Review Atrticle

Clinics in Orthopedic Surgery 2021;13:287-292 e https://doi.org/10.4055/cios20317

Biomaterials Used for Suture Anchors in
Orthopedic Surgery

Chul-Hyun Cho, MD, Ki-Cheor Bae, MD, Du-Han Kim, MD

Department of Orthopedic Surgery, Keimyung University Dongsan Hospital, Keimyung University School of Medicine, Daegu, Korea

Suture anchors are broadly used for attaching soft tissue (e.g., tendons, ligaments, and meniscus) to the bone and have become es-

sential devices in sports medicine and during arthroscopic surgery. As the usage of suture anchors has increased, various material-

specific advantages and challenges have been reported. As a result, suture anchors are continually changing to become safer and

more efficient. In this ever-changing environment, it is clinically essential for the surgeon to understand the key characteristics of

existing anchors sufficiently. This paper aims to summarize the current concepts on the characteristics of available suture anchors.
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The use of suture anchors has revolutionized orthopedic
surgery because it allows for simple and efficient fixation
of soft tissue (e.g., tendons and ligaments) to the bone in
both open and arthroscopic surgery around the shoulder,
elbow, wrist, and lower limb joints."” Shoulder surgery
particularly has experienced a significant change in the
type of techniques used from open repair of the rotator
cuff and labrum using screws, washers, transosseous su-
tures, and staples to arthroscopic repair using suture an-
chors.

The primary function of the suture anchor is to
attach tissue at the proper site and maintain its position
without loosening or excessive tension until physiologic
healing is accomplished. An ideal suture anchor is easy
to handle, maintains enough pull-out strength, prevents
suture abrasion, and is absorbable without resulting in
any reactions as the material dissolves.” Various types of
anchors have been developed, and designs of anchors have
evolved over the recent decade to maximize their effective-
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ness in creating a firm tendon-to-bone repair.*”

METALLIC SUTURE ANCHOR

The first suture anchor designs were nonabsorbable and
metallic. A specific metal can be used combined with
other metals to form an alloy or alone. The two most com-
monly used metal anchors are titanium and stainless steel.
Titanium is widely used for orthopedic applications, and it
is a strong, light material by itself, but it can also be com-
bined with iron or aluminum (Fig. 1).” Stainless steel is an
alloy of carbon, chromium, and iron. It is more resistant to
corrosion than regular steel and stronger than pure iron.”
Stainless steel anchors become encapsulated by a fibrous
membrane rich in inflammatory cells, whereas titanium
forms a surface layer of calcium and phosphate, which
links directly to the bone without evidence of this fibrous
layer and with minimal inflammatory response. An oxide
layer spontaneously forms, and calcium and phosphate
precipitate on this layer. Then, osteoblasts bind to the sur-
face and actively secrete osteoid matrix.*”

Although metallic suture anchors provide rigid fixa-
tion and have been used successfully for a long time, mul-
tiple disadvantages are associated with their use, especially
around the shoulder.” The complications include migra-
tion, loosening, incarceration of the metal anchors within
the joint cavity, cartilage damage, and interference with
diagnostic imaging, such as computed tomography scans
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Fig. 1. Metallic suture anchor: Super Revo FT, titanium (ConMed Linvatec,
Largo, FL, USA).

and magnetic resonance imaging (MRI).”'” Furthermore,
if metal anchors are located, revision surgery is more dif-
ficult because the anchors must be either avoided or re-
moved, and they release metal ions into the surrounding
tissues.™"

BIODEGRADABLE SUTURE ANCHOR RESULTS

Recently, biodegradable suture anchors developed to help
overcome the reported complications associated with me-
tallic anchors have been used much more widely."” The
advantages of biodegradable anchors compared with me-
tallic anchors are as follows: (1) less complicated revision
surgery, (2) better postsurgical imaging, (3) improved bio-
compatibility, and (4) lack of need for removal operation.
Biodegradable materials used for orthopedic ap-
plications are natural, synthetic, or biosynthetic polymers.
These are designed to be biocompatible and not to elicit
an immune response. Recently, more than dozens of poly-
mers have been developed for use in surgery. These poly-
mers are long-chain macromolecules composed of mul-
tiple covalently bonded monomers and can be composed
of a single repeating monomer or combinations of more

13,14)
than one monomer.

