration is present, but therensre muscle than fat.

Stage 3=equal fat and muscle.

Stage 4=more fat than muscle is present.

Degeneration is graded at the tip of the coracoadgss and at the inferior margin of the
glenoid and the values are averaged to determestéuye.

Fatty degeneration is an important negative progméesctor inrotator cuff surgery and
implies that an associated cuff tendon te@hronic. Fatty atrophyrade 2 or higher is
clinically relevant. The rate of re-rupture is 5tRdegeneration in infraspinatus is stage-
2 or more as opposed to 10% if it is stage-1 . lé$ornblower’s sign had a sensitivity
of 100% and a specificity of 93% for the presentcstage-3 or stage-4 fatty degeneration
of teres minor on CT scan.

Muscular Atrophy (not equal to fatty infiltration):

Measured on oblique scapular MRI image where cadegnod scapular spine meet
scapular body:

Grading scale (Warner et al):
1) No Atrophy: Muscle completely fills its fossa, out®ntour is convex.
2) Minimal Atrophy: Outer contour is flat.
3) Moderate Atrophy: Outer contour is concave.
4) Severe Atrophy: Muscle is barely apparent.

None Mild Moderate Severe

Supraspinatus Atrophy: Strong predictive factopo$toperative re-tearing of rotator cuff
repairs. (Thomazeau et al)



TREATMENT:

Non-Operative Management
Some massive tears can be treated witboigery.

Goal: create "biomechanicaltpmpensated"” function by muscle substitution wih af
theremaining rotator cuff, deltoid, and periscapularseies.

Non-operative treatment includes non-steroidatarfithmmatorymedications, steroid
injections, and local therapeutic modalitieselieve pain. Early restoration of passive
range of motiomnd activity modification are imperative initiall@nce paimelief has
been obtained and the range of motion has beerredspecific strengthening exercises
for the remaining rotator cufdieltoid, and scapular muscles can be started ier ood
recreata stable fulcrum for deltoid function. Strengthepexercisefor the internal and
external rotators of the shoulder shomlclude resistive exercises below chest level
initially. Deltoid strengthening exercises begin with the patientreupnd aréhen
progressed to antigravity positions such as sitimgstanding.

Results of Non-operative Treatment

There have been few specific reports on the outsarheonservative treatmeunit
irreparable tears. In one study, on the non-opearatianagement &f3 patients, Bokor et
al. found that 3®atients had no to slight pain at the time of fellop. Successates
correlated directly with the duration of symptom®pto treatment. Patients with
symptoms for less than 3 monthd better than those who had had symptoms fordong
than émonths. The final result was usually evident aftenonthsof non-operative
management.

Zingg et al found that most patients had mild-toderate pain and maintained
satisfactory shoulder functidar at least 4 years when treated non-operativAlstive
range of motion did not changeer time. Patients witthree-tendon tears showed more
progression of arthritidan those with two-tendon tears. Fouthaf 8 rotator cuff tears
that were graded as reparable attitine of the diagnosis became irreparable at the tim
of final follow-up.

Surgical Management

The surgical management of irreparable rotator aa#fs includea number of
procedures with varying degrees of complexity. Bipescedures include subacromial
débridement and acromioplastith or without partial repairs, open or arthrosicop
repair, patches, tendon transfers, and th@senventional or reverse prostheses. The
choice of procedurgepends on the patient's age, activity level, jstability,and
concomitant arthritic changes.

Subacromial Débridement (Open and Arthroscopic) wit limited acromioplasty,
Partial Repair, Biceps Tenotomy/Tenodesis:

In some cases, subacromial decompression and rotdtalébridemerdlone may

relieve symptoms in patients with a massive teahefrotator cuff.These procedures
have been carried out both arthroscopicatigt through open techniques. An arthroscopic
débridementas the advantage of not violating the deltoidriinse.



Subacromial débridemeistindicated in lower-demand patients whose prirsgngptom
is pain. The best results are in patients who laatigeelevation and control of descent
of the shoulder as weldk glenohumeral stability. Patients in whom a sudrail
injectionrelieves symptoms and improves function may beorgse candidatder this
procedure.

Open

In 1995, Rockwood et aleported decreased pain and improved functionriy-four of
fifty-three shoulders at an average of six andlayearsafter open acromioplasty,
decompression, and rotator cuff débridement. Gemtset al reported similarly favorable
short-term results in another series after openidietment.

