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Forever Ramodn Viladot

Dear colleagues and friends of the Latin American Foot and Ankle
world, it is for me an honor and at the same time a great sadness to
pass along the sad news that January brought to all of us. Ramodn
Viladot Pericé, world reference in Foot and Ankle and professor of
generations of specialists in Spain and Latin America, passed away in

MARIO HERRERA-PEREZ. Barcelona. Providence wanted that, in the last months and even years,

RAMON VILADOT we had been united by an intense research activity, and | have the

AND MARIO HERRERA, 2019, honor of having published with him his last scientific article, published
ORTHOPAEDIC DEPARTMENT, last year in this scientific journal.

UNIVERSITY HOSPITAL OF What can we say... we have plenty of reasons to highlight his impres-

CANARY ISLANDS, LA sive scientific legacy and even more reasons to stress his unmeasura-

LAGUNA, TENERIFE, SPAIN ble human qualities. His absence leaves an enormous void impossible

to fill. From the scientific point of view, his last moments were filled
with an unprecedented resurgence of science in all senses: it was not
time to end a project to start another, and the hours and days were not
enough to meet his goals. Perhaps he never thought of such a hasty
end, but even so, destiny prepared him to say goodbye in the best
way: communicating how much he knew about Foot and Ankle.

Among many other things, | am left with the calls of the last months,
full of affection and cognizance of the perfection of his work, but also
with his inexhaustible eagerness for rigorous scientific production.
With Ramdn Viladot part of the History of Foot and Ankle is gone.
Probably nothing will be the same from now on, but we are left with
his unequaled personal and scientific legacy, his disposition, his hu-
man qualities. Surely many of the readers of this Editorial can identify
with these words, as there are many of us who have shared operations
and consultations with him both at the Hospital San Rafael and at the
Clinica Tres Torres in Barcelona.

The person died, but the memory lives on. As writer Mario Benedetti
said:

“If I live in your memory, | will not be alone.”
We will all certainly remember him forever. Forever Ramén...

Copyright © 2022 - Journal of the Foot&Ankle J Foot Ankle. 2022;16(1):1 1
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Special Article

Metatarsal osteotomies in Hallux Rigidus

Martin Ferreyra'>, Antonio Viladot Voegeli*~’, Raman Viladot-Pericé?">’ (In Memoriam)

1. Instituto Oulton, Cérdoba, Argentina.
2. Orthopaedic Department, Clinica Tres Torres, Barcelona, Spain.

Abstract

This work presents the objectives and indications of the three distal osteotomies of the first metatarsal most frequently used in Hallux

Rigidus surgery: Weil-Barouk oblique osteotomy, Youngswick (mod

ified Chevron) osteotomy, and Watermann dorsal closed wedge

osteotomy. The surgical technique, indications, advantages, and disadvantages of each of them are described.

Level of Evidence V; Therapeutic Studies; Expert Opinion.

Keywords: Hallux rigidus; Osteotomy; Metatarsal bones; Forefoot, hu

Introduction

The aim of osteotomies is achieving a more mobile and pain
free joint, correcting the etiopathogenic factors that caused
the deformity. Osteotomy is intended: 1) To decompress the
joint. 2) To shorten the first metatarsal in cases of index-plus
metatarsal formula or to decompress the joint. 3) To realign
the joint. 4) To lower the first metatarsal head to correct me-
tatarsus primus elevatus and Hallux Flexus, thus reestablishing
the rotation center of metatarsal head. 5) To relax muscles and
plantar fascia, which are often retracted. 6) To reduce interme-
tatarsal angle in cases of Hallux Valgus-Rigidus.

Indications

According to Coughlin and Shurnas classification®, osteo-
tomies are indicated in advanced grade Il and in early grade
11l with joint surface involvement lower than 50%. Both distal
oblique osteotomy, as described by Weil for lateral rays and
popularized by Barouk®, and Youngswick osteotomy® shorten
the metatarsal, decompress the joint, lower the first meta-
tarsal head, and relax muscles and fascia plantar. Therefore,
they are indicated for most cases of Hallux Rigidus in which
the first metatarsal is long or elevated (metatarsus primus
elevatus), and in the presence of Hallux Flexus associated
with plantar fascia retraction. In cases of index-plus-minus
metatarsal formula, shortening caused by osteotomy in the
horizontal plane is compensated with lowering of metatarsal

Study performed at the Instituto Oulton, Cérdoba, Argentina.

Correspondence: Martin Ferreyra. Adress: Carrer del Dr. Roux, 76, 08017
Barcelona E-mail: martinluisferreyra@hotmail.com. Conflicts of Interest: none.
Source of funding: none. Date received: October 09, 2021. Date accepted:
February 09, 2022. Online: April 30, 2022.
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head in the frontal plane. Watermann osteotomy® is indica-
ted in cases of Hallux Rigidus with no metatarsus primus ele-
vatus, Hallux Flexus, or plantar fascia retraction. This type of
osteotomy realigns articular surface without shortening the
metatarsal or lowering its head.

Surgical Techniques
A. Distal oblique osteotomy

This osteotomy is widely used in the treatment of Hallux
Rigidus (Figure 1).

A medial incision centered on the first metatarsophalangeal
joint (MTPJ) was performed. Subsequently, the joint was su-
bluxated in order to allow for surgeons to operate on it. Obli-
gue osteotomy of the metatarsal head was conducted from
the dorsal-distal to the plantar-proximal direction, starting on
the articular surface with chondral lesion, with an angle from
35° to 45°, based on the extent to which metatarsal head
should be lowered. Osteotomy was finished on the plantar
surface, proximal to the entry of the vascular bundle that ir-
rigated the metatarsal head, in order to prevent its necrosis.
Subsequently, the first metatarsal head was subjected to pro-
ximal plantar displacement, depending on the length of the
first metatarsal and its degree of dorsiflexion. In our experi-
ment, displacement was +/- 5mm. Osteosynthesis was per-
formed with two double-threaded cannulated screws mea-
suring 3mm in diameter, paying attention to their location so

How to cite this article: Ferreyra M, Viladot
Voegeli A, Viladot-Pericé R (In Memoriam).

Metatarsal osteotomies in Hallux Rigidus.
J Foot Ankle. 2022;16(1):2-5.
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that it did not surpass the articular surface. Two screws were
used in order to prevent varus-valgus displacements of the
first metatarsal head. Finally, the excess or dorsal roof and
medial exostosis were resected. Sometimes, if fascial tension
persists, we recommend performing a proximal percutaneous
plantar fasciotomy. In Egyptian feet, which have a very long
hallux, we recommend shortening the proximal phalanx, thus
reducing axial pressure resulting from contact between shoes
and the distal end of the toe.

In cases of Hallux Valgus-Rigidus, this technique allows for
act on both deformities.

B. Youngswick (or modified Chevron) osteotomy

This technigue was described by Youngswick® in 1982 as a
modification of the Austin osteotomy. It is also one of the dis-
tal metatarsal osteotomies most widely indicated for Hallux
Rigidus (Figure 2).

Figure 1. Weil-Barouk oblique osteotomy. A) Intervention scheme.
B) Preoperative radiograph. C) Postoperative radiograph.

A

Figure 2. Youngswick osteotomy. A) Intervention scheme. B) Pre-
operative radiograph. C) Postoperative radiograph

Ferreyra et al. Metatarsal osteotomies in Hallux Rigidus

Using the same approach of the previous technique, a
V-shape osteotomy was performed with a slightly dorsal
vertex on the metatarsal head and the two diagonal lines
directed from dorsal-proximal to plantar-proximal towards
the vertex, forming an angle of 60°. Subsequently, a second
osteotomy was performed parallel to the dorsal branch of
the first osteotomy. The width of this second osteotomy de-
termines shortening and lowering of the first metatarsal and
articular decompression. This osteotomy is intrinsically more
stable than the previous one; thus, only one screw is required
for osteosynthesis. This procedure can also be used in cases
of Hallux Valgus-Rigidus.

C. Watermann dorsal closed wedge osteotomy

Watermann® described this procedure in 1927 as a trape-
zoidal dorsal closed wedge osteotomy on the first metatarsal
neck (Figure 3).

Using the same approach as the previous techniques, dor-
sal wedge osteotomy is performed on the metatarsal head.
When osteotomy is closed by dorsiflexion, the metatarsal
head rotates so that the plantar articular cartilage, which is
usually healthy, is the segment that comes into contact with
the base of the phalanx. Furthermore, this procedure reduces
the volumetric content of the first MTPJ. This is a relatively
unstable osteotomy, due to its perpendicular direction, and
has difficult osteosynthesis.

Results

Currently, most authors®® agree that osteotomies are suc-
cessful in Hallux Rigidus grades | and I, whereas results are
more unpredictable in the most advanced phases of disease.
We share this view.

Figure 3. Watermann osteotomy. A) Intervention scheme. B) Preo-

perative radiograph. C) Postoperative radiograph.

J Foot Ankle. 2022;16(1):2-5 3
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The published literature?™ on distal oblique osteotomy is
heterogeneous: authors use different classification methods,
indicate surgery in different grades of Hallux Rigidus (from
grade | to Il1), although it has never been indicated for grade
IV, and follow-up time after intervention varies widely: from
12 months up to 11.1 years. However, all authors do agree on
the goodness of the technique, with rates of excellent and
good outcomes higher than 80%.

Our experiment™ with distal oblique osteotomy is based on
32 feet, all presenting with grade Il of the disease, with a
mid-term follow-up of 39.4 months. Results were consistent
with those of the reviewed literature: outcomes were excel-
lent in 75% of the cases, and good in 25%, which is explained
by the fact that our series did not include patients in advan-
ced disease phases.

Kilmartin® compared oblique osteotomy with Reverdin-Green
osteotomy and shortening Scarf osteotomy and did not find
differences in results as well.

A literature review on Youngswick osteotomy showed si-
milar findings: series were little homogeneous. Dickerson
et al.™® observed 94% of satisfactory outcomes with 32 pa-
tients, with a mid-term follow-up of 4 years. Slullitel et al.@®
also found satisfactory long-term outcomes in 61 operated
patients with Hallux Rigidus of grades Il and IIl. Olof and
Jhala-Patel™ indicate osteotomy in grades Ill and IV of the
disease and obtained a satisfaction level of 85% among their
patients.

Since distal oblique osteotomy and Youngswick osteotomy
have the same objectives and indications, several compa-
rative studies have been conducted to assess whether one
technique is better than the other.

We®® published a prospective study of both osteotomies
in the mid-term, with a minimum postoperative time of 24
months. Twenty-five feet operated with each technique were
evaluated, all presenting with grade Il of the disease, and there
were no significant differences in outcomes. Xu et al.®” also
compared the results of the two osteotomies in 33 feet. In
their case, intervention was indicated in grades Ill and IV of
the disease. They did not find differences between the two
techniques as well. Interestingly, a study by LaMar et al.®
performed a mechanical comparison with bone models in a
laboratory, in order to assess the stability of the two osteoto-
mies. There was likewise no difference between them.

With regard to distal Watermann dorsiflexion osteotomy,
Cho et al./ reviewed 42 feet with a mid- to long-term follow-up
of at least 3 years, in patients with Hallux Rigidus of grades
Il and IV. Based on the results, the authors conclude that this
osteotomy is effective in grade Ill with viable cartilage on at
least 50% of the articular surface, but should not be indicated
in grade |V, due to the high rate of reoperations. Laakmann et
al.?® have modified osteotomy by adding a double section in
the dorsal line in order to realign the metatarsal head in dorsi-
flexion and lower it in the frontal plane. This makes it possible
to correct metatarsus primus elevatus-Hallux Flexus and to
relax the plantar fascia, achieving good results.

Lee et al.?¥ compared the outcomes of distal oblique osteo-
tomy with those of cheilectomy and concluded that, although
the latter technique has a recurrence rate of 30%, which is
explained by the fact that it does not resolve the etiopatho-
genic factors causing Hallux Rigidus, the two techniques gave
satisfactory outcomes for the patient.

Complications

The complications described with these techniques are the
following:

1. Delayed union, malunion, or non-union

. Avascular necrosis of the metatarsal head
. Osteotomy fracture

. Hardware loosening

. Transfer metatarsalgia

. Loss of postoperative mobility and persistence of pain.

N O o b~ NN

Disease recurrence.

Conclusions

According to the published literature and to our own ex-
periment, we consider that osteotomies are indicated in the
treatment of grade Il and early grade Il Hallux Rigidus. Their
purpose is to preserve articular surface, decompress the joint,
and correct changes in the center of rotation.

Although disease origin is multifactorial, we believe that
excessive plantar fascia tension is a determining factor for
metatarsus primus elevatus and Hallux Flexus. In selected ca-
ses, plantar fasciotomy on the heel allows for additional joint
decompression.
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Surgical treatment in hallux rigidus: dorsal
cheilectomy and Moberg osteotomy
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Abstract

Dorsiflexion osteotomy of the proximal phalanx of the hallux was popularized by Moberg. The combination of this technique with dor-
sal cheilectomy of the first metatarsal head showed good results in the surgical treatment of both mild and severe hallux rigidus. In our
opinion, the combination of both techniques is the first choice for the surgical treatment of hallux rigidus.

Level of Evidence V; Case Report; Expert Opinion.

Keywords: Hallux rigidus; Osteotomy; Metatarsophalangeal joint.

Introduction

In 1952, Bonney and Macnhab® suggested first phalangeal
osteotomy for the treatment of hallux rigidus in adolescents
with no major osteoarthritis involvement on the first metatar-
sophalangeal joint (MTPJ). Later, in 1958, Kessel and Bon-
ney® published the first results of the technique However,
Moberg®, in 1979, was the one who popularized this proce-
dure by expanding its indication to adult patients.

Osteotomy partially defunctionalizes the MTPJ by reducing
the lever arm during the takeoff phase of gait. In a cadaver
study, Kim et al.® observed that, although this osteotomy
does not reduce pressure on the joint, it leads to plantariza-
tion of the point of contact between the phalangeal base and
the metatarsal head. This could partly explain patients’ symp-
tomatic improvement, considering that the dorsal region of
the joint is the most affected one.

Currently, this osteotomy is rarely performed alone. The
most frequent combination is that with first metatarsal dorsal
cheilectomy, which was first described in 1959 by Du Vries®,
This procedure consists of resecting part of dorsum of the
first metatarsal head and periarticular osteophytes.

However, the first results with these techniques combined
were only presented in 1998, by Blyth et al.®®

The combination of both techniques at the same surgical
time does not increase morbidity, maintain MTPJ mobility,

Study performed at the Sanatorio Finochietto, Buenos Aires, Argentina.
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allow for early weight-bearing and functional rehabilitation,
and does not shorten the metatarsal neither change the bone
stock, considering a possible revision surgery (Figure 1).

Indications and contraindications

This possible is usually indicated in early stages of hallux ri-
gidus (grades 1and 2 of Coughlin and Shurnas classification),
ie, in patients with mild to moderate MTPJ pain, who have
preserved joint mobility, and who does not present with ma-
jor radiographic involvement®, However, it is also an alterna-
tive in grades 3 and 4, with excellent results, but care should
be taken in patient selection. Age, type of activity patients
perform, their footwear, and preoperative mobility are more
important factors than radiographic findings at the time of
treatment decision making.

Short female patients who usually wear high-heel shoes
deserve further analysis, as well as young athlete patients
that require good MTFJ mobility for their sports practice.
In these cases, we believe that cheilectomy combined with
Moberg osteotomy is the surgical treatment of choice, even
in advanced stages.

Dorsomedial wedge osteotomy (Akin-Moberg osteotomy)
of the proximal phalanx also enables to correct mild valgus
deviations, especially interphalangeal valgus®,
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Surgical technique and postoperative management

Surgery is performed with regional ankle block. The pa-
tient is placed in the supine position on the surgical table
with hemostatic cuff on the ankle. Medial approach to the
hallux is achieved by with divulsion of the soft tissues until
reaching the articular capsule, which is usually thinned. Cap-
sulotomy is performed to widely release the joint. Appro-
ximately 30% of the dorsum of the metatarsal head is re-
sected in the oblique direction from proximal to distal and
from dorsal to plantar, in addition to osteophytes at the
proximal phalangeal base. If there are adherences at the
plantar region with the sesamoids, they are gently released
using a blunt curette in order to achieve a greater dorsifle-
xion range of motion. Next, proximal phalangeal osteotomy
is performed by resecting a dorsal wedge and preserving

Figure 1. Images from a patient with symptomatic hallux rigidus.

Front (A) and profile (B) radiographies and dorsiflexion range of
motion (C). Postsurgical front (D) and profile (E) radiographies.

M

Figure 2. Sagittal scheme of the first metatarsophalangeal joint.
The green area shows the portion of the metatarsal head (approxi-
mately 30%) and of the proximal phalanx that should undergo re-
section. The blue area shows dorsal subtraction wedge (measuring
approximately 3mm. A). Immediate postoperative image of dorsal
cheilectomy and Moberg osteotomy with clamp fixation (B).

the cortical plantar surface (osteoclasis), which will provi-
de greater stability and prevent shearing. Osteotomy is clo-
sed and fixed with a 10-mm clamp (Figure 2). Execution of
dorsomedial osteotomy also makes it possible to simulta-
neously correct interphalangeal valgus.

Capsulorrhaphy is conducted with the attempt of not exer-
ting too much strength, which could stiffen the joint. The skin
is then closed, and drainage and dressing are installed.

Postoperative shoes are used over dressings, and patients
are allowed to perform immediate weight-bearing. Drainage
removal occurs 24 hours after the procedure. Non-absorba-
ble stitches are removed after 10 days, and passive mobili-
zation of the MTPJ is initiated. Orthopedic footwear is remo-
ved on the second postoperative week or before, according
to tolerance, and full weight-bearing with comfortable
shoes is allowed.

Discussion

Our first experience with this procedure was in young pa-
tients with mild hallux rigidus (grades | and II). The results
with these patients encouraged us to expand the indication
to older patients and with more advanced grades of disease.
Currently, this is the procedure most usually performed for
the treatment of hallux rigidus, especially in active patients.
Although radiographic progression of the lesion is a common
phenomenon in the medium and long term, this does not
coincide with clinical manifestation and rate of conversion to
metatarsophalangeal arthrodesis is low.

