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This case series was conducted to assess the safety and efficacy of using an alloge-
neic cancellous bone sponge for augmentation of foot and ankle arthrodeses. Twenty-
five patients were prospectively enrolled in the study prior to undergoing fusion and 
were then followed for 12 months postoperatively. There were 45 joints: 7 ankles, 12 
subtalars, 12 talonaviculars, 6 calcaneocuboids, 1 naviculocuneiform, 6 first tarso-
metatarsals, and 1 second tarsometatarsal. Patient-reported outcomes of pain (visual 
analog scale) and function (American Orthopaedic Foot and Ankle Society score) were 
obtained preoperatively and postoperatively at 6 and 12 months. No complications 
were noted intraoperatively or during the follow-up period. Three months postopera-
tively, radiographic osseous union was noted in 52% (13/25) of patients, which further 
increased to 96% (24/25) of patients at 6 and 12 months. There was no statistically 
significant difference in union time between joints [H(6)=11.5; P=.08]. Statistically 
significant improvements in pain (P<.002) and function (P<.001) were observed across 
assessments. This study demonstrated that the cancellous bone sponge appears to be a 
safe and efficacious product. Randomized controlled trials are warranted to determine 
if the allogeneic cancellous sponge improves fusion rate, pain, and function.
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Arthrosis of the foot and ankle is 
a painful condition that consid-
erably limits function. Although 

prior trauma is the most common cause,1 
arthrosis can also develop as a result of 
mechanical deficiencies, degenerative dis-
ease, rheumatologic disease, or infection. 
Regardless of etiology, arthrosis is char-
acterized by the progressive degeneration 
of articular cartilage and, consequently, 
increased inflammation, synovitis, and os-
teophyte formation. In turn, patients expe-
rience increased pain and restricted joint 
mobility. Plain radiography and advanced 
imaging modalities are used for diagnosis 
and to assess the extent of degenerative 
change. Initially, conservative treatment 
modalities are used, but failure to respond 
often necessitates surgical intervention.

Because arthroplasty is limited out-
side the hallux, arthrodesis is considered 
the standard of care within the forefoot, 
midfoot, and hindfoot. Arthroplasty and 
fusion are common ankle interventions, 
and both consistently obtain stability of 
the talocrural joint while preserving nor-
mal gait and eliminating pain.2-4 Although 
debatable, ankle arthrodesis remains the 
surgical gold standard of treatment for 
end-stage ankle arthritis. This is likely at-
tributable to the unacceptably high com-
plication rates associated with early pros-
thetic design.5-10 However, ankle fusion is 
not without complication.

Although a number of studies have 
demonstrated that sustained fusion pro-
vides satisfactory outcomes,2-4,11,12 non-
union rates have been as high as 40%.1 
Fusion failure is significant, especially 
in elderly patients or those with underly-
ing chronic health conditions. Although 
some patients are asymptomatic, failure 
is frequently associated with increased or 
irresolvable pain and impaired function, 
both of which negatively impact quality 
of life.1,13 With high revision rates, non-
union places patients at risk for additional 
complications, which have significant 
psychological and economic implications. 
In addition, the high revision rate has a 

deleterious effect on the cost of treatment 
in the health care sector.

Arthrodesis using a “good surgical 
technique in carefully selected patients 
can be a reliable procedure for relief of 
functionally disabling ankle arthritis.”1 
However, adaptations must be made to 
the fusion technique in patients with a 
high nonunion risk, compromised soft 
tissues, or peripheral neuropathy.1 When 
substantial debridement is required or 
arthritic changes have led to significant 
loss of bony architecture, a bone graft can 
be used to fill the osseous voids. A bone 
graft is any implanted material that alone 
or in combination with other materials 
promotes a bone-healing response.14,15 
Examples include autografts, allografts, 
and synthetic substitute materials, which 
can be used alone or with growth factors 
and/or viable stem cells.16,17

Autogenic bone grafting is the transfer 
of bone from one anatomic site to another 
within the same person.14 Autogenous 
bone grafts are routinely used to augment 
fusion. There is complete histocompatibil-
ity and no risk of disease transmission, and 
the graft possesses the properties neces-
sary for osteointegration. Osteogenesis is 
the synthesis of new bone, osteoinduction 
refers to the signals that promote migra-
tion and differentiation of mesenchymal 
stem cells (MSCs), and osteoconduction 
describes the scaffold for ingrowth of cap-
illaries, perivascular tissue, and MSCs.14 
Collectively, these characteristics allow 
for the successful incorporation of graft 
bone with host bone: osteointegration.

