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Background: In shoulder arthroplasty, cerclage fixation techniques are used to stabilize osteotomies,
fractures, and allografts. Fixation techniques including cerclage with metal and polymer cables have been
described. The purpose of this study was to evaluate suture cerclage fixation of the humeral shaft during
shoulder arthroplasty.
Materials and methods: Shoulder arthroplasty cases performed from 2012-2017 by 3 fellowship-
trained shoulder arthroplasty surgeons were reviewed. Cases in which suture cerclage was used for
osteotomy, fracture, or allograft fixation were identified. Demographic data, indications, implant types,
fixation techniques, and complications were reviewed. Postoperative radiographs were analyzed for
union, component loosening, and loss of fixation. American Shoulder and Elbow Surgeons and Single
Assessment Numeric Evaluation scores were collected preoperatively and postoperatively.
Results: A total of 27 patients (3 primary and 24 revision cases) with a mean age of 69.6 years
(range, 28-88 years) were available for follow-up at a mean of 12.6 months (range, 0.8-42.3 months)
postoperatively. Humeral osteotomy alone was performed in 15 cases. Allograft alone was used in 1
case. Both allograft and osteotomy were used in 6 cases. Complications occurred in 3 patients (11%),
comprising 1 postoperative periprosthetic fracture and 2 prosthetic joint infections; all required
further surgery. Radiographs at final follow-up showed healing of all osteotomies and fractures. No
hardware failure or implant loosening occurred. The mean postoperative American Shoulder and
Elbow Surgeons and Single Assessment Numeric Evaluation scores were significantly improved (a ¼
.05) compared with preoperative scores, from 21.4 to 44.5 (P ¼ .002) and from 26.7 to 74.1 (P < .001),
respectively.
Conclusion: Suture cerclage is safe and effective for humeral fixation in shoulder arthroplasty.

© 2020 The Author(s). Published by Elsevier Inc. on behalf of American Shoulder and Elbow Surgeons.
This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-

nc-nd/4.0/).
The incidence of shoulder arthroplasty continues to grow,
particularly as indications for reverse total shoulder arthroplasty
(RTSA) expand.1,9 With an increasing volume of shoulder
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arthroplasty procedures, the need for revision surgery has also
increased. Revision shoulder arthroplasty presents unique tech-
nical challenges. First, bone quality is often impaired owing to
osteoporosis or proximal stress shielding, which increases the risk
of periprosthetic fracture.3,15 Second, humeral osteotomy is often
required to remove a well-fixed humeral stem.15 In these cases,
fixation is often accomplished with humeral shaft cerclage, with or
without plate fixation.15 Periprosthetic fractures also present fixa-
tion challenges, often requiring cerclage for fixation in the zone of
the prosthesis where screws cannot be placed. Cerclage fixation has
most commonly been described with metal wires, metal cables, or
polymer cables. However, such implants may have disadvantages
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such as metal prominence. Newer suture materials with higher
tensile properties have been used in suture cerclage constructs in
total hip arthroplasty.8 Suture cerclage, as described in hip
arthroplasty, presents an alternative to wires or cables, but few
studies have reported on its use in shoulder arthroplasty.2,10,12

The purpose of this case series was to evaluate the performance
of suture cerclage fixation of the humeral shaft during shoulder
arthroplasty. The hypothesis was that suture cerclage fixation
would be safe and effective in stabilizing humeral osteotomies,
fractures, and allografts.
Materials and methods

Weperformed amulticenter retrospective review of all shoulder
arthroplasties involving cerclage fixation at 3 centers between 2012
and 2017. The inclusion criteria included a primary or revision
shoulder arthroplasty with cerclage fixation of the humeral shaft
for an intraoperative fracture, humeral osteotomy, or allograft fix-
ation. There were no exclusion criteria. The mean follow-up period
was 12.6 months (range, 0.5-40.9 months).