Thomas and Smith® retrospectively assessed the results
of Moberg osteotomy combined with cheilectomy in 24 feet,
with a mean follow-up of 5 years, showing that 96% of pa-
tients would undergo the same procedure and did not report
complications.

O’Malley et al." reported their results in 84 feet with severe
hallux rigidus, with a mean follow-up of 4 years, and found
that 85% patients were satisfied, and 4 procedures underwent
revision with metatarsophalangeal arthrodesis.

In 2010, Roukis™ presented a meta-analysis of 11 studies co-
vering a total of 374 feet treated with Moberg osteotomy and
dorsal cheilectomy. The author found that 77% of patients
reported being satisfied, and that pain was relieved or impro-
ved in 89% of procedures. Moreover, AOFAS scores improved
by 39 points, and 4.8% of procedures underwent surgical re-
vision with arthrodesis.

Conclusion

According to our work group, the association of cheilectomy
with Moberg osteotomy is the first choice for the surgical
treatment of hallux rigidus, both in initial and advanced sta-
ges. Patients’ age, the type of activity they perform, and
preoperative mobility are essential factors in treatment deci-
sion making.

J Foot Ankle. 2022;16(1):6-8 1
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Abstract

The choice of surgical technigue in the treatment of hallux rigidus is an individual decision of the surgeon. Minimally invasive osteoto-
mies have proven to be valid techniques, allowing us to perform cheilectomies, first proximal phalangeal osteotomies, and distal first
metatarsal osteotomies. We describe the minimally invasive technique for the treatment of hallux rigidus.

Level of Evidence V; Therapeutic Study; Expert opinion.
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Introduction

The choice of surgical technique for the treatment of hallux
rigidus is still an individual decision of the treating surgeon®.
Different therapeutic algorithms have been proposed®@® and,
although none of them has been validated, minimally invasi-
ve surgery (MIS), which consists of procedures such as mini-
mally invasive osteotomies, has proven to be a valid techni-
que that yield results similar to those of open osteotomies for
the treatment of forefoot problems®.

Indications

Initially, conservative treatment is indicated for all patients,
with the use of rocket-bottom shoes and stretching exercises
of the Achillean-calcaneus-plantar system. In case of treat-
ment failure and persistence of clinical manifestations, sur-
gical treatment is proposed. MIS techniques allow us to per-
form different procedures, such as cheilectomy, first proximal
phalangeal (P1) osteotomy, and distal first metatarsophalan-
geal (M1) osteotomy®, with different indications according to
patient’s functional demand and to Coughlin and Shurnas®
classification, as shown below:

Grade O: conservative treatment
Grades 1-2-3:

e Young patient with functional demand: association of chei-
lectomy, descending M1 osteotomy and Moberg phalan-
geal osteotomy. The indication may be expanded to the

Study performed at the Hospital Quirdn Salud Murcia, Murcia, Spain.

initial stages of grade 4 when more than 45% of joint car-
tilage is of good quality, especially in cases of metatarsus
primus elevatus.

* Older patient or with low functional demand.: isolated
cheilectomy. This procedure should be performed alone
with MIS techniques only in older patients whose pain
does limit everyday activities. In these patients, the main
problem is the conflict of space between produced exos-
tosis and the shoe; therefore, our surgical approach will
improve clinical symptoms.

Grade 4: metatarsophalangeal arthrodesis.

Surgical technique
Cheilectomy

A 5-mm incision is made in the medial surface, dorsal to the
plantar edge of the first metatarsal, proximal and dorsal to
the medial sesamoid (Figure 1). A perpendicular incision is
made to the skin through the capsule towards the metatarso-
phalangeal joint. With a movement to the dorsal and plantar
direction, the entire capsule is detached from the superior
and external surface of the metatarsal head, creating a space
between the latter and the bone, where it will be possible
to «work on»; a DPR rasp is introduced to check the space
created, which will prevent soft tissue injuries. A reamer is
introduced at a slow velocity, from 2,000 to 6,000 rpm, and
exostosis is eliminated using oscillatory movements exactly
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up to the desired level, which will be confirmed under fluo-
roscopic control. This process is interrupted on two or three
occasions to extract the produced bone paste by pressing
the capsule on the metatarsal head towards the skin incision,
as well as to introduce the DPR rasp, in order to extract fine
body remains and adherences to the deep surface of the
capsule. The repetition of these procedures makes it possible
to perform complete exostectomy and appropriate cleaning.

Distal M1 osteotomy

A Shannon 44 reamer is introduced through the portal crea-
ted for cheilectomy. Under fluoroscopic control, the reamer
is placed in an angle of approximately 45° in relation to the
M1 axis, in the plantar-proximal direction. Osteotomy is per-
formed is performed in an oblique direction of 45° from dis-
tal-dorsal to plantar-proximal, with the upper limit defined as
the final portion of the neck when reaching the joint cartila-
ge. Subsequently, the metatarsal head is lowered and moved
back by pressing it to the proximal direction.

P1osteotomy

An incision is made over the dorsomedial surface of the P1
base, medial to the extensor hallucis tendon (Figure 2). A
rasp is introduced to conduct periosteal section, a straight
2-15 reamer is introduced, supported on the cortical bone,
and then a digital extension movement is performed to pre-
vent damages to the surrounding neurovascular structures.
Osteotomy perpendicular to the proximal phalangeal axis
and starts with a lateral rotation movement, using the skin
incision as a pivot point. Osteotomy is completed sparing
some millimeters of the plantar cortical surface. The desi-
red dorsal wedge is created by applying dorsal pressure on
the toe whereas the reamer performs a slightly oscillatory
movement.

Postoperative care

Weight bearing with postoperative shoes is allowed soon
after intervention. A clinical follow-up is performed on the

Figure 1. Cheilectomy and distal M1 osteotomy approach.
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7t postoperative day, suture stitches are removed, and pos-
toperative bandage is changed to metatarsal band and Co-
ban™ cohesive bandage, and patients are instructed on how
to apply it so that they can change it every day after foot
personal hygiene. During the first 4 weeks, gait is allowed
only with postoperative shoes. One month later, a new clini-
cal and radiological follow-up is performed, and patients are
allowed to wear new shoes, provided that they have rigid
soles, are wide, and have laces so that they can be properly
adjusted in order to prevent slapping. Intense physical acti-
vity is not allowed up to nearly 2 months after intervention.

Figure 2. P1 osteotomy approach.

N

Figure 3. Pre-and postoperative radiographic study.



Complications

The rate of complications may decrease significantly with
the participation in specific training courses. Possible com-
plications resulting from the technique include postsurgical
hematoma, persistent edema, joint stiffness, transfer meta-
tarsalgia, displacement secondary to osteotomies, and de-
layed union. Delayed union of first metatarsal osteotomies is
frequent, the presence of nonunion cannot be considered ex-
cept for cases that exceed the minimum time of progression
of 18 months. This delayed union is produced by osteotomy
mobility, and, on other occasions, it may be favored by possi-
ble bone necrosis produced by the action of cutting reamers
at more than 10,000 rpm. It may also be observed in cases
when metatarsal head was excessive and did not receive any
weight-bearing stimulation.

Results

We conducted an analysis of surgical treatment results of
patients with hallux rigidus whose conservative treatment
failed. Surgical treatment was performed in 42 patients, with
mean age of 51 years, 24 men and 18 women; hallux rigidus
was classified as grade Il in 14 patients, and as grade Il in
28 of them, according to the Coughlin and Shurnas classifi-
cation. All patients were subjected to a minimally invasive

De Prado et al. Minimal incision surgery in hallux rigidus

technique combining cheilectomy, Moberg P1 base osteo-
tomy, and distal dorsal closing M1 descending osteotomy.
Mean follow-up time was 27 months, with clinical and radio-
logical follow-up (Figure 3). Pre-and postoperative AOFAS
scores were assessed. Mean AOFAS score was 44 preope-
ratively and 82 at the end of follow-up, and outcomes were
classified as good or excellent in 86% of patients.

Complications were present in five patients: two cases of
transfer metatarsalgia, one case of delayed union, one case of
postoperative stiffness, and one case of postoperative hema-
toma. Stiffness was treated using percutaneous arthrolysis,
delayed union was achieved at 8 months of follow-up, and
postoperative hematoma spontaneously resolved with no
need for drainage.

Radiological outcomes are comparable to those of open
surgery, with osteotomies exhibiting union rates of 100% of
the reviewed cases.

Conclusion

Minimally invasive surgery for the treatment of hallux rigi-
dus allows us to perform different surgical techniques and is
a useful therapeutic tool for our patients, with results similar
to those of open surgery.
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Abstract

The resection arthroplasty first described by Keller for hallux valgus has subsequently been applied to treat hallux rigidus. Some varia-
tions to the original procedure have been described, such as the interposition of soft tissue in the resection area (joint capsule, tendon,
etc.), as a spacer, in order to reduce the amount of phalanx to be resected and improve stability and mobility. Another procedure,
proposed by Valente Valenti, consists of performing a “V” shaped arthrectomy in the sagittal plane, at the level of the metatarsal and
the phalanx. We are faithful to the original technique, resecting approximately one third of the phalangeal base and the periarticular
osteophytes, seeking for the correct balance between the flexor and extensor muscles of the hallux. Resection arthroplasty is indicated
in stage Ill or in stage lllI-IV of the Regnauld and Coughlin and Shurnas classifications, respectively. Both in our own experience and

when reviewing the bibliography, we find that very acceptable results are obtained.

Level of Evidence V; Therapeutic Studies; Expert Opinion.
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Introduction

Resection arthroplasty was described by Keller® in 1904
for the surgical treatment of hallux valgus and subsequently
started being used in the treatment of hallux rigidus. It bears
noting that this technique has yielded better results in the
treatment of hallux rigidus than in that of hallux valgus®.

Some authors® proposed soft tissue interposition in the re-
section area, by way of spacer, in order to reduce the amount
of phalanx to be resected and improve stability and mobility.

In 1985 Valenti” proposed a change in resection arthroplasty
that consisted of performing a V-shaped hinge arthrectomy
in the sagittal plane, at the level of the metatarsal and the
phalanx. This technique preserves length of first ray and func-
tion of flexor hallucis brevis and sesamoids.

Indications

Resection arthroplasty, with or without interposition, and
Valenti technique, are indicated in advanced disease stages
(grade Il of the Regnauld classification® and grade IlI-1V of
the Coughlin and Shurnas classification®, in which patients
feel constant pain during gait, which is often performed in a
supine position, and present with plantar keratosis and sig-

Study performed at the Hospital Virgen del Mar, Madrid, Spain.
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nificant joint stiffness. Radiological findings show markedly
reduced or absent joint space, deformities of the phalangeal
base, great osteophytic reaction, and periarticular osteoar-
thritic sclerosis, behaving as a true “joint disease”.

For the surgical treatment in these stages, basically three
techniques have been proposed: arthrodesis, arthroplasty
with partial or complete prosthesis, and resection arthroplasty,
which is the object of the present study.

For many authors?®, metatarsophalangeal arthrodesis is
the technique of choice, despite presenting a series of com-
plications®™, These complications have an increased inciden-
ce in older patients and in those with inflammatory diseases,
such as rheumatoid arthritis, or with diabetes“.

Metatarsophalangeal prostheses, either total or partial, are
techniques currently under development. In the literature pu-
blished so far, there are no satisfactory medium-long term
outcomes@™®,

Surgical technique

To obtain good results with the Keller technique (Figure 1),
several important technical details should be considered:
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e Avoid excessive resection. It is usually sufficient to resect
one-third of the phalanx, so that to prevent hallux instability.

* Seek for sufficient resection. This prevents postoperative
joint stiffness and recurrence. At the end of the procedure,
it is important to check joint mobility.

* At the end of intervention, there should be a balance between
flexor and extensor muscles. Flexor insufficiency leads to
flaccid hallux in the capacity of impulse in the third rocker of
the gait. Extensor predominance will lead to claw hallux and
valgus deviation. In order to prevent these complications, ex-
tensor elongation should be performed, if necessary, and the
plantar plate should always be anchored to the flexor hallucis
longus to maintain the flexor strength of the toe.

e Hallux rigidus usually appears in an Egyptian forefoot or in
a square forefoot; therefore, phalangeal resection, if pro-
perly performed, does not cause excessive shortening of
the hallux in relation to the second toe. The Keller techni-
que should be ruled out in some cases when the hallux is
preoperatively much shorter than the second toe (Greek
forefoot), due to the esthetic and functional problem that
it causes.

If soft tissue interposition arthroplasty is indicated, several
surgical options are available, which use different bioimplants:

e Resection arthroplasty with capsular interposition: the
classical Keller technique is combined with the interposi-
tion of the dorsal capsule and the extensor hallucis brevis
tendon.

« Semitendinosus tendon allograft arthroplasty®: this
technique, which uses cryopreserved semitendinosus
tendon, may be a salvage option for failed procedures in
hallux rigidus surgery.

e Tendon allograft arthroplasty of the metatarsophalangeal
Jjoint™ consists of interposing the tendon allograft rolled
in the form of an “anchovy” within the joint. Subsequently,
the interposition graft is stabilized through a bone tunnel
and suture anchors.

Figure 1. Keller technique. A) Preoperative radiograph; B) Sur-
gical photograph of resection; C) Postoperative radiograph; D)
Anchor of the flexor hallucis longus to the plantar plate, maintaining
Hallux flexor strength.
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e Soft tissue interposition arthroplasty. Arthroplasty with in-
terposition of autogenous soft tissue is another option pro-
posed as an alternative to arthrodesis, due to its safety and
efficacy, as presented by Schenk et al.?” in their studies.

e Interposition arthroplasty using a regenerative tissue ma-
trix. In this procedure, a human acellular dermal regenerative
matrix is used as an interposition graft (Allo-derm). Berlet
et al.® confirmed good outcomes with this technique.

As an anecdote, it is worth remembering that a procedure
of metallic interposition arthroplasty, named “en Bouchon”,
was used in France some years ago, consisting of the place-
ment of a metallic button that was stabilized with a Kirschner
needle. The needle and then the implant were removed after
some weeks. This technique is not currently used.

In Valenti resection arthroplasty, osteotomy is performed
with cuneiform resection of the metatarsal head at an angle
of 45°, starting behind dorsal exostosis, directed from dorsal
to plantar and from proximal to distal. Next cuneiform resec-
tion at an angle of 45° is performed on the phalangeal base,
directed from dorsal to plantar and from distal to proximal.
Subsequently, sesamoids are released and corrected. At the
end of the surgery, hallux dorsiflexion should reach 90¢°.

Results

Good results have been published in the literature?2® when
the Keller technique is successfully conducted. Our personal
experience is also favorable. In 2005, Gasch-Blasi et al.?" con-
ducted a long-term review of 48 feet with a mean follow-up
of 121 months (minimum 60 months, maximum 216 months).
They found that 92% of patients were satisfied with the pro-
cedure and, considering the result, would undergo surgery
again, and that the 8% of dissatisfied patients presented with
recurrence of clinical manifestations.

We agree with Jahss®? that the poor outcomes that are
attributed to the Keller technique in hallux rigidus may be in
fact attributable to a poor execution of the surgical technique
rather than to the technique itself.

An interesting study by O’Doherty et al.?® compared the
results of metatarsophalangeal arthrodesis with those of
Keller resection arthroplasty. The authors highlight the great
patients’ satisfaction with both techniques and did not find
differences in terms of pain relief, improved gait, comfort
with shoes, and transfer metatarsalgia. According to these
authors, with whose opinion we agree, the advantages of
the Keller technique lie in its simplicity, its more comfortable
postoperative period for the pain, its low level of reopera-
tion (in their series, nonunion was found in 44% of arthrodesis
procedures, although most of them were asymptomatic).

With regard to interposition arthroplasty, despite the theo-
retical advantages of the modified technique, some authors
did not find better outcomes compared with those of the tra-
ditional Keller technique. In a clinical and radiological study,
Watson et al." compared 22 feet treated with interposition
arthroplasty with 30 feet subjected to the traditional Keller
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procedure. The authors did not observe any statistically sig-
nificant difference between the two groups in terms of pa-
tients’ satisfaction.

As for the Valenti technique, there are few studies published
in the literature, but the scarce results published so far are
very similar.

In a review study conducted by Colo et al.®* analyzed 8
articles, for a total of 347 patients, and a mean follow-up of
6+7 years. They did not find substantial differences in clinical
outcomes between the original and modified techniques.

Complications

The most frequent complications of resection arthroplasty
are (Figure 2):

Figure 2. Complications of the Keller technique. A) Stiffness; B)
Necrosis; C) Instability and secondary deviation; D) Excessively
short Hallux

« Joint Instability, usually related to excessive resection of
the phalanx. It leads to dorsiflexion valgus deformity of
the hallux, to a flaccid toe that is unable to touch the
ground and to perform the third rocker of gait, and to
transfer metatarsalgia.

e Joint stiffness and secondary arthrosis, both related insuf-
ficient resection of the phalangeal base.

* Avascular necrosis of the metatarsal head, caused by ex-
cessive release of soft tissues and section of the vascular
plantar package.

» Esthetic problems. In some cases, there is excessive shor-
tening of the hallux in relation to the second toe.

Interposition arthroplasty may present the same complica-
tions, in addition to soft tissue reactions or failure of biolo-
gical material.

The Valenti technique does not involve shortening of the
ray; however, in addition to the previously described compli-
cations, sesamoiditis is a relatively frequent problem (7.4%),
although it is often transient@.