Arthroscopic

In a study by Ellman et al., arthroscopic débridetnesulted in pain relief in 19 of 22
shouldersvith an irreparable tear but there was no signifigacreasén strength or the
range of motion.

Burkhart described goqzhin relief and function in 10 of 11 patients whamllundergone
arthroscopic débridement for treatment of a bioraeatallystable irreparable rotator

cuff tear. The goal was to obtain pain relief withéoss of motion of strength. He
postulated that normal function in the face of arepaired cuff tear can occur only if
there is a balance of force couples, one in ther@mplane and the other in the transverse
plane. He felt that this balance depended upofutingional integrity of the anterior cuff,
the posterior cuff, and the deltoid. “In patientsose cuff tears satisfy these anatomic
and biomechanical criteria, the achievement of palief through arthroscopic
debridement and decompression seems to be alkthatessary for normal pain-free
function.”

In later reviews, howevegvijac et al. and Kempf et al. noted substantiaéderationin
pain relief, strength, and functional outcome inrsiperiodof time after arthroscopic
débridement procedures.

Biceps Tenotomy with Arthroscopic Debridement

Klinger et al compared the results of arthroscagbridement in massive, irreparable
rotator cuff tears with and without tenotomy of thag head of the biceps (LHB). No
statistical significance (p>.05) was found betwdentwo groups. Patients with
additional LHB tenotomy had a longer duration o$faperative pain relief but the final
pain score difference was not statistically sigwifit. Additional LHB tenotomy did not
significantly influence the postoperative resuttthe latest follow-up.

In contrast, Boileau et al. reported relief of pairseventy-four of eighty-sevematients

who had undergone a tenotomy of the LHB for thattrent of an irreparable rotator cuff
tear. There was no effect on the range of motrstrengthOne-third of these patients
also had an arthroscopic acromioplasgtlyich clouds the true results of the tenotomy.
They concluded that arthroscopic biceps tenotomyetgectively treat severe pain or
dysfunction caused by an irreparable rotator @#f associated with a biceps lesion. The



procedure was not recommended if the teres minatraphic or absent or if there is
“pseudoparalysis” of the shoulder and/or severatootcuff arthropathy.

Anterosuperior Escape after Debridement

Wiley described 4 cases of superior migration efttbmeral head following a
debridement and bursal decompression. This secouplication may follow
debridement and release of the subacromial sgaxssof the coracoacromial arch is
associated with severe, often untreatable disgpihereforedecompression should
include flattening and shaping of the acromiop@sosed to a true release of the
coracoacromial ligament this patient population

Summary of Debridement for Massive Cuff Tears:

Débridemenis best carried out in elderly low-demand patievith tears for which other
muscles have compensat@dhroscopic techniques aess invasive and do not violate
the deltoid insertion. Débridement does not coasttimprove function in patients with
pain and poor function. Other surgical reconsivecbptions should beonsidered in
younger, more active patients.

In carefully selected patients, cuff debridemert lmited acromioplasty can lead to a
significant decrease in pain and increase in ROMnN acromioplasty is indicated, then
attempt to leave the CA ligament intact and th@mdoplasty should be conservative. An
intact ligament helps prevent superior migratiomomeral head.

The results of debridement may worsen over timepangression of arthritis and to
irreparability may ensue.

SURGICAL REPAIR

Simply closing extensive tear will not suffice tf@phied muscles are not contracting
adequately and if excessive tension is placed emapaired cuff.
- repair of good quality rotator cuff tissueespecially important in achieving an
optimal result.
- repairing attenuated, scarred, frayed, oili@bed cuff tissue contributes to risk of
failure, no matter how well tear closure is peried.

Excessive mobilization could stretch innervatingves beyond their capacities, resulting
in denervation of muscle and thereby defeatingotimpose of the mobilization.

Poor prognostic indicators for open repair:

Factors related to irreparability include largerte&iae, poor quality tissue, profound ER
weakness, superior displacement of the humeral, lrealdMRI evidence of fatty
infiltration and muscle atrophy.

Vad et al found that negative prognostic factorsofpen repair include the presence of
glenohumeral arthritis, decreased passive rangsotibn, superior migration of the
humeral head, presence of atrophy, and exterratioatabduction strength less than 3.



The presence of 3 or more of these negative praigrfastors is correlated with poor
outcomes in the treatment of massive rotator @a#fd.

As mentioned above, Goutallier et al reported @ ohte-rupture is 50% if degeneration
in infraspinatus was stage-2 or more as oppos&8%oif it was stage-1 or less.

