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Abstract

Background: Instability of the sternoclavicular joint (SCJ) is a rare problem that is often treated closed, with few pub-
lished outcomes of surgical treatment with tendon graft reconstruction.

Methods: We reviewed a consecutive series of patients who underwent tendon graft reconstruction for SCJ instability
over a 7-year period. Cases with acute fractures or fewer than 2 years of follow-up were excluded. Pre- and post-
operative function and pain were assessed using Single assessment numeric evaluation (SANE), simple shoulder test
(SST), and visual analog scale (VAS) outcome measures.

Results: Thirty cases were included, with 27 (90%) available for follow-up at a minimum of 2 years postoperatively. SANE
scores improved from a median of 40 to 90. SST scores improved from a median of 3 positive responses to a median of 12
on a | 2-point scale. VAS scores decreased from a median of 7 to 0 points. One patient underwent reoperation for recur-
rent instability and wound dehiscence. Three (11%) patients did not achieve a minimum 30% of maximum possible
improvement in SST scores.

Conclusions: Tendon graft reconstruction for SCJ instability is a safe procedure with a low complication rate and stat-
istically and clinically significant improvements in patient-reported outcome measures at 2-year minimum follow-up.
Level of evidence: Level IV: Therapeutic.
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Introduction medial clavicular resection with or without ligament
repair, and tendon transfers.* Tendon graft reconstruction
of the unstable SCJ has gained popularity in recent years
as a result of the biomechanical stability provided by a
figure-of-eight configuration.’ Several case series from the
past decade have shown good clinical outcomes with a
low complication rate.*'* The purpose of this study was
to review a consecutive series of tendon graft
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reconstructions for traumatic SCJ instability and report
minimum 2-year objective and patient-reported outcomes.
We hypothesized that this technique would result in clinical
improvement and stability at a minimum of 2 years after
surgery. Our null hypothesis was that patients would not
have durable stability and clinical improvement would be
less than the minimum clinically important difference. We
also describe a reproducible surgical reconstruction algo-
rithm that provides maximum safety and protection of
mediastinal structures.

Methods

Study population

Institutional Review Board approval (IRB# STUDY00008239)
was granted for a retrospective review of a longitudinal, pro-
spectively compiled outcomes database. A consecutive series
of patients who underwent tendon graft reconstruction for
SCJ instability by a single surgeon from August 2009 to
March 2016 were eligible for inclusion. Patients routinely
underwent computerized tomography (CT) scan of the bilat-
eral SCJs preoperatively. Cases with associated acute fracture
or SCJ stabilization without use of a tendon graft were
excluded. Patients were indicated for surgery if they had
symptomatic instability with failure of conservative treat-
ment. Symptomatic instability was defined on the basis of a
systematic clinical examination including supine axial
loading of the SCJ. All relevant study information has been
reported according to STROBE (strengthening the reporting
of observational studies in epidemiology) guidelines.'*

Surgical technique

A thoracic surgeon is immediately available for every surgery
to address serious bleeding if encountered. Any necessary
instruments as determined by the thoracic surgeon should be
available in the room prior to the start of the procedure.

Surgery is performed in a supine position (Figure 1). To
allow the shoulders to be manipulated freely, no pillow or
other positioning device is placed between the scapulae.
The entire thorax is draped from the neck to the umbilicus,
including bilateral acromioclavicular joints. A necklace-
type incision is made along Langer’s lines across the SCJ
(Figure 2). The 2 heads of the sternocleidomastoid (SCM)
muscle and the sternal notch are identified. A fresh knife
is used to incise the sternoclavicular capsule sharply, and
the medial clavicle is exposed (Figure 3). A minimal
debridement is performed if osteophytes have developed
secondary to chronic instability. Substantial resection of
the medial clavicle greater than 5 mm should be avoided
to prevent late instability.5

For cases of anterior instability, 2 unicortical tunnels are
marked and prepared with the 4.5 drill in the medial clavicle
and in the manubrium (Figure 4). A small sterile adhesive

SBL

Figure I. Positioning for sternoclavicular reconstruction. (From
Warme WJ, Bois AJ, Somerson JS. Open management of
atraumatic disorders of the sternoclavicular joint: indications,
techniques, outcomes, and complications. In: Matsen FA,
Cordasco FA, Sperling JW, editors. Rockwood and Matsen’s The
Shoulder. 6th ed. Philadelphia: Elsevier.)

Figure 2. A necklace incision along langer’s lines provides for
cosmetic healing. (A) Location of Langer’s lines, (B) markings for
incision site. (From Warme W], Bois AJ, Somerson JS. Open
management of atraumatic disorders of the sternoclavicular joint:
Indications, techniques, outcomes, and complications. In: Matsen
FA, Cordasco FA, Sperling JW, editors. Rockwood and Matsen’s The
Shoulder. 6th ed. Philadelphia: Elsevier.)
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Figure 3. Tunnel sites for sternoclavicular joint reconstruction
at the clavicle and sternum.

