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Capsulorraphy with Achilles allograft
augmentation for shoulder instability in
patients with Ehlers-Danlos syndrome
Tom J. Schoorl, MDa, Ngoc Tram V. Nguyen, BAb, Arthur van Noort, MD, PhDa,
Tjarco D.W. Alta, MD, PhDa, Joaquin Sanchez-Sotelo, MD, PhDb,*
aDepartment of Orthopedic Surgery, Spaarne Gasthuis, Haarlem/Hoofddorp, the Netherlands
bDepartment of Orthopedic Surgery, Mayo Clinic, Rochester, MN, USA

Background: Surgical management of shoulder instability in patients with Ehlers-Danlos syndrome (EDS) remains challenging secondary
to the pathologic nature of their connective tissue. Allograft reconstruction of the shoulder capsule in EDS has the potential to increase sta-
bility by providing healthier connective tissue. The purpose of this study was to report the surgical technique and outcome of open capsu-
lorraphy and augmentation of the anterior capsulewith anAchilles tendon allograft in patientswith shoulder instability in the setting of EDS.
Methods: Five shoulders (4 patients) with EDS and severe anteroinferior or multidirectional instability underwent open capsular shift
combined with Achilles allograft augmentation of the anterior capsule. Patients were evaluated for pain, motion, recurrent instability,
subjective shoulder value, American Shoulder and Elbow Surgeons score, complications, and reoperations. The mean follow-up time
was 3.6 years (range, 2-5 years).
Results: Shoulder stability was restored in 4 of 5 (80%) shoulders. At the final follow-up, the mean subjective shoulder value and
American Shoulder and Elbow Surgeons scores were 84 and 77.3, respectively. One shoulder developed recurrent posterior instability
after an injury 1.6 years after the index procedure. The mean pain visual analog scale was 7 preoperatively and 2 at the most recent
follow-up. Before surgery, all patients reported the use of narcotic pain medication, whereas at the most recent follow-up, only the
one patient who had experienced recurrence reported moderate pain. Except for the shoulder that required revision surgery for posterior
shoulder instability, there were no complications or other reoperations.
Conclusion: Open capsulorraphy with Achilles allograft augmentation improved stability and pain in 4 of 5 shoulders with instability in
the setting of EDS. In this small case series of patients with EDS, Achilles tendon allograft augmentation was safe and effective as a
primary or revision surgical procedure for anterior shoulder instability. A larger patient cohort with longer follow-up is needed to
confirm these findings.
Level of evidence: Level IV; Case Series; Treatment Study
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Ehlers-Danlos syndrome (EDS) is a hereditary hetero-
geneous connective tissue disorder. It is divided into 6 main
types with 13 subtypes. In most types, EDS results from
mutations in collagen encoding genes. EDS can cause a
variety of musculoskeletal symptoms. A majority of com-
plaints, especially in the Ehlers-Danlos hypermobility type,
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concern the shoulder.16 Chronic arthralgia and instability
oftentimes result in a poor Health-Related Quality of life
index.10 Instability in patients with EDS typically is
managed with physical therapy directed to strengthening of
the deltoid, rotator cuff, and periscapular muscles.2,11 Most
surgeons consider surgery a contraindication in this patient
population, although attempted surgical correction of
shoulder instability in EDS has been reported.14,16

Open or arthroscopic capsulorraphy for shoulder instability
in patients with EDS is controversial due to the patient’s
inherent abnormal collagen properties, which leads to early
plastic deformation of the capsule, failure, and recurrent
instability.3 Various alternative procedures have been
described, including capsular augmentation with allograft and
glenohumeral arthrodesis.1,3,12,13,17 Capsulorraphy with allo-
graft augmentation is particularly appealing, because it pro-
vides anopportunity to substitute abnormalEDScollagenwith
normal allograft collagen. Reported outcomes with allograft
augmentation are limited to isolated case reports.3,12