Conclusion

We believe that Keller resection arthroplasty, with or without
interposition, and the Valenti technique are the techniques
of choice in older patients with end-stage hallux rigidus and
severe joint involvement.
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Abstract

Hallux arthrodesis is a prominent technique, both in primary surgery and in reoperations. New devices and instruments have signifi-
cantly improved outcomes, minimizing complications, although it is a demanding intervention from the technical point of view and not
exempt from complications. Arthrodesis is indicated in cases of primary or secondary hallux rigidus, and also as a salvage surgery for
previous failed treatments such as joint sparing osteotomies or arthroplasty. Proper arthrodesis positioning is important, maintaining a
dorsiflexion of 10-152 with a hallux valgus angle of nearly 10° and neutral rotation, in order to prevent complications such as hallux varus
or interphalangeal joint arthritis. Arthrodesis outcomes are excellent from the clinical-functional and radiological point of view, with a
union rate of 93.5%; however, this technique is not exempt from complications such as nonunion, malunion, need for hardware removal,
and skin and healing problems. Nonetheless, this technique provides excellent outcomes.

Level of Evidence V; Therapeutic Studies; Expert Opinion.

Keywords: Arthrodesis; Hallux rigidus; Metatarsophalangeal joint.

tabolic changes such as gout, in inflammatory processes such
as rheumatoid arthritis or osteochondritis dissecans (Figure 1).

Introduction

Hallux rigidus is defined as a metatarsophalangeal (MTP)
and metatarsosesamoid arthritis of the great toe that causes

limited mobility, especially in dorsiflexion range of motion. As
a consequence, patients experience changes in gait and pain.
During the takeoff phase of gait, or “third rocker”, dorsifle-
xion of 65°-75° of the MTP joint (MTPJ) of the great toe is
required®.

Hallux rigidus may be distinguished into primary and se-
condary. Secondary hallux rigidus appears as a sequel of
previous surgeries, especially of interventions such as Keller
resection arthroplasty or percutaneous surgery, as well as in
other conditions such as after trauma or microtrauma, in me-
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Methods
Indications

Main indications are primary end-stage hallux rigidus (gra-
des Il or IV), in cases of secondary hallux rigidus, especially
in sequelae of Keller-Brandes-Lelievre resection arthroplasty,
minimally invasive percutaneous surgery, or in cases of failu-
re with other techniques for the treatment of hallux rigidus,
whether joint sparing surgical procedures such as osteotomy
or arthroplasty or hemiarthoplasty®.
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Figure 1. A) A 42-year-old patient who presents hallux rigidus

secondary to percutaneous forefoot surgery with severe dege-
nerative changes and joint incongruence. B) Final radiological
outcome after arthrodesis with dorsal plate and concave-convex
reaming with proper position both in frontal and sagittal planes.

It is important to maintain a mobile interphalangeal joint for
the success of intervention. Arthrolysis may also be perfor-
med if necessary.

At the time of selecting the surgical technique, it is essential
to assess the size of the proximal phalanx of the hallux (P1) in
order to perform single-or two-stage arthrodesis, as we will
subsequently show. Furthermore, other comorbidities that
may be associated with a higher rate of complications should
be considered, such as diabetes mellitus, obesity, smoking,
vascular diseases, etc.

Surgical Technique
Approach

Most cases consist of severe hallux rigidus and primary
arthrodesis; thus, we recommend using dorsal approach. In
reoperations in which medial approach to the MTPJ was pre-
viously used, this is the preferred approach. The advantage
of dorsal approach is better exposure of the joint; however,
if we choose dorsal plaque fixation, the implant is positioned
immediately below the extensor tendon of the great toe, with
the possible complications resulting from tendon irritation.

Joint surface preparation

Currently, the most used form of joint preparation are
concave-convex reamers, which allows for a greater joint

Vild y Rico et al. Hallux Arthrodesis

congruence and the possibility of correcting spatial plane de-
viations. There are other forms of joint surface preparation,
such as simple chondral resection® with gouge and cartilage
excision, planar sections using a saw®, or minimally invasive
arthroscopic® or percutaneous®?” techniques.

In a systematic review, Hodel et al.® concluded that mini-
mally invasive techniques are promising in terms of clinical
outcomes, complication rate, and union rate. These techni-
ques have the advantage of leading to fewer soft tissue inju-
ries, and their disadvantages result from poorer osteosynthe-
sis and limitations in placing the hallux in the proper position.

We recommend preparation with concave-convex reams
and subsequent both stimulation through perforations with
the same reaming guide wire on the surfaces of metatarsal
head and P1 base. From the technical point of view, it is im-
portant to perform reaming directly with the approximate
size of reams rather than progressive increasing from an ini-
tial small reaming.

Arthrodesis position

The most commonly accepted position is 10-15¢ of dorsi-
flexion with a hallux valgus or metatarsophalangeal angle of
0-15° in the axial plane and neutral rotation. Over the last ye-
ars, there has been a trend to reduce MTPJ dorsiflexion. This
optimal position is essential for the correct contact of joint
surfaces. Arthrodesis position may be intraoperatively tested
using a hard surface and performing a load simulation test. It
is important for the nail to the directed towards the zenith, in
order to prevent malrotations.

Correct arthrodesis position is important to prevent compli-
cations such as hallux varus or interphalangeal joint arthritis®©®.

Fixation methods

Numerous types of implants have been developed over the
last years. In the early 1990’s, dorsal plates started to expe-
rience a significant growth. Previously, Kirschner wires, can-
nulated screws, usually crossed, or pines biodegradables had
been employed. Several biomechanical studies have endor-
sed the superiority of plates, whether associated with inter-
fragmentary compression screws or not™?, New designs of
low-profile plates with the possibility of employing threaded
screws increase stability, including in situations of bones with
osteoporosis.

Asif et al.® advocate for the use of cannulated screws, sta-
ting that it is a simple technique with a lower economic cost
than dorsal plates and with good results in terms of union
rate, showing a nonunion rate of 6.6%, although up to 36%
of these cases are asymptomatic. Other authors also endorse
the use of cross cannulated screws, based on biomechanical
stability and union rates®,

Recently, intramedullary devices have been developed for
MTPJ fixation. These devices have the advantage of preven-
ted hardware removal related to dorsal plates, and satisfac-
tory outcomes have been published from the clinical point of
view and high union rates (95%)®.
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Roukis” conducted a systematic review of 2,656 arthrode-
sis procedures performed in cases of hallux valgus (47.2%),
hallux rigidus (32%), rheumatoid arthritis (11.5%), and revision
of failed surgery (9.3%) and fixed with cannulated screws,
dorsal plagues, and staples. The incidence of nonunion was
5.4%, of malunion was 6.1%, and of hardware removal was
8.5%. The author concluded that union rate is higher when
joint surfaces are prepared with low velocity systems and did
not find statistically significant differences in fixation when
comparing cannulated screws, locked plates, or non-locked
plates, with a union rate of 93.5%, showing better results
when the procedure is indicated for hallux rigidus.

Over the last years, nickel and titanium staples have been in-
creasing popular, with or without shape memory for MTP ar-
throdesis, isolated or associated with other fixation systems
such as screws or intramedullary devices, with good outco-
mes and high union rates@®

Arthrodesis - distraction with intercalary graft

In cases of P1 deficiency due to shortening of 2.5-3 cm in
length, it will be necessary to a cortico-spongy intercalary
graft from the iliac crest and to perform single- or two-stage
arthrodesis (Figure 2). The advantage of two-stage surgery
with the first stage of surgical debridement, correction of de-
formity, and placement of a monolateral fixator is preventing
neurovascular complications resulting from elongation®®,
Gradual elongation is gradually performed at a rate of 2 mm
per day, with the close monitoring of toe vascularization of
toe vascularization.

Since desired elongation is achieved, a new intervention is
conducted after 2-3 weeks, with the removal of fixator through
the same incision, resection of fibrous tissue remnants, and

Figure 2. Technigque of two-stage distraction arthrodesis for hallux

rigidus as a sequel of Keller-Brandes-Lelievre intervention in a
29-year-old patient. A) initial x-rays. B) first stage of arthrodesis
with monolateral Hoffman minifixator. C) final outcome after pla-
cement of a cortico-spongy graft and osteosynthesis with a revi-
sion dorsal plate.
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placement of autologous cortico-spongy bone graft from the
iliac crest with the size previously measured between the two
bone surfaces.

Afterwards, the entire assembly is stabilized with an appro-
priately contoured low-profile plate or with the same fixator
exerting compression. Stability is greater with the plate. Cur-
rently, there are two plates available specific for reoperations
that improve stability. Maintaining the external fixator as a
definitive treatment is especially indicated in cases of poor
soft tissue status or sequelae from infection.

Nufez-Samper and Viladot®@®?’ published the surgical techni-
gue in a series of 40 patients, with satisfactory outcomes from
the clinical point of view and a nonunion rate of 7.5%.

Postoperative care

Currently, the most spread postoperative protocol allows
for immediate partial weight-bearing with rigid shoes du-
ring the first 6 weeks and for their subsequent removal and
progressive weight-bearing with conventional shoes.

Discussion

Metatarsophalangeal arthrodesis is the procedure of choice
for the surgical correction of severe hallux valgus with great
MTPJ instability, especially when associated with osteoarthri-
tic degenerative processes or rheumatoid arthritis. It is equally
useful and provides good results for first ray reconstruction
due to sequelae from previous operations. Moreover, arthrode-
sis is an excellent option in young active patients, allowing for
resumption of sports activities in 88% of patients®?.

Arthrodesis success depends on technical and biological
factors. Technical factors include satisfactory joint surface
preparation, proper fusion position, and fixation technique.
Biological factors include comorbidities (such as inflamma-
tory arthropathy and vascular diseases), regular medications
(such as corticosteroids, non-steroidal anti-inflammatory
drugs, or immunosuppressive agents) that may impair union,
and smoking. Joint surface preparation with cup and cone re-
amers has the advantage of being versatile in the positioning
of fusion site and increasing stiffness at the fusion site®®. The
use of planar sections in joint surfaces may increase the area
of fusion surface; Politi et al.®® suggest that this preparation
provide more stability than conical reaming when oblique
compression screws are used for fixation; however, this type
of planar preparation predetermines arthrodesis alignment.

Postoperative treatment may also be a determining factor
for union success. Ellington et al.®® found a nonunion rate
of 12% in patients who started weight-bearing with a boot
on the second postoperative week. Hunt et al.®?® described a
nonunion rate of 23% with locked plate using the same pos-
toperative protocol. Our protocol allows performing partial
weight-bearing in the immediate postoperative period with
rigid-sole shoes for 6 weeks, which enables earlier mobiliza-
tion, facilitates patient’s discharge on the day of the surgery,
allows for an earlier return to work, and does not seem to
have an adverse effect on union.



Weight-bearing

Figure 3. Protrusion of locked screws from a dorsal plate.

‘i
Figure 4. Double plating and grafting in a reoperation for nonunion.

Malunion is not well tolerated by patients®”. Dorsiflexion of
less than 10 degrees may increase pressure on the tip of the
great toe, whereas excessive dorsiflexion leads to increased
pressure below the first metatarsal head. Excessive prona-
tion or medial rotation of the great toe may lead to increased
pressure along the medial area.

Vild y Rico et al. Hallux Arthrodesis

With regard to the comparison between arthrodesis and
total arthroplasty, Gibson and Thomson®® conducted a pros-
pective randomized study (level II) and found that arthrode-
sis is more effective than total arthroplasty, observing a rate
of up to 16% of early failure of MTP prosthesis, establishing a
grade of recommendation B or moderate for the treatment of
end-stage hallux rigidus (grade V).

The main complication of arthrodesis is nonunion, whose
frequency ranges from O to 30%®®, The proper positioning
of the hallux in the coronal and sagittal planes is essential
to the success of intervention and to prevent complications.
Most complications of hallux arthrodesis are related to tech-
nical failures®®. The main complications are nonunion and
malunion®32_ Other complications include problems related
to hardware (Figure 3), progression of interphalangeal joint
arthritis, and transfer metatarsalgia. The overall incidence of
malunion is 6.1%, a phenomenon that 871% of the cases result
from dorsiflexion position of joint surfaces, which also leads
to microtrauma from footwear and presence of subungual
ecchymosis. Furthermore, the dorsiflexion position overloads
the first metatarsal and the sesamoids, resulting in residual
pain. In the coronal plane, excessive abduction damages the
skin of the first interdigital space and there is difficulty in wea-
ring shoes due to excessive varus. The nonunion rate of after
primary arthrodesis ranges from O to 20% in the literature®.
It is critical to perform a correct joint surface preparation until
reaching a properly vascularized healthy subchondral bone
and an appropriate and stable fixation.

Cases of nonunion should be treated with placement of cor-
tico-spongy graft and stabilization with a revision single dor-
sal plate, or sometimes double-plating, in order to improve
arthrodesis stability®® (Figure 4).

Conclusions

Hallux arthrodesis is the current gold standard, or standard
technique, for the treatment of severe symptomatic hallux ri-
gidus (grades Il and V). Better outcomes are related with
proper fusion positioning (10-15° of dorsiflexion and 10-15° of
valgus) and careful joint surface preparation.

Authors’ contributions: Each author contributed individually and significantly to the development of this article: JVR *(https://orcid.org/0000-0002-8558-
0109) Wrote the article, participated in the review process, bibliographic review, formatting of the article, interpreted the results of the study,
performed the surgeries; YH *(https://orcid.org/0000-0001-9590-9142) Participated in the review process, bibliographic review; AAD *(https://orcid.
org/0000-0001-9729-5471) Participated in the review process, bibliographic review. All authors read and approved the final manuscript. *ORCID (Open
Researcher and Contributor ID)

References

1. Viladot-Pericé R, Alvarez-Goenaga F, Formiguera-Sala S. Update
on the treatment of hallux rigidus. Rev OrtopTraumatol. 2006;
50:233-40.

2. Herrera-Pérez M, Andarcia-Banuelos C, de Bergua-Domingo J, Paul
J, Barg A, Valderrabano V. Proposed global treatment algorithm
for Hallux rigidus according to evidence-based medicine. Rev Esp
Cir Ortop Traumatol. 2014;58(6):377-86.

J Foot Ankle. 2022;16(1):16-20 19


https://orcid.org/0000-0001-9729-5471

Vild y Rico et al. Hallux Arthrodesis

20

Asif M, Qasim SN, Kannan S, Bhatia M. A consecutive case series
of 166 first metatarsophalangeal joint fusions using a combination
of cup and cone reamers and crossed cannulated screws. J Foot
Ankle Surg. 2018;57(3):462-5.

Korim MT, Mahadevan D, Ghosh A, Mangwani J. Effect of joint
pathology, surface preparation and fixation methods on union
frequency after first metatarsophalangeal joint arthrodesis: A
systematic review of the English literature. Foot Ankle Surg.
2017;23(3):189-94.

Carro LP, Vallina BB. Arthroscopic-assisted first metatarsophalangeal
joint arthrodesis. Arthroscopy. 1999;15(2):215-7.

Hodel S, Viehofer A, Wirth S. Minimally invasive arthrodesis of the
first metatarsophalangeal joint: A systematic literature review.
Foot Ankle Surg. 2020;26(6):601-6.

De Prado M, Cuervas-Mons M, De Prado V, Goland P. Minimally
invasive management of hallux rigidus. In: Scuderi G, Tria A, editors.
Minimally invasive surgery in orthopedics. New York: Springer;
2010. p. 75-87.

Hamilton GA, Ford LA, Patel S. First metatarsophalangeal joint
arthrodesis and revision arthrodesis. Clin Podiatr Med Surg. 2009;
26(3):459-73.

Coughlin MJ, Shurnas PS. Hallux rigidus. Grading and long-term
results of operative treatment. J Bone Joint Surg Am. 2003;
85(11):2072-88.

Bennett GL, Sabetta J. First metatarsalphalangeal joint arthrodesis:
evaluation of plate and screw fixation. Foot Ankle Int. 2009;
30(8):752-7.

Chraim M, Bock P, Alrabai H, Trnka HJ, Alrabai HM, Trnka HJ. Long-
term outcome of first metatarsophalangeal joint fusion in the
treatment of severe hallux rigidus. Int Orthop. 2016;40(11):2401-8.
Doty J, Coughlin M, Hirose C, Kemp T. Hallux metatarsophalangeal
joint arthrodesis with a hybrid locking plate and a plantar
neutralization screw: a prospective study. Foot Ankle Int. 2013;
34(11):1535-40.

Claassen L, Plaass C, Pastor MF, Ettinger S, Wellmann M,
Stukenborg-Colsman C, et al. First metatarsophalangeal joint
arthrodesis: a retrospective comparison of crossed-screws,
locking and non-locking plate fixation with lag screw. Arch Bone
Jt Surg. 2017;5(4):221-5.

Harris E, Moroney P, Tourne Y. Arthrodesis of the first meta-
tarsophalangeal joint-a biomechanical comparison of four fixation
techniques. Foot Ankle Surg. 2017;23(4):268-74.

Fuld RS 3rd, Kumparatana P, Kelley J, Anderson N, Baldini T,
Younger ASE, et al. Biomechanical Comparison of Low-Profile
Contoured Locking Plate With Single Compression Screw to Fully
Threaded Compression Screws for First MTP Fusion. Foot Ankle
Int. 2019;40(7):836-44.

Singhal R, Kwaees T, Mohamed M, Argyropoulos M, Amarasinghe
P, Toh EM. Result of IOFIX (Intra Osseous FIXation) device for first
metatarsophalangeal joint arthrodesis: A single surgeon’s series.
Foot Ankle Surg. 2018;24(5):466-70.

Roukis TS. Nonunion after arthrodesis of the first metatarsal-
phalangeal joint: a systematic review. J Foot Ankle Surg. 2011;
50(6):710-3.

J Foot Ankle. 2022;16(1):16-20

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

Chan JJ, Sarker SS, Nordio A, Guzman JZ, Hasija R, Vulcano
E. Failure of fixation with nickel-titanium staples in first
metatarsophalangeal arthrodesis with hallux valgus deformity.
Orthopedics. 2019;42(4):e402-4.

