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and Trinity Elite®; T-CBA; MTF Biologics, Edison NJ). However, while 
MSCs may di�erentiate into bone-forming osteoblasts given enough 
time and a precise microenvironment, they may also di�erentiate into 
other, unwanted cell types (eg, adipocytes, myocytes, neurons), poten-
tially impeding the speed and quality of fusion.

To address this uncertainty, a more advanced CBA (ViviGen® and 
ViviGen Formable®; V-CBA; LifeNet Health®, Virginia Beach VA) was 
uniquely developed to contain viable lineage-committed bone-forming 
cells within a cortico-cancellous bone matrix (ie, osteoconductive and 
osteogenic components), as well as demineralized bone matrix (DBM; 
ie, osteoinductive component) [7,10]. Preclinical comparisons suggest 
that bone cells outperform MSCs, both in speed and quality of bone 
deposition [17,18]. Although examples of the successful use of V-CBA 
in FAA procedures have been described in the literature previously 
[7,10], there have been no direct comparisons to date between the more 
conventional MSC based CBAs and V-CBA. �us, the purpose of this 
retrospective study was to compare clinical and patient reported out-
comes following the use of V-CBA versus T-CBA in FAA procedures 
with and without subtalar arthrodesis.

Methods
�is was a retrospective study of de-identi�ed data from con-

secutive cases involving FAA procedures with and without subtalar 
arthrodesis, performed by the �rst author (TSR) at a hospital-based 
practice from February 2011 to December 2019. Data were manually 
isolated into two groups: Cases using V-CBA versus cases using T-
CBA. Cases in which neither CBA was used were excluded. �e proto-
col for this study was submitted to, and approved by, the �rst author’s 
institutional review board.

Baseline patient and procedure characteristics that were assessed 
included age; sex; race; incidences of obesity (de�ned as body mass 
index ≥ 30 kg/m2), tobacco use, concomitant medication use relevant 
to bone fusion (eg: NSAIDs, corticosteroids, proton pump inhibitors), 
and Charlson comorbidities; and primary indications for surgery. 
Charlson comorbidity index (CCI) scores were calculated for each 
patient and summarized for each group (ie, V-CBA or T-CBA) [19]. 
Continuous variables were summarized as means and standard devia-
tions (SDs) and categorical variables were summarized as numbers and 
percentages of patients within each group. 

Clinical outcomes that were assessed included incidences of ankle 
fusion at 6 months (de�ned as osseous union on multiple weight-bear-
ing ankle and hindfoot radiographs), subtalar joint fusion at 6 months 
(when applicable), and post-surgical complications (i.e.(e setiEompans )0.ail2s --
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Figure 1: 'DWD�VHOHFWLRQ�ÀRZ�FKDUW�IRU�SDWLHQWV�XQGHUJRLQJ�)$$�SURFHGXUHV�ZLWK�DQG�ZLWKRXW�VXEWDODU�DUWKURGHVLV�XVLQJ�9�&%$�RU�7�&%$�IURP�)HEUXDU\������WR�
December 2019.
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Figure 2: &OLQLFDO�RXWFRPHV��9�&%$�Q ����7�&%$�Q ����6XEWDODU�MRLQW�IXVLRQV�ZHUH�DSSOLFDEOH�WR�9�&%$�Q ���DQG�7�&%$�Q ����3���������)LVKHU¶V�H[DFW�WHVW�

Figure 3: 3DWLHQW�UHSRUWHG�RXWFRPHV��9�&%$�Q ����7�&%$�Q ����3UH�DQG�SRVWRSHUDWLYH�9$6�ZHUH�UHSRUWHG�E\�9�&%$�Q ���DQG�7�&%$�Q ����3 ��������)LVKHU¶V�
H[DFW�WHVW��3 ��������WZR�VLGHG�7�WHVW�
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successful in 3 of 4 applicable patients (75.00%), and no complications 
were reported. Among tobacco users, 2 of 4 patients (50.00%) re
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fusion rates (89.29% vs. 71.43%), and signi�cantly fewer complications 
(6.45% vs 62.50%), in spite of patient comorbidities and lifestyle char-
acteristics that would be expected to negatively a�ect such outcomes. 
Additionally, 100.00% of patients who received V-CBA were satis�ed 
with their postsurgical outcomes (versus a signi�cantly lower propor-
tion of 68.75% in the T-CBA group), and they reported a signi�cantly 
lower average postsurgical VAS of 1.40 (a 7.52-reduction from presur-
gical), compared with 3.15 in the T-CBA group (a 4.84 point reduc-
tion). 

�ere are few reports of fusion rates in FAA procedures using 
V-CBA; however, for T-CBA and other widely available MSC-based 
CBAs, the present results are similar to those reported in the literature. 
In a prospective study by Jones et al, FAA procedures using T-CBA in 
92 patients resulted in a fusion rate of 68.5% at 6 months postoperative, 
and 71.1% in 76 patients at 12 months [21]. It was further reported 
that when comorbidities were considered, there was no signi�cant dif-
ference between high-risk patients and lower risk patients, except for 
smokers, who had a statistically signi�cant risk of nonunion. Tobacco 
use is cited as one of the greatest lifestyle risks for delayed and non-
union [22,23], and only 2 of 4 tobacco-users (50.0%) receiving T-CBA 
in the present study had ankle fusion at 6 months. However, successful 
ankle fusion was reported for all 5 tobacco using patients receiving V-
CBA. 

Further, a retrospective study by Loveland and colleagues reported 
a higher fusion rate of 93.3% at 12 months in 70 patients following FAA 
procedures using T-CBA [24]. However, in another study by Dekker et 
al. the authors found that 23 patients, 74.0% of whom had a least one 
high risk factor, had a fusion rate of 82.6% at a mean follow up of 15 
months with another MSC-based CBA (MAP3®, RTI Biologics, Mar-
quette, MI) [25]. Interestingly, the authors in that study reported fusion 
in only 25.0% of patients with diabetes. A subsequent study by the same 
authors using the same CBA found an 83.0% fusion rate in 36 high-risk 
patients at a mean follow-up of 13 months, with only 33.0% of diabetic 
patients achieving fusion [26]. 

In the present study, of the 5 patients with comorbid diabetes with 
complications in the T-CBA group, ankle fusion at 6 months was ob-
served in 60.0% of patients and complications were reported in 80.0%. 
In contrast, ankle fusion was observed in all 5 such diabetic patients in 
the V-CBA group and no complications were reported. For the only 
patient with comorbid diabetes without complications in the T-CBA 
group, ankle fusion at 6 months was not successful and complications 
were reported. However, ankle fusion was observed in all 4 such dia-
betic patients in the V-CBA group and no complications were reported. 
�us, while the present results are in line with most other reports of 
T-CBA and other MSC-based CBAs used in FAA procedures, the use 
of V-CBA in the present study consistently resulted in notably higher 
fusion rates with fewer complications, despite the presence of relevant 
comorbidities and lifestyle risks.

Finally, the complications reported for the V-CBA group in this 
study were restricted to hardware-related failures and were thus pre-
sumably unrelated to the choice of gra�. In contrast, the complica-
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