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ARTICLE INFO Background: Historically, scapulothoracic fusion (STF) is performed using steel wire and plate construct
fixation. The purpose of this study is to report a recent fusion achieved through ultra-high-molecular-
weight polyethylene-reinforced suture fixation as well as to perform a systematic literature review of
techniques, fusion rates, complications, and reoperation.

Methods: Patient data were gathered from chart review and clinical encounters. For the review, MED-

LINE, Embase, and Ovid databases were queried for STF cases. Thirty articles reporting on 386 fusion
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Letournel .
FiberTape procedures were included.
FiberWire Results: Including this patient, 5 of 387 (1.3%) STFs have been attempted with fiber suture. Fusion rates

of metal-only constructs is 90.8% (346 of 381) with 11.3% (43 of 381) requiring wire removal or trimming
because of symptomatic hardware and 7% (27 of 381) causing a postoperative pneumothorax. Although a
small sample size, all fiber-suture constructs have achieved union without implant removal and without
pneumothorax development. In this patient, fusion was determined radiographically at 6 months with
substantial improvement in pain level and function.
Conclusion: Scapulothoracic fusion has benefit to patients to have failed other management options for
winged scapula, most commonly those with neurologic trauma or facioscapulohumeral muscular dys-
trophy. With advancements in surgical options, fiber-suture offers an alternative to steel wire to achieve
fusion. Further cases with longer term follow-up are needed to determine if significant differences in
outcomes exist between constructs.
© 2021 The Authors. Published by Elsevier Inc. on behalf of American Shoulder & Elbow Surgeons. This
is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/
4.0/).

Winged Scapula

Level of evidence: Level IV

Scapular winging, instability, or dyskinesia can have a multi-
tude of etiologies; these most commonly are due to direct
neurologic injury to key nerves*!61922.26.2729 or muscular
wasting, such as in facioscapulohumeral  muscular
dystrophy.»16-18:2022-2528203313358-1214 Bony  deformities
including rib or scapular osteochondromas in multiple hereditary
exostoses, glenoid instability, or scapular dislocations have also
been indicated as causes.'>!>16192229 {f injtial management of
physical therapy and bracing fail to adequately resolve symptoms
and prevent scapular winging, different surgical options can be
considered.”> In cases where conservative measures and other
surgical options, such as muscle transfers, have failed, scap-
ulothoracic fusion (STF) or arthrodesis should be considered.

Institutional review board approval was not required for this study.
* Corresponding author: Joseph P. Scollan, MD, Department of Orthopaedic Sur-
gery, Cleveland Clinic Foundation, 9500 Euclid Ave, A41, Cleveland, OH 44195, USA.
E-mail address: scollaj@ccf.org (J.P. Scollan).

https://doi.org/10.1016/j.xrrt.2021.01.003

As first described by Letournel et al,>> fusion of the scapula to
the dorsum of three to five ribs provides stability, relieves pain,
and improves function. Historically, this has been performed with
steel cables, and then later with the addition of plate constructs
with or without bone autograft and costotomies.>®> By decorti-
cating the dorsal ribs and using the reconstruction plate as a
scapular buttress, cabling steel wire in singles or pairs around the
ribs provides for a stable construct. The addition of iliac crest
autograft or bone chip allograft contributes to successful
fusion,»1315-2022-243.25.27-29.3133457-91112 \ore recently, the
introduction of ultra-high-molecular-weight polyethylene
(UHMWPE)—reinforced suture has offered an alternative to
traditional metal cables, having been shown to have greater
strength than stainless steel as fracture tension bands.®>? Their
use for the purposes of achieving a STF, however, is scarce, with
only 3 reports describing 4 cases.'%!3:26

Therefore, the purposes of this study were to (1) report a case
and surgical technique for STF using UHMWPE-reinforced suture
fixation and (2) perform systematic literature review of
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scapulothoracic arthrodesis methods evaluating technique, fusion,
and reoperation.