Flatow and associates found that there was a streggtive correlation between
increasing muscle degeneration and poorer fundtmuntaomes and strength. Muscle
atrophy and fatty infiltration were actually betpedictors of outcome than tear size or
repair integrity.

OPEN REPAIR:

Technigues of Mobilization and Repair:

Capsular releasesSupraspinatus tendon is closely blended w/ ugioheylcapsule and
synovial tissue of the shoulder.
- this connection can be dividedore the muscle can be advanced.

“Interval slides™:
- coracohumetdigament may be scarred down to the base of thecoat which
keeps the supraspinatus in a retracted position;
- by releasing the rotator interval &imel coracohumeral ligament from the base
of the coracoid may allow up to 1.5 cm of inceetendon excursion;

Open Repair of Massive Cuff Tears: Results

In most studies, smaller tears have had betteomes and lower re-tear rates than larger
tears.

Rokito et al reported on 30 patients with massivié tears treated with open repair. All
patients were satisfied with the result and hadeased strength compared with
preoperatively. There was a significant decreagmin (p < 0.01) and significant
improvements in function (p < 0.01) and range ofioro(p < 0.01). The mean UCLA
shoulder score increased significantly from 12.Bsopreoperatively to 31.0 points at
the most recent follow-up (p < 0.01). Mean peakjtierin flexion, abduction, and
external rotation increased significantly to 80qgest (p < 0.01), 73 percent (p < 0.01),
and 91 percent (p < 0.01), respectively, of thahefuninvolved shoulder by the time of
the most recent follow-up examination.

Gerber et al described the results of 29 massietaiocuff tears.Constant scores
improvedfrom an average of 49 pre-operatively to an avetd§8. Pain-fredlexion
improved from 92 degrees to 142 degrees, and abduatproved from 82legrees to
137 degrees. Pain decreased and perfornwdrasgivities of daily living improved
significantly (p <0.05). Re-tears occurred more often in patientshaabhad a shorter
interval between the onset of the symptomsthadperation (p < 0.05). Patients who
had a re-tear had improvemeithe shoulder compared with the pre-operativie staut



theyhad less improvement than did those who had a ssitdeepair All 17 patients
who had a structurally successfeibair had an excellent clinical outcome.

Failed open repairs:

Jost et al showed that, even when MRI shows aar-#® attempt at rotator cuff repair
significantly decreases pain (p = 0.0026) and ficantly improves function (p =

0.0005) and strength (p = 0.0137). Out of 20 p#diernth a re-tear on MRI, 11 were very
satisfied with the result, six were satisfied, twere disappointed, and one was
dissatisfied These findings suggest that re-mgpshould not be considered a formal
failure after cuff repair if optimal functional reeery is the goal of treatment. However,
fatty degeneration of the supraspinatus and infinasyps muscles, atrophy of the
supraspinatus muscle, and glenohumeral osteo@&@thrdgressed significantly from the
pre-operative state (p < 0.05).

Flatow and associates found that patients witleaestof an open repair had slightly
lower post-operative scores but that the differamas not significantly different from
those in whom the repair was intact. In a latedgtthey indicated that fatty infiltration
and muscle atrophy were better predictors of outctiman the integrity of the repair.

ARTHROSCOPIC REPAIR
Technigues of Mobilization and Repair:

Single and Double Interval Slides
Arthroscopic modifications of the open intervabsli




Margin Convergence

Allows for the partial closure of the rotator catfect along with the proximal
advancement of the posterior cuff.

Results of Arthroscopic Repairs of Massive Tears

In contrast to the reports for open repair, Burkleaal reported that large and massive

tears did as well as small and medium-sized t&sults were independent of tear size
(p >.05). Results of tears repaired by margin cogemce were not significantly different
statistically from those repaired by direct tendofbone repair (p >.05).

In a subsequent paper, Burkhart et al reiteratadattthroscopic rotator cuff repair in
patients with grade 3 or 4 fatty degeneration (%%b0an provide significant functional
improvement. Those with 50% to 75% fatty degenenashowed a much greater degree
of improvement (with all 17 cases exhibiting posi@tive increases in their UCLA
scores ranging from 12 to 26 points) than thosh wit5% fatty degeneration (with only
2 of 5 cases showing an increase of 10 or morggairtheir UCLA scores). Clinical
improvement was observed in 86% of cases that woaNe been classified as likely to
fail by the Goutallier criteria.

