5 Points on
Improving Rotator Cuff Healing

Robert Z. Tashjian, MD

ver the past 15 to 20 years, there has been a dra-

matic increase in interest and research on rotator

cuff repairs and tendon healing. More than 1700
articles have been written on rotator cuff repairs in the past
50 years, 80% just in the last 10 years. With increased inter-
est in cuff repairs, there has been a subsequent increase in
interest of repair outcomes, and more specifically, tendon
healing. Common questions include why do repairs heal,
how often, what can be done to improve healing rates and
finally does healing really matter. The following article will
outline 5 points regarding rotator cuff healing including
whether tendon healing matters, what factors affect healing
and what patient and surgeon specific factors that can be
modified in order to improve healing after repair!

Is Healing Important?

Rotator cuff healing is not necessaryfor a good

long-term functional outcome after rotator cuff

repair, although healing will likely result in im-
provedsstrength andirange of motion (ROM).

Rotator cuff repair was historically performed through an
open technique and long-term studies have shown durable
funectionalaesults after répair.! The emphasis on early rotator
cuff repair clinical series was initially placed on improve-
ments in functionality including pain relief, motion, and
strength. Ellman and colleagues’ reported on 50 patients
at an average of 3.5 years after open rotator cuff repair.
Eighty-four percent of patients were satisfied after repair
with longer preoperative duration of symptoms, larger tears,
worse preoperative strength, and limited preoperative active
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motion all correlating with worse outcomes. Rotator cuff
healing was not evaluated in most early outcome studies of
rotator cuff repair.

The era of rotator cuff healing began with Harryman and
colleagues® who used ultrasound to evaluate repair status af-
ter open rotator cuff repair and correlate healing status with
functional outcomes. Overall, 65% of tears healed with 80%
healing of single tendon tears and 32% healing of multiple
tendon tears. Older age was found to correlate with worse
healing and poorer healing correlated with worse functional
outcomes as determined by the Simple Shoulder Test. The
investigators concluded that age and tear size affect healing
and healing affects function after repair.

Despite the data from Harryman and colleagues,’® and
others suggesting that healing affects function, excellent
long-term outcomes after rotator cuff repair have been re-
ported independent of healing. Jost and colleagues* reported
on 20 patients after open rotator cuff repair with an average
of 7.6 years after rotator cuff repair and documented failure
ofhealing. Painyshoulder function, andsstrengthwwere
reasonable and determined to be stable out to 7.6 years/after
rotator cuffirepair even though healing didmot occur. While
this data suggest that healing is not required for reasonable
outcomes after repair, there are several problems with this
argument. These problems include the assumption is based
on poor retrospective literature, most studies are likely
underpowered, subgroup analyses were not performed and
most literature extends to 5 or 10 years postoperative with
unknown outcomes or consequences at 15 to 20 years after
repair failure.

According to the current literature, rotator cuff repair
healing is not necessary for good long-term outcomes how-
ever if the cuff stays intact then patients are likely to have
improved strength, range of motion, and possibly less long-
term disability, compared with patients who do not heal.

Patient Factors

Affecting Healing Rates

Patient factors including age, tear size, and muscle

quality should be recognized to identify patients
at-risk for rotator cuff repair failure who may benefit from
stronger repair constructs and slower rehabilitation.

Rotator cuff healing studies have identified several patient
factors associated with healing after rotator cuff repair.***
Older age, larger tear size, and poorer muscle quality have
been identified as risk factors for repair failure. Information
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bar where at the far left there is a high
probability for healing and at the far right
there is a very low probability for heal-
ing. Patients at the far left include young
patients (<55 years) with small tears (<1
cm) and good muscle quality (Goutallier
Stages 0 and 1). These can be considered
Group 1 patients and will likely heal inde-
pendent of surgeon-factors. Patients at the
far right include older patients (>70 years)
with large tears (>4 or 5 cm) and poor
muscle quality (Goutallier Stages 3 and 4).
These patients can be considered Group

3 patients and will likely not heal inde-
pendent of surgeon-factors. In the middle
are patients of middle age (55-65 years)
with medium to large tears with moderate
muscle quality or any patient with a com-

Figure 1. Continuum of rotator cuff healing from poor healers (Group 1) on the left
and excellent healers (Group 3) on the right. Factors influencing healing are listed
above. Group 2 patients have some limitations in healing which may be positively

influenced by surgeon-related factors.

regarding healing success after rotator cuff repair may be
used to identify patients in whom modification of surgeon-
related factors may be utilized to improve structural success.

