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Abstract

Background and aim: Ankle arthrodesis has been considered for many years the surgical Gold Standard for
the treatment of advanced ankle arthritis; prosthetic replacement of the tibio-talar joint played a secondary
role in the treatment of the degenerative pathology of the ankle in relation to the higher rate of failures and
complications compared to ankle fusion. The introduction of last generation ankle prostheses lead to better
outcome, a lower rate of complication and a longer survival of the implants. Patient Specific Instrumentation
(PSI) represents one of the most recent innovations introduced on the market of ankle arthroplasty: PSI is
proposed as a surgical technique capable of making ankle arthroplasty more accurate and more reproducible
compared to ankle replacements performed with standard referencing guides. Mezhods: Aim of the study is to
report early clinical (AOFAS score) and radiographic outcomes (alignement of tibial component) obtained
from a single surgeon experience (FC) by implanting the same ankle prosthesis (Infinity, Wright Medical
Technologies) using a standard (STD) or a PSI instrumentation. Resu/ts: Unlike no difference in the average
increment of normalized sub score related to function in each group (PSI vs STD), the analysis of normalized
pain sub score pointed out a greater average improvement in the PSI group (+75%) compared to the STD
group (+62%); this result has been adovacated to the absence of post operative gutter impingement syndrome
in the PSI group compared to the STD referencing group. The analysis of post operative radiographic angles
revealed a more accurate and reproducible positioning of the components in the PSI group compared to the
STD group. Furthermore, ankle arthroplasty performed with PSI instrumentation reported a reduction of
both surgical times and the need of intraoperative fluoroscopy compared with a standard instrumentation.
Conclusions: With limitations related to the short follow up and the low number of patients, PSI ankle ar-
throplasty achived more accurate and reproducible clinical and radiographic results compared to standard
referencing instrumentation; long-term follow-up are needed to demonstrate whether a better positioning of
the implant is associated with an increased survival of the prosthesis and therefore justifies the additional costs
associated with this technology. (www.actabiomedica.it)
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Introduction instability in 16% of cases (Figure 1 D-E) and the con-
sequence of a single sprain trauma in 13.7% of cases (18).

Unlike osteoarthritis of the hip and of the knee, The different etiopathogenesis of hip or knee
ankle arthritis is prevalently post-traumatic in up to and ankle arthritis depends on specific anatomical,

70% of cases; arthritis of the ankle is the consequence ~ biomechanical and biological peculiarities of these
of a fracture in 37% of cases (Figure 1 A-C), of ankle  joints (17).
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Figure 1. Bimalleolar ankle fracture (A) treated with open reduction and internal fixation (B); post-traumatic ankle arthritis ten
years after the fracture (C). Radiographic ankle arthritis (D) due to a severe lateral instability demonstrated on stress radiograph

(Telos) (E).

Due to its etiology, the age of patients suffering
from end stage osteoarthritis of the ankle is lower than
that of patients with osteoarthritis of the hip or of the
knee (1).

The age of patients suffering from osteoarthritis
of the ankle is a relevant aspect to consider since this
has both an economic and a social impact; the mor-
bidity perceived by patients with osteoarthritis of the
ankle is comparable to that perceived by patients with
chronic renal failure or congestive heart failure (51).

Supra-malleolar ~ realignment  osteotomies,
debridement procedures and distraction arthroplasty
are surgical alternatives with variable results reported
in the literature and whose indications are restricted to
a limited number of patients (2).

Ankle arthrodesis (AA) (Figure 2) has been for long
considered the surgical Gold Standard for severe ankle
arthritis (3, 4); AA, although not an optimum from a
biomechanical point of view, was classically considered
superior to the implantation of a total ankle arthroplasty
(TAA) due to the good outcomes associated with the
reduction of pain and a lower complication rate com-
pared to ankle prosthesis (3).

Due to the high rate of short-term complica-
tions (5), ankle arthroplasty remained for a long time
a restricted surgical indication for elderly patients with
poor functional demand.

The introduction on the market of a new genera-
tion of ankle implants lead to good results both from a
functional point of view and from a patient-perceived
point of view in association with lower rates of postop-
erative complications (6).

Figure 2. Tibiotalocalcaneal fusion performed with retrograde
intramedullary nailing (A). Tibio talar arthrodesis made with an
anterior locking compression plate and lag screws (B).
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In the most recent meta-analyses, ankle prosthe-
sis resulted to be an effective and comparable surgical
approach to ankle fusion in relieving pain (8) with the
advantage of ensuring a certain degree of post-opera-
tive movement and a reduced incidence of secondary
arthritis in the adjacent joints (7).

