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Abstract

Background: Hindfoot arthrodesis is a procedure commonly performed to address degenerative changes and/or
malalignment of the hindfoot, yet robust literature comparing traditional and modern constructs is sparse. The purpose of
this study is to evaluate the efficacy of nitinol staples in hindfoot arthrodesis as compared to isolated screws and combined
staple and screw constructs.

Methods: A 10-year retrospective review of all patients undergoing hindfoot arthrodesis at our institution was performed.
Hindfoot arthrodesis was defined as either a triple (subtalar, talonavicular, and calcaneocuboid), double (subtalar +
talonavicular), or isolated arthrodesis. Outcomes included fusion success rate and reoperation rate. A postoperative CT
confirming the presence or absence of osseous bridging was required for inclusion in the fusion outcome analysis.
Results: We assessed | |3 patients who underwent arthrodesis procedures across 128 joints in the hindfoot. There was
no significant difference in functional outcomes between screws, staples, or the combination screw and staple constructs
used in hindfoot arthrodesis. However, screws alone were associated with a significantly higher complication rate than
staple-only fixation (P=.028).

Conclusion: Nitinol staples are effective in hindfoot arthrodesis with respect to fusion success rate and may be associated
with decreased revision rates compared with traditional screws only or staple plus screw constructs. Larger studies will be
necessary to validate these findings and contribute to an assessment of the usage of these nascent constructs in hindfoot
arthrodesis.

Level of Evidence: Level lll, retrospective cohort study.
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Figure |. Series of plain film radiographs and sagittal CT scan demonstrating a successful triple arthrodesis of the hindfoot using a

combination of screws and staples.

A large proportion of patients undergoing hindfoot
arthrodesis have had prior surgical intervention and hardware
implantation within adjacent joints due to indiscriminate
degenerative changes of the foot.* Selecting the proper surgi-
cal instrumentation and approach is essential to maximizing
postoperative functional outcomes in an anatomically
stressed region. There is no consensus, however, regarding
the optimal fixation construct for this purpose.*”!! The few
clinical studies on failure do not validate fusion via CT,
which has been shown to be more accurate than x-ray in eval-
uating fusion.>*!'* Furthermore, the majority of these studies
do not include next-generation constructs such as nitinol sta-
ples, the use of which is rapidly growing in orthopaedics.'?

Nitinol staples are shape-memory alloys designed to
undergo changes in crystalloid configuration when placed
under load with the goal of sustaining compression.®®-!! The
use of these constructs has increased over time at our insti-
tution. These staples differ from traditional crossing screws
in that screws tend to lose traction with load, falling out of
place and causing complications postoperatively. The pur-
pose of this study is to provide a comprehensive clinical
evaluation of the efficacy of the most common constructs
utilized in hindfoot arthrodesis, including next generation
nitinol staples.

Methods

This study was an IRB-approved retrospective cohort study
including all patients who underwent hindfoot arthrodesis
from 2013 to 2023 at a single institution. The average follow-
up time for patients in this study was 2.2 years. Inclusion cri-
teria for hindfoot arthrodesis were an isolated arthrodesis of
one of the subtalar, talonavicular, or calcaneocuboid joints; a
double arthrodesis of the subtalar and talonavicular joints; or
a triple arthrodesis of all 3 joints (Figure 1).

This study used 2 advanced nitinol staple systems: BME
(DePuy Synthes, Raynham, MA) and DynaNite (Arthrex,

Naples, FL). A consistent surgical technique was employed
to ensure standardized fixation across procedures. Two sta-
ples were used to achieve fusion at the subtalar (ST) and
talonavicular (TN) joints, whereas the calcaneocuboid (CC)
joint was stabilized with a single staple. Similarly, in proce-
dures involving screw fixation, 2 screws were placed at
both the ST and TN joints, whereas the CC joint received a
single screw. For the staple plus screw group, fixation was
uniformly performed with 1 staple and 1 lag screw per joint
to enhance construct stability. Bone graft was used in all
cases: Allosync Pure (Arthrex).

The primary outcomes of this study were fusion success
rate and complications including revision surgery due to
nonunion, infection, or other reasons such as symptomatic
hardware removal. Successful fusion of the joints was only
assessed using CT imaging due to the detail of the modality.
Therefore, only patients with postoperative CT image were
included in analysis of these functional outcomes. For
assessment of complication outcomes, patients without
postoperative CT imaging were included only if they had
follow-up visits after their procedure. Postoperative CTs
were obtained at the 3-month, 6-month, and 1-year time
points. Exclusion criteria included patients who underwent
arthrodesis at joints other than those specified, staged revi-
sions at initial surgery, or fixation methods other than niti-
nol staples or screws. Those without postoperative follow-up
visits were excluded from complication analysis. Cases
deviating from the standardized fixation protocol, surgeries
outside 2013-2023, and patients with missing operative
details, follow-up data, or imaging were also excluded.