Oldersage has beenridentified invseveral studiesrasianrisk
factor for worse'healing after open, single-row/(SR) ar-
throscopic and double-row (DR)(conventional and suture-
bridge) arthroscopic rotator cuff repairs.**# Several studies
have shown a tipping point for healing in the mid-60’s with
average ages of healed patients in the mid-50’s and of the
unhealed in the early to mid-60’s.**7#

Tear size has also been correlated with rotator cuff ten-
don healing. Larger tears have been shown to have inferior
healing rates after open, SR arthroscopic and DR (conven-
tional and suture bridge) arthroscopic repairs.**® Approxi-
mate healing rates for SR and DR repairs include 85% (SR)
and 95% (DR) for small/medium sized tears and 24% (SR)
and 67% (DR) for large/massive tears.>'*"

Assessments of rotator cuff muscle quality, including
both fatty infiltration and atrophy, have been shown that
worse fatty infiltration and muscle atrophy correlate with
worse healing.*'? Recently, Liem and colleagues'' reported
that stage 2 or higher preoperative fatty infiltration of the
supraspinatus was predictive of worse postoperative tendon
healing.®

Understanding which patient factors may negatively
impact tendon healing will allow surgeons to employ vari-
ous tactics to improve healing. Taking into consideration
age, tears size, and muscle quality, patients can be catego-
rized into 3 different groups on a continuum of rotator cuff
healing (Figure 1). Healing is depicted on the horizontal
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bination of Group 1 and Group 3 factors.
These patients constitute Group 2 and
are the group where surgeon-controlled
factors including stronger constructs (DR
fixation, possibly SR repairs with triple-
loaded anchors) and slower rehabilitation
may push these patients to Group 1 and
healing instead of Group 3 and repair failure.

The Role of Biomechanically

StrongeRepaiConstrucis

Stronger rotator cuff repair constructs (DR repairs

orltriple-loaded suture anchor repairs) should be
considered in patients with some'risk factors for impaired
healing.

In the past 10 years, there has been an enormous amount
of interest in improving rotator cuff repair strength. The
transition from open to arthroscopic repairs coincided
with concerns of the initial strength and durability of early
arthroscopic anchor repairs. DR suture anchor repairs were
subsequently developed to improve repair strength and
potentially tendon healing and outcomes. Because of the
wealth of information published on arthroscopic repairs,
each SR and DR repair is far from similar making compari-
sons of various studies difficult. Nevertheless, some con-
clusions can be made regarding construct strength and the
affect on repair healing and outcomes.

DR repairs have been shown, in general, to have superior
biomechanical properties, compared with SR arthroscopic
rotator cuff repairs (2 simple stitches per anchor). Meier and
colleagues” determined that DR rotator cuff repairs restored
100% of the footprint while SR repairs restored only 46%.
Mazzocca and colleagues' compared contact pressure be-
tween SR and DR repairs and determined that transosseous-
equivalent repairs had statistically greater contact pressure
and force when compared with SR repairs. Wall and col-
leagues' performed a systematic review of biomechanical
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Figure 2. Single-row rotator cuff repair with triple-loaded anchors placed (A) and after

cpmpleted repair with simple stitches (B).

Figure 3. Transosseous equivalent double-row rotator cuff repair with medial row
anchors in place (A) and after completed repair.

testing of arthroscopic repairs. They reviewed data from

12 studies and determined that 9 showed DR repairs had
superior biomechanicalproperties when compared to single
row repairs while 3 showed no difference. Based upon this
data, DR repairs can be considered biomechanically superior
to SR repairs using 2 sutures per anchor in a simple stitch
configuration.

Recently, several biomechanical studies have been per-
formed comparing the initial biomechanical properties of
triple-loaded suture anchor repairs (simple stitches)

(Figures 2A, 2B) with DR repairs (transosseous equivalent)
(Figures 3A, 3B). Lorbach and colleagues'® compared SR
repairs with triple-loaded anchors and DR suture bridge
repairs. The authors determined that the SR repairs have
similar load to failure and cyclic displacement compared to
DR suture-bridge repairs. Barber and colleagues' also com-
pared SR triple loaded repairs with suture bridge repairs and
reported reduced gap formation with the SR triple loaded
repairs. Consequently, triple-loaded SR repairs may prove
an alternate to DR repairs for patients in whom improved
fixation may be desirable (Group 2) in order to push them
towards healing.