The evolution of prosthetic materials and designs,
the understanding of the importance of soft tissue
management, the introduction of new alignment and
ligament balancing instruments have determined the
incidence of fewer complications, greater patient satis-
faction and, ultimately, an extension of implant survival.

One of the most recent innovations in the field
of ankle arthroplasty was the introduction of custom-
ized alignement jigs produced on the basis of a preop-
erative planning based on computed tomography (CT)
(5,7,8).

The present work aims to compare short term
clinical and radiographic results obtained by a sin-
gle surgeon (FC) using the same ankle prosthesis
(Infinity, Wright Medical Technologies) alternatively
implanted with a traditional extramedullary alignment
instrumentation or with a patient specific alignement
instrumentation (PSI) customized on the basis of a
preoperative CT planning (PROPHECY system)
(Figure 3 B, C).

The Infinity ankle prosthesis (Wright Medical
Technology) (Figure 3A) is a last generation two-
component ankle prosthesis; it is characterized by
minimal bone resections, small tibial fixation pegs that
avoid the use of long stems, absence of cementation
and an anatomical talar component that reproduces
the geometry of the native talus (28).

The introduction of PSI technology in ankle
arthroplasty is therefore proposed as an innovative
technique with the aim of increasing the accuracy and
reproducibility in the positioning of the prosthetic com-
ponents; component alignement in ankle arthroplasty
play an important role for the peculiar anatomy of the
tibio talar joint in which small misalignments produce a
decrease in the contact surfaces and an increase of peak
pressure with consequent potential wear of the polyeth-
ylene and early implant failure (30, 32).

Some preliminary studies report further poten-
tial advantages associated with the PROPHECY
system: decrease surgical times, prediction of the size
of the components, decrease of the use of intraop-
erative fluoroscopy with a consequent reduction of
exposure to ionizing radiation both for the patient
and for the surgeon and a simplification of the sur-
gical technique compared to traditional instruments

(30, 32, 41).

Figure 3. Picture (A) rapresents the components of the Infinity Ankle Arthroplasty: a talar dome, a tibial platform and an UHM-
WPE fixed-bearing component. The surgeon uses the bone model (B) as a tactile and visual confirmation of the correct positioning

of the tibial guide on the bone of the patient (C).
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Matherials and Methods

The present work aims to analyze the short-term
clinical and radiographic results obtained by a single
operator (FC) implanting a third generation ankle
prosthesis (Infinity, Wright Medical Technologies) for
the treatment of advanced ankle arthritis.

In the period January 2017—December 2019
at the Orthopedics and Traumatology Unit of the
Hospital of Rovereto, 49 patients (49 ankles) suffer-
ing from symptomatic arthritis of the ankle and not
responsive to conservative therapies were surgically
treated. Of these 49 patients, 15 (15 ankles) under-
went fusion of the tibio talar joint, the remaining 34
patients (34 ankles) underwent the implantation of an
ankle arthroplasty; among the patients who underwent
ankle prosthesis, in 17 patients an Infinity implant
was used.

Among the patients who received an Infinity
ankle prosthesis, in 7 cases (7 ankles) a traditional
extramedullary alignment instrumentation was used
(STD group), while in the remaining 10 cases a patient
specific instrumentation (PSI group) was used; the
assignment to one of the two groups was performed
randomly.

Y

At the time of the preoperative visit, an AOFAS
(American Orthopedic Foot and Ankle Society’s
ankle-hindfoot scale) was calculated for the patients
of both groups; this clinical score, used in its Italian
validated version (31), is based on the compilation of
a questionnaire, divided into three sections concerning
pain (0-40 points with 0 equal to pain always present
and 40 equal to no pain), function (0- 50 points with
0 equal to maximum limitation and 50 equal to no
limitation) and rearfoot alignment (0-10 points with 0
equal to severe misalignment and 10 equal to no mis-
alignment).

The degree of preoperative coronal deformity was
calculated on the radiographs of the patients of both
groups on loading radiographs of the ankles; this cal-
culation was performed using a digital image process-
ing program (Synapse RAD Mobility) by calculating
the Medial Distal Talar Angle (MDTA) (33). This
angle is calculated from the intersection of a straight
line passing through the anatomical axis of the tibia
with the one passing through a tangent to the surface
of the tibial plafond (Fig. 4A).

The patients belonging to the PSI group also
underwent a CT study of the ankle according to the
PROPHECY protocol (Fig. 4B) . Preoperative plan-
ning and positioning of the tibial component in the
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Figure 4. The MDTA rapresents the angle considered by the intersection of a straight line passing through the anatomical axis of the
tibia with the one passing through a tangent to the surface of the tibial plafond (A). The PROPHECY TC protocol requires scans
5 cm above and 5 cm beneath the knee joint line and scans of the ankle 10 cm above the tibio talar joint and including distally the
whole foot (B). On the basis of the preoperative TC, a preoperative planning of the positioning of the ankle arthroplasty implant is

created (C).
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PSI group were carried out in all patients following the
mechanical axis to obtain a neutral positioning of the
tibial component (Fig. 4C).