These outcomes were compared across the various con-
structs used within the procedures—including the use of
screws alone, staples alone, or a combination of both (sta-
ple plus screw)—as well as the various joints fused. This
was purely an exploratory analysis that assessed omnibus
significance between the construct groups, followed by
pairwise comparisons if the overall group differences were
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Table I. Patient Characteristics.

Overall Screw Staple Screw + Staple P Value®

Number of patients 13 95 23 35
Female, n (%) 60 (53.1) 52 (51.5) 13 (56.5) 20 (57.1) 333
Active smoker®, n (%) 5(5.5) 5(5.0) I (4.3) 1 (2.9) 938
Age

Range 19-82 19-86 20-78 22-76

Mean (SD) 52.8 (15.4) 52.8 (15.5) 46.6 (17.5) 53.8 (13.6) 915
Body mass index (BMI)

Range 12.4-50.7 12.4-50.8 18.0-39.2 20.1-45.7

Mean (SD) 31.2 (6.8) 31.7 (7.0) 28.8 (5.7) 32.2 (6.8) .096
*The P value reported in the table is the omnibus P value comparing each of the constructs.
®Active smoking status was determined by an indication of tobacco use within the 30 days prior to the primary fusion procedure.
Table 2. Fusion Outcomes Stratified by Construct and Joint.?
Joints Fused Screws, % (n) Staple, % (n) Staple + Screw, % (n) P Value
Calcaneocuboid 80.0 (5) 92.3 (13) 80.0 (10)

Isolated 0 100.0 (1) 0

Triple 80.0 (5) 91.7 (12) 80.0 (10)
Talonavicular 75.0 (6) 100.0 (1) 90.5 (21)

Isolated 0 0 50.0 (2)

Double 83.3 (6) 0 100.0 (6)

Triple 50.0 (2) 100.0 (1) 92.3 (13)
Subtalar 78.3 (60) 0 100.0 (2)

Isolated 65.4 (26)* 0 0

Double 70.0 (10) 0 100.0 (I)

Triple 95.8 (24)* 0 100.0 (1)
Hindfoot 76.1 (71) 95.8 (24) 87.9 (33) .057

2Each cell represents the fusion rate followed by the total number of joints attempted to be fused in parentheses (number of total joints) for the
appropriate construct and joint. The P value reported in the table is the omnibus P value comparing each of the constructs.

*Statistical significance at p=.011.

found to be statistically significant at a=0.05 or border-
line significant (defined as a P value between .05 and .10).
With the understanding that additional testing in an explor-
atory analysis increases the likelihood of type I error, P
values obtained from pairwise comparisons were cor-
rected using the Benjamini-Hochberg false discovery rate
correction to reduce the likelihood of false positive results.
Categorical analyses used chi-squared analysis when all
expected frequencies were greater than 5, and Fisher exact
testing otherwise. Numerical analyses used analysis of
variance for omnibus testing and ¢ tests for pairwise com-
parison. Statistical analyses were conducted in Python
3.11.7 and Microsoft Excel.

A power analysis for fusion rate was conducted based on
sample size, effect size, and significance level. The calcu-
lated effect size (Cohen w) was 0.1978, indicating a small to
moderate effect. The analysis yielded a power of 0.5043,
suggesting a 50.43% probability of detecting a true effect, if
present, at the .05 significance level.

Results

This study assessed fusion outcomes for 128 joints and
complication rates for 187 joints across 113 patients follow-
ing hindfoot arthrodesis. All analyses performed in this
study were conducted on a per-joint basis. A description of
patient characteristics can be found in Table 1. There were
no statistically significant differences in demographic
parameters across any of the joints studied. Because some
patients underwent arthrodesis of multiple joints using var-
ied constructs, the total number of patients is less than the
sum of the number of patients in each construct group.
Among the constructs used within these procedures,
there were no significant differences detected in fusion suc-
cess rate between screws, staples, or a combination of the
two in hindfoot arthrodesis (P=.084, calculated using
Fisher exact testing) (Table 2). Given that this P value was
borderline significant and given the underpowered nature of
this study, further pairwise comparisons were performed,
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Table 3. Complication Data Stratified by Fusion Construct.?

Staple +
Revision Indication Screw Staple Screw P Value
Nonunion 4 (3.8%) 0 4 (8.3%)
Infection 8 (7.5%) 0 2 (4.2%)
Symptomatic 5 (4.7%) 0 2 (4.2%)

hardware removal

Overall 17 (16.0%)% 0%t 8 (167%) .021

*The P value reported in the table represents the omnibus significance
among all 3 construct groups. Asterisks and daggers denote pairwise
significant differences between the corresponding constructs at a
Benjamini-Hochberg corrected value of P=.028 for both comparisons.

again using Fisher exact testing. No significant pairwise
differences were found between any of the construct groups:
screws vs staples (p=.062), screws vs staples plus screws
(p=.288), and staples vs staples + screws (p=.385). These
P values remained statistically insignificant following false
discovery rate correction. However, when looking at the
subtalar joint given the adequate sample size, subtalar joints
fused as part of a triple arthrodesis with screws were found
to have a significantly higher fusion rate than isolated sub-
talar fusion with screws (95.8% vs 65.4%, p=.011).
Regarding complication rates, staple fixation required no
revision surgery in our cohort. Across the studied constructs,
the omnibus test yielded a P value of 0.021 (Table 3).
Following pairwise testing and false discovery rate correction,
staple-only fixation was found to have a significantly lower
revision rate than screw-only fixation (p=.028) as well as
joint staple plus screw fixation (p=.028). Although statistical
significance testing was not performed for revision subtypes,
screw fixation resulted in a greater proportion of patients
requiring reoperation for hardware removal and infection
debridement than staple-plus-screw and staple-only fixation.