We have adopted an anterior capsular shift, with or
without labral repair augmented with Achilles tendon
allograft reconstruction of the anterior capsule for patients
with anterior shoulder instability in the setting of EDS,
after a failure of nonoperative treatment with physical
therapy. Because this procedure is only offered after failure
of a good program of conservative treatment, the number of
procedures performed to date is limited. The purpose of this
study was to describe the surgical technique for capsulor-
raphy with Achilles allograft augmentation for anterior
instability in patients with EDS and to report the outcome
obtained in a small cohort of patients.
Methods

This is a retrospective case series of open anterior capsulorraphy
augmented with an Achilles tendon allograft to reconstruct the
anterior capsule, which was performed between 2010 and 2016 at
2 institutions in 5 shoulders (4 patients with EDS) in the setting of
anteroinferior instability. A retrospective chart review was per-
formed to record demographic and clinical data, complications,
and reoperations. All patients were also contacted at the most
recent follow-up to specifically assess their shoulder pain, stabil-
ity, and overall function.
Table 1 Characteristics of the 5 shoulders included in this study

Patient Sex Age (yr) Type Side

1-right F 29 I/III R
1-left F 26 I/III L
2 F 26 II R
3 F 21 II R
4 F 42 III L

F, female; R, right; L, left.
* Open capsular shift.
y Bankart repair followed by capsular shift.
z Bankart repair followed by revision Bankart repair and capsular shift.
Patients

All patients included in this study were female, with a mean age at
the time of Achilles allograft augmented capsulorraphy of 28.8
years (range, 21-42 years, Table I). They all had been diagnosed
with EDS type III (hypermobility). The diagnosis of EDS had
been performed by a geneticist according to specific EDS diag-
nostic criteria. All patients reported incapacitating shoulder
instability since adolescence. All shoulders remained unstable
despite an adequate program of physical therapy for several
months, including rotator cuff, deltoid, and scapular stabilizing
exercises. Four of the 5 shoulders had undergone 1 or more prior
surgical procedures, which had failed to restore shoulder stability.
The number and type of prior surgeries in the cohort are sum-
marized in Table I. All patients complained of numerous sub-
luxation or dislocation episodes occurring daily. Physical
examination demonstrated multidirectional laxity and anterior
apprehension with positive relocation. Radiographs and magnetic
resonance imaging had been obtained in all shoulders. None of the
patients had evidence of anterior glenoid bone loss.

Surgical technique

Surgery was performed with the patient in the semi–beach chair po-
sition on a shoulder table. A deltopectoral approachwas performed in
all cases. Exposure of the joint capsule was performed through a
subscapularis tenotomy. Surgical separation of the subscapularis
from the underlying anterior capsule using sharp dissection is
particularly difficult in patients with EDS. The subscapularis-capsule
plane was dissected from distal to proximal to take advantage of the
more muscular nature of the subscapularis inferiorly. Next the sub-
scapularis tendon was tagged with sutures and divided vertically
leaving a 0.5 to 1 cm cuff laterally for later repair.

The thin anterior capsule was then detached circumferentially
from the humeral neck, tagged with sutures and divided in a T
fashion from lateral to medial aiming at the mid-equator of the
glenoid. A Fukuda retractor was used to retract the humeral head
posteriorly. The anterior labrum was inspected for the presence of
a tear (Bankart lesion). Two or 3 suture anchors loaded with a
heavy nonabsorbable suture were inserted into the anterior glenoid
rim, and the anterior labrum and capsule were repaired using a
horizontal mattress configuration. The end of these sutures was
left uncut after knot tying, because they were used for fixation of
the Achilles allograft medially.

The Achilles tendon allograft was then opened. The narrower
distal end of the Achilles allograft was fixed to the medial glenoid
Dominance Prior surgeries Follow-up time (yr)

R 1* 4.9
R 2y 2.5
R 1* 3.7
R 2z 4.7
R 0 2.0
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neck with the same sutures that had been used for repair of the
anterior labrum and capsule (Fig. 1). The Fukuda retractor was then
removed from the joint, and a shifting repair of the native anterior
capsule was performed, as described by Neer and Foster,15 with the
arm in approximately 30� of abduction and 30� of external rotation.
The inferior capsular flapwas advanced superolaterally and repaired
with multiple sutures. The superior capsular flap was then advanced
inferolaterally over the inferior capsular flap and repaired. Lateral
traction was then applied to the Achilles tendon allograft to deter-
mine the ideal length, and the allograft was fixed laterally with
multiple nonabsorbable sutures. The subscapularis tenotomy was
then repaired anatomically with multiple interrupted sutures,
including sutures in the interval region between the anterior leading
edge of the supraspinatus and the superior edge of the subscapularis.
The rest of the closure was routine.
Postoperative management