The validation of the preoperative planning and
the prosthetic ankle implants were performed in all
patients by the same surgeon (FC); as mentioned, all
patients received the same Infinity ankle prosthesis.
At the last post-operative follow-up visit, patients
were again tested with the AOFAS questionnaire and
exposed to weight bearings radiography of the ankles.

The change in AOFAS score between pre and
post-operative was used as an index of patient satisfac-
tion following the implantation of the ankle prosthesis.

On post-operative radiographs, the MDTA was
recalculated as the angle between the anatomical axis
of the tibia and a tangent to the surface of the tibial
prosthetic component (Fig. 51, 52). A post-operative
MDTA of 90°, corresponding to a neutral position-
ing of the tibial component, represented the final goal
of implantation of the prosthesis in both groups of
patients.

For immediate understanding, the absolute value
of MDTA, both pre and post operative, was expressed
as a difference from 90°; to simplify the measurements,
a rounding down for decimals lower than 0.5 and
upwards for decimals higher than 0.5 has been car-
ried out.

soito canco

Figure 5. Postoperative MDTA is calculated as the angle cre-
ated by the anatomical axis of the tibia and the tangent to the
inferior surface of the tibial component.

Since traditional instrumentation do not allow
alignment on the mechanical axis, the calculation of
the MDTA on the post-operative radiographs of the
PSI group was corrected for each patient for the dif-
ference in degrees between the anatomical axis and
the mechanical axis; this difference is a data provided
by preoperative planning and the same calculation
method was used in a recently published study (3).

The degrees of deviation of the tibial component
from the neutral axis were used as an index of the accu-
racy and reproducibility of the instruments used (STD
vs PSI).

For each procedure, some data relating to the sur-
gical intervention were extrapolated: the surgical times
(considered from the incision of the skin to the end
of the suture) and any accessory surgical procedures
carried out simultaneously with the implantation of
the ankle prosthesis were detected from the operating
register. From the final report produced by the fluoros-
copy amplifier were extrapolated data concerning the
number of scans performed and the time of exposure
to ionizing radiation during each procedure.

Patients of both groups underwent the same
post-operative rehabilitation protocol regardless of the
accessory procedures performed.

Any intra, peri and post-operative complications
were recorded and reported through clinical follow-up
and through the SIO (Hospital Information System).

Results

Of the 17 patients who underwent Infinity ankle
prosthesis implantation a total of nine left ankles and
eight right ankles were implanted.

The two groups were homogeneous due to sex,
age and the etiopathogenesis of ankle arthritis which
led to ankle prosthesis.

The patients of the STD Group were re-evaluated
at an average follow-up of 18 months (minimum 15,
maximum 22) while the patients of the PSI group at an
average f.up of 12 months (minimum 6, maximum 22).

The AOFAS score of the two groups overall
increased from a mean of 55.77 in the pre-operative
to a 81.77 in the post-operative and corresponds to a

score increase of 46.62% (Figure 6).



P. Giardini, P. Di Benedetto, et al.

et har
Sy S i

s B iy i T

|

o BSAAS ] dey AEAAS HAT  Facsindie

Figure 6. Cumulative average preoperative (yellow col-
umn) and post operative (green column) AOFAS score.

An average preoperative AOFAS score of 59.0
in the STD group (min 27, max 65) and 50.6 in the
PSI group (min 34, max 71) emerged from the analy-
sis of the AOFAS files divided into groups. The mean
post-operative AOFAS score was 84.38 in the STD
group (min 71, max 88), 77.60 in the PSI group (min
75, max 95); these values correspond to an increase in
the AOFAS score of 43.01% in the STD group and
53.36% in the PSI group (Figure 7).
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The AOFAS score was analyzed not only as an
overall score but also in its pain and function catego-
ries; since these categories have different scales (0-40
for pain, 0-50 for function), the numerical values have
been normalized in order to be made comparable.

Figure 8 and 9 consider the percentage change
in the normalized AOFAS score for the function
and pain categories without considering the patients
divided by group; graph 3 shows an improvement in
the AOFAS score relating to pain of 66.67% between
pre and post operative; in the category related to func-
tion (Figure 9), the AOFAS score marked an increase
of 32.19%.