Despite the potential to promote the 
healing cascade, there are notable weak-
nesses associated with autografts because 
they are sourced at local or regional sites. 
Local grafting limits the procurement 
area; therefore, volume is limited. This is 
especially true in the ankle, where graft-
ing is restricted to the distal fibula, distal 
tibia, or calcaneus, depending on the sur-
gical approach.18-20 With regional graft-
ing, however, the volume of available al-
lograft increases.

The iliac crest is the traditional regional 
source because it supplies cancellous and 
cortical bone. Cancellous bone introduces 
marrow cells, bone and collagen matrices, 
and bioactive proteins, whereas corti-
cal bone supplies mechanical strength.15 
Although successful fusion with iliac crest 
bone grafting has been demonstrated,21,22 
a second surgical site, with often-associ-
ated pain and morbidity, is required.23,24 
Because of these limitations, alternative 
biologics have been used.

Allografts, material from another indi-
vidual of the same species,14,24 are advan-
tageous for a number of reasons; donor 
site morbidity is avoided, operative time 
is decreased, and the quantity is essential-
ly unlimited. An optimal allograft should 
mimic the intrinsic properties of an auto-
graft: nonimmunogenic, osteoinductive, 
osteoconductive, and osteogenic. Ideally, 
the graft should be available in large 
quantities, have a practical storage capac-
ity and an indefinite shelf life, be easy to 
handle intraoperatively, and be cost-effec-
tive. With technological advances, new 
grafting options have emerged. Allografts 
can be fresh, fresh-frozen, freeze dried, or 
demineralized.16,17 They are available in 
various forms, such as strips, injectables, 
croutons, gels, pastes, powders, and put-
ties. Given the numerous bone grafting 
options, it is important to consider and 
compare the structural, biochemical, and 
practical properties of each graft.

Fresh allografts are composed of intact 
hyaline cartilage with living chondrocytes 
and a thin shell of cancellous bone.17 
Consequently, the osteogenic, osteoinduc-
tive, and osteoconductive properties are 
preserved. However, residual cellular an-
tigens may mediate an immune response 
or allow for transmission of disease.25 In 
addition to the logistic and procurement 
constraints, fresh allografts are a costly 
expenditure with a limited shelf life and, 
therefore, are rarely used.17-25

Compared with fresh allografts, fresh-
frozen allografts undergo processing that 
reduces immunogenicity, increases shelf 
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life, and maintains strength while pre-
serving the osteoconductive and a small 
percentage of the osteoinductive proper-
ties.17-25 The strenuous processing is re-
sponsible for killing all living cells, which 
removes the osteogenic components.25 
Because preservation of osteoinduction is 
largely dependent on processing and stor-
age procedures, fresh-frozen grafts must 
be transported and stored at temperatures 
according to the American Association of 
Tissue Banks guidelines.17 Although fresh-
frozen allografts offer inherent benefits, 
the shelf life is variable (1-10 years) and 
storage requirements lack convenience.17

In foot and ankle surgery, freeze-dried 
allografts are used most frequently. This is 
likely attributable to their practical appli-
cation with low immunogenicity, indefi-
nite shelf life, ability to be stored at room 
temperature, and cost-effectiveness.17 
Although processing eradicates all liv-
ing cells and decreases the risk of disease 
transmission, the graft serves as a scaffold 
for cellular infiltration and bone forma-
tion.17 Thus, osteoconductive properties 
are maintained while osteogenic proper-
ties are eliminated.25 Cancellous bone 
croutons are a freeze-dried allograft form 
frequently used to fill bony defects and 
augment deformity correction in foot and 
ankle surgery.17 Although ideal for filling 
deficits, chips are a difficult medium on 
which to apply constant pressure during 
application of fixation.