The surgical procedures were performed at 3 centers by 3
different fellowship-trained shoulder arthroplasty surgeons. De-
mographic data, indications, procedures performed, clinical out-
comes, preoperative and postoperative American Shoulder and
Elbow Surgeons (ASES) and Single Assessment Numeric Evaluation
(SANE) scores, radiographic data, and complications were exam-
ined by chart review. Radiographs were reviewed for osteotomy or
periprosthetic fracture healing (graded as yes or no). The fracture or
osteotomy was considered healed if there was no evidence of a
fracture line or humeral stem subsidence. Patients were also
assessed for continued pain that would suggest nonunion of the
osteotomy. Implant loosening was defined as subsidence or stem
Figure 1 Cadaveric demonstration of osteotomy and cerclage repair. (A) The osteotomy is vis
closure of osteotomy. The show the osteotomy site, and the show
shift between the immediate postoperative and final follow-up
radiographs, as described by Sperling et al.14

Cerclage technique

Suture-only cerclage was used in all cases requiring cerclage
during the study period, with a nonabsorbable polyblend suture or
2-mm suture tape (No. 5 FiberWire or FiberTape; Arthrex, Naples,
FL, USA). The suture was folded in half and passed around the hu-
merus with a cerclage passer, avoiding the neurovascular structures
(Fig. 1). The passer was passed frommedial to lateral, remaining on
bone, and the suture was passed lateral to medial. If cerclage was
required at the level of the deltoid insertion or below, the radial
nerve was exposed and protected. The suture knot was secured by a
racking hitch knot, also known as a “cow hitch” knot, and backed up
with �3 half-hitches7,11 (Fig. 2). Cerclage sutures were spaced
approximately 1.5-2 cm apart, and 1-4 suture cerclages were used.
In cases requiring bone graft, humeral or tibial allografts were cut
and sized as needed. Cerclage sutures were initially placed around
the humerus to stabilize the osteotomy. Then, suture cerclages
were passed around the humeruseallograft construct.

Postoperatively, patients were immobilized in a sling for 4-6
weeks. Passive range of motion was initiated at 4-6 weeks, and
patients progressed to active range of motion at 8-12 weeks post-
operatively based on pain and postoperative radiographs.

Statistical analysis

Descriptive statistics (mean and range) were used to describe
the case series. Patient-reported outcomes (PROs) were described
as mean, range, and standard deviation. Statistical significance was
determined using the Student t test; the level of significance was
defined as a ¼ .05.
ible with 1 cerclage suture passed around the shaft. (B) Three tied cerclage sutures and
the 3 cables.



Figure 2 Racking hitch knot. (A) The folded suture is placed around bone, and the looped end is folded back onto itself. (B) The loop is folded in on itself. (C) The free end of the
suture is passed through the loop. (D) The suture is tightened by hand or a tensiometer. (E) The knot is backed up with 3 alternating half-hitches. (F) Final knot construct.
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Results

This series included 27 cases: 3 primary and 24 revision cases.
The average age was 69.5 years (range, 27-88 years). The average
follow-up period was 12.6 months (range, 0.8-42.3 months). Of the
patients, 16 (59%) were women and 11 (41%) were men. The in-
dications for surgery included the following: failed anatomic total
shoulder arthroplasty or hemiarthroplasty requiring osteotomy for
stem removal (13), replantation after prosthetic joint infection (4),
periprosthetic fracture (4), failed humeral component in RTSA (1),
first-stage revision for prosthetic joint infection (1), primary RTSA
for proximal humeral fracture requiring proximal humeral cerclage
(3), and nonunion of periprosthetic fracture after revision RTSA (1).
In 25 cases, an RTSA was implanted; in 1 case, an anatomic total
shoulder; and in 1 case, an antibiotic cement spacer. Fifteen cases
required osteotomy alone. One case required allograft alone. Six
cases required both osteotomy and allograft. A mean of 1.8 cerclage
sutures (range, 1-4 cerclage sutures) were used. The mean post-
operative ASES and SANE scores were significantly improved (a ¼
.05) comparedwith preoperative scores, from 21.4 to 44.5 (P¼ .002)
and from 26.7 to 74.1 (P < .001), respectively (Table I).

All cases are listed in Table II. All humeral shafts healed (Fig. 3).
We noted 3 complications in this series: Two patients sustained
postoperative prosthetic joint infections; one patient underwent
successful 2-stage revision to RTSA, whereas the other patient was
treated with component retention, d�ebridement, and intravenous
antibiotics. One patient sustained a ground-level fall that resulted
in periprosthetic fracture, requiring revision RTSA. No complica-
tions related to the cerclage technique were observed.