In contrast, Galatz reported clinical and ultragbtindings after arthroscopic repair of
large and massive tears of the cuff. Recurremst@are seen in 17 of the 18 patients.
Despite the absence of healing at 12 months aftgesy, 13atients had an ASES score
of»90 points. 16 of 18 patients had an improvemetiénfunctionabutcome score,
which increased from an average of 48.3 to féifits. 16 of 18 patients had a decrease
in pain, and twelvlad no pain. Although 8 patients had pre-operdtweardelevation

to <95°, all 18 regained motion abasteoulder level and had an average of 152° of
elevation At the second evaluation, a minimum of 24 montheratirgery, the average
ASES score had decreased to 79.9 points; ®phtients had a score:®0 points, and 6
patients had score 0£79 points. The average forward elevation decrets&d2°.



Post-operative Rehabilitation after Cuff Repair

Many recommend an abduction splint for up to 6 veesgfker repair. Abduction of 30
degrees has been shown to substantially reducetems a supraspinatus repair.
(Zuckerman et al)

Basic concepts of Post-Op Rehabiliation (Kiblealgt

1 Muscle activation and motion follow a proximal tistal recruitment pattern.

2 Shoulder musculature functions in an integratetepaiand should be
rehabilitated accordingly.

3 Rotator cuff activation and scapular control argeesial to proper shoulder
function.

4 The primary means of early shoulder rehabilitatsoalosed chain axial
loading exercises.

Weeks 0-4:
Sling Immoblization
Passive forward flexion to tolerance.
(Goal: full passive forward flexion by 3-4 weeks)
Passive forward flexion with pulleys.
Pulleys for home use.
Gentle pendulums.
Scapular rehabilitation :
Stability exercises:
Isometrics
Scapular Pinch
Scapular Shrug

Weeks 4-8:
Gentle active and AAROM.
-emphasize forward flexion and abduction
-Do Not Force Rotation, but gently assist.
Active supine forward flexion (eliminates gravity).
Progress to standing active forward flexion.
Therabands: internal/external rotation cuff streegtng with arm at side.
Deltoid isometrics at low abduction levels.

Scapular Closed-chain exercises: (Hand in contabtwall or ball)
Perform specific scapular maneuvers:
- Elevation, Depression, Retraction, Protraction

> 8 weeks:

When passive and active forward flexion are symicetivith opposite side, begin to orient for home
strengthening program.

Add dumbbell strengthening

Emphasize strengthening of the internal and exteatators.

ALL STRENGTHENING SHOULD BE DONE WITH THE ARM IN L&/ LEVELS OF ABDUCTION.

Advise patient to avoid heavy lifting and overheaark.

Specific drills to restore neuromuscular control
Reciprocal isometric contractions for IR/ER muscles
PNF patterns with rhythmic stabilization



FACILITATE AGONIST-ANTAGONIST CO-CONTRACTION TO REBORE BALANCE TO FORCE
COUPLES.

Fatty Infiltration and Muscle Atrophy after Cuff Re pair

Gerber et al reported that muscle atropbiyld not be reversed after cuff repair except in
successfully repaired supraspinati. Fatty degeioeraicreased in athuscles.

Flatow and associates confirmed that a successgpairdid not lead to improvement or
reversabf muscle degeneration (although healed repairaistioninimal progression)
and found that a failed repair resulted in sigaifitymore progression. These findings
suggest that repairs should be perfornfguyssible, before more significant deterioration
in the cuffin order to optimize outcomes, and that understegttie degree of muscle
atrophy and fatty infiltration before surgexgn help guide patient expectations.

IRREPARABLE TEARS

An ltalian group cautions against overzealous gttsrto repair possibly irreparable cuff
tears with open techniques. Twelve patients witbdpsen surgery to attempt repair a
tear which technically could not be repaired beeabs residual tendon tissue was of
poor quality, insufficient, or both. Only one it was satisfied with the result of
surgery because of pain relief. Attempts at oggair of a possibly irreparable cuff tear
should be avoided because functional results giyara poor. They cautioned that,
when there is a risk that an irreparable tear lv@lfound, open surgery should not be
done or alternative procedures should be plannExtdesurgery.

