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Abstract

Background: Total ankle arthroplasty (TAA) is a popular and viable option for end-stage ankle arthritis. Posttraumatic
arthritis is the most common etiology of ankle arthritis, which creates the additional challenge of osseus deformity.
Accuracy and reproducibility in placing the implant on the mechanical axis has been shown to be paramount in all joint
arthroplasty including total ankle replacement. Patient-specific preoperative navigation is a relatively new technology for
TAA, and up until this past year has been based off of nonweightbearing (NWBCT) or simulated weightbearing computed
tomography (WBCT). Our institution has created a protocol to use WBCT in the preoperative patient-specific navigation
for TAA using the Prophecy system. The purpose of our study was to compare the accuracy and reproducibility of implant
alignment and size using WBCT vs prior studies using NWBCT for the Prophecy reports.

Methods: All patients from July 2019 through October 2020 who underwent TAA were evaluated. Inclusion criteria
consisted of primary TAA using patient-specific preoperative navigation who had postoperative radiographs in the 4-6-
week time frame. Prophecy predictions and measurements were then compared to actual implant placement and size.
Results: Ten patients met our inclusion criteria of WBCT Prophecy preoperative planning using 2 different implant
systems. Preoperative deformities in this cohort were small. The average postoperative coronal alignment was 0.84
degrees, range 0.19 to 2.4 degrees. Average postoperative sagittal plane deformity was 1.9 degrees, range 0.33 to 5.05
degrees. Tibial component size was properly predicted in all patients, talar component in 9 of 10.

Conclusion: This initial report supports accuracy and reproducibility in preoperative patient-specific navigation when
using WBCT for TAA with these implants. All TAAs were within the intended target of less than 5 degrees varus or valgus.
Level of Evidence: Level lll, retrospective comparative analysis.
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Introduction Patient-specific instrumentation (PSI) for total ankle
arthroplasty (TAA) with preoperative computed tomogra-
phy (CT) templating is a relatively new technology. More
extensive use and subsequent research studies have been
published in the total hip and knee arthroplasty literature
with the goal of improving implant alignment, operating
room efficiency, and hospital costs, while improving patient

Symptomatic ankle arthritis is a challenging condition, with
approximately 1% of the population suffering from ankle
arthritis.” Contrary to what is seen by orthopaedic surgeons
who manage hip and knee arthritis, ankle arthritis is usually
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outcomes. In the total knee arthroplasty literature, it has
been generally agreed on that accomplishing a neutral
implant alignment is of paramount importance. Hsu and
Haddad proposed that coronal implant alignment in TAA
should be considered “neutral” if positioned in less than 5
degrees of varus or valgus.” The same goals and PSI tech-
nologies from total knee arthroplasty have been extrapo-
lated and integrated into TAA surgical planning.

However, several studies previously reporting on the
accuracy and reproducibility of the Prophecy system for
TAA preoperative planning exclusively used nonweight-
bearing CT (NWBCT) scans.'** Owing to the majority of
ankle arthritis being posttraumatic by diagnosis, assess-
ment of concomitant instability or malalignment of the
hindfoot, midfoot, or forefoot may be a critical component
of preoperative planning for TAA. Accordingly, weight-
bearing CT (WBCT) scans to assess for foot and ankle
pathology and deformity are becoming more popular. If
adjunct procedures are considered at the time of TAA or in
a staged manner, identifying deformity or instability with
WBCT scans can be invaluable to prevent early implant
failure. Pyevich et al® noted that any incongruencies in
TAA components has a significant impact on contact pres-
sures on implants. Their study highlights the importance of
accurate implant positioning in TAA. Furthermore, postop-
erative radiographic alignment of TAA implants has not
been found to be superior when comparing standard instru-
mentation to PSI utilizing NWBCT scans.*

To our knowledge, there are currently no published
reports defining the role of WBCT scans for preoperative
TAA templating and PSI. The purpose of this study was to
retrospectively assess accuracy and reproducibility of
WBCT scans in determining implant position with preop-
erative patient-specific guides for TAA.

Methods

This study was a retrospective radiographic analysis mea-
suring the accuracy and reproducibility of PSI in TAA
recipients at a single institution (Orthopedic Foot and Ankle
Center Worthington, Ohio) performed by the senior author.
After receiving our institution’s formal institutional review
board approval, a retrospective review was done using CPT
Code 27702 to identify all TAAs with implant that have
been performed since July 2019. This date was chosen as
this was the commencement of the WBCT Prophecy scan
protocol at our institution. All patient records were then
reviewed for the utilization of the prophecy reports for total
ankle replacement guidance.

