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For the first time, digital twins have entered the history
of orthopaedics with this special issue in International
Orthopaedics on Foot and Ankle surgery [1]. After the
augmented reality and virtual reality, the virtual environ-
ment was introduced in 2002 by Grieves [2] and was named
as “digital twin” in 2010 by Vickers [3] of NASA. This
emerging technology developed for space can now be used
in orthopaedics via the CAD Catia™ (Dassault system) to
evaluate movements, axes of joints, and implants. A human
digital twin (DT) is the digital image of a physical human
(the real twin or physical twin). This “nonliving entity”
enables patient data to be transmitted between the physi-
cal world and the virtual world, as proposed by Hernigou
and Ferré [1] for ankle surgery. The ankle was a target for
this new technology. Anatomically, the ankle and the foot
form a functional unit that allows plantigrade and bipedal
ambulation with some particularities in specific sports as
karate in this Olympic Games Year when studied by Cazeau
et al. [4]. The anatomical centre of the ankle motion is the
talus; the talus’s articular surface was schematically con-
sidered a truncated cone with the apex directed medially.
In reality, the anatomy of the ankle is much more complex,
and each individual has a personalized axis of motion. A
particular approach using complicated software is proposed
by Hernigou et al. [1]: digital twins, artificial intelligence,
and machine learning technology were used to identify the
motion axis of the tibiotalar joint. The study showed that
although the articular surfaces of the talus can be considered
as an asymmetric trochlea with several radii of curvature, it
is possible to obtain details on the axis of motion for each
individual before surgery and to report this axis in a geodesic
reference which will make possible to use robotics for ankle
prostheses in the next future.

Ankle and foot arthrodesis has been proposed for over
100 years [5] to treat neuromuscular pathologies. For a very
long time, the most frequent indication was the treatment
of poliomyelitis. With the development of new techniques

@ Springer


http://crossmark.crossref.org/dialog/?doi=10.1007/s00264-021-05191-2&domain=pdf

2174

International Orthopaedics (2021) 45:2173-2176

and the success of arthrodesis, the indications have extended
to post-traumatic osteoarthritis other neurological diseases
such as Charcot arthropathy [6], the correction of adult-
acquired flatfoot deformity [7-9], osteonecrosis of the talus,
and sequelae of cerebral palsy. The frequency of post-trau-
matic ankle arthrodesis has increased in recent years due to
sports practice; however, sports activity level [10] follow-
ing an ankle fusion is decreased, and many patients will
not return to their pre-injury level of activity. The club-
foot pathology rarely recurs in adulthood when corrected
in childhood with the classical Ponseti technique [11, 12]
or with a new technology [13] with sensors integrated in
the brace. However, a neglected clubfoot [14] or persistent
deformities with arthritic pain may require further arthro-
desis during adulthood.

The immediate functional result of arthrodesis is usually
good. Ankle arthrodesis suppresses pain and allows patients
to walk throughout the day without difficulty. The limit is
the practice of stairs when the steps are high; another limi-
tation is walking on rough ground. While there is only one
bone above the talus, there are twenty-six bones below, and
any misalignment of the position of arthrodesis can increase
wear of the cartilage on these twenty-six distal bones and
can lead to dysfunction of the foot and degradation of the
underlying joints. In the long-term, arthrodesis is not with-
out problems because it causes at least a stiffening of the
hindfoot joints, the other joints of the foot, and sometimes a
degenerative degradation that obliges to extend the arthro-
desis [15].

The first total ankle arthroplasty was performed in 1970
by Lord and Marrott in France [16]. The tibial component
had a long stem (similar to a femoral prosthesis), coupled
with a polyethylene talar component that replaced the body
of the talus. If arthrodesis remained during the twentieth
century the standard treatment for ankle pathology, total
ankle arthroplasty has become a possible treatment, thanks
to the progress made in implants as well as in surgical tech-
nique. The advantage of replacing the ankle using a pros-
thesis is the preservation of movement and function. This
may also result in the protection of other joints. There are
two different designs concerning bearing surfaces: fixed
bearings and mobile bearings. While fixed-bearing ankles
have one articulation between tibial and talar components,
mobile-bearing ankles have a moving polyethylene bearing
that separates the convex talar component from the flat tibial
component.