Methods

For the case report, we collected date from chart review and
clinical follow-up encounters. The systematic review was
completed by searching the MEDLINE, Embase, and Ovid databases
from their inceptions to November 1, 2020. The following search
terms were used: “(scapulothoracic and fusion) OR (scap-
ulothoracic and arthrodesis) OR (scapula and arthrodesis) OR
(scapula and fusion) OR (thoracoscapular and fusion) OR (thor-
acoscapular and arthrodesis) OR (Letournel and fusion) OR
(Letournel and arthrodesis).” The initial query yielded 1397 reports.
After removing duplicates, there were 1208 individual articles.
Restricting the search to English-only and human-only reports
resulted in 1112 studies. Book sections were excluded, limiting the
amount to 931 articles. Abstracts were reviewed for reports of
patients who underwent STF procedures, yielding 42 potential ar-
ticles. Studies describing scapulopexy procedures, biomechanical
experiments, and scapular reconstructions for oncologic cases were
removed. Treatment guide articles not reporting specific patients
were also excluded. Three articles were also excluded for using the
same patient pool as more recent articles. Thirty studies reporting
386 fusion procedures were ultimately included. A study flow di-
agram is provided in Figure 1./212-20.223.23-293133.457-11

1397 articles found with term
“((scapulothoracic and fusion) or
(scapulothoracic and arthrodesis) or
(Scapula and arthrodesis) or (scapula and
fusion) or (thoracoscapular and fusion) or
(thoracoscapular and arthrodesis) or
(Letournel and fusion) or (Letournel and
arthrodesis))

Databases mined included Medline,

Ovid, Ovid Books, and Embase

189 studies removed following

deduplication

1208 studies identified
96 studies removed after
excluding non-English, and non-
human publications

1112 studies identified

181 articles rejected as they were
review sections of books

931 studies identified

895 articles rejected as not related
to scapulothoracic fusion

42 relevant studies

identified

12 studies excluded:

2- Scapulopexy without fusion

3- Treatment-guide articles without
specific patient presentations

3- Same patient pool as an included
study

1- Systematic review

1- Biomechanical study

1- Scapulectomy for chondrosarcoma
1- Scapula reconstruction

30 studies included in our
final analysis

Figure 1 Study selection flow diagram.
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Case report
Initial presentation

The patient was a 44-year-old right-hand-dominant woman
with a past medical history of bipolar 1 disorder, beta thalassemia,
and rheumatoid arthritis. She underwent a radical right neck
dissection in February of 2018 to remove a mucoepidermoid car-
cinoma from her salivary gland at an outside hospital. On initial
presentation to our system, she reported that after her surgery, her
right shoulder had become progressively unstable and painful with
worsening scapular prominence despite physical therapy. She rated
her pain as an 8/10 with shoulder movement. On examination, she
had obvious asymmetry of her shoulders with the right gleno-
humeral joint held in a forward flexed position. She had atrophy of
her trapezius and lateral displacement of her right scapula (Fig. 2).
She was tender over her suprascapular fossa. She was able to abduct
and forward flex actively to 90 degrees with prominent winging.
Her active external rotation was 40 degrees and internal rotation
was to her lumbar spine. Shoulder radiographs demonstrated no
fractures or dislocations (Fig. 3). Electromyography was performed,
demonstrating a complete injury to the right spinal accessory nerve
and resulting trapezial denervation. The long thoracic nerve was
intact. She underwent a spinal accessory nerve exploration in
September 2018, where extensive neurolysis was performed for
surrounding compressive scar tissue. The trapezius was contractile
with neural stimulation intraoperatively. Unfortunately, her pain
and dysfunction recurred after initial improvements. A repeat
electromyography showed improved spinal accessory nerve
motor—evoked response, but similar trapezial reinnervation as the
prior electromyography; rhomboid weakness was also demon-
strated, limiting tissue transfer options. As a salvage procedure, she
elected to pursue a STF.

Surgical technique

After general anesthesia with endotracheal intubation was
achieved, she was positioned prone, and arm tables were attached
to the operating room table to allow the operative arm to be
manipulated and placed in external or internal rotation, as well as
to allow for adduction and abduction to and from the torso as

Figure 2 Lateral scapular winging on clinic exam.
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Figure 3 Preoperative shoulder radiographs.