Demineralized bone matrix is ex-
tracted using hydrochloric acid.17 The fi-
nal product primarily comprises growth 
factors, collagen, proteoglycans, and 
bone morphogenic proteins (BMPs).14,17 
Demineralized bone matrix serves as a 
matrix for cells to populate while the 
growth factors and BMPs recruit MSCs 
at and around the site of implantation to 
differentiate into osteoblasts, all of which 
are essential in promoting the healing cas-
cade. Although limited, clinical evidence 
suggests that demineralized bone matrix 
is capable of facilitating osteointegra-
tion.16

Synthetic bone grafts are artificial 
materials used for skeletal reconstruc-
tion. They are available as biologic and 
synthetic polymers, ceramics, such as 
calcium phosphate, tricalcium phosphate, 
and calcium sulfate, metals, powders, and 
cements.15-17 They undergo extensive pro-
cessing to ensure a significant immune 
response is avoided. This graft material is 
predominantly recognized for its ability 
to serve as a scaffold. To introduce osteo-
inductive and osteogenic properties, syn-
thetic materials have been combined with 
grafts and/or cellular concentrates.15

Possibly due to the exorbitant variety 
of allogeneic and synthetic grafts, one 
graft has not surfaced as the gold standard. 
Investigators continue to explore grafts 
with the capacity to biologically aug-
ment healing. The OsteoSponge (Bacterin 
International, Belgrade, Montana) is an 
allograft derived from demineralized hu-
man cancellous bone and was designed for 
nonstructural bone grafting. The deminer-
alization process creates a compressive 
sponge-like compound while retaining 
native growth factors and BMPs. Notably, 
the graft is viable for up to 5 years and can 
be stored at room temperature. Prior to in 
vivo placement, the demineralized bone 
matrix is moistened and becomes mal-
leable and elastic, making it easy to ma-
nipulate and press-fit into the desired os-
seous voids. Once implanted, the natural 
porosity of cancellous bone promotes the 
acceptance of growth factors, BMPs, pre-
pared platelet-rich plasma, bone marrow 
aspirate, and other cellular concentrates, 
thus serving as an ideal delivery vehicle. 
Presumably, the scaffold and signaling 
molecules promote the 3-dimensional 
ingrowth of vascular and cellular compo-
nents necessary for bone formation.

In a multicenter trial, Brigido et al11 
evaluated the use of the cancellous bone 
sponge to augment foot and ankle ar-
throdesis. The authors demonstrated that 
12 months following arthrodesis augmen-
tation with the bone sponge, patients had 
statistically significant improvements in 

pain and function. Moreover, a 97.5% fu-
sion rate was achieved. Compared with 
fusion rates previously reported in bio-
medical studies,3,19,26-32 the incidence was 
similar or had improved. Although this 
investigation confirmed the safety of the 
cancellous bone sponge, retrospective 
analyses inherently increase the likeli-
hood of bias. For this reason, the current 
study prospectively enrolled patients with 
the intent of evaluating the safety and ef-
ficacy of the cancellous bone sponge.

Considering the osteoconductive and 
osteoinductive properties of the alloge-
neic cancellous sponge, as well as the 
low immunogenicity, the authors hypoth-
esized that solid, sustained foot and/or 
ankle fusion would be achieved without 
unexpected adverse events related to the 
graft. The primary goals of this prospec-
tive study were to describe a biological 
supplementation with the cancellous bone 
sponge that has the potential to augment 
a wide array of foot and ankle fusions, 
report any adverse events relating to the 
graft, and present the preliminary clinical 
and radiographic findings at the authors’ 
institution. To the authors’ knowledge, 
prospective results have yet to be reported 
with this technique.

Materials and Methods
Patients were prospectively enrolled. 

Patients were included if they were at least 
18 years of age, had exhausted conserva-
tive treatment, and elected to undergo a 
foot or ankle arthrodesis using the alloge-
neic cancellous bone sponge. Exclusion 
criteria included use of a concomitant 
orthobiologic product, expected use of a 
bone stimulator, and a history of a target 
joint infection within 6 months of the date 
of surgery. Surgeries were performed by 
the principal investigator (S.A.B.) between 
January 1, 2006, and August 30, 2011.

Surgical Technique
Fusions were performed using standard 

AO internal fixation fusion techniques. A 
combination of screws, nails, and plates 
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were used at the surgeon’s discretion, 
based on the arthrodesis site, associated 
pathology, and comorbidities. Each joint 
surface was debrided of cartilage down 
to bleeding subchondral bone, fenes-
trated, and flushed. The amount of graft 
sponge needed was determined by the 
geometry of the deficit. The OsteoSponge 
was moistened with saline and implanted 
between the freshly debrided opposing 
subchondral joint surfaces prior to fixa-
tion. No additional cellular concentrates 
or substitutes were used.