Polyglycolic Acid, Poly-Lactic Acid, Poly-L-Lactic Acid

Polyglycolic acid (PGA) is one of the first degradable
polymers researched in biomedical fields. Since the 1970s,
surgeons used PGA as a degradable suture. While it was
initially also used as a biodegradable anchor, the rapid
degradation of PGA and loss of strength shortly after sur-

gery resulted in its discontinuation."” Degradation of PGA
starts during the first week after anchor implantation; as
the glycolic acid products are released, they can cause an
inflammatory reaction with synovitis, bursitis, or lytic
bone changes.3) Later, anchors started to be manufactured
using poly-L-lactic acid (PLLA). It has been shown to
dissolve very slowly and may maintain up to five years.'”
Based on this attribute, poly-lactic acid (PLA), particularly
its PLLA form, is not as problematic as PGA; however,
very long degradation rates would not allow for complete
bony replacement and may create intraosseous foreign
body reactions.”"® To regulate the degradation period
of bioabsorbable anchors and reinforce their mechanical
properties, copolymers such as poly (D, L-lactide) from
L-lactide and D-lactide and PLLA with PGA have been
developed.”

Importantly, biodegradable suture anchors are
also associated with challenges, including problems in
the intraoperative or early postoperative period such as
(1) implant breakage during anchor insertion, (2) initial
fixation loss, (3) incomplete burial of anchors within a
bone, which could damage the articular cartilage, and (4)
possible anchor migration. Potential challenges occur-
ring later relative to surgery include (1) the development
of inflammatory reactions leading to osteolysis, (2) cyst
formation, and (3) intra-articular granuloma formation
along with swelling.'” Among these complications, cyst
formation and osteolysis are crucial problems after rotator
cuff repair. Clinicians expect that biodegradable anchors
will be absorbable and be replaced by bone after healing
of the tendon to the bone. Fluid signal around the anchor
on T2-weighted MRI scan was graded as follows: grade
0, no fluid signal around anchor; grade 1, minimal fluid
collection; grade 2, local collection of fluid; grade 3, fluid
collection around the entire length of the anchor, with cyst
diameter less than twice the anchor diameter; and grade 4,
cyst diameter larger than grade.*””

BIOSTABLE SUTURE ANCHOR

Polyetheretherketone

Because some biodegradable anchors can be absorbed too
quickly, the development of biostable anchors was pur-
sued. Such a biostable anchor—a polyetheretherketone
(PEEK) polymer—is obtained by dialkylation of bisphenol
salts (Fig. 2).>*"

PEEK is increasingly becoming used in tribologi-
cal components because of its excellent performance.
PEEK materials showed high strength, strong mechanical
properties, good wear- and heat-resistance, and excellent
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Fig. 2. Biostable suture anchors. (A) ReelX STT (Stryker, San Jose, CA,
USA). (B) PopLok (ConMed Linvatec, Largo, FL, USA). (C) FootPrint (Smith
& Nephew, Andover, MA, USA).

chemical and biological resistance. Therefore, it has many
other applications in engineering and medicine.”” PEEK
also offers advantages, such as good postoperative imaging
and stable fixation, and no complications associated with
polymer degradation. Importantly, the major problem
with PEEK has been shown to be poor osseointegration.
Overall, however, the development of PEEK anchor has
led to the adoption of biocomposite materials that may
support osteoconductive ingrowth.s)

BIOCOMPOSITE SUTURE ANCHOR

Biocomposite suture anchors are composed of both a
biodegradable polymer material and a bone formation-
promoting bioceramic material. The most commonly used
bioceramic is beta-tricalcium phosphate (B-TCP); others
include hydroxyapatite, calcium sulfate, and calcium car-
bonate.” TCP is widely used in orthopedic surgery to fill
bone defects because (1) it has a mineral content similar to
that of human bone, (2) its macro-porosity and micro-po-
rosity is osteoconductive, and (3) it has excellent biocom-
patibility and mechanical resistance. Unlike 3-TCP, hy-
droxyapatite is a natural mineral substance with an affinity
to bones and is highly biocompatible since it is similar to
a mineral component of teeth and bones of mammals.”*"
Generally, hydroxyapatite-based bone substitute materials
are considered nonabsorbable or have much lower degra-
dation rates than B-TCP (Fig. 3).>*"

Poly-Lactic Co-Glycolide/B-TCP

Poly-lactic co-glycolide (PLGA)/B-TCP is a biocomposite
material explicitly developed to promote absorption at a
controlled rate.” PLGA/B-TCP minimizes inflammatory

Fig. 3. Biocomposite suture anchors. (A) BioComposite Corkscrew FT,
15% beta-tricalcium phosphate and 85% poly-L-lactic acid (Arthrex,
Naples, PL, USA). (B) Genesis CrossFT, 23% beta-tricalcium phosphate
and 77% poly-lactic acid (ConMed Linvatec, Largo, FL, USA).