Our inclusion criteria consisted of Wright Medical
INFINITY or INBONE II total ankle replacements,
implanted using the Prophecy PSI, Prophecy scans must be
based off of WBCT, and must have weightbearing radio-
graphs within 4-6 weeks postoperation. Our exclusion

criteria consisted of any TAA not using the prophecy
guidance, revision TARs, and any TARs that did not have
weightbearing radiographs at time of publication. In
accordance with our inclusion criteria, all Prophecy
reports, along with the CT scans these reports were based
on, were then reviewed to ensure the Prophecy reports
were based off of WBCT performed at our institution
under the aforementioned WBCT Prophecy protocol.

All Prophecy reports generated from WBCT were
reviewed for multiple preoperative data points. The
prophecy report reports a mechanical axis based on the
accepted technique and then reports the current alignment
in the arthritic (preimplant) joint. Per Prophecy technique,
the INBONE 1I tibia is aligned with the anatomic axis,
and the INFINITY is aligned with the mechanical axis.
This information was recorded to reflect the preoperative
deformity (Figure 1). First, the axis (anatomic or mechan-
ical) in which the tibial component was based off was
recorded; this is found on the first page of the Prophecy
report. The differences between these 2 planes in the coro-
nal and sagittal planes were also recorded as the preopera-
tive deformity.

Neutral alignment was considered less than 5 degrees
varus or valgus in the coronal plane. Finally, the predicted
tibial and talar component sizes from the Prophecy report
were recorded for later comparison.

All first postoperative weightbearing radiographs were
reviewed and measured by 2 of the authors. The first post-
operative weightbearing radiograph most accurately repre-
sented the initial position of operative placement. Each set
of measurements were done in an anonymized fashion and
then the average of these measurements was recorded as the
postoperative measurements. The coronal anatomic axis of
the tibia in the anterior-posterior weightbearing radiographs
was determined by connecting 2 markers located at the cen-
ter of the tibia at a consistent distance apart in the distal
third of the tibia. This line connected these 2 markers and
then extended through the center of the ankle joint to repre-
sent the anatomic tibial axis (Figure 2). The mechanical axis
that is now determined by implant placement was deter-
mined by a line connecting 2 markers at the center of the
implant a consistent distance apart. These 2 marks were in
the proximal stem and base of the stem for the INBONE 11
implant, and within the distal most and proximal most
aspects of the tibial tray for the INFINITY implant. The axis
of the implant would be perpendicular to the articular sur-
face of the implant. All measurements were performed
using InteleViewer radiographic software. The difference
between the tibia axis and axis of the implant was then
recorded for each patient. The sagittal plane axis for the
tibia and the implant was done in a similar fashion using the
lateral weightbearing view radiograph (Figure 3). The dif-
ference between these 2 axes was then recorded as dorsi-
flexion or plantarflexion.
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Figure |. (A) Anterior preoperative and postoperative navigation showing coronal plane deformity and correction. (B) Lateral
preoperative and postoperative navigation showing sagittal plane deformity and correction. (Credit Prophecy, Wright Medical).
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Figure 2. Coronal measurements with line 5 representing tibial
axis and line 6 representing implant axis. Line 5 is made by the
bisection of lines | and 3, and line 6 made of the bisection of
lines 2 and 3.

Figure 3. Sagittal plane measurements with line 5 representing

tibial axis and line 6 representing implant axis. Line 5 is made by

the bisection of lines | and 2, and line 6 made of the bisection of
lines 3 and 4.

Each operative report was then reviewed for each patient
to record the tibial and talar component sizes implanted.
These implant sizes, along with the coronal and sagittal

plane measurements, were then compared to the predicted
sizes and measurements from the Prophecy report.

Results

After review of all TAA done between July 2019 and
September 2020, there were 85 TAAs done at our institu-
tion. Twenty-seven of the 85 ankle replacements used the
Prophecy PSI, and of those 27, 12 were based off of a
WBCT done at our institution under our protocol. Two of
the 12 included patients were unable to obtain weightbear-
ing radiographs prior to publication and were subsequently
excluded from the study, leaving an initial cohort of 10
patients who underwent full chart review and radiographic
measurements. There were 7 women (70%) and 3 men
(30%). The average age of all participants was 63.9 (range
48-79) years.