The clinical data comparing SR and DR repairs is con-
troversial and is clouded by the variety of repair techniques
used. There is prospective data comparing SR repairs and
DR repairs supporting no difference in healing rates while

162 The American Journal of Orthopedics® April 2013

at the same time there is data support-
ing improved healing rates with DR
repairs.'®2* Numerous systematic reviews
have been performed evaluating clinical
studies comparing SR and DR repairs with
most concluding that there is a structural
advantage of improved healing rates with
DR fixation but no evidence of clinical
superiority with DR repairs.”’** A more
detailed review of healing studies subdi-
vided by tear size suggests that the differ-
ences in healing rates between SR and DR
repairs is likely seen in larger tears with
no differences in smaller sized tears.”*
Similarly, Park and colleagues™ reported in
a prospective study comparing SR and DR
repairs that there was no functional ad-
vantage in small and medium sized tears,
although there was a functional advantage
in patients with large and massive tears.

Taking into account the biomechani-
cal and clinical data regarding single- and
DR cuff repairs, several conclusions can
be made: (1) SR repairs with 2 sutures per
anchor with simple stitches have inferior
biomechanical properties, healing rates
and possibly clinical outcomes (especially
in larger tears) compared to DR repairs;
(2) conventional DR repairs and transos-
seous equivalent DRirepairs arenlikely
clinically equivalent based upon healing rates and functional
outcomes; (3) SR repairs with triple loaded"anchors appear
to have biomechanical properties similar to DR repairs and
may be a viable alternative to DR repairs although clinical
studies are lacking.

In general, a stronger construct—DR repair or maybe
some SR variant (triple loaded anchors, MAC stitches,
arthroscopic Mason-Allen stitches)—should be considered
in patients with some risk factors for impaired healing (ie,
older age, larger tear size, poorer muscle quality) as there is
evidence suggesting some improvement in healing rates and
potentially clinical outcomes.

Delaying Rehabilitation

Delayed rehabilitation may improve healing rates
and does not affect long-term ROM after rotator
cuff repair.

A variety of physical therapy regimens have been recom-
mended during the postoperative period after rotator cuff
repair. Historically, early passive motion was required after
open rotator cuff surgery in order to prevent recalcitrant
stiffness. With the advent of arthroscopic repairs, delayed
rehabilitation has become an option as a result of less
surgical trauma. A potential benefit of slower rehabilitation
includes improved healing rates after arthroscopic repair as a
result of less early stress on the repair.
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the development of short-term and
long-term stiffness as well as rotator
cuff healing. Three prospective,
randomized studies have been per-
formed comparing delayed versus
early passive motion after rotator
cuff repair.”*" All 3 studies deter-
- mined that there was no difference
T e in final ROM or functional outcome
scores between groups at one year
postoperative. Cuff and colleagues,”
Lee and colleagues,* and Kim and
colleagues® all reported lower re-
tear rates in the delayed rehabilita-
tion groups, compared with the

Figure 4. Table slide exercises can be instituted in patients with risk factors for the develop-

ment of postoperative stiffness.

Despite arthroscopic repairs reducing the incidence of
stiffness, it can still be a problem in certain patient popula-
tions. Targeting patients who may get stiff, even after ar-
throscopic repair, and initiating earlier rehabilitation.might
reduce the chances for long-term loss of motiont

Several authors have examined the influence of delayed
rehabilitation after arthroscopic rotator cuff repair on
postoperative motion. Parsons and colleagues’ retrospec-
tively reviewed patients who underwent arthroscopic cuff
repairfora full-thickness tear followed by [6 weeks'of sling
immobilization/without therapy. The authors concluded
that, even in patients who developed eatly stiffness after,
conservative rehabilitation, long-term stiffness was unlikely
with delayed rehabilitation. Huberty and colleagues™ also
looked at patients treated with sling immobilization and
only external rotation motion (no elevation) for the first 6
weeks after an arthroscopic rotator cuff repair. They found
only 5% of patients became dissatisfied with their result
due to stiffness. Risk factors for the development of stiffness
included preoperative adhesive capsulitis, calcific tendonitis,
single tendon repairs, partial articular
sided tendon avulsion repairs and any
concomitant labral repair. If a patient
had one identifiable risk factor, the
incidence of stiffness was 13%. All
unsatisfied patients elected to un-
dergo arthroscopic release and all
were satisfied after release. Schoolfield
and Burkhart®® followed-up the prior
study by adding a table slide exercise
to the at-risk group identified in the
prior study (Figure 4). With the addi-
tion of the one exercise, the incidence
of stiffness was reduced to 0%.

early motion groups although none
of these differences were statistical-
ly significant (9% vs 15%, P = 47,
9% vs 23%, P = .11; and 12% vs
18%, P = .429, respectively).