After surgery, all patients used a shoulder immobilizer for 6
weeks. After 6 weeks, active assisted range of motion exercises in
elevation, external rotation, and internal rotation were initiated
along with isometric scapular strengthening. Rotator cuff and
Figure 1 Surgical technique for capsulorraphy with Achilles allogr
shoulder shown). (A) Dissection of the plane between the subscapularis a
Anchors placed into the glenoid to repair the labrum, reattach the cap
allograft secured medially. (D) Capsular flaps prepared for capsular shif
before repair of the subscapularis tenotomy. The star symbol indicates
deltoid strengthening were initiated at week 10. All patients were
recommended to avoid rapid progression through range of motion
exercises to decrease the possibility of overstretching of the soft
tissues and recurrence.

Patient evaluation

Patients were evaluated at regular intervals (6 weeks, 3 months, 6
months, 1 year, and yearly thereafter). The mean follow-up time
was 3.6 years (range, 2-5 years, Table I). At the most recent
follow-up, shoulders were evaluated for pain using a visual analog
scale (VAS), subjective shoulder value,7 motion, stability, and
American Shoulder and Elbow Surgeons scores.
Results

Tables I and II summarize the outcomes for all 5 shoulders
(4 patients) included in the study. Overall, capsulorraphy
with Achilles allograft augmentation led to improvements
in shoulder stability and pain. The mean VAS for pain
improved from 7 preoperatively to 2 at the most recent
aft augmentation in patients with Ehlers-Danlos syndrome (left
nd anterior capsule is best performed from inferior to superior. (B)
sule, and attach the medial aspect of the allograft. (C) Achilles
t under the allograft. (E) Lateral fixation of the Achilles allograft
the location of the Achilles tendon allograft.



Table 2 Outcomes for the 5 shoulders included in this study

Patient VAS pain FE ER IR Stable SSV ASES Reoperation

P F P F P F P F

1-right 3 2 180 180 90 70 T4 T10 Yes 90 85 No
1-left 8 2 10 175 70 70 GT T10 Yes 90 85 No
2 8 2 180 170 100 40 T4 L1 Yes 80 83 No
3 8 6 150 150 70 40 T4 T9 No 70 48 Yes
4 8 0 140 180 100 60 T7 T12 Yes 90 100 No

VAS, visual analog score; FE, forward elevation; ER, active external rotation; IR, active internal rotation; SSV, subjective shoulder value; ASES, American

Shoulder and Elbow Surgeons score; P, preoperative; F, follow-up; GT, level of greater trochanter.
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follow-up. Before surgery, all patients reported the use of
narcotic pain medication, whereas at the most recent
follow-up, only 1 patient reported moderate pain (patient 3,
most recent VAS for pain 6); this patient had sustained a
reinjury 1.6 years after the index anterior capsule Achilles
allograft augmentation procedure, developed recurrent
unidirectional posterior instability, and underwent surgery
for augmentation of the posterior capsule with an Achilles
tendon allograft. At the most recent follow-up, the mean
subjective shoulder value and American Shoulder and
Elbow Surgeons scores were 84 and 77.3, respectively.
Figure 2 Postoperative range of motion 1 year after bilateral capsulorr
Danlos syndrome.
Except for the shoulder that required revision surgery for
posterior shoulder instability, there were no complications
or other reoperations (Fig. 2).
Discussion

Shoulder instability in patients with EDS can become
extremely incapacitating. Physical therapy is the main
treatment modality recommended for shoulder instability
in EDS.2,11 However, when a well-structured program of
aphy with Achilles allograft augmentation in a patient with Ehlers-
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nonoperative management remains unsuccessful, surgery is
indicated. The abnormal laxity of the soft tissues and pre-
disposition for plastic deformation in patients with EDS has
translated into high reported failure rates after conventional
open or arthroscopic shoulder procedures.9,10,13,16 As such,
many patients with debilitating shoulder instability in the
setting of EDS are told that surgery is not an option for
them. The results of our study indicate that capsulorraphy
augmented with allograft tendon can restore shoulder sta-
bility in patients with EDS. However, these results are
limited by the small sample size and short-term follow-up.