Figure 4. Unicortical tunnels are created for cases of anterior
sternoclavicular instability.

bandage strip can be wrapped around the drill to mark the
desired tunnel depth (Figure 5). The tunnels are connected
with right-angle clamps, and the graft (semitendinosus allo-
graft, prepared prior to SCJ incision and prepared with 2
size 0 looped nonabsorbable sutures) is shuttled through
the tunnels with a Hewson suture passer, placing 2 parallel
arms anteriorly (Figure 6). With the graft in the tunnels, it is
demonstrated that the appropriate amount of tension and
stability can be returned to the joint when tightened
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Figure 5. Drill depth can be marked with an adhesive tape.

Figure 6. The tendon graft is passed through the unicortical
tunnels.

(Figure 7). The graft is loosened to allow for a capsulorra-
phy to be performed with 2-0 nonabsorbable sutures in a
figure-of-eight fashion, which greatly stabilizes the joint
on its own. The graft is then secured as previously men-
tioned and oversewn with 2-0 nonabsorbable sutures until
it is robustly fixed (Figure 8). Once the graft is snug, the
joint is examined once again for clavicular stability.

For posterior instability, special equipment includes a
posterior cruciate ligament (PCL) tunnel-aiming system to
ensure added safety for tunnel placement, an 18-gauge
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Figure 7. Graft configuration for anterior sternoclavicular
instability.

Figure 8. Final graft position after suture fixation.

wire to create smooth passing loops, and a 2-0 nonabsorb-
able suture for capsular repair.” An allograft semitendinosus
tendon is used in most cases, unless the patient has a pref-
erence for autologous tissue. After exposing the SCJ, a ver-
tical incision is then made at the sternal notch between the
sternothyroid muscles similar to the starting incision made
for mediastinoscopy. Blunt-finger dissection is performed
posterior to the sternum and clavicle. It is important that
the posterior aspects of the SCJ and medial clavicle are
free of soft-tissue attachments. Two bicortical tunnels are
then placed through the medial clavicle and sternum for
graft passage. Care should be taken to ensure an adequate
bone bridge of at least 1 cm between the tunnels to
prevent fracture. A PCL tibial-aiming guide is carefully
placed behind the medial clavicle. A safety stop is attached
to the drill guide at the measured length, and a guide wire is
drilled just through the posterior cortex of the clavicle. The
PCL-aiming guide and guide wire are removed. The blunt
end of the guide wire is then inserted through the drilled

hole and captured in a blunt-tipped elevator. A tunnel can
then be reamed over the guide wire to the desired diameter;
this is based on the measured graft width and is typically
4 mm. Power reaming is used until the posterior cortex is
reached. After the cortex is reached, the tunnel can be com-
pleted by hand reaming. A finger can be placed directly
onto the posterior cortex of the clavicle during this step
for added safety. This process is repeated at the clavicle
and at the sternum twice, resulting in 4 parallel tunnels.
Smooth, curved loops for suture passage are created using
doubled segments of 18-gauge wire. The curve of the
wire loops is fashioned so that the loop can safely pass
through the tunnels out the sternal notch incision. The
field is irrigated to allow for easier graft passage, and the
graft is pulled through the tunnels in a figure-of-eight con-
figuration. The parallel limbs of the figure-of-eight graft are
positioned at the posterior aspect of the SCJ, and the limbs
are crossed at the anterior aspect of the joint.

After graft passage, the SCJ capsulotomy is repaired
using 2-0 nonabsorbable suture, with the joint held in a
reduced position by medial pressure on the ipsilateral shoul-
der. The graft is then held taut, and the crossing ends of the
graft are sutured to one another anteriorly with horizontal
mattress 2-0 nonabsorbable sutures. The sutures should be
aligned obliquely to the graft’s line of pull to ensure that
there is no loss of tension once the shoulder is no longer
supported. If the sternal head of the SCM was detached,
it should be repaired anatomically to ensure that there is
no alteration of cosmesis or neck discomfort.

Postoperative course

A shoulder immobilizer is placed at the conclusion of surgery.
The patient should perform only hand, wrist, and elbow active
range of motion (AROM) for the first 2 weeks. From 2 to 6
weeks, supine active-assisted range of motion is initiated
with a limit of 90 degrees forward elevation. The sling is dis-
continued at 6 weeks, but horizontal abduction past neutral is
still restricted. From 6 to 9 weeks, AROM is advanced to a
goal of 120 degrees of forward elevation and 90 degrees of
abduction. Full AROM is targeted for 12 weeks. Light resist-
ance weight training may be initiated at 3 to 4 months post-
operatively, and gradual resumption of prior activities is
expected from 4 to 6 months after surgery.