The analysis of the normalized AOFAS scores for
pain and function categories carried out considering
the patients distinguished by group of study (STD and
PSI) (Figure 10 and 11) highlighted results as follows:
the category related to pain showed an improvement
of 75% in the PSI group and 62.5% in the STD group
while in the category related to function an increase
of 34.48% in the PSI group and 30.92% in the STD
group.

In the PSI group, the implanted prosthetic size
corresponded to the preoperative pianification in
100% of cases for the tibial component and in 80% of
cases for the talar component.

Measure Names
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STD
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Figure 7. Pre and post operative AOFAS score distinguished in the two groups

(STD and PSI).



Infinity Ankle Arthroplasty with Traditional Instrumentation and Psi Prophecy System 7

e

ke T

i

Figure 8. Cumulative average modification of the pain subscore
beetween preoperative (yellow column) and post operative (red
column).

The analysis of the distributions of the MDTA
showed an average preoperative deformity in the two
groups of 3.7° in varus (max 11° of valgus and 10" of
varus); the mean preoperative deformity was 2° in
varus in the PSI group and 5.4° in varus in the STD
group (Figure 12A).

In the PSI group it was possible to trace the dif-
ference between the anatomical axis and the mechani-
cal axis of the tibia from the preoperative planning for
each patient; this difference was on average 1.65° (min
0.1°, max 5.1°).

The post-operative alignment analysis (Fig-
ure 12B) highlight a lower dispersion (red circle) of
the measurements in the PSI group compared to those
of the STD group.

The cumulative distribution analysis of post-oper-
ative angles (Figure 13) resulted within 1° of neutral
alignment (+1°, -1°) in 87.5% of patients and within
3° of optimal neutral alignment in 100% of patients in
the PSI group.

In the STD group, 40% of patients achieved a
compressed alignment between + 3° and -3° from
the neutral alignment; the graph relating to the

Figure 9. Cumulative pre (blue column) and post operative
(light blue) functional sub score.

distribution of the MDTA in the STD group also
highlights a more variable distribution tha that of the
PSI group.

The analysis of intraoperative data revealed an
average surgical time in the STD group of 124 min-
utes (minimum 85 min, maximum 155 min), while in
the PSI group it was 126 minutes (minimum 97 min,
maximum 190).

The mean number of fluoroscopic controls per-
formed in the operating room in the STD group was
62.2 (min 50, max 75), in the PSI group it was 32.25
(18 min, 35 max); these data correspond to an average
exposure time in the STD group of 60.6 seconds (min
41, max 76), while in the PSI group an average time of
32.06 sec (min 11, max 38).

In the PSI group, a single procedure associated
with the implantation of the ankle prosthesis was
performed in 62.5% of cases, in 25% of patients two
associated procedures were performed and the remain-
ing 12.5% of the prosthetic implants did not require
the execution of associated procedures; in the STD
group a single accessory time was performed in 60%
of patients, in the remaining 40% there were two
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Figures 10-11. Pre and post operative AOFAS subscore distinguished in the two groups (STD and PSI); Figure 10 reports the
modifications of the sub score related to pain, Figure 11 express changes of the functional sub score.
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Figure 12A. represents the cumulative distrubution of preoperative deformity (MDTA) in the two groups.
Figure 12B. demonstrates post operative alignement of the tibial component; it is possible to highlight a lower despersion in the PSI
group (red circle) compared to the STD group.
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Figure 13. Frequency graph of post operative alignment; it is possible to point out that 87.5% of the
patients belonging to the PSI group is within 1° of neutral alignment while in the STD group 40% of
the patients achived an alignment between +3 and -3° from neutral.

gestures associated with the implantation of the ankle
prosthesis.

The gastrocnemius recession and the Z-lengthening
of the Achilles tendon were performed overall in 94% of
patients and were by far the most performed accessory
surgical procedure in association with the implantation
of the ankle prosthesis.In the PSI group, 87% of patients
underwent an Achilles tendon lengthening or grastroc-
nemius recession, 12.5% underwent a subtalar arthro-
desis, another 12.5% a removal of fixation devices and
25% of patients had immediately more than an accessory
surgical gesture. In the PSI group, any additional proce-
dures were performed only in one patient.

In the STD group, 80% of patients underwent gas-
trocnemius recession or Z-lengthening of the Achilles
tendon, 40% with subtalar arthrodesis and 20% with
syndesmosis stabilization; 20% of patients undergo-
ing ankle replacement have undergone more than one

accessory surgery. No ankle prosthesis was performed
in any patient without any additional surgical actions.

In regards with complications, a single serious
complication was recorded in the perioperative period
in a patient belonging to the PSI group (occlusion of
the tibial vessels in the lower third of the leg); this
complication involved revascularization by thrombec-
tomy of the anterior distal tibial arteries and pedidia
which were performed at the interventional radiology
department of the same hospital (Fig. 59 and 60).