Challagundla SR, Thomas R, Ferdinand R, Crane E. First
metatarsophalangeal joint arthrodesis using memory staples:
clinical and functional results. Foot Ankle Spec. 2021;14(5):410-4.
Nunez-Samper M, Viladot R, Ponce SJ, Lao E, Souki F. Serious
sequellae of the hallux valgus surgery: More options for its surgical
treatment. Rev Esp Cir Ortop Traumatol. 2016;60(4):234-42.
Nufez-Samper M. Tratamiento de las secuelas de la cirugia del
1e radio. In: Martin Oliva X, Vila y Rico J, Viladot Voegeli A.
Tratado de cirugia de antepié. Barcelona: Euromedice; 2010.
Cap.7. p. 99-12.

Da Cunha RJ, MacMahon A, Jones MT, Savenkov A, Deland J,
Roberts M, et al. Return to sports and physical activities after first
metatarsophalangeal joint arthrodesis in young patients. Foot
Ankle Int. 2019;40(7):745-52.

Curtis MJ, Myerson M, Jinnah RH, Cox QG, Alexander I. Arthrodesis
of the first metatarsophalangeal joint: a biomechanical study of
internal fixation techniques. Foot Ankle 1993;14(7):395-9.

Politi J, John H, Njus G, Bennett GL, Kay DB. First metatarsal-
phalangeal joint arthrodesis: a biomechanical assessment of
stability. Foot Ankle Int. 2003;24(4):332-7.

Ellington JK, Jones CP, Cohen BE, Davis WH, Nickisch F, Anderson
RB. Review of 107 hallux MTP joint arthrodesis using dome-
shaped reamers and a stainless-steel dorsal plate. Foot Ankle Int
2010;31(5):385-90.

Hunt KJ, Ellington JK, Anderson RB, Cohen BE, Davis WH,
Jones CP. Locked versus nonlocked plate fixation for hallux MTP
arthrodesis. Foot Ankle Int. 2011;32(7):704-9.

Coughlin MJ, Saltzman CL, Anderson RB. Mann’s surgery of the
foot and ankle. 9th ed. Philadelphia: Elsevier/Saunders; 2013.
Gibson JN, Thomson CE. Arthrodesis or total replacement
arthroplasty for hallux rigidus: a randomized controlled trial. Foot
Ankle Int. 2005;26(9):680-90.

Stevens J, de Bot RTA, Hermus JPS, van Rhijn LW, Witlox
AM. Clinical Outcome Following Total Joint Replacement and
Arthrodesis for Hallux Rigidus: A Systematic Review. JBJS Rev.
2017;5(1):e2.

Lunati MP, Manz WJ, Maidman SD, Kukowski NR, Mignemi D,
Bariteau JT. Effect of Age on Complication Rates and Outcomes
Following First Metatarsophalangeal Arthrodesis for Hallux
Rigidus. Foot Ankle Int. 2020;41(11):1347-54.

Deland JT, Williams BR. Surgical management of hallux rigidus. J
Am Acad Orthop Surg. 2012;20(6):347-58.

Galois L, Hemmer J, Ray V, Sirveaux F. Surgical options for hallux
rigidus: state of the art and review of the literature. Eur J Orthop
Surg Traumatol. 2020;30(1):57-65.

Bei C, Gross CE, Adams S, Parekh SG. Dual plating with bone
block arthrodesis of the first metatarsophalangeal joint: A clinical
retrospective review. Foot Ankle Surg. 2015;21(4):235-9.


https://pubmed.ncbi.nlm.nih.gov/28865589/
https://pubmed.ncbi.nlm.nih.gov/28865589/
https://pubmed.ncbi.nlm.nih.gov/28865589/
https://pubmed.ncbi.nlm.nih.gov/28865589/
https://pubmed.ncbi.nlm.nih.gov/21840737/
https://pubmed.ncbi.nlm.nih.gov/21840737/
http://refhub.elsevier.com/S1888-4415(14)00106-4/sbref0215
http://refhub.elsevier.com/S1888-4415(14)00106-4/sbref0215
http://refhub.elsevier.com/S1888-4415(14)00106-4/sbref0215
http://refhub.elsevier.com/S1888-4415(14)00106-4/sbref0215
http://refhub.elsevier.com/S1888-4415(14)00106-4/sbref0215
http://refhub.elsevier.com/S1888-4415(14)00106-4/sbref0215
http://refhub.elsevier.com/S1888-4415(14)00106-4/sbref0215
http://refhub.elsevier.com/S1888-4415(14)00106-4/sbref0215
http://refhub.elsevier.com/S1888-4415(14)00106-4/sbref0215
http://refhub.elsevier.com/S1888-4415(14)00106-4/sbref0215
http://refhub.elsevier.com/S1888-4415(14)00106-4/sbref0215
http://refhub.elsevier.com/S1888-4415(14)00106-4/sbref0215
http://refhub.elsevier.com/S1888-4415(14)00106-4/sbref0215
http://refhub.elsevier.com/S1888-4415(14)00106-4/sbref0215
http://refhub.elsevier.com/S1888-4415(14)00106-4/sbref0215
http://refhub.elsevier.com/S1888-4415(14)00106-4/sbref0215
http://refhub.elsevier.com/S1888-4415(14)00106-4/sbref0215
http://refhub.elsevier.com/S1888-4415(14)00106-4/sbref0215
http://refhub.elsevier.com/S1888-4415(14)00106-4/sbref0215
http://refhub.elsevier.com/S1888-4415(14)00106-4/sbref0215
http://refhub.elsevier.com/S1888-4415(14)00106-4/sbref0215
http://refhub.elsevier.com/S1888-4415(14)00106-4/sbref0215

DOI: https://doi.org/10.30795/jfootankle.2022.v16.1590

Special Article
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Abstract

Hallux rigidus of the first metatarsophalangeal joint affects between 35% and 60% of the population over 65 years of age and has
multiple treatment options, among which we highlight metatarsophalangeal arthrodesis and prosthesis. Regarding the arthroplasty
technique, we aim to provide information on the characteristics of the material, model, and design and on which one offers better re-
sults, relating it to the characteristics of the patient, such as age, presence of inflammatory joint diseases, and viability and durability of
the implant. Some studies on the clinical and functional results with different prosthesis models are briefly exposed. According to the
AOFAS criteria, prosthesis and arthrodesis present similar effectiveness values and the decision of which technique to use will be de-
termined considering several factors and characteristics previously exposed. Cartiva™ is a synthetic polyvinyl alcohol hydrogel implant
that has a water content with a compressive and tensile modulus similar to that of human articular cartilage. Thus, it is suitable for use
in metatarsophalangeal hemiarthroplasties, and published studies in this regard report excellent short- and long-term clinical results.

Level of Evidence V; Therapeutic Studies; Expert Opinion.

Keywords: Arthroplasty; Hallux rigidus; Metatarsophalangeal joint; Prosthesis design; Prostheses and implants.

ankylosis, rescue of silicone implant, failed previous surgery,
deforming rheumatoid arthritis, and young patients requiring
mobility. Contraindications are the following: vascular failure,
tendon failure, infection, and osteoporosis; the latter being a
relative contraindication®.

Introduction

Although arthrodesis is the treatment of choice for advan-
ced hallux rigidus (HR), the greater patients’ demand and
technical advances support the indication for implanting a
prosthesis on the affected joint.

Many publications advocate for this indication; however, no
prospective study assessed patient’s satisfaction and clinical
results obtained with prosthesis implantation, despite the lar-
ge body of critical literature on implants for HR, especially
about those made of silicone, which present with many cases

Characteristics and evolution of implants (Chart 1)
Prosthesis models

The first prosthesis used in the first metatarsophalangeal

of reactive synovitis®.

Metatarsophalangeal arthrodesis is still the safer and more
predictable gold standard treatment to correct advanced HR,
with acceptable functional results and lower rates of compli-
cations and reoperations compared with prosthesis®.

In general, the following indications are established for
the use of metatarsophalangeal prosthesis: HR with severe

Study performed at the Hospital Virgen del Mar, Madrid, Spain.
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joint (MTPJ) of the foot was made of silastic and was widely
used in the 1970s. However, due to prosthesis wear that cau-
sed reactive synovitis, the use of this type of prosthesis, as
well as its subsequent modifications, was soon discontinued.

Subsequently, prostheses with two unconstrained, uncemen-
ted components were developed, as well as other two-piece
ceramic models implanted by a press fit technique®®,
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Chart 1. Characteristics and evolution of implants

PARTIAL TOTAL
PHALANGEAL HEMIARTHROPLASTY POLYETHYLENE
GRAFT

MOBILE MENISCUS

METATARSAL
HEMIARTHROPLASTY THREE

COMPONENTS

CARTIVA

MATERIAL INTERFACE GENERATION

SILICONE CEMENTED 15T SILICONE

METALLIC UN 2% WITH
CEMENTED RINGS

CHROMIUM COBALCOBAL

COBALT 3R0 POLYETHYLENE
GRAFT
TITANIUM
4™ METALLIC
CERAMIC MOBILE
MENISCUS
HYDROGEL THREADED
PHALANX

Currently, last-generation prostheses present the following
characteristics:

¢ Three components.

e Limited bone resection.

* Unconstrained.

¢ Uncemented bone anchoring.

* Threaded phalangeal component with coating (Figure 1).

Characteristics of implantation

The choice for prosthesis implantation surgery involves a
number of basic requirements that patients should comply
with?:

- Good bone quality to ensure accurate fixation of the two
prosthetic components;

- Functional stabilizing structure of the joint;

- Proper metatarsophalangeal alignment;

- If the intermetatarsal angle is greater than 12 degrees, pre-
vious osteotomy should be performed,;

- The rest of the phalanx should be of a sufficient size;

- Low functional demand;

- Absence of septic processes from previous interventions;

Results

In a study on the outcomes of patients with two-piece ce-
ramic Moje implant, Fuhrmann and Martin® reported 12.5%
of revision operations and only 63% of «much satisfactory»
results, although postoperative mobility was much unsa-
tisfactory in 4 patients, which was significantly associated
with reduced American Orthopedics Foot and Ankle Society
(AOFAS) scores (p=0.01).

22  JFoot Ankle. 2022;16(1):21-4

Other study published by Dos Santos et al.®® in Acta Orto-
pédica Brasileira in 2013 analyzes the outcomes of 11 patients
treated through partial arthroplasty of the first MTPJ with
Arthrosurface-HemiCAP™ technique from June 2008 to May
2009. All patients were initially treated with stretching of tri-
ceps surae muscles and footwear modification for 6 months
without symptomatic improvement. After surgery, patients
presented with a statistically significant improvement in
AOFAS scores for hallux, visual analog scale for pain, and ran-
ge of motion (in degrees) of the first MTPJ.

Small study sample and follow-up time shorter than 3 years
do not allow for yielding robust results in favor of hemiarthro-
plasty for hallux rigidus.

In 2014, Duncan et al.?® published the results of a retros-
pective review on the implantation of the ToeFit-Plus™
prosthesis, a modular, unconstrained, CoCr-polyethylene
implant with titanium rods. HR was classified as stage Il
in 17 patients (65.4%) and stage IV in 9 (34.6%), with ave-
rage follow-up time of 29.9 months. These patients had a
remarkable increase in AOFAS and a decrease in pain that
continued over time. Furthermore, there was an increase in
dorsiflexion of hallux from 10 to 20 degrees.

Functional results, according to overall average AOFAS sco-
res, were 77.5 points. Only 16 patients (15%) complained of
pain in the hallux. Eight-two patients (78%) did not present
with pain, and occasional pain was reported for 5 feet (4.8%).
Average active range of motion was 36.8 degrees, and average
passive range of motion was 46.82 degrees.

Another study published by Unger et al.®® describes the re-
sults of 27 patients treated with 28 prostheses of the first
MTPJ (Bio-Action Great Toe Implant, Osteo Med, Addison,
TX). Average follow-up time was 8.8 years, and 53.6% of
patients did not present with pain, which means that a little
less than a half of the sample experienced postoperative pain
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Figure 1. Different models of total and partial metatarsophalan-
geal prostheses.

Figure 2. Cartiva™. A) Implant. B) Intraoperative image (the im-

plant should be placed on the edge of the articular cartilage). C)
Postoperative radiograph.

with some degree of severity. Less than a half of patients re-
mained with good range of motion. Overall, 85.7% of patients
were satisfied, 3 (11%) of them presented with loosening of
the phalangeal component, and 2 required revision operation.

In 2017, Kofoed et al.™ published a 15-year follow-up of 90
Rotoglide™ third-generation implants placed on 80 patients
(53 women and 27 men) with mean age of 58 years; they
observed that median AOFAS scores increased significantly
from 40 to 95 points after surgery. Four implants (4.4%)
were extracted for other reasons than loosening. No aseptic
loosening was reported. The survival rate at 15 years was
91.5% (83-100); thus, the authors concluded that this pros-
thesis has stood the test of time and observed that the results
justify its further use.

An analysis of this retrospective study enables to infer that
the last generations of metatarsophalangeal prosthesis of the
hallux allow for patients with HR to reduce pain while main-
taining, at least to some extent, previous articular movement.

Cartiva™ interposition endorthesis

It is a synthetic polyvinyl alcohol hydrogel implant that has
a water content with a compressive and tensile modulus si-
milar to that of human articular cartilage® (Figure 2), which
makes it an ideal material for use in metatarsophalangeal
hemiarthroplasties of the hallux®™. A study conducted in 12
centers in Canada and in the United Kingdom with a 2-year
follow-up showed improvement in pain and functional re-
sults equivalent to those of hemiarthroplasty and arthrode-
sis, with no cases of fragmentation or wear of the implant or
bone loss. After 5 years, a new assessment was performed
with 27 patients, showing an implant survival rate of 96% at
5.4 years.

Conclusion

In conclusion, this implant maintained function and dorsi-
flexion after 5 years of follow-up, showing excellent survival
and overall satisfaction of patients, who would be willing to
undergo the same surgery.
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Abstract

Injuries of the lateral ligament complex of the ankle have become increasingly frequent over the last years due to increase in sports
practice among the population. These injuries present with good outcomes when treated conservatively. However, 20-25% of patients
experience persistent pain or instability and should be approached surgically. Countless open surgical techniques have been published
over the last 50 years. Currently knowledge on superficial, deep, and arthroscopic anatomy of ankle has allowed for the development
of completely arthroscopic procedures to treat chronic lateral instability of the ankle.

The aim of this article is to describe the superficial and deep anatomy of lateral ligament complex of the ankle, specifically from the

arthroscopic point of view, for it to be applied to the multiple currently described surgical procedures.

Level of Evidence Ill; Therapeutic Studies; Comparative Retrospective Study.

Keywords: Arthroscopy; Ankle injuries; Lateral ligament, ankle; Fractures, bone.

Introduction

Injuries of the lateral ligament complex of the ankle are fre-
quent in athletes, and numerous surgical treatments have
been described over the last 50 years to treat both acute and
chronic instability. Arthroscopic techniques have emerged
and have been constantly developed over the last 20 years
aiming to reestablish joint stability through minimally invasive
approaches.

Increase in the use of these arthroscopic techniques, along
with the development and technological advances in the in-
dustry, have led to significant changes in the therapeutic field
of this type of diseases.

This increase has led ankle joint anatomy to be understood
from an arthroscopic perspective. Descriptions of ankle liga-
ments have usually a classic 2-dimensional anatomic appro-
ach and are usually brief in most classic anatomy books®?,

Study performed at the Centro Artroscopico Jorge Batista, CABA, Buenos Aires,

Argentina.
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Several studies have been conducted over the last 15
years to assess the arthroscopic approach to the treatment
of chronic ankle instability; however, few published works
provide a detailed anatomical description®. Therefore,
a new anatomo-arthroscopic approach has been widely
developed by internationally anatomists over the last
decades“™.

The aim of this article is to present the superficial and deep
anatomy of the lateral ligament complex of the ankle, specifi-
cally from the arthroscopic perspective, relating it with some
surgical procedures®”,

The 2 joints that participate in ankle configuration are the
tibiotalar (tibioastragalar) and the subtalar (talocalcaneal)
joints® (Figure 1).

The tibiotalar joint (TTJ) is the most important and con-
nects the distal extremities of the tibia and the fibula to the
talus bone (Figure 2A-B).
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The tibia and the fibula are firmly connected by strong liga-
ments forming a joint mortise or dome on which the trochlea
or pulley of the talus is fitted. Therefore, this trochlear joint
is formed by 3 bones: tibia, fibula, and talus, consisting of a
joint with a triangular morphology and with a proximal base
that accounts for 30% of ankle joint stability. This stability de-
pends mainly on the shape of joint surfaces of the talus and
the tibia (Figure 3A-B).

The subtalar joint (STJ) is formed by the inferior side of the
talus and the superior side of the calcaneus. This joint is sta-
bilized through a series of very strong ligamentous structures
well adapted to bear load and forces exerted during gait. Tra-
ditionally, 2 joint compartments are described: one posterior
or talocalcaneal compartments (trochoid), and other anterior
or talocalcaneonavicular (enarthrosis).

The anatomy of the STJ is complex. In its inferior side, it
presents 2 joint segments divided by an osseous canal that
ends at the sinus tarsi. In the anterior region, the anterior
and medial facets of the inferior side of the talus articulate
with the anterior facet of the calcaneus, whereas, in the pos-
terior region, the posterior facet of the talus articulates with
the posterolateral facet of the calcaneus. Many ligamentous

structures originate from the sinus tarsi and the tarsal ca-
nal. Harper categorized these ligamentous structures into
3 well-defined groups: superficial, intermediate, and deep
layers®,

The main ligament is the interosseous talocalcaneal liga-
ment, a thick and strong band of 2 partially united fibers that
connect the talus and the calcaneus. It is located medially in
the tarsal canal and has the peculiarity of fusing with the me-
dial root of the inferior extensor retinaculum (IER) at the level
of the calcaneus in a V-shape configuration (Figure 4A-B).

The lateral interosseous talocalcaneal ligament, which is
short and strong, connects from the lateral talus under the
peroneal facet up to lateral calcaneus and runs parallel to the
calcaneofibular ligament (CFL)T0™,

The medial interosseous talocalcaneal ligament extends
from the medial tubercle of the talus up to the sustentaculum
tali at the medial surface of the calcaneus.