Postoperatively, all patients were 
placed in a nonweight-bearing posterior 
splint for the first 2 to 3 weeks and kept 
nonweight bearing in a cam walker for an 
additional 3 to 4 weeks. At 6 weeks, they 
were transitioned to partial weight bearing 
for 2 additional weeks. Patients were tran-
sitioned to wearing supportive shoe gear 
at 8 weeks, provided postoperative radio-
graphs showed no signs of delayed union 
or hardware failure.

Endpoints
Fusion was defined as bony trabecu-

lation across the fusion site in all 3 ra-
diographic views. Radiographs were re-
viewed at 3, 6, and 12 months. Pain was 
assessed using a visual analog scale (VAS) 
administered preoperatively and postop-
eratively at 6 and 12 months. The scale 
ranges from 0 to 10, with 0 representing 
no pain and 10 representing excruciating 
pain. The American Orthopaedic Foot and 
Ankle Society (AOFAS) ankle-hindfoot 
outcome measure was administered pre-

operatively and postoperatively at 6 and 
12 months. Scores range from 0 to 100, 
with lower scores representing greater 
functional impairment.33

Statistical Analysis
The Kruskal-Wallis H test for nonpara-

metric related data was used to compare 
time until fusion between each joint. The 
Friedman test was used to compare pain 
and function across time. When appropri-
ate, post-hoc analyses with the Wilcoxon 
signed rank test were conducted with a 
Bonferroni correction applied. In these 
cases, the significance level was set at a P 
value less than .017.

Correlations were run to determine the 
strength and direction of the relationship 
between 2 variables. A Spearman rank or-
der correlation was used to assess the rela-
tionship between pain and function. Point 
biserial correlations were run to assess the 
relationship between fusion and clinical 
outcomes (pain and function) and also fu-
sion and hypertension. Of the remaining 
patient demographics, the sample was not 
large enough for analysis (n<10).

Unless otherwise noted, the signifi-
cance level for all statistical tests was set 
at a P value of .05. Data are reported as 
mean±SD.

Results
Twenty-five consecutive adults (45 

foot and ankle arthrodeses) were prospec-
tively enrolled. Mean age at the time of 
surgery was 57±15 years. Comorbidities 
and joints varied across the patient popu-
lation (Tables 1-2, respectively). No com-
plications were encountered intraopera-
tively.

Fusion
At 3 months, 52% (13/25) of patients 

showed radiographic fusion, whereas at 6 
and 12 month follow-up, 96% (24/25) of 
patients had radiographic confirmation of 
osseous fusion. There was no statistically 
significant difference in time to fusion for 
the different joints [H(6)=11.5; P=.08]. 
Forty-four (97.8%) of the 45 joints fused.

Pain
According to the VAS, pain levels im-

proved postoperatively (time main effect, 
P<.001) (Figure 1; Table 3). Compared 
with preoperative VAS pain scores 
(8.4±1.2), there were statistically signifi-
cant improvements at 6 months (2.2±1.5; 
P<.001) and 12 months (1.5±1.6; P<.001) 
postoperatively. There were also statisti-
cally significant improvements from 6 to 
12 months (P=.002).

Function
Function levels improved postopera-

tively (time main effect, P<.001) (Figure 
2; Table 3). Compared with preoperative 
AOFAS scores (48.1±9.1), there were sta-
tistically significant improvements at 6 
months (83.6±7.3; P<.001) and 12 months 
(86.9±5.7; P<.001) postoperatively. There 
were also statistically significant improve-
ments from 6 to 12 months (P<.001).

