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A B S T R A C T

Foot and ankle surgeons continue to explore bone graft alternatives that will be comparable to the ref-
erence standard of autologous bone. The purpose of the present study was to consider the outcomes of
hindfoot arthrodesis supplemented with bioactive glass in patients at risk of delayed union and non-
union. We performed a retrospective radiographic review of 29 consecutive patients (48 joints) who had
undergone arthrodesis of ≥1 joint of the hindfoot (ankle, subtalar, talonavicular, calcaneocuboid). All pa-
tients included in the present study had a minimum of 1 documented risk factor for osseous nonunion
(history of previous nonunion, trauma, smoking, diabetes, Charcot arthropathy, obesity, age >65 years
at surgery). The patients were followed up for a minimum of 24 weeks or until radiographic healing had
been achieved. We found 12 (25.0%) nonunions across all 48 joints supplemented with bioactive glass.
We found 4 (16.7%) nonunions in the subtalar joint, 1 (11.1%) in the calcaneocuboid joint, and 1 (11.1%)
in the talonavicular joint. We found that hindfoot arthrodesis procedures supplemented with bioactive
glass resulted in an incidence of union comparable to that with autograft and other bone graft substitutes.

© 2018 by the American College of Foot and Ankle Surgeons. All rights reserved.

Nonunion is 1 of the most common and challenging complica-
tions encountered after hindfoot arthrodesis procedures. Nonunion
can cause substantial morbidity and disability and often requires re-
vision arthrodesis, with subsequent rates of success lower than those
with the initial procedure (1–3). Despite modern joint preparation tech-
niques, the incidence of nonunion in routine hindfoot arthrodesis has
remained from 7% to 15% (3,4). The incidence of nonunion is likely
even greater in patients with risk factors for bone healing, especially
smoking and diabetes. A recent systematic review of 1262 ankle fusions
reported an incidence of nonunion of 10% (5); however, it can be as
great as 41%, as found in a cohort of posttraumatic arthritis cases (6).

Although they might not be indicated for the healthy patient un-
dergoing a routine arthrodesis procedure, bone grafts and bone
substitutes play an important role in the treatment of delayed unions,
nonunions, and malunions and in patients with risk factors for bone
healing. The autograft remains the reference standard and provides
the essential components needed for bone healing (i.e., osteoinduction,
osteoconduction, and osteogenesis). However, issues with donor site

morbidity and the need for a second surgical site have led to an ongoing
attempt to develop bone graft substitutes. Many of these substitutes
have a biologic component that stimulates the host’s natural healing
mechanisms. These include bone morphogenic protein, platelet-
derived growth factors (PDGFs), bone marrow aspirates (BMAs), and
mesenchymal stem cells (7,8). In their level 2, prospective, multi-
center study, DiGiovanni et al (9) studied 573 cases of hindfoot
arthrodesis and compared recombinant human PDGF BB/β-tricalcium
phosphate (rhPDGF-BB/β-TCP) with autografting and found a com-
parable incidence of nonunion—31% in the graft substitute group and
27% in the autograft group.

Bioactive glass is an inorganic, hard, solid, nonporous material con-
sisting of calcium, phosphorus, and silicon dioxide. It contains both
osteoconductive and osteointegrative properties by forming a me-
chanically strong chemical bond with hydroxyapatite, a natural bone
inorganic salt providing a scaffold for new bone formation (10–15).
This porous scaffold is resorbed by osteoclasts during bony deposi-
tion. The ionic constituents of the bioactive glass—silicon, sodium, and
calcium—produces a deposition of calcium phosphate at its surface,
attracting osteoblasts to create a matrix that promotes an
osteostimulatory effect due to the electronegative forces. This leads
to electrical bone growth stimulation by bonding of new bone to the
scaffold (16–22).

Bioactive glass has been used in extensively as a bone graft sup-
plement in orthopedic tumor defects, lumbar fusions, and spinal graft
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extensions (23) and as a bone graft expander in orbital floor recon-
struction (24,25). However, no studies have documented its ability to
supplement bone healing in foot and ankle arthrodesis procedures
(26,27).