reaction while promoting osteoconductivity at the implant
site via the homogeneously disseminated B-TCP within
the absorbable copolymer. This material has the highest
reported osteoconductivity rate in the literature.”**” A
systematic review revealed that almost 90% of suture an-
chors composed of PLGA/B-TCP were absorbed within 3
years and promoted osteoconductivity with few reported
adverse events. This particular character is highly ben-
eficial because, if required, unexpected revision surgery
is not complicated by anchor removal. Furthermore, the
absorption period is slow enough to provide adequate
mechanical fixation of soft tissues to the bone during the
physiologic healing and to prevent inflammatory reaction
and cystic formation that are common with fast-absorbing
materials.”"*”

PLGA/B-TCP/Calcium Sulfate

Recent biocomposite suture anchor materials consist of
65% PLGA, 15% B-TCP, and 20% calcium sulfate (CS) (Fig.
4).* PLGA showed a resorption time of 24 months.” And
the other two components have shorter resorption times as
shown in animal models (B-TCP, 18 months and CS, 4-12
weeks).” The use of this type of suture anchor is associ-
ated with: (1) strong primary stability, (2) good healing of
the soft tissue, and (3) nearly complete absorption within
24 months. Furthermore, it is advantageous to prevent
anchor-related cyst formation and fluid assembly by using
fast-absorbing materials. Vonhoegen et al.”” analyzed 82
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PLGA/B-TCP/CS anchors in 48 patients who had under-
gone arthroscopic rotator cuff repair. They reported that
the degradation process seemed to be completed within 21
months, and there was no severe osteolysis or cyst forma-
tion observed around any of the 82 anchors. Only two re-
tears occurred, and no anchor pull-out complications were
detected.”

ALL-SOFT SUTURE ANCHOR

Solid type suture anchors (e.g., metal and polymer)
have been studied extensively and found to be sufficient
for maintaining physiologic loads at soft tissue to bone
junctions. Usually, these solid type anchors need surgi-
cal preparation of the bony footprint site (decortication,

Fig. 4. Biocomposite suture anchor: Healicoil Regenesorb (Smith & Nephew,
Andover, MA, USA).

punching, or drilling) that may cause bone loss because of
the grounding piece’s volume.””

All-soft suture anchors (ASAs) were developed to
minimize complications and invasiveness related to the use
of solid type anchors. These ASAs consist of one or more
ultra-high-molecular-weight polyethylene (UHMWPE)-
containing sutures (Fig. 5).

The ASAs typically consist of a sleeve or tape made
of suture material through which the UHMWPE-con-
taining suture is woven. This fixation mechanism differs
compared with screw-type suture anchors. When the ASA
is inserted into the bone and the primary suture is pulled,
the sleeve or tape is cinched up to compress against the
overlying cortical bone creating a “ball” that works as the
anchor. It allows the suture anchor to be placed in a tun-
nel with a smaller diameter (1-3 mm), thereby preserving
bone and hypothetically allowing for more bone preserva-
tion, which may be particularly beneficial due to limited
bone stock at the glenoid rim or acetabulum. Also, even if
an anchor failure occurs, joint damage may be minimized
because of the soft anchor body.™

Despite these advantages of ASAs, many surgeons
have been worried about weaker fixation associated with
ASAs in the clinical setting. Dwyer et al.” reported ASAs
displayed more significant laxity, inferior fixation, and
early displacement in the bovine bone and cadaveric bone
compared to screw anchors. A biomechanical analysis by
Mazzocca et al.*” compared the use of an ASA to a solid
anchor, which consists of a PLLA body, in glenoid labral
repair and observed no statistical difference in maximum
load to failure or displacement at failure. However, the
force required for 2 mm of repaired labral displacement
was significantly lower with the ASA compared with the
conventional anchor. With regard to rotator cuff repair, the
minimum fixation load required for a rotator cuff has not

Fig. 5. All-soft suture anchors. (A) Q-Fix (Smith & Nephew, Andover, MA, USA). (B) Suturefix (Smith & Nephew). (C) Iconix (Stryker Endoscopy, San Jose,
CA, USA). (D) JuggerKnot (Biomet Sports Medicine, Warsaw, IN, USA). (E) Y-Knot (ConMed Linvatec, Largo, FL, USA).
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been established clinically and probably can vary with the
quality of bone and rotator cuff tendon. However, 250 N
has been identified as the load that is needed for the reha-
bilitation period of rotator cuff tendon repair. According
to a biomechanical study by Barber and Herbert"”, all 10
different types of ASAs successfully exceeded this level."”

CONCLUSIONS

An ideal biodegradable suture anchor would provide
adequate mechanical fixation, have excellent biocompat-
ibility, completely degrade when it is no longer needed,
decrease the prevalence of peri-anchor cyst formation, and
ultimately be replaced by bone. However, an ideal suit-
able bioresorbable suture anchor material has not yet been

verse reactions, and the need for potential future revision
surgery when determining the most appropriate suture
anchor. For these reasons, it is essential that surgeons un-
derstand key characteristics of a variety of currently avail-
able anchors.
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