Correlations
There was a strong negative correla-

tion between pain levels (VAS) and func-
tion levels (AOFAS), which was statisti-
cally significant [rs(73)=-0.89; P<.001]. 
Correlations between fusion and clinical 
outcomes (pain and function) are pre-

Table 1

Comorbidities

Comorbidity No. (%)

Cardiac disease 2 (8)

Hypertension 10 (4)

Diabetes mellitus 2 (8)

Seronegative 2 (8)

Smoker 5 (25)

Table 2

Joints Fused

Arthrodesis Site No. (%)

1st TMT 6 (13.3)

2nd TMT 1 (2.2)

Ankle 7 (15.6)

CC 6 (13.3)

NC 1 (2.2)

STJ 12 (26.7)

TN 12 (26.7)

Abbreviations: 1st TMT: first 
tarsometatarsal; 2nd TMT: second 
tarsometatarsal; CC, calcaneocuboid; 
NC: naviculocuneiform; STJ: subtalar 
joint; TN: talonavicular.
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sented in Table 4. Unrelated to the study 
goals, there was a strong positive correla-
tion between time to fusion and hyperten-
sion [rpb(23)=0.54; P=.006].

Discussion
Arthrodesis has been used for more 

than a century to treat arthrosis of the foot 
and ankle. There are significant technical 
demands required to achieve successful 
healing. An arthrodesis necessitates ad-
equate joint preparation, correct segment 
alignment, sufficient compression across 
the opposing joint surfaces, and rigid fixa-
tion.34 The purpose of this study was to 
assess the safety and efficacy of a novel 
surgical technique that appears capable of 
providing consistent osseous fusion. The 
technique used the OsteoSponge to pro-
vide additional biologic augmentation to 
promote a healing response at the arthrod-

esis site. The preliminary findings are re-
ported for 45 fusions (25 patients).

Arthrodesis of the foot and ankle has 
proven over time to be a reliable procedure 
that decreases pain and increases func-
tion.2-4,11,12 In the current study, a 97.8% fu-
sion rate was achieved. This fusion rate was 
comparable with those reported in the bio-
medical literature, which currently range 
from 71% to 100%.3,11,26,27 The current 
study demonstrated significant improve-
ments in pain and function without adverse 
events after fusion. These statistically sig-
nificant improvements translate to a larger 
number of pain-free, high-functioning pa-
tients after a foot or ankle arthrodesis.

One case of nonunion occurred in a 
45-year-old man who underwent first tar-
sometatarsal fusion for posttraumatic de-
generative joint disease after sustaining a 
Lisfranc injury that had previously under-

gone open reduction and internal fixation. 
He underwent revision surgery consisting 
of 1st and 2nd tarsometatarsal fusion out-
side the 12 month follow-up period due to 
clinical and radiographic concerns of pain 
and motion at the base of the 2nd metatar-
sal. Although a 100% osseous union was 
not visualized radiographically prior to 
revision, the patient reported a decrease in 
pain and an increase in function (Table 5).

Correlations were run between fusion 
and clinical outcomes (pain and function). 
Multiple negative correlations were re-
ported between fusion and pain. Because 
an increase in VAS indicates an increase 
in pain, the negative correlations indicate 
that as fusions increase, pain decreases. 
In reference to AOFAS scores, there were 
multiple positive correlations between fu-
sion and function. Because an increase in 
AOFAS score represents an improvement 

Figure 1: Graph showing visual analog scale (VAS) pain scores. Data are 
presented as mean±standard error.

Table 3

Pain and Function Over Time

Time VAS Pain Score AOFAS Function Score

Preop 8.4±1.2 48.1±9.1

6 mo postop 2.2±1.5a 83.6±7.3a

12 mo postop 1.5±1.6a,b 86.9±5.7a,b

Abbreviations: AOFAS, American Orthopaedic Foot and Ankle Society; 
postop, postoperatively; preop, preoperatively; VAS, visual analog scale. 
aP<.05 compared with preoperative value. 
bP<.05 compared with 6 mo postoperative value.

Figure 2: Graph showing American Orthopaedic Foot and Ankle Society 
(AOFAS) scale functional scores. Data are presented as mean±standard 
error. 

Table 4

Correlations Between Fusion and Clinical Outcomesa

Pain Function

Fusion Preop
6 mo 

Postop
12 mo 
Postop Preop

6 mo 
Postop

12 mo 
Postop

3 mo -0.19 -0.35 -0.46b 0.26 0.28 0.25

6 mo -0.12 -0.66b -0.73b 0.00 0.45b 0.62b

12 mo -0.12 -0.66b -0.73b 0.00 0.45b 0.62b

Abbreviations: postop, postoperatively; preop, preoperatively. 
aData presented as correlation coefficients. 
bP≤.05.
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in function, the positive correlations indi-
cate that as fusions increase, function im-
proves. These associates adhere to the au-
thors’ expectation that fusion is correlated 
with improvements in pain and function.