Arthroscopic Partial Repair

Burkhart et al described the advantage of a padfirof the posterior and anterior
portions of the tear without transpositiantransfer in selected patients. They described a
"suspensioibridge model" whereby continuity between the aotesind posteridiendons
created a force to stabiligge humeral head against the glenoid, enablingl¢tteidto

raise the arm. 13 d# patients had pain relief and improvement of fimmafter partial
repair. The UCLA Shouldescore improved from 9.8 to 27.6 point$he authors are of

the opinion that this technique is preferable teotreconstructive techniques, such as
tendon transposition, that emphasize coverageeodi¢tfiect at the expense of destroying
the normal mechanics of the shoulder.

Rotator crescent-cable complex (Burkhart):

Rotator crescent thin, crescent-shaped sheet of rotator cuff cosimg the distal
portions of the supraspinatus and infraspinatusrires. Crescent is bounded on its
proximal margin by a thick bundle of fibers calld rotator cable. This cable-crescent
configuration spans the insertions of supraspinatgsinfraspinatus tendons.

The rotator cable was found to be a very substiasttiacture, averaging 2.59 times the
thickness of the rotator crescent that it surrodn&ipports the concepts of stress-
shielding of the rotator crescent by the stouttorsteable and stress transfer by this
loaded cable.



TENDON TRANSFERS

Tendon transfers from other periscapular musclegganay be usefut young, active
patients with a tear that is unlikely to be rep&Falbd with profound functional loss and
weakness as the primary symptoms. Tipedents must have good deltoid function. The
tendons that havaost commonly been transferred include the latigsinorsior
posterosuperior rotator cuff tears and the peasarajor for irreparable anterosuperior
tears

Subscapularis Transfer

The upper third to half of the subscapularis tenclam be transferred repair a residual
anterosuperior defect in the rotator cuff. Thlessapularis receives dual innervation
from the upper and lower subscapular nerves. Agisoanatomy allows approximately
3 cm of mobilization of the upper part of the tendwathout risking denervation.

= P = by
Vs P S/
1 3 = =
- i ' — -
|I Iy 5\\\ t ;I"|— _.m"\
| s
M\ '
| \ L |
14 T T | i [ \ \\
1 1 = \  Transfarrad
| | | subscapularis
N Supraspinabus 1
I landon
| 1 Subscapularis
landon
A B

In the series of Karas and Giachello, 17 of 20gueisi with massive tears were satisfied
with their outcome. However, a small subset ofguais lost the ability to actively
elevate the arm after the transfer and has rapéatideation. Unfortunatelyransfer of
the subscapularis tendon also risks loss of aniitapbcomponent of the force couple
necessary to maintain shoulder function in the te#fcemassive tear. Ftrese reasons,
the procedure is not commonly advocated at this.tim

Latissimus dorsi transfer

Symptomatic irreparable rotator cuff tears somesiingolve near-complete loss of the
substance of the supraspinatus and infraspinatdems. Loss of external rotation control
and superior migration of the humeral head on gitechflexion or abduction are seen in
these patients. Transfer of the latissimus dorgide from the humeral shaft to the
superolateral humeral head provides a large, vaszatl tendon that can be used to close
a massive cuff defect and that exerts an exteatation and head-depressing moment
that allow more effective action of the deltoid roles
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Gerberhas reported the results of latissimus divesisfer for treatment of massive rotator
cuff tears. Gerbdound good-to-excellent results in thirteen of sedt patients, aritie
results were stable for more than ten years. Hednthiathe results were better when the
subscapularis tendon was intalétthe subscapularis was torn and could not be
adequately repaired, latissimus dorsi transferafam value. In cases with good
subscapularis function but irreparable defecth@nexternal rotator tendons, restoration
of approximately 80% of normal shoulder functiorsvedotained. In a later report,
Gerber noted that patients with a negative preaiper lift-off test (subscapularis
functioning), average ER improved by degrees, aetdage abduction and forward
flexion improved by 20 degrees and abduction streimgproved by 1 kg. In patients
with a positive pre-operative lift-off test (nonrictioning subscapularis), ER decreased
by 7 degrees, flexion improved by 19 degrees, dmluby 14 degrees, and strength did
not improve.

In this later report, Gerber also noted that fatfijtration of the teres minor should be
considered prior to surgery, as it is predictiv@ofcome. Fatty infiltration of the teres
minor less than or equal to stage 2 was assoardthdch better postoperative Constant
score, active external rotation (36 degrees vsetgaks, p = .016); and active elevation
(143 degrees vs 115 degrees, p = .012) relatipatients with fatty infiltration greater
than stage 2.