In regards with post-operative complications, two
patients experienced mild complications associated
with wound management (dehiscence secondary to
superficial infection) which did not require additional
surgical treatments but only serial dressings; this man-
agement led to proper wound healing in both cases.
Patients who showed this complication each belonged
to one of the two study groups.
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Considering the patients of both groups, mild com-
plications had an incidence of 13% and serious ones of
6%. No early onset of loosening, osteolysis or component
rupture was detected in either patient of either group.

Discussion

Hip and knee arthroplasty are considered the
surgical gold standard for the treatment of severe and
symptomatic arthritis of these joints. Sub-optimal bio-
mechanical results obtained from ankle fusion and the
evolution of prosthetic ankle implants have made ankle
arthroplasty a convenient and effective option for the
treatment of symptomatic end-stage ankle arthritis.
(46). Although ankle arthroplasty is still far from rep-
resenting a therapeutic gold standard, the indications
for its use are expanding and the implants carried out
in the world are continuously increasing (45, 52).

The Infinity ankle arthroplasty used in the study
represents one of the most frequent—Tlast generation—
two-component implant used; the English registry,
which currently represents the largest ankle prosthetic
registry in the world, revealed in its latest edition that
the Infinity prosthesis was the implant most frequently
performed (6).

Since its recent introduction on the market, the
literature concerning the Infinity prosthesis is updated
to a short-medium term follow-up (28, 29, 33, 47, 48)
and our case series, with an average f.up inferior than
two years, is no exception in this respect.

The number of patients undergoing ankle arthro-
plasty considered for the study is rather small; this
aspect largely depends on the low epidemiological
prevalence of the arthritis of the ankle in the general
population. It has been previously reported that the
sum of ankle fusion and ankle implants performed
worldwide is approximately 24 times lower than knee
implants alone.

A strong point of this work is represented by the
fact that it is a case study of a single surgeon; this aspect
differs from some previous multicentre case series in
the literature that report the results obtained by differ-
ent surgeons (33). This aspect is not insignificant con-
sidering that the implantation of an ankle prosthesis is
considered a demanding surgery and characterized by
a long and flat learning curve.

Although the two groups compared in the study
(STD vs PSI) were small, the two groups had similar
preoperative fetaures both from a clinical point of view
(mean AOFAS score of 59 and 50.60 respectively) and
from a radiographic point of view (mean preoperative
deviation of 5.4° vs 2°). Furthermore, the two groups
of patients were homogeneous for age (64 years old of
average in both groups) and similar to that of other
studies (32). These data agree with recent literature
and emphasizes that the indication for ankle prosthe-
sis no longer represents a surgical indication limited to
older patients with poor functional demands (50).

With regards to the clinical measurement scale,
the AOFAS score is the most used survey in the litera-
ture concerning ankle arthroplasty; nonetheless, there
is little evidence concerning the use of the AOFAS in
terms of reliability and interpretation in this type of
surgery (44). Limitations in the AOFAS may be the
presence of few answer options in some sub-categories
or the evaluation of objective measures such as range
of motion; the latter limitation represents a disad-
vantages in some categories of patients, such as those
undergoing a contextual subtalar arthrodesis (SA);
these patients, although they may be completely satis-
fied with the post-operative outcome obtained, lose 8
points in the AOFAS subcategory concerning func-
tion due to the fusion of the sub talar joint.

The analysis of the AOFAS denoted an improve-
ment of 46.62% in the overall score between the pre
and post operative measurements (Figure 6); this data
reflects the good result perceived by the patient fol-
lowing the implantation of an ankle prosthesis. The
increase in the AOFAS score, as expected, was not
significantly different in the two groups of patients
(Figure 7); this result is not surprising and could be the
consequence of the short clinical follow-up and related
to that the same ankle prosthesis was implanted in the
two groups.

The detailed analysis of the normalized scores
related to function and pain categories revealed a non-
symmetrical improvement in the two categories; the
normalized score values referring to the pain category
showed an overall improvement of 66.67% between
pre and post operative analysis (Figure 8) while in the
category related to function an increase of the score

of 32.19% (Figure 9). These data agree with various



Infinity Ankle Arthroplasty with Traditional Instrumentation and Psi Prophecy System 11

studies in the literature: ankle prosthesis, although
guarantee a certain degree of joint mobility, has a main
effect on the resolution of painful symptoms rather
than on the recovery of joint mobility. Furthermore,
the simultaneous execution of a subtalar arthrodesis in
23% of patients undergoing ankle prosthesis implanta-
tion certainly contributed to this result.