Of the 10 patients meeting inclusion criteria, 4 had
undergone the INFINITY implant and 6 underwent the
INBONE II implant. All 6 of the INBONE II TAA had the
Prophecy guidance align with the tibial anatomic axis, and
all 4 of the INFINITY implants had the Prophecy guidance
aligned with the mechanical axis.

Postoperative Alignment: Tibial
Component

There was minimal coronal plane deformity noted in our 10
patients, with the average coronal plane difference between
mechanical and anatomic axis being 0.94 (range 0-2.10)
degrees. The average postoperative coronal plane defor-
mity between the implant and tibial axis was 0.84 degrees
(Table 1). This results in a 0.10-degree difference between
the preoperative Prophecy report and our postoperative
implant placement. Patient with a preoperative varus defor-
mity were corrected to an average postoperative 1 degree of
varus, with 2 of the patients ending in 0.69 and 0.24 degrees
of valgus. Four patients had preoperative valgus deformity,
2 of which ended in varus, 2.44 and 0.35 degrees, respec-
tively. The other 2 patients with preoperative valgus was
corrected from 0.8 to 0.4 degrees valgus and 2.60 to 0.93
degrees valgus. The final patient had no difference between
the anatomic and mechanical axis on the preoperative CT
imaging, and at the first weightbearing radiograph, the
implant was at 0.37 degrees of valgus. All patients, regard-
less of preoperative varus or valgus, were in neutral align-
ment postoperatively. The largest postoperative degree
measurement was 2.44 degrees of varus, which is still well
within the 5 degrees needed to be considered neutral align-
ment (Table 1).

The average preoperative sagittal plane deformity as
measured by the Prophecy reports was 0.79 (range 0-3)
degrees. The average postoperative sagittal plane defor-
mity was 1.88 (range 0.3-3.63) degrees. This results in a
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Table |. Preoperative and Postoperative Measurements in Coronal and Sagittal Planes.

Preop Postop. Predicted Implant
Implant Axis Difference Difference  Preop. Preop. Postop. Postop. Sagittal Sagittal Implant Size Used
Patient Type  Alignment Between Axes Between Axes Varus Valgus Varus Valgus Preop. Postop. (Tibial, Talar) (Tibial, Talar)
| Infinity ~ Mechanical 0 0.375 0 0 - 0375 02 0.33(df) I 1 I, 1
2 Inbone2  Anatomic 0.5 0.8l 0.5 - 0.81 - 3 5.05 (df) 3,3 3,3
3 Inbone2  Anatomic 0.2 2.01 0.2 - 2.0l - 0.7  3.59 (pf) 4,3 4,3
4 Inbone2  Anatomic 0.5 244 - 05 244 - 0.7 1.52(df) 3,2 3,2
5 Infinity ~ Mechanical 0.8 0.4 - 0.8 - 0.4 0. 0.56 (df) 2,1 2, 1
6 Infinity ~ Mechanical 0.9 0.185 0.9 - 0.18 - 0.6  1.52 (df) 4,3 4,3
7 Infinity ~ Mechanical 2.1 0.355 - 2.1 0.35 - 0 0.25 (pf) I, 1 I, 1
8 Inbone2  Anatomic 0.7 0.695 0.7 - - 0.69 1.8 1.72 (df) 3,2 3,3
9 Inbone2  Anatomic 1.1 0.24 1.1 - - 0.24 0.7 0.48 (pf) 3,2 3,2
10 Inbone2  Anatomic 2.6 0.93 - 2.6 - 0.93 0. 3.76 (df) 2, 1 2,1
Average 0.94 0.844 0.567 1.2 I.16 0.527 079 1.88 Tibial: 100%;
talar: 90%

Abbreviations: df, dorsiflexion; pf, plantarflexion.

difference of 1.09 degrees from the predicted Prophecy
report and final implant placement (Table 1).

Instrumentation

The patient-specific navigation template predicts the size of
the tibial tray and talar component for each specific patient.
The tibial tray was predicated correctly by the preoperative
navigation template 100% of the time regardless if it was
the INBONE II or INFINITY. The talar component was
predicted correctly 90% of the time for the entire cohort.
The INBONE II talar component was predicted correctly
for each patient it was used on except for 1 (5/6) and the
INFINITY talar component was predicted correctly 100%
of the time it was implanted.