Miniaci and MacLeodeported satisfactory results in fourtedrseventeen patients who
had undergone a latissimus dorsi tranaftar a failure of a previous surgical repair of a
massive rotatazuff tear. In their series, primary latissimus sfem was rarelindicated

for irreparable massive rotator cuff tears, ang tleeommendegdrimary repair,
débridement, or partial repair as the inigiatgical procedure.

lannotti et al described improvements with regargdinrelief and function in nine of
fourteen patients who had bdesated with a latissimus dorsi transfer. Twelvéhef
fourteen patientsad a clear demonstration of attachment of thealetichnsfer on MRI.
Nine patients were satisfied with the outcome, $igdificant clinical improvement, and



reported that they would have the operation agadeusimilar circumstances. The other
five patients were dissatisfied with the result &iad significantly worse PENN scores,
active elevation, and objective measures of streriRatients with good clinical results
had had significantly better pre-operative actaege-of-motion and strength in both
forward flexion and external rotation compared with patients with poor results.
Patients who had unsatisfactory results were sggmfly worse that they were prior to
surgery.

Rehab after Latissimus Transfer:

Abduction splint with 30-45 degrees of abductiod 830 degrees of ER day and night
X 4- 6 weeks. Consider change to sling after 4kaee

Passive ROM on®ipost-op day with arm in abduction and ER. IR adduction are not
allowed.

At 6-7 weeks, begin active motion and gentle stilesiging low abduction levels.

Try to re-train latissimus as an external rotaktave patient initiate external rotation
while isometrically adducting the arm.

Patient is seated with shoulder abducted 30 degne@ elbow resting on pillow.
Adduct arm against pillow while actively exteryatbtating.

Biofeedback unit can provide audible feedback wpdgent tries to maintain contraction
of latissimus during flexion and ER.

Progress strengthening exercises to isotonic fahwbavation with hand-held weights.
(Initially supine, then progress to seated.)

EMG After Latissimus Transfer

In the study of lannotti above, all patients hative&MG activity within the transferred
latissimugdorsi with adduction of the arm or with resisteshietric externalotation with
the arm at the side. No patient had E&IEvity of the transfer with active forward
elevation, 6/20 had activity during ER with the aaibthe side, andb patient had EMG
activity with ER in 90 degrees of abduction. THisdy supports the concept of a
tenodesis effeatith some active functional role of the latissinttensfer. However, the
lack of activity with abduction and external rotatiindicate that function of the
transferred tendon may be limited.

In contrast, Habermeyer et al reported positive EAGGvity in all transferred latissimi
with resisted ER with the arm at the side in tisenies.

Summary of Latissimus Transfers

If the subscapularis is intact and there is natificant fatty infiltration of the teres
minor, latissimus dorsi transfer has the potential to suttistlly improve chronically
painful, dysfunctional shoulders with irreparaldeator cuff tears. If subscapularis
function is deficient or there is grade 3 or greateophy of the teres minor, the
procedure is of questionable benefit and probaldykl not be used.

Patients with poor pre-operative motion and stiemgay be made significantly worse by
the procedure.



Pectoralis Major Transfer

Subcoracoid pectoralis major transfer has beenrtegpat anumber of centerfor
irreparable anterosuperior tears. In each sehesjpper portion dhe pectoralis major
was passed under the conjoined tendorsatuted to the lesser tuberosity. Resch et al.
reportecn a series of twelve patients, six of whom haégative belly-presest
postoperatively; all four patients with preoperatinstabilityhad resolution of that
symptom. Overall, the improvement wgsod to excellent in eight of the twelve patients.

Wirth and Rockwoodeported satisfactory results in ten of thirteetigrés whadhad
undergone a pectoralis major transfer.

Jost et al have noted the results of pectoralietter in patients with isolated
irreparable tears of subscapularis when compardtbge with tears of both the
subscapularis and supraspinatus. Pectoralis énam&fy not be warranted in these
patients.

Warner and Gerbeeported the use of a split pectoralis mémdon transfer or split
pectoralis major-teres major transfecomplicated cases of unstable anterosuperior
rotator cuffdeficiency. Twenty patients underwent these ptapes, anth eleven of
them the split pectoralis tendon transfer alvas used. The mean improvemienthe
Constant score was from 42 to 61 points, with the patients treated with a
combination of a split pectoralis mapgmd teres major transfer having a mean
improvement from 34 t65 points. These results were in patients who loagpticated
disorders with limited functional goals. Tests $oibscapularimsufficiency remained
positive after the surgery for all patients.