The detailed analysis of the normalized scores
related to function within the two groups also high-
lighted a similar post-operative percentage increase in
the two groups (Figure 11): in detail, an increase of
34.48% in the PSI group and an increase of 30.92% in
the STD group.

Conversely, the post-operative improvement in
normalized pain score was different in the PSI group
compared to the STD group (Figure 10); in detail, the
PSI group showed an improvement of the normal-
ized pain score of 75% compared to a lower increase of
62.5% in the STD group.

The inferior result on the resolution of pain in the
STD group was attributed to the higher incidence of
post-operative pain localized in the tibio-talar gutter;
gutter impingement was the main cause of incomplete
satisfaction of patients belonging to the STD group
and this was in agreement with recent foundings by
Saito using the same prosthetic model (33). Analyzing
the incidence of post-operative gutter impingement
we revealed an incidence of 60% in patients belong-
ing to the STD group; this data correlates with other
studies that consider tibio talar impingement a com-
plication of fixed-bearings ankle implants with an
incidence that reaches 54% (33). None of the patients
belonging to the PSI group showed gutter impinge-
ment symptoms post-operatively.

The impingement syndrome of the talar compo-
nent in tibial and / or fibular gutter can have differ-
ent etiopathogenesis: implant design, size of the talar
component or of the polyethylene insert, presence of
hypertrophic bone, valgus / varus thrust or malalign-
ment of the components on the axial plane (34).

Patients suffering from gutter impingement
underwent further diagnostic examination by com-
puterized tomographt (CT); ankle CT allowed to
highlight in a patient belonging to the STD group an
overhanging of the talar component due to an oversiz-
ing of the talar component (Figure 14).

Figure 14. Postoperative ankle CT of a patient belonging
to the STD group: the red circle point out the impinge-
ment on the medial malleolus do to an overhang of the
talar component.

In the remaining patients beloning to the STD
group and suffering from gutter impingement, CT
scans did not allow to detect any other macroscopic
reason of post operative impingement in the tibio talar
gutters.

In these patients symptoms may depend on
an uncorrect positioning of the components in the
axial plane. This highly relevant topic is little known
and is currently the subject of very recent clinical
studies (35, 36, 37).

It is known that the axial rotation of the distal tibia
is significantly variable due to degenerative disease of
the ankle and tibial gutters, individual variability and
the frequent post traumatic sequelae. Each prosthetic
model has different orientation landmarks (e.g. the
TTA, the II metatarsal bone...) for the positioning of
the prosthetic components on the axial plane (36). Tra-
ditional instrumentation for the implant of the Infinity
prosthesis rely on a guide positioned in the medial gut-
ter to determine the rotation of the tibial component;
on the contrary, the Prophecy system entrusts to pre-
operative planning for the rotation in the axial plane of
the tibial component which is aligned on the bisection
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of the angle formed by the tangents to the medial and
lateral malleoli (36).

The preoperative planning of the patients of the
PSI group highlighted that the bisection of the angle
formed by the tangents to the medial and lateral for-
nixes had a variability up to 10° (min 2°, max 12.1°)
(figure 15); it is therefore clear that such variability
does not allow to standardize the positioning of the
tibial component in the axial plane.

Similarly, the preoperative planning showed an
elevated variability of the position of the tibial compo-
nent in regard to a fixed anatomical landmark as the II
metatarsal bone; using this landmark, we could dem-
onstrate a variability of the position of the tibial com-
ponent from 0.9° to 29.3° in relation to the position of
the foot (Figure 16).

Supporting our findings, a study by Najefi in 2019
showed that in a series of patients undergoing Infinity
ankle arthroplasty implantation with STD instrumen-
tation after carrying out a planning with the Prophecy,
the tibial component would be positioned in over 50% of
patients with more than 5° of internal rotation compared
to what was previously planned by the PSI (36). The same
work reports how the use of the PSI system has reduced
the post operative incidence of gutter impingement.

Fixed bearing ankle prosthesis—such as the
Infinity — require a correct orientation in the axial
plane of the components to reduce a potential cause of
gutter impingement.

Hinterman demonstrated the considerable inter-
individual intra and postoperative variability existing

in the reciprocal positioning between the tibial com-
ponent and the polyethilene using a mobile bearing
prosthesis (35); this study revealed the impossibility
of identifying a technique that relies on standardized
landmarks to determine the rotation of the compo-
nents in the axial plane.