Discussion

The findings of this case series confirm our hypothesis that su-
ture cerclage fixation can be a safe and effective technique for the
management of humeral shaft fixation for osteotomies and frac-
tures, as well as allograft incorporation, during shoulder arthro-
plasty. All cases demonstrated radiographic healing, and no
complications related to the cerclage fixationwere observed. These
findings may have implications for the management of humeral
shaft fractures and osteotomies during shoulder arthroplasty.

The indications for shoulder arthroplasty, particularly revision,
continue to increase. During revision, when an osteotomy is
required or a periprosthetic fracture occurs, fixation may require a
combination of plates, screws, and/or cerclages. Historically, metal
cerclage cables have been used for stabilization of humeral
osteotomies or periprosthetic fractures, adapted from their use in
lower-extremity arthroplasty.2,10,12 Although a concern has been
raised that cables decrease the periosteal blood supply and may
increase rates of component loosening,12 laboratory studies have
refuted the notion that the periosteal blood supply is significantly
affected.19,20 Our findings provide further clinical evidence that
cerclage fixation is safe because all fractures and osteotomies
healed and no cases of stem loosening occurred. In addition, no
patients required additional surgery for suture cerclage removal.



Table I
Patient-reported outcomes

Measure Preoperative Postoperative P value

ASES score 21.42 (12.4) (2-27) 44.46 (29.9) (0-65) .002
SANE score 26.70 (19.9) (0-75) 74.05 (28.2) (0-100) <.001

Data are presented as mean (standard deviation) (range). The level of significance
was defined as a ¼ .05.
ASES, American Shoulder and Elbow Surgeons; SANE, Single Assessment Numeric
Evaluation.
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A variety of materials may be used for cerclage fixation. Tradi-
tionally, metal wires or cables have been used. However, these
materials are radiopaque, creating challenges during radiographic
evaluation of the bone. Moreover, metal wires and cables present a
danger to the surgical team when sharp edges become exposed,
increasing the risk of sharp injuries intraoperatively. In addition,
metal cables can loosen, leading to soft tissue irritation or metal-
losis and necessitating removal.9

Kuruvalli et al8 used a “suture cord” made of 8 No. 2 Vicryl su-
tures (Ethicon, Edinburgh, UK) woven together to secure extended
trochanteric osteotomies during hip revision surgery and reported
healing in 19 of 20 patients. Technological advances have produced
new suture materials that can be used for cerclage. Polymer cerc-
lage cables have been shown to be safe and effective in the setting
of revision shoulder arthroplasty and periprosthetic hip fractures in
the lower extremity.5,16 Edwards et al5 presented a series of 11
patients undergoing shoulder arthroplasty requiring cerclage in
whom polymer cables were used. Their results paralleled those of
our study in that all osteotomies healed and no complications
related to the use of cerclage were noted, despite a complication
rate of 46% (5 of 11 patients) in their series. Laboratory testing has
Table II
Suture cerclage cases

No. Age, yr Sex Indication

1 65 F RTSA PJI

2 64 F Resolution of PJI after hemiarthroplasty
3 28 F Resolution of PJI after TSA
4 74 M Resolution of PJI after TSA
5 61 F Failed TSA
6 56 F Failed hemiarthroplasty
7 60 M Failed revision TSA
8 72 M Failed hemiarthroplasty
9 83 F Failed hemiarthroplasty
10 71 F Failed hemiarthroplasty
11 64 M Periprosthetic Fx in RTSA
12 80 F Failed TSA
13 73 F Failed hemiarthroplasty
14 65 M Failed TSA
15 63 M Failed humeral component in RTSA

16 65 M Failed TSA

17 67 M Resolution of PJI after hemiarthroplasty
18 75 F Failed hemiarthroplasty
19 84 F Prox humeral Fx
20 85 M Periprosthetic Fx in RTSA
21 85 M Prox humeral Fx-dislocation
22 88 F Periprosthetic Fx in RTSA
23 74 F Periprosthetic Fx in RTSA
24 60 F Failed TSA
25 66 F Prox humeral Fx
26 76 M Failed hemiarthroplasty
27 78 F Nonunion of Fx after revision RTSA for periprosthetic Fx

F, female; RTSA, reverse total shoulder arthroplasty; PJI, prosthetic joint infection; Abx, an
proximal; Fx, fracture; I&D, irrigation and d�ebridement; IV, intravenous.
shown similar tensile and fatigue strength compared with metal
cerclage.13