Another important ligament of the STJ is the anterior capsu-
lar ligament. This thick flat ligament was defined by some au-
thors as a thickened segment of the anterior joint capsule of
the posterior talocalcaneal facet.

Figure 1. Anatomical slice of the frontal plane of the ankle showing tibiotalar and subtalar joints. Figure 2. A) Arthroscopic image of

the tibiotalar joint. B) Arthroscopic image showing the tibia (above), the talus (below) and the fibula laterally. Figure 3. A) Anatomical

piece of the talus visualized from above (talar dome). B) Anatomical piece of the joint facet of the tibia (tibial plafond). Figure 4. A)

Frontal anatomical slice showing the interosseous talocalcaneal ligament. B) Obligue anatomical slice showing the interosseous talo-

calcaneal ligament.
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The TTJ presents a joint capsule that is superiorly inserted
into the anterior side of the tibia at nearly 8 to 10 millime-
ters from the cartilaginous lining. It is worth highlighting that
it slightly expands to fatty tissue attachments between the
distal epiphysis of the extremities of the tibia and the fibula,
it is prolonged up to the inferior tibiofibular joint (tibiofibu-
lar syndesmosis). Similarly, it is inserted into the neck of the
talus at nearly 6 to 8 millimeters from the cartilaginous line
(Figure 5).

The lateral joint capsule of the ankle is supported by the
anterior talofibular ligament (ATFL), the posterior talofibular
ligament (PTFL), and the CFL.

These structures, together with superior and inferior retina-
culi and the medial collateral ligament, are important static
stabilizers of the ankle®™ (Figure 6).

The joint capsule is relaxed in ankle dorsiflexion and is
flattened in ankle plantar flexion. Therefore, in anterior
arthroscopic procedures of the ankle, surgeons will benefit
from operating with the patient in the dorsiflexed position,
since it will expand the surgical site, will move neurovascular
structures away from potentially hazardous instruments such
as shaver or other sharp elements, and will prevent possible
iatrogenic talar dome injuries by hiding the joint surface
under the tibiofibular mortise.

Anterior talofibular ligament (ATFL)

The ATFL is flat and quadrilateral, according to early descrip-
tions made by Testut®™, and relatively thin, being the weakest
lateral ligamentous structure. It is inserted in the anterior edge
of the lateral malleolus of the fibula and courses towards the la-
teral side of the talus, being immediately inserted under a trian-
gular area, whose identification is extremely important in pro-
cedures of anatomical reconstruction or capsular augmentation
in chronic ankle instabilities@®® (Figure 7A-E).

This ligament has an approximate length from 15 to 20mm,
width from 6 to 1T0mm, and thickness of 2mm>®,

In thin individuals with no history of sprains, it is possible to
identify the ATFL and the CFJ by visualization and palpation.
Visualization and palpation of the ATFL are improved in
plantar flexion and supination, whereas the CFJ is better
palpated in ankle inversion (Figure 8A-C).

The ATFL plays an important role in limited anterior trans-
lation of the talus over the tibia and in plantar flexion of the
ankle (Figure 9).

The 2 traditional maneuvers to assess its integrity are the
anterior drawer test, which assesses the degree of ATFL in-
tegrity through anterior translation of the knee, and the Tilt
test, which assess the integrity of both ligaments, primarily
the CFL, and the degree of restriction of ankle inversion.

Figure 5. Arthroscopic image showing insertion of the joint capsule distant 8-10 mm from the joint cartilage of the tibia. Figure 6. Pa-

noramic image of anatomical dissection of the anterolateral ligament complex of the ankle. Figure 7. Anatomo-arthroscopic images of

proximal and distal insertions of the anterior talofibular ligament (ATFL). A) Image of anatomical dissection with sites of proximal and

distal insertions of the ATFL indicated with black circles. The red circle shows the reference triangle bellow which the distal footprint of

the ATFL is located. B) Arthroscopic image from the anterolateral portal showing normal distal insertion of a proximally repaired ATFL.

C) Arthroscopic image of normal structures of the distal insertion of the ATFL. D) Arthroscopic image of the distal footprint of the ATFL.
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In standing position, the ATFL runs parallel to the plantar
support surface, but in ankle plantar flexion of the ankle, its
orientation changes, it becomes more tense, and becomes
aligned perpendicularly with the support surface; therefore,
this is the position in which the ATFL is more vulnerable and
more prone to injuries (Figure 10A-C).

In the 1950s and in the 1980s, 2 early cadaveric dissection
studies®™'” showed that the ATFL was the main primary res-
trictor of supination and anterior talar translation in all posi-
tions. Rasmussen®™ described that this ligamentous struc-
ture played a crucial role in controlling plantar flexion and
internal rotation of the talus.

Stormont et al.?® also determined that the ATFL was the
major primary restrictor of internal rotation of TTJ. This fin-
ding, made 4 decades ago, was confirmed by contemporary
authors such as Vega et al.?"??», who have shown the impact
experienced by the medial axilla of the tibia, the medial seg-
ment of the talus and even, in certain occasions, the compro-
mise of the anterior fascicle of the deltoid, turning a lateral
instability into a rotational ankle instability with osseous or
osteochondral sequelae in many cases (Figure 11A-C).

The ATFL presents 2 clearly defined bands, the superior and
the inferior ones, which are separated by a small perforating
peroneal artery that anastomoses with the lateral malleolar
artery. This small branch is responsible for the bleeding and
subsequent ecchymosis following an ankle sprain® (Figure 12).

Some authors, such as Kelikian and Sarrafian®®, described
3 bands of the ATFL. However, Golano et al.®® and Kitaoka®®
were not able to systematically detect these 3 bands in their
dissections. The superior band is the only one that can be
arthroscopically visualized by directing the optical trocar
towards the lateral gutter. This maneuver should be perfor-
med with the ankle flexed at 902 in this postion superior band
of the ATFL, the distal extremity of the fibula, and the lateral
side of the talus can be clearly visualized, inspected, and pal-
pated (Figure 13A-C).

It is extremely important not positioning the ankle in plantar
flexion, because in this postion, it s not able to visualize the
fibula insertion of at ATFL®®,

The tip of the peroneal malleolus is free of any insertions. The
footprint of the ATFL is one centimeter above and in front of

Figure 7. E) Site where a talar tunnel is carved in augmentations or reconstructions of the anterior talofibular ligament. Figure 8.

Images of superficial anatomy of the ankle. A) Superficial anatomical image of the anterior talofibular ligament (ATFL). B) Superficial

anatomical image of the ATFL in ankle inversion (the ligament is tensioned, thus improving its visualization and palpation). C) Super-

ficial anatomical image of the ATFL visualized from a posterior view. Figure 9. Panoramic image of the anterior talofibular ligament

(specimen with only 1 band). Figure 10. Anatomical images of the anterior talofibular ligament (ATFL) in relaxation, plantar flexion, and

supination. A) Image of ankle at 902 with the ATFL relaxed.
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the tip of the peroneal malleolus®®. This anatomic detail can
be clearly seen during arthroscopic exploration of the ankle
and should be considered when carving a tunnel in the fibula
during ligament repair or reconstruction (Figure 14).

The proximal insertion of these bands are different. The su-
perior band reaches the origin of the ATFJ (Bassett’s liga-
ment), whereas the proximal insertion of the inferior band
connects with fibers of the calcaneofibular and talocalcaneal
ligaments through arciform fibers in its malleolar origin®™,

The superior band of the ATFJ is the first structure to be
injured during an inversion trauma of the ankle, presenting an
injure incidence of 80%, according bibliography @728,

In magnetic resonance imaging (MRI) studies with 22 pa-
tients with no history of ankle sprain, Delfaut et al.®?® found
that the ATFJ was monofasciculated in 9% of the cases, bifas-
ciculated in 55%, and striated in 36%.

Calcaneofibular ligament (CFL)

Unlike the ATFL, which acts only on the TTJ, the CFL is
extracapsular and plays an important role in the stability of
the TTJ and the STJ. Morphologically, it has a thick and cord-
like shape. Moreover, it is inserted on the anterior side of the

vortex of the lateral malleolus, immediately below, and very
close to the insertion of the ATFL, to which it is usually joined
by arciform fibers®3® (Figure 15A-B).

It measures approximately 4 to 8 mm in diameter and has a
length of nearly 20mm and width of 4 to 5.5mm93132),

Its direction is oblique, towards posterior and distal, inser-
ting on the lateral side of the calcaneus, 15mm or 20mm dor-
sally and posteriorly in relation to the lateral tubercle of this
osseous structure, involving itself in its medial surface with
the lateral talocalcaneal ligament (LTCL) (Figure 16). Imme-
diately over its anterior edge and separated by a thin, and
fatty tissue which sometimes goes unnoticed, we find the
talocalcaneal ligament, separates the CFL from the STJ. The
CFL is superficially crossed by the peroneal tendons and their
sheaths, and only about 1cm of the ligament is uncovered. It
is proximally fused with the fibers that form the floor of pero-
neal tendon retinaculum (Figure 17A).

During the plantar flexion of the ankle, the CFL is set hori-
zontally; meanwhile, when flexed, it is set vertically, though, in
both cases, it is tensed throughout during the arc of motion.
This is a very strong ligament, and the only ankle movements
during which it is relaxed is the ankle valgus position and the
ankle eversion. In some situations of varus stress, the CFL is

Figure 10. B) Image of the ankle in plantar flexion with the ATFL tensioned at palpation. C) Anatomic image with the ATFL sectioned

showing increased internal rotation and anterior translation of the ATFL. Figure 11. Impairment of the medial compartment of the ankle

in patients with chronic lateral instability. A) Injury of the anterior fascicle of the deltoid ligament. B) Mirrored mushroom-shaped injury

at the level of medial axilla of the tibia. Medial tibiotalar exostosis developed as a sequela of chronic lateral instability. C) Chondral

flap in the anteromedial portion of the talus in a patient with chronic lateral instability of the ankle. Figure 12. Anatomical image of the

anterior talofibular ligament with its 2 bands: superior (intra-articular) and inferior (extra-articular).
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tensioned and may be injured event the ankle is not moving
in flexion-extension (Figure 17B-C).

This ligament is the second structure to become injured during
an ankle sprain, with an injury incidence of approximately 20%.
When the CFL is injured, the ATFL is usually injured as well02®,

Posterior talofibular ligament (PTFL)

Testut describes the PTFL as a flat ligament that occupies
the posterior region of the joint. However, anatomic dissec-
tions and arthroscopic visualizations represent it with a se-
mi-cord-like shape and as the strongest and more resilient of
the 3 ligaments®™ (Figure 18).

It has a trapezoid aspect and measures 30mm in length,
5mm in width, and 5-8mm in thickness®33%,

This ligament is rarely injured, except in cases of peritalar
ankle fracture or dislocation. Rasmussen and Tovborg-
Jensen®™ state that the PTFL plays a minor role in ankle
stability when the rest of the lateral structures are intact.
Goland described this ligament arthroscopically in numerous
occasions, highlighting that this is a intracapsular but
extrasynovial ligament; therefore, it can be easily visualized
during posterior ankle arthroscopy“3+3» (Figure 19).

Capsular joint

13A

14

It inserts in the digital fossa, located in the medial, posterior
part of the fibula and, from this point it runs medially, almost
horizontally towards its insertion in the posterior area of ta-
lus. The footprint on this bone is quite large, which is why,
descriptions of the surgical technique to resect the tail of the
talus or an os trigonum show that is necessary to disinsert
the fibers of this ligament that are inserted in the more distal
area of the tail of the talus and to cut the retinaculum of the
flexor hallucis muscle in order to resect the fragment in a te-
chnically appropriate manner©s39,

Some fibers originated from the superior part of the PTFL,
near its origin, lie proximally and medially, inserting themsel-
ves into the posterior edge of the tibia, and are fused with the
fibers of the deep layer of the posterior tibio fibular ligament.

In cadaveric dissections, it has been noted that these
fibers reach, in more than 90% of the cases, the posterior
surface of the medial malleolus, creating a true labrum on
the posterior margin of the tibia. This cluster of fibers has
been given different names: capsular reinforcement bundle,
ascending or tibial bundle of the PTFL; however, following
the concepts of Goland et al.“3” and Kitaoka®®, we prefer to
use the term proposed by Paturet: posterior intermalleolar
ligament (Figure 20).

Fibula

Figure 13. Arthroscopic images of the lateral gutter. A) Normal talofibular ligament (TFL) and joint capsule. B) Palpation of normal
proximal insertion of the anterior TFL. C) Black arrows indicating proximal injury of the anterior TFL and of the joint capsule. Figure 14.
Arthroscopic image showing normal tip of the peroneal malleolus with no ligamentous insertions and the hole where a tunnel is carved
to perform arthroscopic repair of the anterior talofibular ligament. Figure 15. Anatomical images of the calcaneofibular ligament (CFL).
A) Sagittal anatomical view of insertions of the CFL into the fibula and the calcaneus. B) Posterior anatomical image showing the CFL
and fan-shaped arciform fibers.
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Disinsertion of these distal fibers of the PTFL does not ge-
nerate residual instability.

Arciform fibers

These fibers are an expansion of the regular, collagenous,
and elastic dense connecting tissue, in the shape of a trian-
gle or a semicircle, with an anteroinferior base that connects
the inferior band of the ATFL with the LTCL and the CFL in a
constant way. These structures have been clearly described
by Kelikian and Sarrafian®® in 2011, and has been confirmed
by Goland et al.®™, but attracted attention again in recent
years due to the critical role they play in endoscopic repairs
of the ATFL®® (Figure 21).

Arciform fibers are clearly identified in all cadaveric dissec-
tions and play a critical role within the lateral ligament com-
plex of the ankle®39,

We assessed the macroscopic and microscopic morphology
of these arciform fibers, and found that the histological
structure of these fibers is similar to that of ligamentous
structures3> (Figure 22A-B).

Inferior extensor retinaculum (IER)

The IER is a very strong aponeurotic structure located in
the anterior area of the ankle and the tarsus and is continui-

ty with the crural fascia. It can have different morphological
shapes, but it commonly has a ‘Y’ or ‘X’ shape. This powerful
retinaculum is responsible for preventing that the anterior
tibial, extensor hallucis longus, extensor digitorum, and pe-
roneus tertius tendons are dislocated to the anterior side of
the ankle®®, The lying ‘Y’ shape, the most common one, is
formed, from medial to lateral, by oblique superomedial and
inferomedial bands, and continues through a single branch,
the frondiform ligament (Figure 23).

This lateral part of the IER stem from the sinus tarsi and is
divided into 2 branches at the extensor digitorum tendon: the
oblique superomedial band, which runs proximally and end
by inserting itself in the anterior portion anterior of the tibial
malleolus, and the oblique inferomedial bands, which end by
inserting itself into the abductor hallucis muscle and into the
scaphoid and medial cuneiform bones.

The superomedial and inferomedial bands are located over
the anteromedial region of the ankle, whereas the frondiform
ligament is in the anterolateral region of the ankle and is the
portion of the IER that could be used in augmentation surgi-
cal procedures to treat chronic ankle instability. It is worth hi-
ghlighting that this structure is not close enough, nor crosses
the ATFL, which could enable for it to be used in augmenta-
tion procedures.

Figure 16. Anatomical image of the lateral talocalcaneal and the calcaneofibular ligaments. Figure 17. A) Anatomical image in which

the fibula was removed. It is possible to visualize the continuity of the CFL with the floor of the peroneal tendon groove. B) Anatomy

of the ankle in dorsiflexion. C) Anatomy of the ankle in plantar flexion. It bears noting that the calcaneofibular ligament is tensioned

in both positions. Figure 18. Anatomical image of posterior dissection of the ankle. The black arrow shows the route of the posterior

talofibular ligament. Figure 19. Arthroscopic image of the posterior talofibular ligament.
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However, in 25% of the cases, some authors observed that
oblique superolateral band varies considerably in shape and
is responsible for the X-shape of the IER"333® (Figure 24).

When this band is present, it crosses the ATFL and inserts
into the lateral surface of the peroneal malleolus. Only this
band should be used to perform IER augmentation following
ATFL ligament repair.

Some fibers of this oblique superolateral band are in
continuity with the superior peroneal retinaculum and run
over the submalleolar portion of peroneal tendons. The IER
have been often used by many surgeons worldwide over
several decades to increase the repair of ATFL (Brostrom-
Gould), a technique that is considered the gold standard
by most of these surgeons, due to the excellent clinical and
biomechanical outcomes obtained in large series with long-
term follow-ups®©s39,

Several authors have shown that advancing the IER and
inserting it into the fibular periosteum promotes a function
similar to the role played by CFL, thus stabilizing the STJ“04D,

As previously mentioned, the frondiform ligament crosses
the STJ; sometimes, overtensioning of this structure during
a surgical procedure of augmentation may lead to grea-
ter STJ stiffness and to plantar flexion deficit in these pa-

tients, which can be a problem, especially when dealing
with athletes®842,

Despite this last assumption, long-term studies did not show
degenerative changes in the STJ among patients which chronic
instability who were treated with these so-called “anatomi-
cal” techniques of repair and augmentation.

Conclusion

The ankle joint has been widely investigated from the ana-
tomical, biomechanical, and surgical perspectives, producing
a vast series of experimental observations.

The introduction of arthroscopy as a therapeutic element,
along with the development of several completely arthros-
copic techniques of ankle joint repair, augmentation and/or
reconstruction have obliged surgeons to understand arthros-
copic anatomy, which is nothing but a visualization different
from the anatomy we all have studied.

Understanding the superficial, deep, and arthroscopic ana-
tomy of the ankle allows for performing arthroscopic proce-
dures to treat chronic lateral instability of the ankle in a syste-
matized, reproducible, and safe manner.