needed. The resting position was considered as the arm against the
side of the torso in neutral rotation. The ipsilateral back, as well as
some of the contralateral back just beyond the spinous processes
were draped into the field to allow for anatomic referencing for rib
selection (Fig. 4). Furthermore, the lower back was also draped in to
allow for obtaining autologous iliac crest bone graft from the pos-
terior iliac crest. A 14-cm incision was made medial and parallel to
the medial border of the scapula (Fig. 4). The medial border of the
scapula was exposed by removing the levator scapulae, rhomboids,
serratus anterior, and the medial portions of the supraspinatus and
infraspinatus (Fig. 5). The subscapularis was elevated off the
medial-ventral scapula, and the medial 2 cm of the subscapularis
muscular footprint was excised along the craniocaudal axis. The
posterior surfaces of the 5 ribs deep to the scapula were then
exposed using electrocautery. By counting the bony landmark of C7
vertebrae prominens, then carefully counting and marking the
spinous process (by subcutaneous palpation) and corresponding
ribs (by direct visualization and palpation) in sequential manner, it
was determined that these were ribs 3 through 7. This was
confirmed with an intraoperative chest radiograph. The pleura was
identified and with a combination of electrocautery, freer elevator,
and Matson rib stripper/elevator was peeled gently off the ribs’
ventral portions to allow for eventual passage of fixation (Fig. 6).
The medial edge scapula was positioned approximately 2 inches
from the midline to allow it to “sit” in its anatomic position. The
arm was abducted to 90° and externally rotated to 90°; this fusion
position was chosen as to best facilitate functional movement away
from the torso. The posterior surfaces of the ribs, as well as the
ventral medial scapula were then decorticated using a high-speed
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Figure 4 Draping method as well as skin markings indicating incision. Spinous pro-
cesses are marked and numbered for anatomic referencing.

burr until punctate bony bleeding was encountered on both sur-
faces (Fig. 7). Adequate contact of both the burred areas of the ribs
and scapula was ensured with the arm against the side of the torso.



J.P. Scollan, M. Chughtai, PJ. Evans et al.

+ | Paraspinal
muscles

Medial
Scapular Body

Superior

Figure 7 Burring of undersurface of scapular and dorsal surfaces of ribs.

Autologous corticocancellous bone graft was then obtained from
the ipsilateral iliac crest. Once the graft was obtained and the
harvest site was closed, we turned out attention back to the scapula.
A 7-hole 3.5-mm reconstruction plate was laid on the medial
scapula in the medial infraspinatus fossa, and a cut 4-hole 1/3™
tubular plate was laid on the medial scapula in the medial
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Figure 8 Diagram of scapular plate positioning.

| Inferior

Ribs 3 through 7

Figure 9 Ultra-high-molecular-weight polyethylene—reinforced sutures passed
through scapular plates and ribs just before addition of bone graft and suture
tensioning.

supraspinatus fossa (Fig. 8). Two-millimeter holes were drilled
through the scapula in the corresponding positions of plate holes.
UHMWPE-reinforced suture (Arthrex FiberTape, Arthrex Inc.,
Naples, FL, USA) tapes were passed in cerclage fashion around each
of the 5 ribs twice using the cerclage wire passer (Fig. 9). Rib 3 was
connected through the 4 hole plate, rib 4 in-between the 4 hole and
7 hole plate, and ribs 5, 6, and 7 through the 7 hole plate. A Cobb
elevator gently exposed the paths previously cleared from the
pleura to facilitate this. Previously obtained autograft and cancel-
lous chips were packed between the decorticated sections of the
ribs and scapula. Each FiberTape loop was then fed into the Arthrex
FiberTape Cerclage Tensioner system (AR-7800; Arthrex Inc.,
Naples, FL, USA). These were sequentially tightened, starting with
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Figure 10 Final scaulothoracic fusion construct before closure. Note non-elevation of
scapular off chest wall with arm internally rotated.

Figure 11 Immediate postoperative radiographs.

the FiberTape loop around 4th rib near the scapular spine. They
were each tightened initially to 30 pounds of pressure and then
were increased cyclically to 40 pounds of pressure (Fig. 10). The
FiberTapes were cut. At this point, a pneumothorax was ruled out

s
[} .
o
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clinically using saline pooling in the wound with simultaneous
valsalva maneuver simulation by anesthesia, which did not
demonstrate any bubbles. Radiographs were obtained before
closure, and postoperative imaging was also performed in the re-
covery unit to ensure no pneumothorax was present (Fig. 11).