Discussion

Total ankle replacement surgery continues to rise in popular-
ity as a viable option among patients with end-stage ankle
arthritis. The goal of a total ankle replacement is to improve
functional activity with decreased pain. To maximize out-
comes while trying to limit failure or revision, the ankle
implant must be properly aligned within the ankle joint. The
importance of this element has led to evolving technology that
provides preoperative navigation and prediction of implant
placement to better assist the surgeon. In 2017, Daigre and
colleagues® looked at 44 TAAs that used the preoperative
patient-specific guidance to determine accuracy and repro-
ducibility of the implant placement. The preoperative patient-
specific guidance was based off of NWBCTs. The coronal
alignment was corrected from a mean preoperative 4.6
degrees, to a mean postoperative 1.8 degrees. The range of the
postoperative coronal alignment was from 5 degrees varus to
3.6 degrees valgus. Patients with a varus preoperative align-
ment were corrected to a mean 2.4 degrees of varus postop-
eratively. Patients with valgus deformity noted preoperative

were corrected to a mean 1.9 degrees postoperatively. All
patients with a valgus deformity were corrected to neutral
(within 5 degrees varus or valgus), and all but 2 patients with
a preoperative varus deformity were corrected to a neutral
ankle alignment. The authors reported a mean postoperative
sagittal alignment of 2.4 (range 6.5 dorsiflexion to 5.0 degrees
plantarflexion) degrees. The preoperative navigation correctly
predicted the tibial tray size in 97.7% of the patients and the
talar component in 79.5% of the patients.

The preoperative navigation templates help create PSI
guides based on preoperative CT scans of the patient’s ankle.
A cadaveric study was performed on 15 specimens using this
preoperative templating system. The authors reported
accurate implant positioning with less than 2 degrees of
difference between preoperative and postoperative implant
positioning in all planes of motion.! Hsu et al® later pub-
lished on early clinical results using the Prophecy system.
The authors used both INFINITY and INBONE II total
ankle systems (Wright Medical Technology, Memphis, TN).
They reported an average preoperative to postoperative dif-
ference of less than 3 degrees in the coronal and sagittal
planes for implant positioning.® Another study assessing
total ankle arthroplasty in 44 patients using INBONE 11
found that 100% of coronal and sagittal postoperative
implant positioning was within 5 degrees of the preoperative
template.’ They also were able to accurately match their pre-
operatively planned tibial component and talar component
coronal size in 98% and 80% of cases, respectively.’

Our data using preoperative navigation based off of
WBCT showed 100% of patients had postoperative
“neutral” alignment, based on the criteria of <5 degrees.
The mean postoperative coronal alignment was 0.84 (range
0.19-2.44) degrees. All preoperative varus deformities were
corrected to within 2 degrees of neutral and all preoperative
valgus deformities were corrected to within 2.44 degrees of
neutral. The average postoperative varus deformity was
1.16 degrees and the average postoperative valgus was 0.53
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degrees. This average postoperative difference between
mechanical and anatomical axis in the coronal plane of 0.84
degrees is less than what has been reported when using
NWBCT for preoperative guidance (1.8 degrees) although
we do not know if these differences are clinically or statisti-
cally significant.> Our average postoperative sagittal align-
ment was 1.88 degrees, which again is 0.52 degrees closer
to neutral than what was reported with the NWBCT, and
again we do not know if these differences are significant.? It
should be made clear the goal of the preoperative patient-
specific guidance is to create cut guides that will align the
implant to as close to neutral (0 degrees) as possible, and
when based off of a WBCT, may be more accurate in reach-
ing this goal.

The tibia is the constant point to which the patient-
specific navigation is based on. The tibia itself is also a rigid
body and should not change morphology regardless of
weightbearing status.

Our data suggest the possibility of a more precise align-
ment in the frontal plane than prior studies using NWBCT.
The tibia component size accuracy was comparable in our
study to the accuracy in the prior studies using NWBCT; in
both groups, there was good accuracy in predicting the tibia
component size. Using WBCT for preoperative navigation
did also provide good prediction of the talar component size
within the current series.

There are limitations of our initial study. The first limi-
tation is the small number of total ankle replacements
included, and as such should be seen as a pilot study.
Another limitation is the minimal severity of preoperative
deformity in this patient cohort. Two different total ankle
implants (INBONE II and INFINITY) were involved in this
study without direct separation and comparison of only like
implants; therefore, this can also be seen as a limitation of
this study. We did not directly compare NWBCT vs WBCT
scan use in the same patients, so all comments about the
differences are inferential at best.

Conclusion

This small series of patients with limited deformity sug-
gests that patient-specific guides based off WBCT scans
has potential for reliable postoperative alignment. Further
work is needed to compare use of WBCT to NWBCT for
PSI ankle replacements.
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