Figure 20. Arthroscopic image of the posterior intermalleolar ligament. Figure 21. Anatomical image of arciform fibers that connect

the calcaneofibular and anterior talofibular ligaments. Figure 22. Images of histological slices of hematoxylin and eosin. A) And of Mas-

son’s trichrome stain. B) Showing the histological composition of arciform fibers similar to the calcaneofibular and anterior talofibular

ligaments. Figure 23. Frondiform ligament (component of inferior extensor retinaculum). Figure 24. Superolateral band of the inferior

extensor retinaculum identified in 25% of the cases.
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Abstract

Objective: Surgery for severe hallux rigidus includes interpositional arthroplasty and arthrodesis. Interpositional arthroplasty maintains
joint mobility, while arthrodesis limits motion. The aim of this study was to compare changes in Visual Analog Scale and American
Orthopedic Foot and Ankle Society scores between interpositional arthroplasty and arthrodesis patients.

Methods: A retrospective cohort study of 48 patients was performed. There were 24 patients in the interpositional arthroplasty group
and 24 patients in the arthrodesis group. A follow-up phone survey was administered from which updated Visual Analog Scale and
American Orthopedic Foot and Ankle Society scores were obtained.

Results: Visual Analog Scale scores improved by 4.08 (SD, 2.02) points after interpositional arthroplasty and 4.54 (SD, 3.64) points
after arthrodesis. American Orthopedic Foot and Ankle Society scores improved by 28 (SD, 16) points after interpositional arthroplasty
and 29 (SD, 26) points after arthrodesis.

Conclusion: In hallux rigidus patients, pain improvement results were similar for both interpositional arthroplasty and arthrodesis.
Interpositional arthroplasty has been reported in the literature as maintaining mobility, which is an important goal of many patients.

Level of Evidence llI; Therapeutic Studies; Case-Control Study.

Keywords: Hallux rigidus; Arthroplasty; Arthrodesis.

Conservative management of hallux rigidus includes rigid
shoe inserts, steroid injections, oral anti-inflammatory me-
dications, and activity modification. When conservative ma-
nagement fails, a variety of surgical treatment options are
available. These include cheilectomy, osteotomy, arthrode-
sis, synthetic cartilage, resurfacing®®, hemiarthroplasty®,
implant-based interpositional arthroplasty, and resection ar-
throplasty. Joint-preserving procedures like cheilectomy are
recommended for early stages of the disease®. When pain is
present with MTP dorsiflexion and there is evidence of dorsal os-

Introduction

Hallux rigidus, a degenerative condition of the first meta-
tarsophalangeal (MTP) joint, is characterized by common
symptoms of arthritis, including a painful range of motion
and functional limitations. Patients commonly present with
pain at the extreme ranges of motion, or during mid-motion
in advanced disease. Hallux rigidus also demonstrates classic
radiographic findings of decreased joint space, subchondral
sclerosis, and osteophyte formation. Jacob et al.® reported
that the first MTP joint carries 119% of an individual’s body

weight with each step. This leads to significant MTP joint reac-
tive forces, which become exacerbated with arthritis, causing
severe pain and loss of motion and function. Hallux rigidus is
second only to bunions in great toe pain. The etiology can be
degenerative, post-traumatic, inflammatory, or idiopathic. It
is associated with female sex, hallux valgus interphalangeus,
and positive family history in bilateral cases®.
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teophyte formation, the osseous dorsal block to motion can be
removed through cheilectomy. An additional procedure is the
Moberg osteotomy, which consists of a dorsal closing-wedge
osteotomy of the proximal phalanx. This technique decreases
joint forces by creating a rocker in the foot and shifting the
point of maximal pressure plantarly”. Arthrodesis or interpo-
sitional arthroplasty are generally recommended for severe
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grades of the disease (Coughlin and Shurnas 3 or 4). There are
numerous classification systems for hallux rigidus, and they
are used inconsistently in the literature®.

Arthrodesis of the first MTP joint is the standard of care for
end-stage hallux rigidus, with reported fusion rates between
77% and 100%®. The procedure has been shown to predic-
tably reduce pain, restore stability to the MTP joint, and im-
prove weight-bearing in the foot among patients with severe
hallux rigidus®. However, motion preservation is the goal of
both patient and surgeon whenever possible, and motion li-
mitation is a common reason for patient reluctance toward
this treatment option. Patients are also often disappointed
with the residual stiffness and limited activities and footwear
after surgery. Moreover, the literature reports a 13% nonunion
rate for first MTP arthrodesis‘™.

A number of new techniques and implants have recently
been developed to meet the goals of both pain relief and mo-
tion preservation. Implant-based joint arthroplasty, both total
and hemiarthroplasty, is associated with complications such
as instability, aseptic loosening, pathological wear, failure, li-
mited soft tissue coverage, and infection®'™®, The high com-
plication rate of implant-based arthroplasty has led surgeons
to use this option less frequently™. Bone loss with implant
failure creates a challenging salvage scenario. Arthrodesis
can also be considered as a salvage procedure for failed in-
terpositional arthroplasty and end-stage hallux rigidus. Poly-
vinyl alcohol hydrogel is used in hemiarthroplasty implants
to minimize bone loss while preserving motion. Assessing
this implant type in 27 patients over a mean follow-up of 5.4
years, Daniels et al.™ reported a mean maximum dorsiflexion
of 29.7° (range 10-45°). Patient-reported outcome scores
also improved. This study demonstrated good survivorship
with no implant failure or bone loss.

Methods

A retrospective cohort study was performed on patient
data collected from 2002 to 2015 at a single institution af-
ter approval by the Institutional Review Board. The inclusion
criteria were age >18 years, painful end-stage hallux rigidus,
decreased first MTP motion, and decreased joint space with
evidence of osteophytes. The exclusion criteria were ipsilate-
ral peripheral neuropathy, inflammatory arthritis, non-English
speakers, interphalangeal arthritis, and simultaneous ankle/
hindfoot fusion procedures. A total of 48 patients met the
inclusion criteria and were included in the retrospective chart
review, with 24 patients in each group. Basic demographic
data was obtained, as well as symptom duration (Table 1 and
Figure 1), pre-operative Visual Analog Scale (VAS) and Ameri-
can Orthopedic Foot and Ankle Society (AOFAS) scores, and
post-operative VAS and AOFAS scores. The VAS is a universal
pain assessment tool in which patients rate pain on a scale
of 0-10. AOFAS scores are derived from several variables, in-
cluding pain, functional limitation, footwear, walking distance,
walking surfaces, gait abnormality, and alignment. Range of
motion was not quantitatively documented in the electronic
health records. The three surgeons in the study performed
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either procedure. The initial decision to pursue arthroplasty
vs arthrodesis was based on patient preference and shared
decision-making, since either operation was performed af-
ter failed conservative management or cheilectomy. A rege-
nerative acellular allograft dermal matrix (GraftJacket Rege-
nerative Tissue Matrix, Wright Medical, Memphis, TN, USA)
was used for patients undergoing interpositional arthroplasty.
The specific operative technique is described below.

A modification to the study, approved by the Institutional
Review Board, allowed the patients to be contacted via phone
for a follow-up survey. This was done to increase the follow-up
time after surgery and determine how well patients were func-
tioning years after their procedures. A total of 15 patients in
the interpositional arthroplasty group and 11 patients in the ar-
throdesis group could be contacted and agreed to participate
in the telephone survey. The rest of the patients could not be
reached by telephone. Updated VAS and AOFAS scores were
obtained through these calls. The mean total follow-up time
after surgery was 44 months in the interpositional arthroplasty
group and 39 months in the arthrodesis group. Statisticians
in the Grand Rapids Medical Education Partners department
assisted with data analysis, including mean, standard devia-
tion, and analysis of variance tests to determine significance
of changes in subjective pain scores.

Table 1. Duration of Symptoms for Each Treatment Group

Duration of Symptoms Arthroplasty Fusion Total
Duration of Symptoms <1 year 5 4 9
1to 5 years 8 14 22
6 to 10 years 4 (¢] 4
>10 years 4 3 7
Total 21 21 42
Group
m Arthrophasty
B Fuysion

12.54

Count

0.0-

1yearorless 1tob years

Duration of symptoms

6o 10 years Mare than 10 years

Figure 1. Duration of Symptoms for Each Treatment Group.
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Surgical Techniques

MTP interpositional arthroplasty: An approximately 3cm
dorsal incision was made over the extensor hallucis longus
(EHL) tendon and MTP joint. Sharp dissection was carried
down to the EHL tendon sheath. The tendon sheath was
opened sharply and the tendon was retracted medially. The
joint capsule was then opened in line with the skin incision
and elevated medially and laterally around the joint for vi-
sualization. The medial and lateral release was needed to
allow adequate plantar flexion of the proximal phalanx to
view the entire metatarsal head. The metatarsal head typi-
cally showed signs of degeneration, more prominent dor-
sally. Osteophytes from the base of the proximal phalanx
and the metatarsal head were resected with a rongeur. Any
loose bodies were removed as well. Once adequate debri-
dement had taken place, a small microsagittal saw was used
to resect the dorsal third of the metatarsal head, exiting
dorsally and in plane with the dorsal diaphysis of the meta-
tarsal. Dorsiflexion of the joint was assessed to ensure that
adequate cheilectomy had been performed to increase pos-
toperative range of motion in the joint.

After the cheilectomy was completed, a 2.5-mm drill bit was
used to create two tunnels in the head of the metatarsal from
proximal-dorsal to distal-plantar. Care was taken to ensure
that the tunnels ended plantarly at the base of the articular
surface of the metatarsal head. On the back table, the acellu-
lar allogenic dermal matrix graft (GraftJacket) was opened.
The graft was prepared with two O Ethibond sutures on a free
needle, which were placed in the corner in horizontal mat-
tress fashion, with a similar spread to the metatarsal drill holes.
Once both sutures had been passed and secured, a suture
passer was used to pass them plantar-to-dorsal out of the
tunnels. We ensured that the graft was adequately positioned
over the metatarsal head prior to continuing. At this point,
with the graft in the correct position, the free needle was
used to pass the sutures through the graft over the drill ho-
les dorsally. Once all four strands had been passed, the pairs
were tied down over the graft and the corresponding drill
hole, securing the graft in place. Redundant graft was remo-
ved with scissors. The wound was irrigated and closed in a
layered fashion. See Figure 2 for a postoperative radiograph.

MTP arthrodesis: A dorsal incision of approximately 3 cm
was made over the EHL tendon and MTP joint. Sharp dissec-
tion was carried down to the EHL tendon sheath. The EHL
tendon sheath was opened sharply and the tendon retrac-
ted medially. The joint capsule was then opened in line with
the skin incision and elevated medially and laterally around
the joint for visualization. The first MTP joint was prepared
for arthrodesis by removing all cartilage with a combination
of curved Lambotte osteotomes and curettes. Cup and cone
reamers were also used to clear all cartilage. A 2.0 mm drill
bit or 0.45 K-wire was then used to perforate the articular
surface to increase postoperative bleeding. The MTP joint
was then placed in the appropriate position. A non-cannu-
lated screw was placed in a lag fashion across the MTP joint,
and dorsal plating was used according to the surgeon’s pre-
ference. Intra-operative X-rays were obtained to show appro-

priate implant position and MTP joint alignment. The wound
was irrigated and closed in a layered fashion. See Figure 2 for
a postoperative radiograph.

Results

The mean patient age and smoking status were similar
between groups, but BMI and sex were not (Table 2). No
patients had a history of diabetes. Mean VAS scores decre-
ased by 4.08 (SD, 2.02) points after surgery in the interpo-
sitional arthroplasty group and 4.54 (SD, 3.64) points in the
arthrodesis group. According to an analysis of variance test,
VAS score improvement did not differ significantly between
the groups (p=0.592). Mean AOFAS scores increased by 28
(SD, 16) points in the interpositional arthroplasty group and
29 (SD, 26) points in the arthrodesis group. According to an
analysis of variance test, the AOFAS score improvement also
did not differ significantly between the groups (p=0.969)
(see Tables 3 and 4 below).

Figure 2. Postoperative radiograph of MTP arthrodesis (left) and
postoperative radiograph of MTP interpositional arthroplasty (right).

Table 2. Demographic Data for Each Treatment Group

Interpositional Arthroplasty  Arthrodesis

Male 2 8
Female 22 16
Mean Age 5515) 57.7
Mean BMI 26.2 29.0
BMI Range 19.6-33.4 23.0-36.0
Current Smoker 1 2
Former Smoker 4 5
Never Smoker 19 16
Unknown smoking history (0] 1
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Discussion

Few high-quality studies have compared interpositional
arthroplasty to arthrodesis for hallux rigidus: the majority
being level Ill, IV, or V@, In this study, we found no significant
difference between interpositional arthroplasty and arthro-
desis for mean improvement in VAS or AOFAS scores. The
degree of improvement in AOFAS scores is markedly similar
to previous studies on interpositional arthroplasty. Berlet et
al. performed a retrospective study on 9 patients with hallux
rigidus, following them for a mean of 12.7 months after inter-
positional arthroplasty. The mean total AOFAS scores at the
most recent follow-up (87.9) were significantly higher than
preoperatively (63.9)™. These results were reproduced in
their same cohort at 5 years of follow-up, with mean AOFAS
scores improving from 38 preoperatively to 65.8 postoperati-
vely®™®., The 24-point difference at 12.7 months and 27.8-point
difference at five years were almost identical to the 28-point
difference found in our study at 3.5 years. However, their
results are limited by the small sample size of 6 patients.

Long-term outcomes published by Vulcano et al.®™® had
a mean follow-up of 11.3 years for 42 patients treated with
capsular interposition arthroplasty. This retrospective case
series evaluated patients using the VAS, Foot Function In-
dex, and Short Form 12 scores. All categories showed statisti-
cally significant improvement, with 92.9% of patients stating
they would have the surgery again. Four patients required
conversion to fusion an average of 6.1 years after the index

Table 3. Pre-and Postoperative VAS and AOFAS Scores

procedure. A recent retrospective case series of 133 patients
by Aynardi et al.?® showed an overall failure rate of 3.8%
for interpositional arthroplasty in a mean follow-up of 62.2
months. Complications included infection (1.5%), cock-up
deformity of the first MTP joint (4.5%), and metatarsalgia
(17.3%). Of 133 patients, 101 were able to return to normal or
fashionable footwear. This high rate of metatarsalgia after
interpositional arthroplasty has also been reported in other
studies. In a study by Lau and Daniels®”, pedobarographic
analysis showed that cheilectomy patients had more normal
plantar pressure distribution than interpositional arthroplasty
patients. In our study, we did not obtain quantitative compli-
cation rates. However, stiffness, malalignment, and difficulty
with footwear or certain activities were common concerns in
both patient groups (Table 5). Patients in both groups also
wished the recovery process was faster.

The advantage of MTP interpositional arthroplasty, as des-
cribed in previous reports, is preserved joint mobility. This is
especially relevant in active individuals and middle-aged pa-
tients with severe hallux rigidus®?. Studies have shown that
cheilectomy alone improves first MTP motion by an mean of
16.7°4®. Roukis®® performed a systematic review of patients
undergoing soft tissue interpositional arthroplasty, finding
that MTP joint dorsiflexion improved from a mean of 16.7°
pre-operatively to 51.1° post-operatively. Coughlin and Shur-
nas®® reported results of soft-tissue interposition arthroplas-
ty in 7 patients with a 42-month follow-up. AOFAS scores
improved substantially (from 46 to 86 points), as did mean

Group VAS Pre VAS Post AOFAS Pre AOFAS Post
Interpositional Arthroplasty 5.58 1.50 47 75
Arthrodesis (Fusion) 5.33 0.79 48 77
AOFAS: American Orthopedic Foot and Ankle Society; VAS: Visual Analog Scale
Table 4. Mean VAS and AOFAS Score Improvement After Surgery
Group VAS Improvement AOFAS Improvement
Interpositional Arthroplasty 4.08 (SD, 2.02) 28 (SD, 16)
Arthrodesis (Fusion) 4.54 (SD, 3.64) 29 (SD, 26)

p=0.592 (VAS); p=0.969 (AOFAS). AOFAS: American Orthopedic Foot and Ankle Society; VAS: Visual Analog Scale

Table 5. Patient Complaints via Follow-Up Telephone Survey

Interpositional Arthroplasty Arthrodesis

* Persistent pain

» Transfer metatarsalgia

* Toe malalignment

* Stiffness

« Cannot wear heels or ballerina shoes

« Difficult time with yoga and running, especially on sand
* Feels “lump on foot” or “bone chip”

* Long recovery, only achieved 75-80% function

* Residual surgical site numbness, unable to pick up stones with feet
* Lesser toe malalignment and instability

« Stiffness

« Cannot wear heels or shoes that bend at the toe

« Difficulty with yoga or push-ups, cannot bend toes

* Foot cramps

¢ Long recovery
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MTP dorsiflexion (9° to 34°). DelaCruz et al.®® found first
MTP dorsiflexion improvement from 15.77° to 47.77° for 12
patients who underwent cadaver meniscus allograft interpo-
sition arthroplasty. Quantitative measurements of MTP dorsi-
flexion were not performed in our study, but it would be use-
ful to objectively assess and compare mobility and its effect
on patient outcomes in future studies. Since both operations
lead to a comparable reduction in pain, MTP interpositional
arthroplasty remains an alternative treatment for preserving
motion and reducing pain in hallux rigidus in select patient
populations.

Our study does have limitations. Due to its retrospective de-
sign, this study inherently involves selection bias, given the
lack of randomized matched patient cohorts. Although the
mean age and smoking status of our patient cohorts were
similar, BMI and sex differed between the groups (Table 2).
This might have been due to selection bias toward enrolling
more active patients who had a greater desire to preserve
motion and undergo interpositional arthroplasty. Further stu-
dies with matched cohorts are needed in the future to mini-
mize selection bias and increase the external validity of our
results. While this study does have limitations, it does provide
insight. These data can be used as a guide to counsel patients
about treatment outcomes and expected pain improvement
after hallux rigidus surgery. Few other studies involve long-

-term follow-up of at least 3 years. Furthermore, previously
published studies have not included as many patients. While
arthrodesis has been established as the gold standard, inter-
positional arthroplasty may be an alternative in select patient
populations. However, further studies are needed to establish
the ideal candidates for interpositional arthroplasty.

