IN VIVO HEALING AFTER CAPSULAR PLICATION
IN AN OVINE SHOULDER MODEL
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ABSTRACT

Traditionally, arthroscopic management of
shoulder instability has been reserved for patients
with isolated Bankart lesions without any capsu-
lar laxity or injury. To date, there are no animal
studies evaluating the healing potential of capsu-
lar plication and/or capsulo-labral repair. The
purpose of this in vivo animal study was to de-
termine if the histological capsular healing of an
open capsular plication simulating an arthroscopic
plication is equivalent to the more traditional open
capsular shift involving cutting and advancing the
capsule. Twenty-six skeletally mature sheep were
randomized to either an open capsular plication
simulating arthroscopic plication (n=13), or an
open traditional capsular shift (n=13). A sham op-
eration (n=4) was also performed involving expo-
sure to visualize the capsule. Normal non-oper-
ated control shoulders were also analyzed. A
pathologist blinded to the treatment evaluated both
hematoxylin and eosin (H&E) sections and polar-
ized light microscopy. Qualitative scoring evalu-
ated fibrosis, mucinous degeneration, fat necro-
sis, granuloma formation, vascularity, inflammatory
infiltrate and hemosiderin (0O to 3 points). Both
the capsular plication and open shift groups dem-
onstrated healing by fibrosis at the site of surgi-
cal manipulation. There were no statistical differ-
ences in the capsular healing responses between
the two groups with regard to fibrosis, granuloma
formation and vascularity. The open shift group
demonstrated significantly more mucinous degen-
eration (p=0.038). Fat necrosis was present in
4/13 specimens in the open shift group and none
in the capsular plication specimens. Both groups
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demonstrated disorganized collagen formation
under polarized light microscopy. There were no
differences between non-operated control speci-
mens and sham surgery specimens. Our findings
support the hypothesis that histologic capsular
healing is equivalent between the plication group
and the open shift group. In addition, the open
shift group demonstrated significantly more
changes indicative of tissue injury. This basic sci-
ence model confirms capsular healing after simu-
lated arthroscopic plication, providing support for
arthroscopic capsular plication in practice.

INTRODUCTION

Shoulder stabilization has historically been per-
formed via open surgical procedures.?8242 Success rates
following open stabilization have routinely been re-
ported to be greater than 90%.21718.2224262838 Deyelopment
of more advanced arthroscopic techniques over the last
two decades has provided a less invasive and potentially
more efficacious means of addressing glenohumeral
instability.31218252931 Although several early reports have
shown that the management of shoulder instability
through arthroscopic techniques has resulted in higher
failure rates compared with open stabilization proce-
dures,’>%2" more recently, investigators have demon-
strated comparable clinical results between these two
procedures 81012

Arthroscopic stabilization has several advantages
over open procedures including: more thorough docu-
mentation of intraarticular pathology, the ability to ad-
dress associated injuries and improve cosmesis, greater
postoperative motion, faster recovery and increased cost
effectiveness.*®% It is becoming increasingly well ac-
cepted that shoulder instability primarily associated with
labral pathology can successfully be addressed
arthroscopically.®9*'®* However, instability associated
with excessive capsular laxity is still considered by some
to be a relative indication for shoulder arthrotomy.®
Nonetheless, recent advances in surgical technique and
instrumentation have led to the performance of
arthroscopic capsular plication in an increasing num-
ber of patients.*? Preliminary clinical results of this pro-
cedure indicate that arthroscopic plication is an effec-
tive method of eliminating or significantly reducing
excessive capsular laxity without the use of an arthro-
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Figure 1. Capsular plication was performed using three interrupted horizontal mattress sutures shifting the capsule from an inferior to

superior direction without cutting the capsule.

tomy.*5123" To our knowledge, there are no animal stud-
ies nor is there basic science research evaluating the
healing potential of the capsule after capsular plication
performed in the manner that is required during the
arthroscopic stabilization procedure. Histologic evalua-
tion of capsular healing has not been well documented
after any type of shoulder stabilization surgery, thus
scientific evaluation and comparison of open capsular
shift and arthroscopic plication has not been possible.