Postoperative management

She was non—weight-bearing in a shoulder immobilizer for the
first four weeks postoperatively, able to use her arm below elbow
level while restricting any shoulder range of motion. After the first
five weeks, she was transitioned into a simple sling and allowed to
begin right shoulder internal and external rotation exercises. In
postoperative week 8, she began gradual forward flexion and
abduction while weaning out of the sling. By week 10, she was
bearing weight with her right arm. Radiographs were obtained
after 1 month, demonstrating maintained hardware position
(Fig. 12). She was gradually progressed through discontinuation of
the sling and active abduction of the shoulder by month 3. A
computed tomography scan demonstrated bony fusion at 6 months
postoperatively (Fig. 13). She had painless range of motion in for-
ward flexion to 90 degrees, abduction to 80, external rotation to 30,
and internal rotation to her hip. There was no scapular winging
(Fig. 14) or tenderness to palpation about the scapula and shoulder
girdle. She was satisfied with her results. She has since been seen
most recently 15 months postoperatively and remains very satis-
fied with her pain relief and functionality with her right arm
without any hardware complications.

Results and discussion

STF is a salvage procedure for recalcitrant scapular winging and
persistent activity-limiting pain. The advent of UHMWPE-
reinforced fiber sutures has provided high-strength alternative
fixation methods to the classic steel wire construct
options.®1013212332 1 this article, we present the case of a patient
who underwent successful right scapulothoracic arthrodesis using
UHMWPE sutures and steel plates.

In the systematic review, the selected studies reported results of
386 attempted STFs (Table I). Of these, 381 (98.7%) were performed
with various metal constructs. Metal cables with buttress plates
were used in 211 cases; these achieved fusion in 89.1% of cases
(Table 11).232223:27-29335811-1315-17 Njneteen pneumothoraces
have been reported with this construct type, 9% of all cases. Fifty-

Figure 12 One-month follow-up radiographs.
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Figure 13 Computer tomography scan demonstrating healed scapulothoracic fusion.

three reoperations were required, including 34 instances of painful
or prominent hardware removal or trimming. The vast majority of
wire and plate constructs used steel wires, while titanium wires
were used in 3 cases in 1 study. Two of these 3 cases required
revision for nonunion.?’ In 119 cases, metal cables were used
without a plate, with pneumothoraces being developed in 5% of
cases.M471418.192531 Eysion was achieved in 93.2% of these, and 20
reoperations occurred. Nine reoperations were for hardware
removal. Another fusion technique, as originally described by
Copeland et al,” relies on screw fixation of the scapula to the dorsal
ribs. Fifty-one cases of screw fixation have been described, with
92.2% achieving fusion and 2% having a pneumothorax identified
postoperatively.>?>?* Six reoperations were needed, with 2 for
painful hardware removal. While this study cannot draw conclu-
sions on union rate statistical differences, metal cables with or
without a buttress plate and screw fixation appear to offer similar
rates of bony union. Metal implants were a source of hardware
irritation requiring revision in 11.3% (43 of 381) of cases; these were
mostly attributed to either pain with range of motion or superficial
skin irritation. While most included studies did not indicate length
until hardware removal, 4 articles reporting on 10 cases requiring
hardware removal did (23% of hardware-removal cases).!>162227
These procedures were performed at an average of 12.5 months
postoperatively (range 2.5 to 36 months). In total, reoperations
occurred after 20.7% of fusion attempts, and 7% of cases had
pneumothoraces. These underscore the substantial complication
rate of metal hardware for this uncommon procedure.

Constructs relying on nonmetal wires are rarely reported. One
author reported looping Achilles tendon allograft through scap-
ular drill holes around the dorsal ribs as a fusion technique.*° This
patient achieved fusion without a reoperation or pneumothorax
development. More recently, and including this study, high-
strength suture has been used in 5 patients for STE.!®!326 previ-
ous suture types used by Ozturket al’® include polymer cerclage
cables (SuperCable Isoelastic Polymer Cerclage; Kinamed Inc.,
Camarillo, CA, USA) with additional polyester tapes (Mersiline,
Ethicon Inc., Somerville, NJ, USA) if bone quality was too poor for
the polymer cerclage cables. Number 5 FiberWire (Arthrex
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Figure 14 No clinical scapular winging at 6-month follow-up.