In the current subset of patients, there 
was a strong positive correlation between 
time to fusion and hypertension, which 
indicates that patients with hypertension 
experienced a longer time to fusion. This 
information is valuable for surgeons. It 
provides them with insight that patients 
with hypertension may take a longer time 
to achieve osseous fusion.

Conclusion
This article presented a novel surgical 

approach to biologically augment foot and 
ankle fusions. The study’s findings indicate 
that the allogeneic cancellous bone sponge 
is a safe and efficacious product. With the 
use of the bone sponge, the authors believe 
their outcomes have been more consistent 
and predictable; therefore, they advocate 
the use of the cancellous bone sponge 

when performing foot and ankle fusions. 
Prospective controlled trials are needed 
to conclude whether the bone sponge im-
proves the rate of fusion as well as patient-
reported pain and function.

References
	 1.	 Abidi NA, Gruen GS, Conti SF. Ankle ar-

throdesis: indications and techniques. J Am 
Acad Orthop Surg. 2000; 8:200-209.

	 2.	 Stone JW. Arthroscopic ankle arthrodesis. 
Foot Ankle Clin. 2006; 11:361-368.

	 3.	 Wera GD, Sontich JK. Tibiotalar arthrodesis 
using a custom blade plate. J Trauma. 2007; 
63:1279-1282.

	 4.	 Davies MB, Rosenfeld PF, Stavrou P, Saxby 
TS. A comprehensive review of subtalar ar-
throdesis. Foot Ankle Int. 2007; 28:295-297.

	 5.	 Helm R, Stevens J. Long-term results of to-
tal ankle replacement. J Arthroplasty. 1986; 
1:271-277.

	 6.	 Kirkup J. Richard Smith ankle arthroplasty. J 
R Soc Med. 1985; 78:301-304.

	 7.	 Herberts P, Goldie IF, Körner L, Larsson U, 
Lindborg G, Zachrisson BE. Endoprosthetic 
arthroplasty of the ankle joint: a clinical and 
radiological follow-up. Acta Orthop Scand. 
1982; 53:687-696.

	 8.	 Lachiewicz PF. Total ankle arthroplasty: indi-
cations, techniques, and results. Orthop Rev. 
1994; 23:315-320.

	 9.	 Stauffer RN, Segal NM. Total ankle arthro-
plasty: four years’ experience. Clin Orthop 
Relat Res. 1981; 160:217-221.

	10.	 Easley ME, Vertullo CJ, Urban WC, Nunley 
JA. Total ankle arthroplasty. J Am Acad 
Orthop Surg. 2002; 10:157-167.

	11.	 Brigido SA, Bleazey ST, Protzman NM, 
D’Angelantonio A III, Schoenhaus HD. A 
retrospective analysis evaluating allogenic 
cancellous bone sponge for foot and ankle ar-
throdesis. J Foot Ankle Surg. 2013; 52:28-31.

	12.	 Patterson BM, Inglis AE, Moeckel BH. 
Anterior sliding graft for tibiotalar arthrod-
esis. Foot Ankle Int. 1997; 18:330-334.

	13.	 Diezi C, Favre P, Vienne P. Primary iso-
lated subtalar arthrodesis: outcome after 2 
to 5 years follow-up. Foot Ankle Int. 2008; 
29:1195-1202.

	14.	 Khan SN, Cammisa FP Jr, Sandhu HS, 
Diwan AD, Girardi FP, Lane JM. The biolo-
gy of bone grafting. J Am Acad Orthop Surg. 
2005; 13:77-86.

	15.	 Muschler GF, Lane JM. Bone grafts and bone 
substitutes. In: Habal MB, Reddi AH, eds. 
Orthopaedic Surgery. Philadelphia, PA: W. 
B. Saunders; 1992:375-407.

	16.	 Fitzgibbons TC, Hawks MA, McMullen ST, 
Inda DJ. Bone grafting in surgery about the 

foot and ankle: indications and techniques. J 
Am Acad Orthop Surg. 2011; 19:112-120.

	17.	 Cook EA, Cook JJ. Bone graft substitutes 
and allografts for reconstruction of the foot 
and ankle. Clin Podiatr Med Surg. 2009; 
26:589-605.