The purpose of this study was to evaluate the heal-
ing potential of side-to-side capsular placation via an
open approach simulating arthroscopic capsular placa-
tion, compared to the healing potential of the more tra-
ditional open capsular shift involving cutting and advanc-
ing the capsule. Our primary hypothesis was that the
capsular plication procedure would demonstrate simi-
lar histologic properties compared to the traditional
open capsular shift. Thus, our first specific aim was to
demonstrate that capsular plication is a viable surgical
alternative for addressing redundant capsular tissue in
the clinical arena. Our secondary hypothesis was that
a sham operation group consisting of surgical exposure
of the capsule without manipulation of the tissue, would
demonstrate no significant differences in histology com-
pared to non-operated limbs. Thus, our second specific
aim was to demonstrate that the surgical approach and
associated inflammatory mediators would, in and of
themselves, have little effect on the capsular tissue.
Validation of the potential to effectively address capsu-
lar laxity through arthroscopic capsular plication tech-
niques using histological analysis is important to allow
further advancement of these techniques.
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METHODS

After Animal Institute Care and Use Committee
(AICUC) approval was obtained, thirty skeletally ma-
ture Columbian X Rambouillet ewes were allocated for
use. The thirty sheep were randomly placed into three
groups: 1) capsular plication group (n = 13); 2) open
shift group (n = 13); 3) sham operation (n = 4).

After standard prepping and draping, each of the
shoulders was approached through a caudal (posterior)
incision with the animal in lateral recumbency. The in-
cision was made over the spine of the scapula and deep-
ened to the level of the infraspinatus muscle tendon
junction. The plane between the upper and lower por-
tions of the infraspinatus was then developed to fully
expose the caudal (posterior) capsule of the shoulder
joint. For the capsular plication group, three interrupted
horizontal mattress sutures were placed without disrup-
tion of the capsule, resulting in plication of the capsule
(Figure 1). The sutures were placed midway between
the proximal and distal portions of the caudal (poste-
rior) capsule in line with the capsular fibers. The hori-
zontal mattress sutures were placed so that 8 to 10 mm
of capsular tissue was translated in a distal to proximal
direction. For the open shift surgeries, a transverse in-
cision was made in the caudal (posterior) capsule and
the distal capsule was shifted proximally and sutured
with three interrupted figure-of-eight sutures (Figure
2). The capsule was similarly shifted 8 to 10 mm with
the open procedure. For the control animals, no fur-
ther surgery was performed once the capsule was ex-
posed. For all three groups, dissection down to the cap-
sule was performed bluntly between muscle planes to
minimize any soft tissue injury.



In Vivo Healing after Capsular Plication

Figure 2. The open shift procedure was performed by cutting the capsule in a horizontal fashion, shifting it superiorly, and suturing it using

three interrupted figure-of-eight sutures.

Figure 3. H&E-stained photomicrograph (2.5x) of the posterior
capsule after the plication procedure was performed. This section
demonstrates healing by fibrosis at the site of surgical manipula-
tion.

Postoperative activity was restricted for the first two
weeks. The limbs were not immobilized. At six weeks,
the animals were sacrificed and both the operated and
non-operated limbs were harvested for analysis. Fresh
tissue samples of the entire caudal (posterior) capsule
were dissected from a cranial (anterior) approach to
avoid tissue injury. Hematoxylin and eosin sections were
prepared and scored by an attending pathologist blinded
to the procedure performed. Polarized light microscopy
was performed to further assess collagen orientation.

Statistical Methods
Qualitative scoring evaluated fibrosis, mucinous de-
generation, fat necrosis, granuloma formation, vascu-

Figure 4. H&E-stained photomicrograph (2.5x) of the posterior
capsule after the open shift procedure was performed. Histologi-
cally, there were no differences between groups in terms of the
size of the fibrotic scar.

larity, inflammatory infiltrate and hemosiderin (O=none;
1=slight; 2=moderate; 3=severe). Mean values and stan-
dard deviations were calculated for each of the catego-
ries within each test group (open shift group, plication
group, sham group and non-operated controls). The
Mann-Whitney test was used for pairwise comparisons
between: The plication versus open shift group; sham
group versus the open shift group; sham group versus
plication group; and sham group versus non-operated
controls. A significance level of 0.05 was used for all
tests. Collagen organization was evaluated and graded
with polarized light microscopy (0=organized; 1=disor-
ganized). Fisher’s exact test was used to identify sig-
nificant differences between groups, again with the p-
value set at 0.05.
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Figure 5. H&E-stained photomicrograph (10x) showing mucinous
degeneration the posterior capsule after the open shift procedure.