Discussion

Our study demonstrates no significant differences between
screw-only, staple-only, or combined staple and screw fixa-
tion in achieving successful fusion in the hindfoot. However,
the results presented represent a clinically significant differ-
ence of an almost 20% increase in fusion success for staple-
only fixation compared with screw-only fixation. Our data
on revision surgery rates further support these findings,
showing a significant increase in complication rates for both
screw and staple-plus-screw constructs compared to staple-
only fixation in the hindfoot, even after applying false dis-
covery rate correction.

Biomechanical data indicate that staple-only fixation
does not differ significantly from screw-only fixation in
terms of translational motion of the talonavicular joint along
the x-y-z planes following cyclic loading, nor in fixation
strength when subjected to shearing forces at the subtalar,

talonavicular, and calcaneocuboid joints.»!' Although one
study found that adding a nitinol staple and plate to a 5.5-
mm cannulated screw resulted in greater failure loads com-
pared with the screw alone, this effect cannot be attributed
solely to the staple, as the concurrent use of a plate—which
has been shown to outperform screw fixation alone—con-
founds the comparison.*’

Although our data agree with the biomechanical litera-
ture as it pertains to a statistical analysis, our study is under-
powered to detect this difference given the choice to verify
fusion via CT analysis. Therefore, based on the clinically
significant difference in fusion rates of nearly 20% between
the staple-only and screw-only groups, it is likely that staple-
only fixation does indeed lead to greater fusion outcomes in
the hindfoot compared with screw-only fixation. However,
when the screw constructs were analyzed with regard to iso-
lated subtalar fusion or subtalar fusion as part of a triple
arthrodesis, we found a significant increase in fusion success
rate when screws were used for fusion as part of a triple
arthrodesis. This is an interesting secondary finding that
may indicate greater benefit to screw fusion when supported
by adjacent joint stabilization as seen in triple arthrodesis.

The overall difference in construct performance is fur-
ther supported by our data indicating screw-only fixation to
have a reoperation rate of 16% compared with 0% for the
staple-only group. One possible explanation is that nitinol
staples are lower-profile fixation constructs capable of pro-
viding equivalent compressive force while occupying less
surface area and decreasing contact with surrounding soft
tissue."!? This in turn could lead to decreased hardware irri-
tation, localized inflammation, risk of infection, or risk of
construct-related revision surgery.

Of note, although the joint staple and screw construct
achieved high rates of fusion, it was also associated with a
significantly higher revision rate than staple-only fixation.
The authors believe that this is likely due to the operative
technique, in which the placement of the screw across the
joint interface before staple placement leads to a counterac-
tive force that resists the dynamic compression of the staple,
thereby causing backing out and local tissue irritation.
Anecdotally, the authors have changed their practice pat-
terns in light of these realizations and believe this has
improved outcomes, although future, randomized study is
necessary to truly compare these 2 methods.

Overall, our results support the use of nitinol staples in
hindfoot arthrodesis and add to the limited data on this
topic.>'* Our results also suggest that nitinol staples may in
fact be superior constructs with regard to reducing postop-
erative complication rates.

Our study has several limitations that should be addressed
in future research. First, because of the rigorous inclusion cri-
teria for CT imaging, our sample size was limited. This limited
the power of our study and the ability to detect differences
between the constructs. Furthermore, our institutional policy



Dalloul et al

changed in the later time frame of this study to obtain postop-
erative CTs at the 3-month, 6-month, and 1-year time points
for all patients. This change raises the possibility that the
patients in our analysis include those that received CT imaging
for clinical concern and not as part of study protocol. However,
despite this potential bias, our fusion rates closely mimic those
found in the literature, reducing the concern for the contribut-
ing effect of this bias.>!3

In addition, another important limitation is that the distri-
bution of joints was not heterogenous between the constructs
compared. For example, screw-only fixation was predomi-
nantly used in the subtalar joint whereas both staple and staple
plus screw fixation were predominantly in the talonavicular
and calcaneocuboid joints. Although these joints are all part of
the hindfoot, this limits the generalizability of our findings as
constructs are not compared across the same joints.

Conclusion

We found in this retrospective review that nitinol staples
were an effective option for hindfoot arthrodesis as they
were associated with a high fusion success rate with mini-
mal need for reoperation. Compared with screw fixation,
nitinol staples may represent a more effective option in the
hindfoot. Future analyses comparing these 2 constructs
across a homogenous set of joints with CT validation is nec-
essary to corroborate the findings reported herein.
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