Data collection

The following patient-reported outcome scores were
collected preoperatively and at latest follow-up: single
assessment numeric evaluation (SANE), simple shoulder
Test (SST), and visual analog scale (VAS) for pain.
The Rockwood SCJ score'® was calculated on the basis
of reported limitations in strength, range of motion and
work, VAS pain score, and SANE subjective outcome
score. Patients were also asked about any complications
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or reoperations they had experienced, whether they had any
residual limitations with regard to activities of daily living
or sports, and whether they would recommend the proced-
ure to others.

Statistical analysis

Statistical analyses were performed using JMP version 9
(SAS Institute, Cary, NC). Paired ¢ tests were used for com-
parison from preoperative to postoperative matched pairs.
A P value of <.05 was defined as statistically significant.

Results

During the retrospective study period, the senior author per-
formed 30 cases of primary SCJ reconstruction using a
tendon graft. Of these, 21 procedures were for anterior
instability and 9 were for posterior instability. At a
minimum of 2 years after surgery, 27 of the 30 cases
(90%) were available for follow-up with patient-reported
outcomes (median follow-up, 3 years; range, 2—7 years).
Patient demographics are reported in Table 1.

Minimum 2-year outcomes for tendon graft
reconstructions for SCJ instability: Clinical outcome
measures are shown in Table 2

SANE scores improved from a median of 40 to 90 at latest
follow-up (P <.0001). SST scores improved from a median
of 3 positive responses at baseline to a median of 12 on a
12-point scale (P <.0001). VAS scores for pain decreased
from a median of 7 to 0 points (P<.0001). One patient
with an initial diagnosis of anterior instability underwent
reoperation for recurrent instability; there were no add-
itional reoperations related to the SCJ reconstruction.
Three patients did not achieve a minimum 30% of

Table |. Patient demographics.

Anterior Posterior
instability  instability  All
N (%) 19 (70%) 8 (30%) 27
Gender
Male (%) 10 (53%) 4 (50%) 14
Female (%) 9 (47%) 4 (50%) 13

Age, median (IQR) 30 (17-50) 51 (43-61) 43 (19-55)

Time from injury
to surgery, months,
median (IQR)

17 (12-27) 24 (6-63) 22 (12-36)

maximum possible improvement (MPI) in SST scores
(11%); of these, 1 was the aforementioned patient who
underwent reoperation, and 2 patients were in the posterior
instability group.

One patient underwent reoperation for instability after a
motor vehicle accident. A total of 3 patients had persistent
symptoms and did not achieve a minimum 30% MPI in
SST scores. One patient, a farmer with an active worker’s
compensation claim, had continued difficulty with overhead
activity at latest follow-up. He reported that he would,
however, recommend the surgery to a friend or family
member. Another patient had previously undergone a 5-cm
medial clavicle resection at an outside institution with subse-
quent difficulty with dysphonia, stridor, and neck pain.
Following a technically successful reconstruction procedure,
pain and functional limitations unfortunately persisted.

Clinical improvement and stability at a minimum of 2
years dfter surgery

In this series, patients who underwent tendon graft recon-
struction for SCJ instability had significant clinical

Table 2. Outcomes.

Anterior Posterior Pa\ll
instability instability patients
(n=18) (n=9) (n=27)
SANE
Preoperative, 40 (25-60) 40 (30-69) 40 (29-60)
median (IQR)
Latest follow-up, 95 (80-100) 85 (50-100) 90 (79—100)
median (IQR)
Simple shoulder
test (SST)
Preoperative, 5(2-8) I (1-3) 3 (1-7)
median (IQR)
Latest follow-up, 12 (9-12) 12 (5-12) 12 (9-12)
median (IQR)
Visual analog
scale, Pain
Preoperative, 7 (5-9) 8 (6-9) 7 (5-9)
median (IQR)
Latest follow-up, I (0-1I) 0 (0-5) 0 (0-1)
median (IQR)
Rockwood SCj
score
Latest follow-up, 14 (12-15) 14 (9-15) 14 (12-15)

median (IQR)
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Table 3. Selected published outcomes, open treatment of sternoclavicular instability with tendon reconstruction.