Rehab after Pectoralis Transfer:
Sling or abduction splint (massive tears) for 4-€eks.

Immediate post-op passive ROM in “safe zone” deiteechintra-operatively. (Forward
flexion below horizontal with arm in neutral rotati; Limit ER to 10-30 degrees, full
forward flexion with arm in IR.)



Active and AAROM at 4-6 weeks.
Rotator cuff strengthening at 12 weeks.
Combined Pectoralis Major and Latissimus Transfer

Aldridge et alreported the use of combined pectoralis majord@msimus dorsi tendon
transfer to treat massive cuff defect®leven patients with both anterior and posterior
deficiencies.. Each patient's chief complaint diasinished shoulder function and
motion with little or no accompanying pain. Therpairy operative objective was to
increase active shoulder motion. On the averadwgeagelevation increasdtbm 42° to
86°; active external rotation from @ 13°; strength in elevation from 2.3 to 3.1 lbda
strength in external rotation from 2.1. to Ba7 Four patients reported feeling no better,
two had slight improvement, and five had substamtiprovement.

Summary:

Tendon transfers are complex surgical proceduis¢guirea long period of
rehabilitation. They are not indicated der, more debilitated patients since the amount
of muscleae-education determines, to some degree, the ansbsatcesd-or this

reason, patients who are not willing to underg@esive longehabilitation programs
should not undergo these procedures.

TISSUE SUBSTITUTION/AUGMENTATION:

Tissue substitution with synthetic materials anthvaiutogenouand allograft tissue
implants has been attempted, but tlaeeelimited published data on such procedures

Bulk Tissue Allografts

Neviaser et akeported good-to-excellent results in fourteenixtegn patienttreated
with a freeze-dried rotator cuff allograft for mass but probablyot irreparable, tears.

Unfortunately, these results have not been repreiby others. In two other series, the
authors reported poor results with the use of bilbgrafts and recommended that they
not be used.

Tissue Patches

Tissue patches have badilized to augment rotator cuff repairs. Unforttelg, these
tendon substitutes can create foreign body reateadingo rejection and then cannot
replace the atrophic or weakemnethtor cuff muscle. These muscles must function if
functional improvemernis to be expected.

Porcine small intestine sumucosal patches (“Restof@rthoBiologic Implant”)

Xenografts have had historically poor results ithopaedics, but some promising animal
studies led to its use.

The device was “...intended to reinforce soft tissubmt intended to replace normal
body structure...provides a resorbable scaffoldighegplaced by the patient's own
tissue.



In a randomized, controlled trial, lannotti et @ported that augmentation of the surgical
repair of large and massive chronic rotator cudf$enith porcine small intestine
submucosa did not improve the rate of tendon-hgalirthe clinical outcome scores. On
the basis of these data, they did not recommenuyymircine small intestine submucosa
to augment repairs of massive chronic rotator cuff.

Murrell and associates abandoned a randomizedaileattrial with the Restore patch
when several patients developed severe inflammagagtions a few weeks after
surgery. Two years after surgical repair of adamgfator cuff defect supplemented with
a patch, patients had several persisting defiailsreo recognizable benefit as compared
with the results in a control group. In view of $kedindings, together with the
unsatisfactorily high proportion of patients witlsevere inflammatory reaction to the
xenograft, they did not recommend use of the Resiwthobiologic Implant in its
present form.

Allograft human skin Patch (“GraftJacket”

Cadaver skin processed to remove dermal and epadestts while retaining structural
and “bioactive component#icluding collagen types |, lll, IV, and VII, elast
chondroitin sulfate, proteoglycans, hyaluronic at@dinin, tenacin, and fibroblast
growth factor.

Snyder and associates assessed the short-terns @sdildescribe the technique of
arthroscopic repair of irreparable rotator cuffrgelay use of a GraftJacket allograft. At a
mean follow-up of 27 months, 15 of 16 patients weatisfied with the procedure. The
mean UCLA score increased from 18.4 preoperatiteeB0.4 postoperatively (P =
.0001). The Constant score increased from 53.8 10 @ = .0001). Statistically
significant improvements were seen in pain, forwigion, and external rotation
strength. 13 patients had full incorporation of ¢inaft into the native tissue as
documented on magnetic resonance imaging. There meecomplications in this cohort
of patients.

Hemiarthroplasty

Cuff tear arthropathy: A massive teaalso allows the humeral head to be displaced
upward, causing subacromialpingement that in time erodes the anterior partbthe
acromion andhe acromioclavicular joint. Eventually the sotirophic head collapses,
producing the complete syndrome of cuff-tear aghtby. The incongruolsead may
eventually erode the glenoid so deeply that thacamd becomesroded as well.