This aspect is particularly relevant in the position-
ing of a fixed-bearing prosthesis in which the implan-
tation of the tibial component influences the axis of
rotation of the talus (35, 37). On the contrary, using a
three-component prosthesis, the mobile insert allows
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Figure 16. High variability of the axial positioning of the
tibial component in regards to the orientation of the foot
(IT metatarsal bone): from 0.9° (A) to 29.3° (B) of exter-

nal orientation.
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Figure 15. Preoperative planning of two patients belonging to the PSI group demonstrate the high variability on the
rotational alignement of the tibial component in regard with the bisection of the tibia gutter angle: 2.0% in picture A vs
12.1° in picture B.
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to compensate for any misalignment of the prosthetic
components in the axial plane (36).

In a recent study by Gagne (37) it was reported
that the mean rotation difference of the tibial compo-
nent between PSI and STD instrumentation was 7.5°
(77% of patients had a rotation difference relying on
the two different instruments between — 4° and + 4°
with respect to the preoperative planning); in a simi-
lar manner Najefi (36) found a difference between the
two instrumentation between 1.7 and 9.4°; these data
are surprising considering that these wide variations
concern the implantation of the the same prosthetic
components. In the same study, the transition from a
traditional instrumentation to a PSI instrumentation
resulted in a decrease of gutter impingement around
1.9% with an average value in the literature of 7% (36).

In this regard, it is therefore not surprising that
patients suffering from a painful symptomatology of
the tibio talar fornix belonged in 100% of cases to
the STD group and that this complication was not
detected in any patient of the PSI group.

Post operative gutter impingement syndrome
required a reoperation in two patients; in one case a
revision of the talar prosthetic component was per-
formed while in the second a debridement of the
medial and lateral tibial fornix was performed.

A routinary debridement of the tibio talar fornixes
at the time of ankle replacement is not considered a
viable option since it potentially leads to joint instabil-
ity, weakening of the malleoli and loss of bone stock if
performed in an aggressive manner (Figure 17).

This study has shown an excellent predictivity
of the Prophecy on the prosthetic size; at the tibial
level, a 100% correspondence was found between the
planned size and the implanted size, while at the talar
level the correspondence was 80%. The accuracy of the
PROPHECY system in predicting the prosthetic size
is a topic of discussion in recent works; unlike what
Saito reported (3), our experience with PSI appears to
be completely comparable to what Daigre described
with a predictivity for the tibial component of 98%
and for the talar component of 80% (32). Most of the
studies agree that the poorest prediction on the talar
component rather than on the tibial depends on the
greater or lesser aggressiveness in carrying out the
debridement of the tibio talar gutter.

Figure 17. Intraoperative photograph rapresents a debridement
of the tibial talar gutter; this surgical gesture, although it could
potentially reduce the incidence of gutter impingement, it is not
considered free from complications.

In regard to the accuracy on the positioning of
the tibial component with respect to the desired neu-
tral axis, the PSI group of this study presented a better
accuracy and greater implant reproducibility than the
STD group; these data differs from that reported by
recent works in which the PROPHECY system has
not shown any advantages in this sense compared to
traditional alignement instruments (3, 29, 32).

The analysis of the distribution of post-operative
alignments (Figure 12B) highlights a clear lower dis-
persion of the results of the PSI group compared to
those of the STD group; in addition to a lower disper-
sion, the data relating to the alignment of the tibial
component in the PSI group were very close to the
neutral alignment, in particular considering that the
numerical values have been rounded up. The analysis
of the frequency graph of post-operative alignment
(Figure 13) was in fact within 1° of neutral alignment
(+1°, -1°) in 87.5% of patients and within 3° of opti-
mal neutral alignment in 100% of patients in the PSI
group. In the STD group, on the contrary, only 40%
of patients achieved an alignment included between +
3° and -3° from the neutral alignment; the graph relat-
ing to the distribution of the alignement in the STD
group highlighted a more variable distribution com-
pared to that of the PSI group.

Although the data obtained allow us to confirm
that the PROPHECY guarantees a reliable and repro-
ducible ankle prosthesis implantation (32), the small
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number of the sample and the short follow-up do not
allow us to draw conclusions about the greater chances
of survival of a system aligned in an optimal way com-
pared to one more deviated from a neutral alignment.

Overall, the analysis of intraoperative data
confirms what has already been shown by other
preliminary studies on the use of PSI in ankle
arthroplasty (3, 30, 32).

Unlike what was expected, the average surgery
time was not significantly lower in the PSI group than
in the STD group (126 vs 124 min) and this prob-
ably in relation to the accessory surgical procedures
simultaneously performed with the implantation of
the ankle prosthesis.