The relative benefits of total ankle arthroplasty (TAA)
and ankle fusion continue to be among the most debated foot
and ankle surgery. Treatment selection is crucial for improv-
ing the quality of life [15]. Unfortunately, there are some
problems associated with ankle arthrodesis, such as the pos-
sibility of degenerative changes in adjacent joints and gait
abnormality due to a loss of motion; and there are also some
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problems associated with TAA, such as loosening and revi-
sion [17-19]. Before arthroplasty or arthrodesis additional
surgeries are usually necessary in case of malalignment or
ligament instability. An osteotomy of the first metatarsal [20,
21] or another technique [22] may be required in the event of
malposition of the hallux. A malunion of a calcaneus frac-
ture [23, 24] is a common cause of rearfoot misalignment,
and a valgus osteotomy of the calcaneus [25, 26] may be
useful to correct a post-traumatic varus. The Achilles ten-
don is a determinant of ankle function after an arthroplasty;
due to the potential alteration [27] during an arthroplasty, a
secondary reconstruction [28] of chronic Achilles’ tendon
rupture is sometimes necessary.

Foot and ankle surgery has benefited from technological
advances obtained in other joints. Emerging technologies
for pain prevention and prevention of the complex regional
pain syndrome after foot and ankle surgery are available
with vitamin C [29] as for knee surgery [30]. Determining
the optimal combination of pain medication remains a chal-
lenge, particularly in outpatient surgery, with some difficul-
ties detecting an early opioid-induced respiratory depression
when the patient is at home [31]. The use of tranexamic acid
[32] has been proposed to decrease peri-operative bleeding
in ambulatory foot and ankle surgery, but results are not suc-
cessful at this moment. The recent pandemic of the COVID-
19 has needed to optimize hospital admissions and health-
care resources. Two studies have examined the outcomes of
outpatient surgery, one in adults [33] with a protocol for the
treatment of acute closed ankle fractures, another in adults
for ankle arthroplasties [34], and one in children [35] for a
percutaneous Achilles tenotomy under local anesthetic in
clubfoot. This outpatient management was associated with
surgery success without increasing risks of rates of hospital
readmissions.

Among other promising innovations adapted from other
orthopedic subspecialties are 3D printing, biologics. The
recent use of 3D printing in orthopedics has been the gen-
eration of knee patient-specific implants (PSI), that are
now available for ankle arthroplasty [36]. In foot and ankle
surgery, 3D printing can be used for printing customized
talus implants when the total collapse does not allow to per-
form cuts for a standard total ankle arthroplasty. When a
total ankle arthroplasty is proposed for talus necrosis with
the extensive collapse of the entire talar body, whether for
arthrodesis or prosthesis, the technical challenges are consid-
erable since it is difficult to obtain a tibio-calcaneal arthrode-
sis or to implant a conventional ankle prosthesis when there
is not enough bone left to make satisfactory bone cuts. The
talar prosthesis [37] obtained with three-dimension printing
(obtained from the shape of the talus from the contralateral
side) for total talar replacement may be one solution.

Concerning biologics progress, cell therapy [38] is a pos-
sibility for osteonecrosis or other pathology as treatment of
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recalcitrant Achilles’ tendinopathy [39]. Foot and ankle
pathologies include osteoarthritis and primary arthritis as
well as post-traumatic pathology, but also necrosis of the
talus. The prevalence of non-traumatic osteonecrosis is
lower for the ankle than for the hip or knee. The treatment of
talus necrosis, whether post-traumatic [38] or primary, due
to corticosteroid intake or sickle cell disease [40] remains
a challenge at early stages, particularly in children. Ankle
osteonecrosis may occur in childhood leukemia survivors
[41] after corticosteroids treatment. Using percutaneous cell
therapy in this young population is a possibility. Hernigou
et al. [41] performed autologous mesenchymal stem cells
implantation with aspiration and concentration of the iliac
crest bone marrow. For talus chondral defect or ankle osteo-
arthritis, scaffolds, subchondral, or intra-articular injections
of fresh autologous bone marrow concentrate, regenerative
cells are possible as for the knee [42]; autologous chondro-
cyte implantation with spheroids in the treatment of sig-
nificant chondral defects are another possibility [43] for the
future.
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