FiberWire, Arthrex Inc., Naples, FL, USA) was used in 1 article with
good results.'® This case used 2-mm FiberTape (Arthrex FiberTape,
Arthrex), which is similar in structure to FiberWire but may
provide broader compression owing to its wider surface area. The
specific tensioner used (AR-7800, Arthrex) also allows for more
precise and uniform tension across the construct. One previous
study used the fixation method used in this case with similar
results.’? From these 5 total cases, there are no reported pneu-
mothoraces, no reoperation events, and all patients have achieved
union. No patients reported irritation from the implants. It is
possible that the suture construct may be less irritable to sur-
rounding soft tissue and carries lower risk of penetrating injury to
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Article Cases Fusion technique Nonunion  Pneumothoraces Painful hardware  Total number of
events removal or cable  reoperations
shortening
Andrews et al, 6  Steel wires over ribs 4-6. Autograft 0 cases 1 case 0 cases 1 — Broken drain removal
1998'
Berne et al., 49  Steel wires over ribs 5 and 6, rib 4 osteotomized and inserted 1 nonunion 5 cases 2 cases 2 — wire removal
20032 through scapular hole, fused with plate
Bhatia et al., 1 Steel wires over ribs 3-6, 5-hole plate, autograft 0 cases 0 cases 0 cases 0
2012°
Bizot et al., 8  Steel wires over 3 to 5 ribs, autograft 3 nonunions 0 cases 0 cases 3
20034 2 — nonunion revisions
1 — traumatic scapular
fracture
Boileau et al, 10  Steel wire, 7 to 8 hole plate, autograft 1 nonunion O cases 0 cases 0
2020°
Bunch and 17  Steel wires over 3 to 5 ribs, autograft 0 nonunions 0 cases 0 cases 0
Siegel, 19937
Cooney et al, 14  Braided steel cable over 4 to 5 ribs, two 3.5 reconstruction plates 1 nonunion 0 cases 5 cases 6
20138 as washers, autograft and allograft 1 — nonunion revision
5 — wire removal
Copeland et al., 14  Screw fixation to ribs 4-6, autograft, tibial cortical struts 2 nonunions 1 case 2 cases 4
1999° 2 — screw removal
1 — nonunion revision
1 — screw pullout revision
Davey et al., 2 FiberTape, 6 hole tubular plate, autograft and allograft 0 cases 0 cases 0 cases 0
2020'°
Diab et al., 11 Steel wire for ribs 2-6 or 3-7, compression or semitubular plate as 0 nonunions 0 cases 2 cases 2 — wire trimming
2005"! washer, autograft
Elhassanetal, 2  Steel wires over ribs 3-6, 4- or 5- hole compression plate, 0 cases 0 cases 0 cases 0
2008'? autograft
Endrizzietal, 2  Case A: Steel wires, semitubular plates, autograft 0 cases 0 cases 1 case (case A) 1 — steel wire and plate
2015" Case B: FiberWire suture and autograft removal
Eren, et al,, 64  Braided steel cable from ribs 2 through 7, autograft and allograft 3 nonunions 4 cases 3 cases 7
20204 3 — wire trimming
2 — nonunion revisions
2 — cable revisions due to
rib fractures
Faisal et al., 1 Braided steel cables from ribs 2-5 with 8-hole plate, autograft 0 cases 0 cases 0 cases 0
2012"°
Goel et al. 12 Stainless steel wire from ribs 3 through 6, 5-hole compression 2 nonunions 1 case 6 cases 7
2014'° plate, autograft, and allograft 1 — nonunion revision
6 — hardware removal
Jakab and 4 Steel wires, autograft 0 cases 0 cases 0 cases 0
Gledhill,
19938
Jeon et al., 6  Steel wires stabilized by a rush rod, autograft 1 nonunion 0 cases 6 cases 7
2005 1 — nonunion revision
6 — hardware removals
Kocialkowski 2 Screw fixation, allograft, and autograft 0 cases 0 cases 0 cases 0
et al, 1991%°
Krishnan et al. 24  Braided steel cable, plate, autograft, and allograft 9 nonunions 6 cases 1 case 10
2005%? 9 — nonunion revisions
1 — hardware removal
Le Hanneur and 8  Steel wire for ribs 4-6 or 3-5, 2-hole tubular plates, superior rib 1 nonunion 0 cases 2 cases 3
Saint-Cast, osteotomized and inserted through scapular hole, fused with 6- 1 — nonunion revision
2017"7 hole plate 2 — hardware removal
Letournel et al., 16  Steel wire for ribs 4-6 or 5-7, 2-hole tubular plates, superior rib 0 nonunions 3 cases 0 cases 0
19907 osteotomized and inserted through scapular hole, fused with a 6-
hole plate
Levy, 2014%* 35  4.5-mm cortical screw fixation to 3 to 5 ribs with washers, 2 cases 1 case 0 cases 2 — nonunion revision
autograft and allograft
Mackenzie 2 Steel wires for ribs 4-6, autograft 0 nonunions 0 cases 0 cases 1 — immediate revision of
et al., 2003%° fixation due to loss of
brachial pulse
Ozturk et al., 1 Polymer cable, semitubular plate, allograft and BMP-2 0 cases 0 cases 0 cases 0
2013%°
Pahys et al,, 3 Titanium wires over ribs 4-7 with semitubular plate 2 nonunions 0 cases 2 cases 2- hardware removal
2009%7
Rhee and Ha, 9  Steel wires for ribs 3-6, 5- or 6-hole plate, autograft 0 nonunions 0 cases 0 cases 0
2006%®
Sewell et al., 42  Braided steel cables over ribs 3-7, 9- or 10-hole semitubular 6 nonunions 3 cases 13 cases 20
2012%° plate, autograft 6 — nonunion revision
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13 — hardware removal