However, by analyzing the surgical times of pros-
thetic implantation without considering the accessory
times, the data are in line with what is described in the
literature (53) and the minimum implant time in the

PSI group was 65 min while in the STD group it was

85 min. These data are confirmed by the cumulative
frequency graph relating to the duration of the inter-
vention (Figure 18A): if a target of implantation of
120 min is considered, the graph shows that 87% of
patients in the PSI group fall within this time while
in the STD group only 40% of patients are included.
The data relating to the use of the image intensi-
fier agree with what has already been reported in the
literature (3): the PSI technique requires an absolute
lower number of scopes than the STD technique and
this correlates with both a reduction of fluoroscopy
times and with exposure to ionizing radiation. In abso-
lute terms, the number of scopes in the PSI group was
about half of the STD group (32.25 vs 62.2) with an
obvious decrease in the total radiation emitted (399.37
vs 531.4 Mgem?2). The analysis of the cumulative fre-
quency graph by number of scopes underlines these
data (Figure 18B): with a supposed threshold of 40
scopes, we demonstrated that 100% of patients in the
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Figure 18A. Frequency graph related to surgical times: the blue line belongs to the PSI group while the yellow line
appertains to the STD group. Figure 18B. is the frequency graph related to the number of scopes in the two groups.
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Figure 19. Intraoperative photograph of the Z lenghtening (A) and of the suture of the Achilles tendon (B)/.

PSI group were below this limit while only 20% of
patients belonging to the STD group fall within this
threshold.

By far the most performed accessory surgical pro-
cedure (overall in 96% of patients) was the release of
the posterior compartment (Achilles tendon length-
ening — Figure 19—or gastrocnemion recession); this
finding agrees with that reported with other studies
that used the same prosthesis (28, 47, 48) and denotes
the importance of soft tissues for balancing range of
motion and ankle stability after ankle replacement

Although the only serious complication was
recorded in the PSI group, this occurrence does not
appear to be related to the instrumentation and did not
affect the outcome of the surgery.

Opverall, 87% of patients did not require a re-
surgery after the implantation of the ankle prosthesis
while 13% required a second surgical procedure which
in 6.5% of cases involved the revision of a component
and in the remaining 6.5% required a joint debride-
ment; we haven’t detect any early mobilization or
breakage of the polyethylene insert (55). These data
appears in line with a recent study performed by Rush-
ing in which he described the results in series of Infin-
ity ankle replacement at a short follow-up of 1.8 years
(28); our data agree also with regard to the survival of
the prosthetic components (93.5% in our series vs 98%
in that of Rushing). These results appear more reas-
suring compared with recent findings by Cody (48)
with a loosening rate of the tibial component of 3.8%

at 13 months and with an appearance of periprosthetic
tibial radiolucencies of 7.4% at one year; the better sur-
vival at a short follow-up of the implants in our study
can correlate with the accuracy of implantation of the
components achived: this aspect is a fundamental part
in the use of a low-profile prosthesis such as the Infin-

ity as previously pointed out by Haddad (54).

Conclusion

Despite the limitations related to the short dura-
tion of the follow up and the small size of the sample, it
is possible to confirm that the Infinity ankle prosthesis
represents a safe and effective surgical treatment for
the replacemnt of end-stage and symptomatic ankle
arthritis.

The AOFAS score normalized by category, with
the intrinsic limitations related to the use of this survey
in ankle replacemnt, permitted to reveal that patient
satisfaction in the post-operative period correlate more
with the decrease of pain rather than with functional
recovery.

The implantation of the Infinity ankle prosthe-
sis with the PSI=PROPHECY—system has dem-
onstrated to be more accurate and reproducible than
the implantation of the same prosthesis with tradi-
tional instrumentation. Longer follow-up studies are
needed to detect whether higher accuracy in compo-
nent placement correlates with longer implant survival;
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this aspect is also relevant in order to justify the
higher costs incurred deriving from a patient specific
technology.

In spite of other studies, few complications were
found in the present work. Prosthetic impingement
in the tibio-talar gutter represents the most frequent
short to medium term complication and is correlated,
in the absence of other detectable causes, to an axial
misalignment of the tibial component; the PSI has
drastically reduced the incidence of this complication
compared to the STD instrumentation thanks to the
study of the patient’s anatomy and the planning of the
position of the components.

With the Infinity prosthesis associated with
the PROPHECY system, a safe and effective ankle
prosthetic replacement system has been introduced
on the market; correct surgical indication, surgeon’s
experience and the reliability of the latest generation
implants could lead ankle artroplasty to achieve the
results of hip and knee replacemnt.

For all the above advantages, it is possible to state
that the PSI could allow an extension of the indica-
tion to the implantation of an ankle prosthesis even to
patients suffering from osteoarthritis of the ankle with
more marked deformity, still today a relative contrain-

dications for this type of surgery (30).
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