	18.	 Raikin SM, Myerson MS. A technique for 
harvesting bone graft for arthrodeses around 
the ankle. Foot Ankle Int. 2000; 21:778-779.

	19.	 Kopp FJ, Banks MA, Marcus RE. Clinical 
outcome of tibiotalar arthrodesis utilizing 
the chevron technique. Foot Ankle Int. 2004; 
25:225-230.

	20.	 Biddinger KR, Komenda GA, Schon LC, 
Myerson MS. A new modified technique for 
harvest of calcaneal bone grafts in surgery 
on the foot and ankle. Foot Ankle Int. 1998; 
19:322-326.

	21.	 Carr JB, Hansen ST, Benirschke SK. Subtalar 
joint distraction bone block fusion for late 
complications of os calcis fractures. Foot 
Ankle. 1988; 9:81-86.

	22.	 Bednarz PA, Beals TC, Manoli A II. Subtalar 
distraction bone block fusion: an assessment 
of outcome. Foot Ankle Int. 1997; 18:785-
791.

	23.	 Younger EM, Chapman MW. Morbidity at 
bone graft donor sites. J Orthop Trauma. 
1989; 3:192-196.

	24.	 Bauer TW, Muschler GF. Bone graft mate-
rials: an overview of the basic science. Clin 
Orthop Relat Res. 2000; 371:10-27.

	25.	 Keating JF, McQueen MM. Substitutes for 
autologous bone graft in orthopaedic trauma. 
J Bone Joint Surg Br. 2001;83:3-8.

	26.	 Van Bergeyk A, Stotler W, Beals T, Manoli 
A. Functional outcome after modified Blair 
tibiotalar arthrodesis for talar osteonecrosis. 
Foot Ankle Int. 2003; 24:765-770.

	27.	 Lee DK. Ankle arthroplasty alternatives with 
allograft and external fixation: preliminary 
clinical outcome. J Foot Ankle Surg. 2008; 
4:447-452.

	28.	 Ayoub MA. Ankle fractures in diabetic neu-
ropathic arthropathy: can tibiotalar arthrod-
esis salvage the limb? J Bone Joint Surg Br. 
2008; 90:906-914.

	29.	 Salem KH, Kinzl L, Schmelz A. Ankle ar-
throdesis using Ilizarov ring fixators: a 
review of 22 cases. Foot Ankle Int. 2006; 
27:764-770.

	30.	 Mückley T, Hoffmann G, Bühren V. Tibiotalar 
arthrodesis with the tibial compression nail. 
Oper Orthop Traumatol. 2005; 17:407-425.

	31.	 Pierre A, Hulet C, Locker B, Souquet D, 
Jambou S, Vielpeau C. Arthroscopic tibio-
talar arthrodesis: limitations and indications 
in 20 patients. Rev Chir Orthop Reparatrice 
Appar Mot. 2003; 89:144-151.

	32.	 Acosta R, Ushiba J, Cracchiolo A III. The 
results of a primary and staged pantalar 
arthrodesis and tibiotalocalcaneal arthrod-

Table 5

Individual Nonunion Results

Variable Value

Age, y 45

Attempted fusion site 1st TMT

Prior surgery Lisfranc ORIF

Comorbidities None

Complication 1st TMT 
nonunion

VAS pain score

Preop 9

12 mo postop 7

AOFAS function score

Preop 48

12 mo postop 70

Abbreviations: AOFAS, American 
Orthopaedic Foot and Ankle Society; 
ORIF, open reduction and internal fixation; 
postop, postoperative; preop, preoperative; 
1st TMT, first tarsometatarsal; VAS, visual 
analog scale.

e235



ORTHOPEDICS | Healio.com/Orthopedics

n	 Feature Article

esis in adult patients. Foot Ankle Int. 2000; 
21:182-194.

	33.	 Kitaoka HB, Alexander U, Adelaar RS, 
Nunley JA, Myerson MS, Sanders M. 

Clinical rating systems for the ankle-hind 
foot, midfoot, hallux, and lesser toes. Foot 
Ankle Int. 1994; 15:349-353.

	34.	 Horton GA. Bone grafting techniques in 

foot and ankle surgery. In: Myerson MS, 
Baniewicz CT, eds. Foot and Ankle Clinics: 
Arthrodesis Procedures. Philadelphia, PA: W. 
B, Saunders; 1996:1-11.

e236