Westberg et al17 compared 3 suturesdNo. 2 FiberWire, No. 2
Ultrabraid (Smith & Nephew, Andover, MA, USA), and No. 5 Ethi-
bond (Johnson & Johnson, Somerville, NJ, USA)dusing 3 knot
configurations vs. 1.2-mm monofilament wire. Each sample was
tested for cyclic loading and load to failure. Compared with
monofilament wire, FiberWire and Ethibond failed at statistically
significantly higher loads. Knot type did not affect the results.
Renner et al11 compared 1.25-mm stainless steel wire (Synthes,
Solothurn, Switzerland) and No. 5 FiberWire in a humeral
osteotomy model. Comparative testing demonstrated higher
compressive forces during tightening favoring stainless steel wire,
with similar forces for distraction testing. There was no difference
in force restraint on subsidence testing. FiberWire was secured for
testing by a cow hitch knot, which is the same knot used in our
study. Renner et al stated that nonmetallic cerclage may adapt
better to the bone surface and reduce irritation related to crimp
and metal debris.

Few studies have reported on cerclage fixation of the humeral
shaft in the clinical setting of shoulder arthroplasty. To our
knowledge, our study is the first to evaluate PROs in the setting of
cerclage in shoulder arthroplasty. Our data showed statistically
significant changes in ASES and SANE scores; both also represented
minimal clinically important differences (MCIDs) in PROs as re-
ported in the current MCID literature. The MCID for the ASES score
ranges from 6.4-17 (MCID of 23 in our study), and the MCID for the
SANE score after shoulder arthroplasty was most recently defined
as 28.8 (MCID of 48 in our study),4,6,18 illustrating both statistical
and, more important, clinical significance. PROs more likely reflect
the outcome of the procedure and do not necessarily reflect the use
of suture cerclage cables.
Procedure Osteotomy Allograft Complications

Abx spacer Y N No replantation because
of ongoing knee infection

RTSA Y N None
RTSA Y N None
RTSA Y N None
RTSA Y N None
TSA Y Y None
RTSA Y N None
RTSA Y Y None
RTSA Y Y
RTSA Y N None
RTSA Y N None
RTSA Y Y None
RTSA N N None
RTSA Y N Revision RTSA after GLF
Revision
humeral-side RTSA

Y N None

RTSA Y N PJI, treated with 2-stage
revision RTSA

RTSA Y N None
RTSA Y Y None
RTSA N N None
RTSA Y N PJI, treated with I&D IV Abx
RTSA N N None
RTSA N N None
RTSA N N None
RTSA Y N None
RTSA Y N None
RTSA Y Y None
RTSA N Y None

tibiotics; Y, yes; N, no; TSA, total shoulder arthroplasty; GLF, ground-level fall; Prox,



Figure 3 Radiographs preoperatively and at 1 month and 3 years postoperatively (post op) in suture cerclage case 3. This case required revision of a cemented humeral stemwith a
loose glenoid. An indolent infection was diagnosed based on preoperative aspirate with positive culture results for Cutibacterium acnes. The patient underwent 2-stage recon-
struction, with an extended humeral osteotomy and cement spacer for 6 weeks, followed by reverse shoulder implantation and 6 cerclage sutures. The indentations of the proximal
3 sutures in the cortex (arrow) should be noted. The osteotomy healed, and the patient had no pain and no evidence of subsidence at 3 years postoperatively.
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There are several limitations to this study. First, the number of
patients is limited, and the series is retrospective in design. Second,
the population is heterogeneous with multiple indications. Most
important, no comparative group was included. However, we
suggest that a comparison group was not required for this study.
The intent was to establish suture cerclage as a safe alternative to
other devices. In this study, no reoperationswere performed and no
failures were identified; therefore, any comparative group would
be at best equal and possibly inferior if surgery was required for
hardware pain or nonunion. It is not the intent of this study to
suggest superiority to other fixation devices. We simply suggest
this is a reasonable and safe alternative.

Conclusion

Suture cerclage fixation of the humeral shaft appears to be a safe
method for fixation of a humeral periprosthetic fracture, osteot-
omy, or allograft fixation. This technique may be used as an alter-
native to metallic or polymer materials for cerclage fixation of the
humerus during shoulder arthroplasty.

Disclaimer

The authors, their immediate families, and any research foun-
dations 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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