Several procedures have been described for surgical
management of shoulder instability in EDS.1,3,12,13,17 The
prevailing consideration when analyzing these studies is
that EDS tissue will plastically deform over time and lead
to a relapse in symptoms.3 Vavken et al17 described a case
series of 18 open inferior capsular shifts in 15 patients with
generalized hyperlaxity or EDS. At a mean follow-up of 7.5
years, 87% had improvement of stability and reduction of
pain, and 64% of the patients were able to return to sports.
However, only 47% reported no further episodes of insta-
bility and 7% complained of moderate or severe pain.
Although one case of shoulder instability in EDS has been
reported after arthroscopic capsular plication combined
with anterior and posterior bone augmentation,16 shoulder
instability in EDS does not seem to be associated with
substantial glenoid bone loss. In fact, many consider EDS a
relative contraindication to bone procedures, such as
transfer of the coracoid process, especially when there is an
element of voluntary instability.6

The use of allograft tendon represents an attractive
alternative for shoulder instability in EDS. Allograft from
donors without EDS provides ‘‘healthy’’ collagen. Allo-
graft and augmented autograft reconstruction have been
reported for lower extremity procedures in patients with
EDS.4,18 Allograft reconstruction of a symptomatic anterior
cruciate ligament (ACL) tear has been reported in 2 patients
with EDS. One allograft ACL reconstruction was per-
formed using an Achilles tendon allograft.4 The other ACL
reconstruction was performed using an ipsilateral autograft
ipsilateral hamstring tendon combined with a ligament
augmentation and reconstruction system (LARS) ligament.
These 2 patients were followed for 2 years, and both re-
ported participation in regular preinjury activities,
including pivoting sports. Reconstruction of a ruptured
patellar tendon using a bone-patellar tendon-bone allograft
was also reported in 1 patient with EDS, although the
follow-up for the patient was only 6 months because the
patient died of an unrelated aortic dissection.8

Chaudhury et al were first to report the use of Achilles
allograft augmentation for shoulder instability in the setting
of EDS.3 They reported the case of a single patient who
underwent augmentation of both the anterior and the pos-
terior capsule in both shoulders, with a successful outcome.
The shoulders included in our study underwent a capsular
shift combined with augmentation of the anterior capsule,
which was enough to restore stability in 4 of 5 shoulders.
Karpyshyn et al described the use of an acellular dermal
allograft for reconstruction of the posterior capsule in a
patient with EDS.12 However, they did not report the result
of the procedure in terms of stability or overall outcome.
Dewing et al5 reported on 20 shoulders with severe anterior
capsular deficiency stabilized using either tibialis anterior
or semitendinosus allograft; 5 of the patients (10 shoulders)
included in this study were diagnosed with EDS. Several
patients with EDS reported return of instability, but the
majority did not undergo further suegery.

Our study is not without limitations. This is a small
series with relatively short follow-up. In addition, advanced
imaging was not obtained during the evaluation of these
shoulders to determine the degree of healing or incorpo-
ration of the allograft. The strengths of the study include
the use of the exact same technique in all 5 shoulders and
reporting of the outcome in a series of shoulders, as
opposed to a single case report.
Conclusion
In this small case series, open capsulorraphy with
Achilles allograft augmentation improved stability and
pain in 4 of 5 shoulders with instability in the setting of
EDS. Our results show that at midterm, Achilles tendon
allograft augmentation is effective as a primary or
revision surgical procedure for anterior shoulder insta-
bility in patients with EDS. Longer follow-up is needed
to determine the durability of this procedure.
Disclaimer
The authors, their immediate families, and any research
foundations with which they are affiliated have not
received any financial payments or other benefits from
any commercial entity related to the subject of this
article.
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