N Loss to Minimum
Author(s) (shoulders) follow-up  follow-up Technique Outcomes Reoperations
Guan and Wolf 2013 6 33% >2 years Autograft TDASH | of 6 (17%)
hamstring;
unicortical
Singer et al. 2013 6 None >14 months Autograft hamstring 1DASH None
Bak and Fogh 2014 27 16% >2 years Autograft with TWOSI 2 of 27 (7%)
suture anchor
Sabatini et al. 2015 10 9% >| year 4.5 mm TASES and VAS | of 10 (10%)
semitendinosus
allograft
Kusnezov etal. 2016 2 None >1.3 years  Various tVAS, 71% return to | of 12 (8%)
full duty
Petri et al. 2016 18 14% >| year Autograft hamstring  TASES, QuickDASH, | of 18 (6%)
SANE and pain
scores
Sanchez-Sotelo 2018 19 None >1 year Allograft TVAS 2 of 19 (11%)
et al. semitendinosus
Gowd et al. 2019 12 29% >2 years Allograft hamstring ~ TASES and VAS None
Lacheta et al. 2020 18 18% >5 years Autograft hamstring  TASES, SANE, 3 of 18 (17%)
QuickDASH and
SF-12
Present study 27 10% >2 years Allograft hamstring ~ 1SANE, SSTand VAS | of 27 (4%)

DASH: Disability of the arm, shoulder and hand score; WOSI: Western Ontario shoulder instability score; OSIS: Oxford shoulder instability score; ASES:
American Shoulder and Elbow Surgeons score; SANE: single assessment numeric evaluation; SF-12: |2-item short form quality of life survey; VAS: visual

analog score; SST: simple shoulder test.

improvement with regard to patient-reported pain and func-
tional outcome measures. There was 1 reoperation for
recurrent instability. Most patients (89%) achieved a
minimum 30% MPI in patient-reported outcomes.

Discussion

Over the last decade, there has been renewed interest in
reconstructive techniques for the patient with severe symp-
toms and chronic SCJ instability. In 2014, Uri et al.® reported
a case series of 32 reconstructions using a SCM transfer tech-
nique, in which a segment of the proximal SCM was detached,
looped around the clavicle, and secured to the sternum with
nonabsorbable suture. Notably, these authors preserved the
medial clavicle if no evidence of arthritis was noted.
Postoperative instability was observed in only 2 patients,
with otherwise excellent improvement in patient-reported out-
comes. Bak and Fogh’ reported 27 reconstructions using auto-
graft tendon secured with a suture anchor, also with
improvements in patient-reported outcomes and with 2 com-
plications requiring reoperation.

In 1938, Bankart'® described a technique for reconstruc-
tion of the unstable SCJ using fascia lata autograft passed
through bone tunnels in the clavicle and manubrium. Most
recent clinical series have used a variation of this technique
using autograft or allograft tendon passed through bone
tunnels. As shown in Table 3, these series demonstrate signifi-
cant improvements in patient-reported outcomes at follow-up
periods ranging from 1 to 5 years and reoperation rates
ranging from 0% to 17%. The present study demonstrates
similar findings in one of the largest case series to date,
with statistically significant improvements in patient-reported
outcomes and pain in addition to a low reoperation rate.

In this series, resection of the medical clavicle was kept
to a minimum, generally less than 5 mm. This is in contrast
to prior authors, who often recommended substantial resec-
tion of the medial clavicle.'” Biomechanical testing by
Katthagen et al.'® has supported a “minimalist” approach
to resection, with a 5-mm resection parallel to the joint
line providing adequate joint decompression. A clinical
outcome study by the same research group confirmed a
low rate of post-traumatic or post-reconstruction arthritis
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at minimum 5-year follow-up.” This mirrors the experience
of the senior author, who has not observed long-term seque-
lae of inadequate resection. Conversely, the sequelae of
excessive resection can be challenging to manage."”

Clinical reports to date regarding tendon graft recon-
struction for posterior instability have been limited to
very small case series. A recent systematic review* identi-
fied only 11 previously published cases of tendon graft
reconstruction for chronic posterior SCJ instability, with
the largest series®” reporting outcomes of 4 cases. All 4
of these patients returned to military duty with improve-
ments in pain and range of motion; however, patient-
reported outcome measures were not included in this
study. This makes it difficult to counsel patients regarding
the expected outcomes after this procedure. In our series,
there were no reoperations or major complications
among 9 patients with reconstruction performed for pos-
terior instability. However, 2 of these 9 patients did not
reach 30% MPI in their SST score at latest follow-up.
The reasons for this disparity in outcomes are not clear
and require further study.

Limitations

Limitations of this study include: (a) the lack of long-term
clinical and radiographic follow-up to ascertain whether
the minimalist resection strategy in chronic instability
cases with concomitant SCJ arthritis results in symptomatic
arthritis, (b) the lack of additional patient-reported outcome
measures, such as the American Shoulder and Elbow
Surgeons score or quality of life measures, and (c) the
fact that all surgeries were performed in a quaternary refer-
ral practice that may not be generalizable to other practice
settings.

In conclusion, patients who underwent tendon graft
reconstruction for SCJ instability had good functional out-
comes and a high level of return to work and sport. The pre-
sented techniques for reconstruction of anterior and
posterior instability allow for safe tunnel placement with
durable 2-year outcomes.
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