Hemiarthroplasty may be considered treatment forespatientsvith an irreparable
rotator cuff tear and concomitant arthritis. Tathbulder replacement (with resurfacing
of the glenoid) is not recommended in patients wotiator cuff deficiency since the
humeral component tends to load the edge of theogleeomponent. Glenoid
component loosening then ensues.

Successful results have been reported followingidwkthmoplastywith or without an
extended-coverage humeral head component.



These patients can expect pain relief with somaifmal) returrof function. In a long-
term follow-up study of hemiarthroplasty in patewith rotator cuff defiency, Bigliani

and associates reported that patients who coulecelevate the arm to 90 degrees
preoperatively had significantly better functiong@m ASES function score, 31 compared
with 23 points; p = 0.05), pain relief (mean ASESnpscore, 48 compared with 30
points; p = 0.002), and higher total ASES scoresam 80 compared with 54 points; p <
0.001) than the patients who were unable to agtiekdvate the arm to 90 degrees.
Twenty-six of thirty-four shoulders satisfied thmited goals criteria described by Neer
et al.

Field et al. reported on the use of hemiarthroplastthe treatment of cuff tear
arthropathy and an irreparalptgator cuff tear in sixteen patients. Twelve patisehad a
good to excellent return of function and pain rfelieit theprocedure was unsuccessful in
four patients. All patients withn unsuccessful result had had a previous acroastypl
andan unstable shouldem a study by Williams and Rockwood, twenty-onetdders
underwent a hemiarthroplasty for cuff tear arthtbpaAt thetime of follow-up, eighteen
of the twenty-one had mild or pain and three had moderate pain. All patients had
improvedfunction and were satisfied with the result.

Zuckerman et al reported that average active fahesevation increased from 69 degrees
to 86 degrees, and average active external rotateveased from 15 degrees to 29
degrees after hemiarthroplasty for cuff tear aghtby. (Note the minimal gains in range
of motion.) Thirteen patients had an increase @i thbility to perform activities of daily
living, 1 patient was unchanged, and 1 patientdnddcrease in ability to perform
activities of daily living. Pain relief was sigrofintly improved in all but 1 patient

Hemiarthroplasty should not be dongatients who have anterosuperior shoulder
instability. Hemiarthroplasty requires a functibpantact coracoacromial arch and a
functional deltoid. In a report from the Mayo Gtin7 of 33 shoulders that were treated
with hemiarthroplasty for cuff tear arthropathy dped anterosuperior instability.
Because of unpredictable results in such patieewgrse total shoulder arthroplastyis
now increasingly used in place of hemiarthroplastyatients with irreparable cuff tears.
The reverse ball prosthesis seems to pravidee predictable pain relief and return of
function, at leash the short term, However, Bigliani et al reconmzi¢hat
hemiarthroplasty continue to be considered asadrnrent option in patients with >90
degrees of pre-operative active elevation as itahlasver complication rate than reverse
arthroplasty. In patients with <90 of active eligea, the functional benefits of reverse
arthroplasty may outweigh the higher complicatiater

Glenohumeral Arthrodesis

Glenohumeral arthrodesis is usually used when ¢fteid and-otator cuff muscles are
not functional. Arthrodesis is thest treatment for some high-demand patients aidabl
by a irreparableuff tear who require a strong, stable shouldetlgifor functionPatient
treated with a glenohumeral arthrodesis can exqstcong shoulder girdle but limited
rotation. As with any arthrodesispnunion as well as postoperative limitations otioro
and functiorare substantial concerns following a glenohumetaradesis.



Arthrodesis is generally reserved for patients Wwadboth an irreparable rotator cuff tear
and irreparable deficiencie$the deltoid muscle.

FUTURE DIRECTIONS

Rodeo et al recently reported on sheep that undemetachmentf the infraspinatus
tendon followed by immediate repair to test theef of growth factorsn scar tissue
formation in a gap between tendon and bone.atin@nistration of osteoinductive
growth factors resulted greater formation of new bone, fibrocartilage, antt tissue,
with a concomitant increase in tendon attachmeangth butess stiffness than repairs
treated with a collagen sponcgrier alone. This is the first study to demaoststthe
possibility of increasing tissue formationa tendon-bone gap with use of a biologic
agent.
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