1 — excision of

superomedial scapula
(continued on next page)
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Article Cases Fusion technique Nonunion  Pneumothoraces Painful hardware  Total number of
events removal or cable  reoperations
shortening

Szomor et al., 1 Achilles tendon allograft looped around ribs through scapular 0 cases 0 cases 0 cases 0
2000°° drill holes secured with Ethibond suture

Twyman et al, 12  Steel wires, autograft 1 nonunion 1 case 0 cases 1 — nonunion revision
1996°!

Ziaee et al,, 8  Steel wires, plate 0 cases 1 case 0 cases 0
2006

Table II

Study outcomes.

UHMWPE-reinforced suture fixation*

Metal only constructs

Screw fixation Metal cables with plate Metal cables without plate

Total N (%) 5(1) 381 (98)
Fusion N (%) 5 (100) 346 (91)
Pneumothorax N (%) 0(0) 27 (7)
Reoperation N (%) 0(0) 79 (21)

51(13) 211 (55) 119 (31)
47 (92) 188 (89) 111 (93)
2(4) 19 (9) 6 (5)

6(12) 53 (25) 20 (17)

UHMWEPE, ultra-high-molecular-weight polyethylene.
Numbers rounded to nearest whole number.
" Includes the present study.

the pleura; this potentially may decrease the rates of subsequent
complications and operations for removal of hardware. It is
possible that hardware irritation develops in these patients in the
future; however, as average length to hardware removal among
the metal constructs was 12.5 months postoperatively and as the
suture-construct studies had an average follow-up lengths of 15
months (range 6 to 24 months), it appears that there is at least a
lower rate of early irritation necessitating removal. Further study
comparing steel wire against UHMWPE-reinforced suture for
bony fusion is warranted for analysis. Additional studies usig
definitive functional scores would also offer benefit in comparing
construct outcomes.

Limitations

This review has limitations. With now only 5 reported cases of
STF for heterogenous etiologies using fiber-suture constructs, it is
difficult to draw generalizable conclusions on the success rate of
the procedure, as well as its potential for reoperation. No included
studies in the literature review were higher than level IV evidence.
As such, with no prospective studies or comparison groups avail-
able, statistical significance could not be calculated for fusion rate
differences or incidences of painful hardware between metal and
fiber-suture construct groups.

Conclusion

For patients with painful, activity-limiting scapular winging, STF
represents a salvage procedure. Previous fusion techniques with
steel cables with or without reconstruction plates, or screw fixation
have been shown to have substantial rates of painful hardware,
pneumothoraces, and reoperations. The introduction of UHMWPE-
suture offers another option to achieve fusion, and while cases
using this are limited, reports to this point have demonstrated
successful fusion without implant irritation, pneumothorax devel-
opment, or reoperation need. Further study with larger cohorts,
longer-term follow-up is needed to fully assess this technique for
STF.
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