Figure 6. H&E-stained photomicrograph (10x) showing no muci-
nous degeneration in the posterior capsule after the capsular pli-
cation procedure. There was significantly less mucinous degenera-
tion after capsular plication compared to open shift.

RESULTS

There were no gross failures at the capsule from ei-
ther surgical procedure. There was one infection in the
plication group that was noted at the time of dissection
and confirmed with histological evaluation. This animal
was eliminated from any statistical analyses. Both the
capsular plication group (Figure 3), and the open shift
group (Figure 4) demonstrated healing by fibrosis at
the site of surgical manipulation. The size of the fibrotic
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Figure 7. H&E-stained photomicrograph (10x) showing the pres-
ence of fat necrosis after the open shift procedure. No cases dem-
onstrated fat necrosis after the plication procedure while four out
of 13 of the open shift specimens demonstrated areas of fat necro-
sis.

scar was measured by the number of high-power fields.
There were no statistically significant differences in the
capsular healing responses between these two groups
using the histological criteria of: fibrosis (p=0.13); granu-
loma formation (p=1); and vascularity (p=0.1). Both
groups demonstrated disorganized collagen formation
under polarized light microscopy. The open shift group
(Figure 5), however, demonstrated significantly more
mucinous degeneration compared to the plication group
(Figure 6) (p=0.038). Furthermore, fat necrosis was
present in 4/13 specimens in the open shift group (Fig-
ure 7), while no fat necrosis was present after any of
the plication or sham surgeries.

The sham group, compared to the open shift group,
had significantly less of the following histological find-
ings: fibrosis (p=0.03); mucinous degeneration (p=0.03);
granuloma formation (p=0.03); vascularity (p=0.03); and
collagen organization (p=0.015).

Compared to the plication group, the sham group
scored significantly lower in the histological criteria of:
fibrosis (p=0.03); granuloma formation (p=0.03); vascu-
larity (p=0.03); and collagen organization (p=0.015).
There was no significant difference in the presence of
mucinous degeneration in the sham group compared
to the plication group (p=0.2) (minimal in both groups).
There were no significant differences in the presence
of inflammatory infiltrates between any of the three
groups (minimal in all groups).

There were no significant differences in the histo-
logical appearance of the capsule after sham surgeries
compared to non-operated controls in any of the quali-
tative scoring categories (Figures 8 and 9). Further-
more, under polarized light microscopy, both the sham
surgery group and the non-operated controls demon-
strated equally organized and well-aligned collagen.



Figure 8. H&E-stained photomicrograph (2.5x) of the capsule af-
ter the sham surgery.

DISCUSSION

Arthroscopic management of shoulder instability has
become increasingly popular with several reports dem-
onstrating comparable results to the more traditional
open technique.82202L30 Previous reports have sug-
gested that the success of the arthroscopic procedure
is related to careful patient selection, with the best re-
sults occurring in patients with instability due to a dis-
crete Bankart lesion without significant capsular laxity
or injury.8s%

With the continued refinement of arthroscopic tech-
niques, surgeons have begun to expand the indications
of arthroscopy to patients in whom significant capsular
laxity is a component of the instability pattern. There
have been numerous reports demonstrating the clini-
cal efficacy of arthroscopic posterior labral repair and
capsular plication for recurrent posterior subluxation of
the shoulder.®5212:3 Recently, Kim et al.? reported a 4%
recurrence rate in 167 patients treated with arthroscopic
capsulolabral repairs for recurrent traumatic anterior
instability. These authors emphasized the importance
of adequate tensioning of the redundant anterior aspect
of the capsule in addition to repair of the Bankart le-
sion, as plastic deformation of the capsular ligament may
precede the failure of the anterior-inferior labral attach-
ment.”%

Successful re-tensioning of both the anterior and
posterior capsule can be achieved arthroscopically by
plication and proximal shift of the inferior aspect of the
capsule. However, this is individualized depending upon
the condition of the capsular tissue and the location of
the capsular laxity. Cadaveric biomechanical studies
have demonstrated the importance of tensioning differ-
ent portions of the capsule in different arm positions.**
A greater appreciation of the importance of both the

In Vivo Healing after Capsular Plication

Figure 9. H&E-stained photomicrograph (2.5x) of the capsule in
non-operated control animals. There were no differences in the
histological appearance of the capsule in any of the qualitative scor-
ing categories between the sham surgeries and non-operated con-
trol specimens.

placement of plication sutures and the position of the
arm during tensioning will likely improve the results of
selective capsulorrhaphy procedures. Unfortunately,
there continues to be a lack of basic science evaluating
the healing potential of capsule-to-capsule plication in
the manner that is required for arthroscopic shoulder
stabilization procedures.