Conclusions

Although it is difficult to draw extensive conclusions from a
retrospective study of this sample size, our data has shown
that pain improvement is similar for patients who undergo
MTP interpositional arthroplasty or MTP arthrodesis for hallux
rigidus at 3 years. Interpositional arthroplasty maintains greater
joint mobility, which is an important goal of many patients.
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Abstract

Objective: To develop distance-mapping and coverage-mapping algorithms to assess metatarsophalangeal and metatarsal-sesamoid
joint interaction in hallux valgus patients, comparing them to a control group.

Methods: A total of 9 hallux valgus patients (mean age 371 vy; 6 F/3 M) and 5 controls (mean age 39 y; 4 F/1 M) underwent
weight-bearing computed tomography. Specific software was used to obtain bone segmentation images of the first and second meta-
tarsals, the first and second proximal phalanxes, and the tibial and fibular sesamoids. Joint interaction based on distance mapping and
coverage mapping of the first and second metatarsophalangeal joints and the metatarsal-sesamoid joints were calculated. The surfaces
of the metatarsophalangeal joints were divided in a 2-by-2 grid using the principal axes to provide a more detailed analysis. P-values
<0.05 were considered significant.

Results: Coverage maps of hallux valgus and control patients revealed marked lateral and dorsal displacement in joint interaction of the
first metatarsophalangeal joint, including decreased joint coverage of the medial facet of the joint. When comparing first metatarso-
phalangeal joint coverage, hallux valgus patients had significantly lower coverage of the dorsomedial quadrant (77%, p=0.0002) than
controls, as well as significantly higher coverage of the plantarlateral (182%, p=0.005) and dorsolateral quadrants (44.9%, p=0.035).

Conclusions: In this case-control study, we developed a distance and coverage map weight-bearing computed tomography algorithm
to objectively assess 3D joint interaction, joint coverage, and subluxation in hallux valgus deformity. We observed significantly greater
first and second metatarsophalangeal joint subluxation in hallux valgus patients than controls.

Level of Evidence Ill; Case Control Study.

Keywords: Imaging, three-dimensional; Hallux valgus; Metatarsal bones; Weight-bearing.

Introduction tomography (WBCT) and 3D distance mapping and covera-
ge mapping allow for assessment of the relative positioning
between opposing articular surfaces. This provides informa-

Hallux valgus deformity (HVD) is a complex three-dimen-
sional (3D) distortion that involves varus, dorsiflexion, and
pronation of the first metatarsal. HVD is usually assessed by tion about joint coverage and joint subluxation that could in-
conventional 2D measurements, such as hallux valgus and fluence the development of arthritic degeneration and asso-
intermetatarsal angle®?, However, weight-bearing computed ciated symptoms, which can dictate outcomes®.

Study performed at the UIOWA Orthopedic Functional Imaging Research La-
boratory (OFIRL).
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This advanced 3D imaging modality is not influenced by
foot projection or orientation, allowing for visualization of
multiplanar bone anatomy in an upright position. WBCT
has led to significant advances, including the ability to per-
form traditional HVD measurements in a 3D setting that re-
liably and accurately assess joint morphology®2+% WBCT
provides a more comprehensive illustration of the defor-
mity than standard radiographs, thus allowing a better
understanding of the relative positioning of the bones of
the first and second rays®?#®. This semi-automated techni-
gue may also reduce the potential for misinterpreting stan-
dard radiographs®.

Distance mapping, a recently developed technique for 3D
analysis of the relative positions between joint surfaces (joint
interaction) of the foot and ankle, provides insight into the
effects of weight bearing on both healthy and pathologic
conditions®71®, This 3D tool evaluates joint space in the foot
and ankle across entire bony interfaces through thousands of
distance measurements between opposing articular surfaces.
These measurements can then be illustrated qualitatively to
demonstrate the distribution of distances from the articular
surface. This can be enhanced with color-coded maps for
each bone, which can also be used to quantify and compare
the interaction of the articular surface®&1,

The surface-to-surface interaction in a joint can be broken
down into two major interrelated components. The first com-
ponent consists of the contact sites and the surface pressu-
re distribution between the hinged surfaces™'®. The second
component is the spatial relationship between joint surfaces
during joint movement™¥, This property can be characteri-
zed through distance maps that describe the distribution of
distances between the joint surfaces at each position. In an
important study, Dibbern et al.® expanded upon 3D distan-
ce mapping of WBCT to assess subluxation through colored
coverage mapping. These maps, which are based on distan-
ce mapping, identify areas of adequate joint interaction, joint
subluxation, and impact, providing images that are more in-
terpretable and potentially clinically useful. This facilitates

Lateral
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understanding of areas of interest where subluxation and
impact can occur®,

Thus, the aim of this study was to develop a distance- and
coverage-mapping algorithm to assess metatarsophalangeal
(MTP) and metatarsal-sesamoid joint interactions in HVD pa-
tients and compare them to healthy controls. We hypothesi-
zed that significantly greater MTP and metatarsal-sesamoid
joint lateral subluxation would be observed in the HVD group.

Methods

This retrospective case-control study was approved by the
institutional review board (#202006176) and conformed to
the Health Insurance Portability and Accountability Act and
Declaration of Helsinki guidelines. The sample included 9 feet
from patients diagnosed with HVD, which were compared to
5 feet from healthy controls, all ipsilateral.

Disior Bonelogic® 2.0 was used to create models of all bones
proximal to the first distal phalanx in STL files. These mo-
dels were then analyzed using a semiautomatic segmenta-
tion protocol in MatLab code (Mathworks Inc., Natick, MA,
USA). Distance mapping was then performed to determine
the boundaries of the first and second metatarsals, the pro-
ximal phalanx of the hallux, and the second toe from WBCT
images. The segmentations were then reviewed by a trained
doctoral researcher and exported as triangulated surface mo-
dels. These models were smoothed using Geomagic Design X
(Artec 3D, Luxembourg) to remove any voxellation artifacts
and mild irregularities.

Distances along the entire surface of the first and se-
cond MTP joint were measured. The surfaces of the first
and second MTP were divided into two-by-two grids using
the principal axes of the joint surface to provide a more
detailed analysis. Using the distance along the normal direc-
tion of vectors projected from the first metatarsal head sub-
chondral surface to the opposed surface of the phalanx pro-
ximal (standard distance)®'¥, measurements were performed
in the MTP joint areas (Figures 1 and 2).

3 3.5 4 4.5 5
Distance (mm)

Figure 1. Summary of coverage map changes in the control (left) and hallux valgus (right) groups.
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Due to the highly curved surfaces of nonarticular regions,
such as the space between the first and second metatarsal
bones, aberrantly large distances can exist. These distances
are unrelated to loading and deviate significantly from nei-
ghboring regions®. To account for this, the vertical distance
from each point to the opposite surface, based on the scan-
ner’s coordinate system, was used to compute distances in
highly curved/uneven regions (Figure 3).

Regions of interest in distance mapping were highlighted
in color (Figure 2). It has been observed that subchondral
bone-to-bone distances rarely exceed 2.5 mm in the MTP
joint™, Blue regions represent expected distances in joint in-
teraction, which range from 1to 3 mm. Regions > 3 mm were
represented in red (Figure 2). Comparisons were performed
with independent t-tests, assuming unequal variances, with
P-values <0.05 considered significant.

Dorsal

Lateral Medial

-100% N0 T +100%

Percent Coverage (¥ indicates p<0.05)
Plantar

Results

Figure 1 shows sample coverage maps from a HVD patient
and a control, which demonstrate clear lateral and dorsal
displacement of joint interaction in the first MTP joint, with
decreased coverage of the medial facet of the joint. Compa-
rison of first MTP joint coverage showed that the HVD group
had significantly lower coverage of the dorsomedial quadrant
(77%, p=0.0002), and significantly greater coverage of the
plantarlateral (182%, p=0.005) and dorsolateral quadrants
(44.9%, p=0.035). These findings are consistent with lateral
subluxation and dorsiflexion of the first metatarsal in the first
MTP joint. In the second MTP joint, the findings were consis-
tent with the dorsiflexion contracture and dorsolateral joint
subluxation characteristic of early hammertoe deformity,
with significantly decreased joint coverage of the plantar-me-

Lateral Medial

-100% T 0 N +10%

Percent Coverage (* indicates p<0.05)
Plantar

Figure 2. Summary of coverage changes in the first (left) and second (right) metatarsals.
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Figure 3. Average normal spacing between each point and the opposite surface in the first

and second metatarsals used to calculate distances in highly curved/unequal regions.
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dial quadrant (88%, p=0.01). Although no significant joint co-
verage changes were observed in the metatarsal-sesamoid
joints, a significant widening of the fibular metatarsal-sesa-
moid joint was observed (76.7%, p=0.013).

Discussion

To our knowledge, this is the first study to evaluate distance
and coverage maps in HVD patients, as well as the first study
to use fully automated methods to compute joint coverage
in the forefoot.

The normal bony anatomy of the metatarsal heads is com-
plex due to various bony protuberances and concavities, in-
cluding distinct contour changes across a spectrum of soft
tissue structures. Differentiating between normal and abnor-
mal anatomical findings can prove challenging because the
typical bony structures can simulate erosive changes in the
image. To better differentiate normal bone anatomy from pa-
thologically induced changes, it is necessary to understand
the normal contours of metatarsal heads®.

In a cadaveric study, Hull et al."® attempted to determine
how much of the articular surface of the MTP joint can be
visualized during joint arthroscopy, finding that an average
of 57.5% of the metatarsal head and 100% of the base of the
proximal phalanx were visualized in distal 2D projection. They
concluded that incomplete visualization of the metatarsal
head occurred due to the technical limitations of their me-
thods, demonstrating how difficult it is to visualize and pro-
perly study the articular surface of the MTP joints.

In another cadaveric study, Torshizy et al.™, evaluated the
anatomical characteristics of the first metatarsal head with
CT and MRI in an attempt to characterize contours of the
metatarsal heads that can simulate erosive changes. They
concluded that the normal anatomical contours of the me-
tatarsal head may be the primary source of diagnostic error
when viewing CT and MRI images in patients with suspec-
ted erosive arthritis. They also concluded that these variations,
although typical, produce findings that can make distin-
guishing between normal and pathological states difficult.

In this context of diagnostic difficulties for 3D structures
such as metatarsal heads, new technologies like WBCT and
associated software for distance and coverage mapping of
the forefoot can allow a better understanding of anatomical
variations and the effects of weight-bearing in both healthy
and pathological conditions.

This type of non-invasive methodology to quantify joint
interaction was first used by Siegler et al.®® in a cadaveric
study to characterize surface-to-surface interaction in the
ankle and subtalar joints. They used an imaging-based dis-
tance mapping approach based on high-resolution CT, which
provided detailed insight into the interaction of joint surfa-
ces in healthy ankle and subtalar joints in neutral and extreme
joint positions.

Lintz et al.® expanded the use of distance mapping by cha-
racterizing abnormal interaction of articular surfaces in the
ankle, hindfoot, and midfoot joints of cavovarus foot compa-

44 JFoot Ankle. 2022;16(1):41-5

red to normally aligned feet. Their cavovarus group had sig-
nificantly greater surface-to-surface distance at the posterior
tibiotalar joint, a shorter distance at the anterior section, and
a greater distance at the posterior half of the medial gutter.
They concluded that distance mapping analysis of WBCT
imaging could identify significant differences in surface-to-
-surface interaction in foot and ankle joints between cavova-
rus and normally aligned feet.

In a recent case-control study of stage 1 flexible progressive
collapsing foot deformity patients, Dibbern et al.® introduced
the concept of coverage mapping images in association with
WBCT and distance mapping to assess subluxation and joint
impingement associated with peritalar subluxation across the
entire subtalar joint surface. With this technique, they objec-
tively identified middle facet subluxation as the only peritalar
subluxation marker, with a mean 46% increase in subluxation
in progressive collapsing foot deformity patients compared
to controls.

Using the same technique in our study, we found significant
subluxation on the medial side of the first metatarsal in HVD
patients. However, beyond visualizing subluxation, which
could also be done other imaging methods, we were able to
quantify it for the first time in the literature. In our series, the-
re was 77% less coverage in the upper medial facet (dorso-
medial quadrant) and 45% less coverage in the inferomedial
facet (medial plantar quadrant) than the control group. Simi-
larly, inferolateral and inferomedial coverage were 66% and
88% lower, respectively, in the in the second metatarsal head.

Finally, the results of this study could have a significant im-
pact on clinical practice. This is the first study to apply distan-
ce mapping to HVD, opening the way for future investigations
of early thresholds and determining the risk of progression to
HVD. Although our findings reflect known changes in HVD
(subluxation of the proximal phalanx), for the first time the
interaction between the joint surfaces in the MTP joints has
now been quantified through distance mapping, making the
assessment more objective and reproducible. The practical
implications of this finding are that advanced analysis of
3D datasets with distance and coverage mapping can allow
for rapid quantitative analysis of the MTP joint, rather than
relying on a subjective visual assessment of the joint space.

This study has several limitations. First, the control group
consisted of patients with contralateral foot and ankle injuries
and deformities. Therefore, subtle asymmetries resulting from
antalgic posture could confound the results. Second, no for-
mal power analysis was performed, and our sample size may
have been insufficient to demonstrate differences in some of
the measurements. Third, we did not compare the findings
with traditional 2D coronal plane MTP joint subluxation mea-
surements or other classic HVD measurements. We expect a
significant correlation between them, and these comparisons
should be included in future investigations. Fourth, since the
images were taken in a static standing position, they do not
tell a dynamic story. Other parts of the gait cycle can add
stress and more significant displacement of the involved to-
pologies. In addition, we did not evaluate clinical outcomes
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or correlate them with progression of HVD, thus limiting the
immediate clinical implications of the findings. Future pros-
pective and longitudinal investigations will be critical to de-
termine the role of distance and coverage mapping in MTP

joint interaction and joint coverage and subluxation in HVD.
We observed a significantly greater joint subluxation in HVD
patients than controls in a plantar-medial and dorsolateral di-
rection for the first and second MTP joints, respectively. No

significant joint subluxation of the metatarsal-sesamoid joint
was observed. Our hope is that distance and coverage ma-
pping can optimize the diagnosis, staging, and assessment
of both treatment and outcomes in HVD and lesser toe de-
formities. Additional appropriately sized prospective studies
are needed.

joint subluxation with respect to HVD progression.

Conclusion

In this case-control study, we developed a distance- and
coverage-mapping WBCT algorithm to objectively assess 3D
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Progressive collapsing foot deformity treated by
calcaneus osteotomy, flexor digitorum longus transfer,
and peroneus brevis-to-longus tenodesis

José Antonio Veiga Sanhudo'"™, Giorgio Marin Canuto?

1. Hospital Moinhos de Vento, Porto Alegre, Rio Grande do Sul, Brazil.
2. Hospital de Clinicas de Porto Alegre, Porto Alegre, Rio Grande do Sul, Brazil.

Abstract

Objective: This study presents the results of progressive collapsing foot deformity treatment with calcaneus osteotomy, flexor digi-
torum longus transfer, and peroneus brevis-to-longus transfer as an adjuvant in the correction of the deformity.

Methods: The outcomes of 22 patients with posterior tibial tendon dysfunction who underwent calcaneal osteotomy and flexor digi-
torum longus transfer combined with peroneus brevis-to-longus transfer (tenodesis) were evaluated retrospectively.

Results: According to the Visual Analog Scale, pain scores improved from a mean of 7.1 at baseline to 1.6 after a mean follow-up of 32
months. The mean AOFAS score was 45.3 points preoperatively and 86.3 points at follow-up. Comparison of preoperative and pos-
toperative radiographic parameters was possible in 16 patients (73%), demonstrating significant improvements in Meary’s angle and
calcaneal pitch.

Conclusion: Based on these findings, we conclude that correction of progressive collapsing foot deformity through a combination
of calcaneal osteotomy, flexor digitorum longus transfer, and peroneal tenodesis leads to improvement in clinical and radiographic
parameters.

Level of Evidence IV; Therapeutic Studies; Case Series.

Keywords: Posterior tibialis tendon dysfunction; Tendon transfer; Tendon injuries.

The clinical presentation of this disorder includes pain in
the medial retromalleolar region of the ankle, valgus hindfoot
deformity, and forefoot abduction and supination®®. Radio-
logical evaluation of the medial longitudinal arch is usually

Introduction

Adult-acquired flatfoot deformity, recently renamed progres-
sive collapsing foot deformity, is often associated with dys-

function and consequent insufficiency of the posterior tibial
tendon®. Once the posterior tibial tendon loses its key func-
tion of stabilizing the hind- and midfoot, pathological forces
begin to act at the site of injury, resulting in collapse of the
midtarsal joint and forefoot abduction. The peroneus brevis
tendon plays an essential role in the development and wor-
sening of valgus hindfoot deformity and forefoot abduction,
considering the weakening of its main antagonist®®. This
muscle imbalance causes elongation of plantar structures,
progressive plantar flexion of the talus, collapse of the medial
longitudinal arch, hindfoot valgus, and forefoot supination®.

Study performed at the Hospital Moinhos de Vento, Porto Alegre, RS, Brazil.

performed by assessing the alignment of the talus and first
metatarsal as measured by Meary’s angle and the calcaneal
pitch angle. Measurement of talar head coverage by the navi-
cular bone assesses the degree of forefoot abduction, although
this measurement’s accuracy is not high¥®.

Conservative management can be attempted initially with
orthotics, anti-inflammatory drugs, and exercise®™, but is
usually unsuccessful due to the poor reparative capacity of
the posterior tibial tendon at the site of rupture and perpe-
tuation of the deformity due to biomechanical changes se-
condary to hindfoot valgus®™. The goals of surgical treatment
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involve correction of the deformity through osteotomy or
arthrodesis, depending on the severity and flexibility of the
deformity, and muscle rebalancing through tendon trans-
ferS(B,M).