We were interested in studying the outcomes of osseous union in
patients at risk of nonunion when using bioactive glass as a supple-
ment to rearfoot arthrodesis. We hypothesized that bioactive glass could
serve as a viable alternative with an incidence of union comparable
to that of autograft and other bone graft substitutes. Our primary aim
was to measure the incidence of radiographic union. Our secondary
aim was to determine the risk factors for nonunion. We performed a
retrospective radiographic cohort study to measure the incidence of
union in a group of patients who had undergone rearfoot arthrod-
esis with ≥1 risk factor for nonunion.

Patients and Methods

After the Kaiser Permanente Northern California institutional review board ap-
proved the study, a retrospective medical record review was performed of consecutive
patients treated by a single surgeon (G.W.) from January 2010 to December 2014 (5
years) who had undergone hindfoot arthrodesis supplemented with bioactive glass. The
inclusion criteria were as follows: (1) patients who had undergone arthrodesis of ≥1
joint involving the hindfoot (defined as any of the following joints: ankle, subtalar, ta-
lonavicular, and calcaneocuboid joint); (2) ≥1 documented risk factor for osseous
nonunion (history of previous nonunion, trauma, smoking, diabetes, Charcot arthropa-
thy, obesity, age >65 years at surgery); and (3) supplementation of the fusion site with
bioactive glass as documented in the operative report. Patients were identified by search-
ing the electronic medical records using the Current Procedural Terminology codes 28715,
212085, 81.13, and 81.17 (American Medical Association, Chicago, IL). A total of 29 con-
secutive patients (48 joints) met the inclusion criteria. Of the patients included in the
cohort, 4 had undergone surgery twice. Data were collected from the electronic health
records, including age at surgery, gender, type of procedure, and the joint or joints op-
erated on. Patients underwent arthrodesis in the supine position under general anesthesia
with thigh tourniquet in place. The joints were prepared using standard joint prepa-
ration techniques, not limited to but including, curettage, drilling, and shingling with
osteotome. All cases were fixated with rigid internal fixation, and bone graft supple-
mentation with a mixture of bioactive glass/β-TCP (Vitoss Bone Graft Substitute; Stryker®,
Kalamazoo, MI) and BMA (Fig.). A femoral head allograft was used in certain cases to
fill larger defects. All patients remained non-weightbearing until radiographic union
had been achieved. Postoperative radiographs were taken at 4- to 6-week intervals, until
documentation of radiographic and clinical healing, as determined by the primary
surgeon. The radiographs were then retrospectively and independently assessed by 1
of us (R.C.) to determine the presence of osseous union. Fusion was defined by the pres-
ence of osseous trabecular bridging involving ≥50% of the joint, with intact cortical borders
and without a visible fracture line on radiographs obtained before 24 weeks postop-
eratively. Nonunion was defined by the lack of evidence of fusion on radiographs obtained

after 24 weeks. Statistical tests, including the χ2 test, t test, and univariate and mul-
tivariate logistic regression analysis, were performed by 1 of us (C.L.) and were used
to analyze the patient demographic data and clinical outcomes. Statistical signifi-
cance was defined at the 5% (p ≤ .05) level. Logistic regression analysis was used to assess
the predictor variables associated with nonunion. The primary aim of the present study
was to measure the incidence of union at 24 weeks. The secondary aims were to measure
the risk factors for nonunion. We hypothesized that hindfoot fusions supplemented
with bioactive glass would achieve an incidence of union comparable to that of the
autograft.

Results

Our study found 12 (25.0%) nonunions across all 48 joints supple-
mented with bioactive glass, with a mean interval to union of 13.2 ± 2.0
weeks (Table 1). Of the 12 nonunions, 6 (66.7%) were in the ankle joint,
the greatest incidence of all joints observed. On bivariate analysis, a
significant association was found between the joint type and the oc-
currence of nonunion (p ≤ .05). When stratified by procedure type, 9
(27.3%) nonunions occurred in 33 procedures, and bivariate analysis
showed no significant association among procedure types. When as-
sessing patient risk factors that could contribute to nonunion,
multivariate risk analysis demonstrated that the probability for non-
union was >6 times greater if the patient had a history of previous
revision (p = .085; Table 2). Bivariate analysis of the patient risk factors
for nonunion revealed a significant association between nonunion and
a history of previous revision (p ≤ .05) and patient age >65 years (p ≤ .05;
Table 3).