The primary purpose of this project was to perform
a histological evaluation of the healing potential of an
open side-to-side capsular plication simulating
arthroscopic capsular plication, and compare this to the
healing potential of the more traditional open capsular
shift involving cutting and advancing the capsule. Our
findings confirmed the hypothesis that capsular heal-
ing was equivalent between the plication group and the
open shift group. There were no differences in the size
of the fibrotic scar, the amount of granuloma formation,
or the degree of vascularity seen in the surgically ma-
nipulated tissue. In addition, the open shift group dem-
onstrated significantly more changes indicative of tis-
sue damage demonstrated by increased mucinous
degeneration in the shifted capsular tissue, and the pres-
ence of fatty degeneration in nearly one-third of the open
shift specimens. Evaluation of collagen organization by
polarized light microscopy demonstrated disorganized
collagen formation in both groups. However, these re-
sults represent early post-surgical healing (six weeks),
and longer-term studies will be required to further
evaluate the potential for maturation of fibrotic scar into
organized collagen.

The most important limitations of this study were
that an open approach was used to simulate an
arthroscopic technique and the procedure was evalu-
ated in an animal model. Unfortunately, there is no ideal
animal model to truly assess arthroscopic techniques.
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For both the open shift procedure as well as the plica-
tion procedure, an intermuscular caudal (posterior)
approach through the two heads of the infraspinatus
(the ovine infraspinatus is divided into a discreet upper
and lower portion) was performed to access the poste-
rior capsule. Preliminary dissections of the ovine shoul-
der revealed that the posterior capsule could be easily
approached without detaching any musculotendinous
structures. Unlike the human shoulder, the caudal (pos-
terior) capsule was robust, and in most specimens,
thicker than the cranial (anterior) capsule; thus it was
felt to be an appropriate model to assess capsular tis-
sue healing.

In order to confirm that the surgical approach itself
and any potential inflammatory mediators would have
little effect on the capsular tissue, a sham operation
group consisting of surgical exposure of the capsule
without manipulation of the tissue was performed and
histological specimens were compared to non-operated
limbs. We found that the capsular tissue from animals
that underwent the sham operation was indistinguish-
able from non-operated control animals. Thus, we feel
that the lack of tissue response seen in our control sham
operation group suggests that the histological capsular
healing in the plication group was truly related to the
surgical intervention of capsular plication with suture
placement.

The management of the capsule in the plication group
did accurately simulate what is performed clinically
during arthroscopic stabilization procedures. In fact, we
believe that this animal model represents the worst-case
scenario for capsule-to-capsule healing, because the
intraarticular portions of the capsule were folded side-
to-side without any prior abrasion or manipulation of
the tissue, which is typically performed clinically in or-
der to stimulate an inflammatory response. A potential
explanation for the ability of this tissue to form fibrotic
scar similar to that seen after an open shift, is that the
actual penetration of the capsule with the suture needle
results in sufficient tissue bleeding and inflammation
to mount a healing response. However, we still recom-
mend light abrasion of the capsule prior to plication in
the clinical setting.

The previously reported inferior clinical results seen
after arthroscopic plication relative to open shift for
shoulder instability may be improved with current
arthroscopic techniques. Most surgeons feel that
arthroscopic stabilization procedures should be re-
served for patients with isolated labral pathology with-
out significant capsular injury or laxity. The patient cri-
teria, however, is expanding and validation of the
potential to effectively address capsular laxity through
arthroscopic capsular plication techniques using histo-
logical analysis will provide further evidence that these
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procedures can be successfully performed. To date, we
are aware of no scientific investigations that have looked
at capsular healing after any type of shoulder stabiliza-
tion procedure (open or arthroscopic). This basic sci-
ence evaluation confirms the capsular healing potential
after arthroscopic plication and supports its use in clini-
cal practice. Future research in this area will address
functional and biomechanical considerations to further
delineate the role of arthroscopic management of ex-
cessive capsular laxity.
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