Based on these results, slower rehabilitation does not
appear to affect long-term stiffness in general. There are
some groups of patients that might benefit from earlier mo-
tiondin whichiintroduction of one table slide exercise may
limit the development of stiffness (Figure 4). While not
statistically significant, there does appear to be a trend that
delayed motion may improve healing rates after cuff repair.
Consequently, in patients at risk for limited tendon healing
(ie, large tears, older patients, poor muscle quality), slower
rehabilitation.cantbe initiated toimproveshealinggrates with
limited risk/for the development of stiffness. Early passive
motion may be considered in smaller tears‘or in patients
with other risk factors for the development of stiffness.

Does Platelet-Rich Plasma Improve

Healing and Outcomes?

Platelet-rich plasma (PRP) has a limited effect on

rotator cuff repair healing and currently has a lim-
ited role in rotator cuff surgery.

At this point in time, most advances in improvements
of healing after rotator cuff repair
have focused on improved initial
biomechanical fixation or changes in
postoperative rehabilitation. Limited
data exists on biologic augments to
improve rotator cuff healing although
this has been increasing over the past
several years. At this point in time,
PRP or platelet-rich fibrin matrix
(PREFM) are the only augments that
have been utilized clinically in an at-
tempt to improve healing (Figure 5).
Currently, there have been 6 pub-

lished clinical reports of the usage of

Several authors have evaluated the
effect of conservative rehabilitation on
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Figure 5. Platelet-rich fibrin matrix augmen-
tation of an arthroscopic rotator cuff repair.

PRP or PRFM as a biologic augment
for rotator cuff healing. Five of the
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6 studies report that PRP had no positive effect on healing
after rotator cuff repair.***¢ Randelli and colleagues,** Jo
and colleagues,* and Castricini and colleagues** all reported
that PRP had no effect on tendon healing rates. Bergeson
and colleagues®* compared repairs augmented with PRFM to
those without augmentation in tears at-risk for healing and
found significantly worse healing in the PRFM group (44%),
compared with the non-PREM group (62%) after arthroscop-
ic repair. Rodeo and colleagues® recently reported similar
findings of a negative effect of PREM augmentation on cuff
healing. Overall, these studies support that PRP or PREM
augmentation has a limited role in improving healing rates
or outcomes after arthroscopic rotator cuff repair.

Barber and colleagues” reported the only results that
suggest a positive effect of PRP augmentation on rotator cuff
healing. They stated that PRP significantly improved healing
in small and medium sized tears (<3 cm) with healing rates
of augmented and non-augmented repairs being 86% and
50%, respectively. There are several drawbacks of this study
limiting its applicability to a majority of currently performed
repairs. First, the authors used relatively poor fixation with
an average of 1.4 suture anchors per repair with all being
double-loaded anchors in a SR construct. Second, in the
large and massive tears (accounting for 30% of all/tears) the
authors only used 2 double-loaded anchors per repair for a
total of 4 stitches for all tears over 3 cm in anteroposterior
length. In general, the initial fixation for these Tepairs was
relatively poor limiting the ability to translate the results to
surgeons using stronger initial constructs. Whatever benefits
the;PRPrmay have provided would likely have beenmullified
if a stronger initial construct had beenutilized.

Based upon the current clinical data, there is limited
evidence that PRPiaugmentation improves healing ratesfafter
arthroscopic rotator cuff repair therefore we do not recom-
mend its usage at this time.

Conclusion

The treatment of rotator cuff tears has made significant ad-
vancements over the past 20 years since Harryman brought
to light the importance of healing after rotator cuff repair.
Despite benefits of improved strength and motion, heal-
ing after rotator cuff repair is not mandatory to achieve

a good functional result. Older age, larger tear sizes, and
poorer muscle quality are patient factors negatively affect-
ing rotator cuff healing. Patients with some of these factors
may benefit from stronger constructs (eg, DR repairs or
single row repairs with triple loaded anchors) or slower
rehabilitation. Slower rehabilitation after arthroscopic sur-
gery does not lead to long term stiffness but may provide
improved healing. PRP or PRFM augmentation of rotator
cuff repairs does not appear to provide any benefit with
regards to healing. In the future, the development of new
biologic augments with a positive effect on tendon healing
and thereby functional outcomes will be paramount in
continuing the advancement of rotator cuff surgery over
the next decade.
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