Discussion

Hindfoot arthrodesis in patients with risk factors for nonunion con-
tinues to challenge foot and ankle surgeons. Nonunion rates of ≤20%
for triple arthrodesis have been reported, and isolated subtalar, talo-
navicular, and calcaneocuboid joint fusion has been reported in ≤16%,
≤35%, and ≤20%, respectively (28). The iliac crest autograft is gener-
ally considered the “historical” reference standard; however, a push
continues for a new “standard” in the world of orthobiologic agents
to avoid the need for donor site harvest and its associated morbidities.

Despite an abundance of data documenting the effects of bioactive
glass in molecular and animal models (29–35), very few reported
studies have considered the outcomes of bioactive glass in the clin-
ical setting, most of which have been limited to spinal fusion. A

Fig. Preparation of bioactive glass with autogenous bone marrow aspirate.
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prospective study by Rantakokko et al (23) considered the results of
β-TCP with bioactive glass in the treatment of lumbar spine frac-
tures with a 10-year follow-up period. In their study of 16 patients
undergoing treatment with a combination of bioactive glass and au-
togenous bone, they found a 71% total fusion rate (23). However,
bioactive glass used as a standalone bone substitute resulted in solid
fusion in only 5 of 10 patients. Acharya et al (36) also studied cases
of lumbar fusion and reported adverse reactions associated with
bioactive glass compared with autogenous bone. They found a re-
sorption rate of 95% in the cases showing poor consolidation but
improved clinical outcome scores in 16 of 22 patients (36). A study
by Ilharreborde et al (37) of the use of bioactive glass in lumbar fusion
for the treatment of scoliosis found fewer changes in surgical correc-
tion of the thoracic curve in the bioactive glass group than in the
autogenous bone group and decreased blood loss and lower compli-
cation rates. Kankare and Lindfors (38) used an antibacterial variant
of bioactive glass in the treatment of vertebral defects in 3 cases of
vertebral osteomyelitis with spondylodesis. After a 4-year follow-up
period, fusion was observed in all patients, with complete neuro-
logic recovery and no complications. Similarly, in a randomized
prospective study, Lindfors et al (39) used bioactive glass to fill cavi-

ties of benign bone tumors and noted improved cortical thickness
compared with autogenous bone at the 3-year follow-up point.

To the best of our knowledge, the present study is the first that
considered the use of bioactive glass and BMA in arthrodesis cases
of the foot. We found 12 (25.0%) nonunions across all 48 joints supple-
mented with bioactive glass and BMA. This incidence of nonunion is
comparable to that reported by DiGiovanni et al (9), who found an
incidence of nonunion of 27% in rearfoot fusions treated with auto-
graft and 31% for fusions treated with rhPDGF-BB/β-TCP. Our findings
argue that a bone graft substitute consisting of bioactive glass and BMA
can be considered a viable alternative to autograft to achieve an ac-
ceptable incidence of union in hindfoot arthrodesis procedures. We
found 4 (16.7%) nonunions in the subtalar joint and 1 (16.7%) in the
calcaneocuboid joint; however, we only found 1 (11.1%) nonunion in
the talonavicular joint, the lowest incidence of all isolated joint cat-
egories. We found 6 (66.7%) nonunions in our ankle arthrodesis group,
greater than the 10% to 40% previously reported (40). However, 4 of
our 6 ankle nonunions were revision cases to treat a previous non-
union of the same joint. This was consistent with our multivariate risk
factor analysis, which found that a patient would be 6 times more likely
to develop nonunion if they had a history of previous nonunion, and
also with that reported by previous studies (40).

The limitations of the present study included its retrospective nature
and the variability in surgeon technique for joint preparation and fix-
ation techniques and hardware choice. Another limitation was that
the determination of radiographic healing was dependent on a single
reviewer using plain film radiographs. We also did not have a control
group to compare the incidence of nonunion when no bioactive glass
was included. Our comparison for standard nonunion rates was limited
to historical controls cited in previous data. Using historical controls
could introduce differences in patient population and surgeon tech-
nique that could introduce bias to the discussion.

In conclusion, the present study has demonstrated that hindfoot
arthrodesis procedures supplemented with bioactive glass result in
an incidence of union comparable to that with autograft and other
bone graft substitutes. Our findings continue to expand our knowl-
edge in the search for an effective bone graft substitute.
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