Flexor digitorum longus (FDL) transfer to the navicular
bone to replace the diseased posterior tibial tendon (PTT)
is part of the surgical armamentarium, as primarily descri-
bed by Goldner et al./®. However, the fact that the FDL is
physiologically weaker than the PTTY is a cause of concern.
Interestingly, some studies have demonstrated an absence
of fallen arch in patients with neurological damage who un-
derwent dorsal transposition of the PTT to strengthen ankle
dorsiflexion®®, The absence of this expected deformity was
credited to the fact that these patients have no peroneus bre-
vis muscle function due to their neurological injury, demons-
trating that hindfoot valgus deformity and arch fallen is due
to muscle imbalance rather than PTT insufficiency®-2>, Based
on the principle of muscle balance, the authors hypothesized
that peroneus brevis-to-longus transfer would be beneficial
in patients with PTT dysfunction, rebalancing forces in the
hindfoot, reducing valgus and abduction stress, increasing
plantarflexion of the first ray, improving the medial longitudi-
nal arch, and correcting forefoot supination®22®_ |nitially used
by the authors to correct flexible forefoot supination, pero-
neus brevis-to-longus transfer (tenodesis) is now routinely
used in patients with PTT dysfunction and flexible deformity
to rebalance tendon forces and improve correction of the de-
formity®@®.

In this context, the present study evaluated the clinical
outcomes of patients who underwent correction of flexib-
le progressive collapsing foot deformity through calcaneal
osteotomy, FDL transfer to the navicular bone, and pero-
neus brevis-to-longus tenodesis. Subjective clinical analysis
was performed by comparing pre- vs postoperative AOFAS
scores and Visual Analog Scale pain scores. Radiographic
analysis of deformity correction was performed by compa-
ring pre- vs postoperative measures of Meary’s angle and cal-
caneal pitch (Figure 1A-B). Our hypothesis was that adding
peroneus brevis-to-longus transfer to conventional surgical
flatfoot correction would contribute to muscle rebalancing at
the level of the hindfoot and ankle, with subsequent improve-
ment in clinical and radiographic parameters.

Methods

The study was approved by the hospital’s institutional re-
search ethics committee. We included patients with pro-
gressive collapsing foot deformity and PTT dysfunction who
underwent FDL transfer to the navicular bone, calcaneal os-
teotomy, and peroneus brevis-to-longus tenodesis between
May 2016 and March 2020. Twenty-two patients were inclu-
ded in the study and were assessed using a functional pain
Visual Analog Scale and the American Orthopedic Foot and
Ankle Society (AOFAS) scale before surgery and at the last
clinical assessment. Radiographic correction, assessed by
comparing pre- and postoperative Meary’s angle and calca-
neal pitch angles (Figure 1A-B), was possible in 16 (73%) of

the 22 patients. The mean patient age at the time of surgery
was 62.7 years. The mean duration of follow-up was 32 mon-
ths (minimum 12 months).

Fifteen of the 22 patients underwent additional procedures
during the surgical stage. Directly related to the valgus defor-
mity, a pants-over-vest suture of the spring ligament lesion
was performed in 5 patients, while proximal release of the
medial gastrocnemius was performed in 6 patients who had
positive Silfverskidld test results in preoperative evaluation.
In patients with more significant shortening of the posterior
chain (3 cases), percutaneous Achilles tendon lengthening
was performed. In 1 other case, a Strayer procedure was per-
formed. Other procedures performed concurrently but not
directly related to the pes planovalgus deformity included
hallux valgus correction (5 cases), correction of claw defor-
mity of the lesser toes (1 case), intermetatarsal neuroma re-
moval (2 cases), and tarsometatarsal arthrodesis of the cen-
tral rays (1 case).

Operative technique

After spinal anesthesia, epidural anesthesia, or popliteal
blockade with sedation, an Esmarch bandage and tourniquet
was placed on the thigh or above the ankle, depending on
the anesthetic technique. All patients received antibiotic pro-
phylaxis with cephalosporin for 24 hours, with the first dose
given 1 hour before the procedure.

With the patient in the supine position, a medial incision was
made above the longitudinal arch that extended approxima-
tely 5 cm proximally to the level of insertion of the PTT in the
navicular bone. The flexor retinaculum was opened longitudi-
nally, exposing the PTT, which was inspected for degenerati-
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Figure 1. A-B. Pre- and postoperative x-ray with measurement of
Meary’s angle and calcaneal pitch.
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ve changes and displaced plantarly to allow inspection of the
spring ligament. Regardless of the degree of involvement, the
PTT was not sutured; repairable spring ligament tears were
prepared for direct suturing at the end of the procedure. The
FDL was approached deep below the navicular bone, taking
care to preserve local neurovascular structures, and was sec-
tioned as distally as possible. The posterior region of the PTT
sheath in the medial retromalleolar region was opened, expo-
sing the FDL. A tag suture was made at the end of the FDL
with 2-0 Vicryl and a transverse tunnel was drilled with a 4.5
mm bit in a dorsal to plantar direction in the medial portion of
the navicular bone for subsequent fixation of the FDL.

Before FDL transfer, the calcaneus was accessed through a
mini-L-shaped lateral approach to the hindfoot, leaving the
skin, subcutaneous tissue, and sural nerve in a dorsal flap.
An osteotomy was performed and the tuberosity was dis-
placed 10 mm medially and fixated with 3 cannulated screws
(diameter 4.5 mm, length 45-60 mm). After correct positio-
ning of the screws was confirmed through control radiogra-
phs, the calcaneus incision was closed with 2-O Vicryl, 3-0
Vicryl, and 4-0 Vicryl Rapid.

Through a 2 cm-long lateral retromalleolar longitudinal in-
cision at the ankle joint level, the peroneal retinaculum was
opened, exposing the peroneal tendons. A tag suture was
made on the peroneus brevis (Figure 2A), which was then
tenotomized immediately distal to this suture, advanced dis-
tally 10 mm, and sutured onto the peroneus longus tendon
immediately behind it (Figure 2B). The retinaculum and sub-
cutaneous tissue were closed with 3-O Vicryl, while the skin
was closed with 4-0 Vicryl Rapid. Finally, the spring ligament
was sutured when possible, the FDL was passed through the
plantar-to-dorsal tunnel in the navicular bone and was su-
tured to itself and onto the distal insertional portion of the
PTT. This third incision was closed in layers (retinaculum,
subcutaneous tissue, and skin), with 2-O Vicryl, 3-O Vicryl,
and 4-0 Vicryl Rapid, respectively. The leg was then immo-
bilized with a plaster splint in a slight equinovarus position.

Postoperative protocol

All patients were discharged the day after surgery, with no
weight-bearing on the affected limb until the first postopera-
tive visit at 10-14 days, when the splint was replaced with a
synthetic cast with the foot in the plantigrade position, with
weight-bearing allowed as tolerated by the patient. Six weeks
after surgery, the cast was removed, and the patient was re-
ferred for rehabilitation.

Statistical analysis

The data are presented as frequency and percentage, mean
+ standard deviation, median (interquartile range) or mean
(95% confidence interval). The normality of the distribution
was assessed with the Shapiro-Wilk test. Continuous va-
riables were compared with the Wilcoxon test. In all cases,
P<0.05 was considered statistically significant. All statistical
analyses were performed in SPSS version 22 (IBM, Chicago,
IL, USA).
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Results

The mean Visual Analog Scale pain score decreased from 7.1
at baseline to 1.6 at follow-up, while the mean AOFAS score
was 45.3 preoperatively and 86.3 in follow-up.

Pre-and postoperative radiographic comparison was not
possible in 6 of 22 patients due to lack of preoperative
(3 patients), postoperative (2 patients), or any radiographs
(1 patient). In the remaining 16 patients, for whom adequate
image documentation was available, Meary’s angle and cal-
caneal pitch improved from preoperative means of 10.3° and

Figure 2. Transoperative image of peroneus brevis-to-

-longus transfer. A) tag suture of the peroneus brevis. B)
peroneus brevis-to-longus tenodesis after distal traction
of 10 mm.
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11.7° to postoperative means of 6.9° and 17.2°, respectively,
at follow-up, an improvement of 3.4° and 5.5°, respectively.
Of the 22 patients, 15 were fully satisfied with the outcome,
6 were satisfied with some reservations, and 1 was dissatis-
fied. The dissatisfied patient had the shortest follow-up
(12 months) and had not undergone any rehabilitation due to
the COVID-19 pandemic, which may have contributed to the
unsatisfactory clinical outcome, especially because the radio-
graphic correction was considered adequate. In this patient,
Meary’s angle and the calcaneal pitch were 24° and 5° preo-
peratively and 19° and 9° at follow-up, respectively.

No patient complained about the peroneus brevis area,
such as pain at the incision site, sural nerve injury, or reports
of ankle sprain during the follow-up period. There were no
cases of infection, deep vein thrombosis, or need for reinter-
vention of any kind.

The most common surgical treatment to correct progres-
sive collapsing foot deformity involves calcaneus osteotomy
and FDL transfer to the navicular bone®. Myerson et al.?®
reported pain relief in 97% of 129 patients who underwent
correction of grade Il PTT dysfunction through this technique;
radiologically, a mean improvement of 12° in Meary’s angle
was observed. Marks et al.?® observed a mean improvement
of 1° in Meary’s angle and 5° in calcaneal pitch in 14 patients
who underwent calcaneal osteotomy and FDL tendon trans-
fer after a mean follow-up of 23 months. Niki et al.®® also
observed improvement in Meary’s angle, which had a mean
of 23.7° preoperatively and 14° at the first weight-bearing
radiograph (3 months after surgery). The mean calcaneal
pitch was 13.3° preoperatively and 16.9° at the first
weight-bearing radiograph, a difference the authors consi-
dered non-significant®®, In a study of 48 patients, Chadwick et
al.?” observed mean AOFAS score improvement from 48.4
preoperatively to 90.3 after a minimum follow-up of 11 years.
The Visual Analog Scale pain scores improved from a mean
of 7.3 preoperatively to 1.3 at follow-up; 87% of patients
were pain-free at final assessment.

Peroneus brevis-to-longus transfer was initially recommen-
ded to correct flexible forefoot varus, seeking to eliminate the
bone procedure on the first ray, more specifically, first meta-
tarsal osteotomies or medial column arthrodesis“?, First-ray
procedures are associated with a risk of nonunion or malu-
nion (up to 12%) or complications involving the presence of
the hardware itself (approximately 10%)@82,

Peroneus brevis transfer to treat flatfoot has already been
described, but only as reinforcement in cases where the FDL
or the flexor hallucis longus tendon were considered insuffi-
cient, too thin, or required revision surgery©®, Peroneus lon-
gus-to-brevis transfer to elevate the first metatarsal has been
described in cavovarus foot treatment©°3, Analogous to this
procedure, peroneus brevis-to-longus transfer aims to relie-
ve hindfoot valgus tension and forefoot abduction and ver-
ticalize the first ray, thus enhancing the medial longitudinal

arch. The technique has been described in combination with
lateral column lengthening in the treatment of child flatfoot
and in adult diabetic patients undergoing transmetatarsal
amputation to correct midfoot supination®?3®», Hansen des-
cribed peroneus brevis-to-longus tenodesis to treat flatfoot,
but did not describe the results®®. Geaney et al.®® described
this technique as an adjuvant to flatfoot treatment as well,
also without reporting clinical or radiographic outcomes.
Because one of the main actions of the peroneus longus is
plantarflexion of the first ray, reinforcement of this structure
by peroneus brevis tenodesis aims to enhance its function,
increasing first ray plantarflexion, increasing the medial
longitudinal arch, and correcting forefoot varus®©®,

Sanhudo®® described a peroneal tenodesis technique to
correct the forefoot varus component of flatfoot deformities.
The technique eliminates the risk of nonunion, malunion, or
irritation due to the presence of hardware, all of which are
associated with medial column osteotomy and first ray arthro-
desis®”, Mizel et al.*» reported that patients with peroneal
nerve palsy who undergo PTT transfer to the dorsum of the
foot did not develop the typical deformities associated with
loss of PTT function because they also lacked functioning
peroneal tendons. They suggested that procedures which
weaken the hindfoot valgus and midfoot abduction forces
theoretically limit flatfoot progression and might relieve
demand on the repaired or replaced PTT®. As hypotheti-
cal advantages, peroneus brevis release decreases midfoot
abduction and valgus tension on the hindfoot, protecting the
FDL transfer, while the peroneus brevis-to-longus tenodesis
decreases abduction forces on the forefoot and strengthens
the plantarflexion force of the first ray, thus helping correct
forefoot varus and hindfoot valgus®@®.

In all patients in the present series, the peroneal tendons
were approached through an additional incision, with cal-
caneus osteotomy performed through a mini-L-shaped inci-
sion®®. The peroneal tendons can be accessed with this same
approach when transverse incision is used, although the sural
nerve would be at higher risk of lesion.

This is the first study to evaluate the clinical and radiogra-
phic outcomes of patients who underwent correction of PTT
dysfunction that included peroneal tenodesis. Study limita-
tions include the small number of patients, the possibility of
intraobserver error in radiographic parameter measurement,
the short duration of follow-up, and the absence of a con-
trol group. Longer follow-up in a larger sample is needed for
a more accurate assessment of the intervention’s long-term
utility for these patients.

Conclusion

Combining calcaneal osteotomy, FDL transfer, and pero-
neus brevis-to-longus tenodesis promoted significant clinical
and radiographic improvement in the parameters of interest,
with no need for reintervention due to loss of correction or
persistent symptoms.
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Abstract

Objective: To investigate the capability of biointegrative screws to achieve similar radiographical healing outcomes to metallic screws,
measured using Hounsfield Unit (HU) algorithms, in medial displacement calcaneus osteotomies (MDCO). Our main hypothesis is that
both implant methods would demonstrate comparable results.

Methods: In this prospective comparative study, patients undergoing MDCO were allocated to either a biointegrative or a metallic
group. Surgeon, primary diagnosis, technique, and displacement were the same for both groups. Patients were assessed using
weight-bearing computed tomography preoperatively and at weeks 2, 6, and 12 postoperatively. A 40x40x40 mm cube was centered
on the osteotomy site, defining a volume of interest (VOI). Image intensity (Hounsfield Units) profiles along lines perpendicular to the
osteotomy line and crossing it were recorded. Graphical plots of the HU distributions were generated for each line and then used to
calculate the HU contrast.

Results: Three patients were allocated to the metallic group (age: 50.66; BMI: 27.78) and three to the biointegrative group (age: 47.33;
BMI: 39.35). At two weeks, mean HU intensity was lower in the metallic group on the center (403.25 vs. 416.28; p=0.312) and superior
lines (438.97 vs. 497.92), but not on the inferior line (513.24 vs. 386.57; p<0.001). At six weeks, the mean HU intensity was higher in the
biointegrative group on the center line (p<0.001) and the superior line (p=0.018). At 12 weeks, the metallic group presented lower HU
values on the center (p<0.001) and inferior (p<0.001) lines, but higher values on the superior line (p=0.010). Contrast was higher in the
metallic group patients in the second (p=0.034) and 12th weeks (p=0.049).

Conclusion: Bone healing radiographical status results were similar for metallic and bio-integrative screws. Maximum HU values were
equivalent, indicating comparable results at the osteotomy sites. However, the biointegrative group had lower contrast, portraying
lower variability of bone density over the area.

Level of Evidence Il; Prospective Comparative Study.

Keywords: Absorbable implants; Biocompatible materials; Calcaneus; Fracture healing; Orthopedic fixation devices; Osteotomy.
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Introduction

Use of biointegrative implants in orthopedic surgery is in-
creasing exponentially®™® due to prospective benefits such
as adequate bone healing, lower rates of removal, and di-
minished implant-related artifacts in imaging studies when
compared to metallic implants“®. While many biomechanical
and histological studies have been able to demonstrate their
structural and biological properties, few reports are available
to support their potential clinical advantages®®”. Evolution
of material priorities over the last years have aimed at total
product integration and reduction of possible complications
such as cysts, foreign body reaction, and breakage®®. Still,
there is no direct comparison between the gold-standard
metallic and the new biointegrative implants.

Data from weight-bearing computed tomography (WBCT)
imaging can provide an objective assessment of bone density
and joint space width®®, A numerical calculation of the bone
density within specific volumetric regions can be performed
using imaging data measured in Hounsfield Units (HU)®.
This method might be helpful for identifying stages of bone
healing in specific regions more objectively than the current
assessment, which relies on subjective evaluation of bone
interfaces on non weight-bearing computed tomography
(CT)°™, For the current assessment, readers must come up
with a consolidation percentage using a trabecular crossing
estimate based on observations in multiple CT slices®®,
This evaluation can be drastically hampered by imaging
artifacts from implants such as plates or screws®. Various
thresholds have been proposed for determining bone
healing (from 25 to 70%), but an appropriate number has
not yet been defined?'¥,

Calcaneal osteotomies are one of the most common proce-
dures in orthopedic surgery, demonstrating high healing ra-
tes and few complications®'®, Since many of the external
variables can be controlled when assessing displacement cal-
caneal osteotomies, they constitute suitable procedures for
comparison of implants or techniques. Therefore, this study
aims to use HU data from WBCT to compare radiographic
outcomes associated with healing of medial displacement
calcaneal osteotomies (MDCO) using biointegrative or me-
tallic screws. Our hypothesis is that both types of implants
would present similar radiographic results.

Methods
Design

This was a prospective comparative study conducted at a
single center, the Orthopedic Functional Imaging Research
Laboratory at the University of lowa. The research complied
with the Declaration of Helsinki and the Health Insurance Por-
tability and Accountability Act (HIPAA). It was approved by
the Institutional Review Board (#201912144) before initiation
and did not receive any financial support for its execution.

Sample

Adult patients (18 to 75 years old) with a clinical and radio-
graphic diagnosis of Progressive Collapsing Foot Deformity
(PCFD) undergoing an MDCO between September 2021 and
January 2022 were recruited. Patients were excluded if they
were found to have a rigid deformity at physical examination,
any prior PCFD surgery, or metallic implants in the foot or
ankle. Patients with non-traditional calcaneus osteotomies
or wedge calcaneus resection, patients with history or docu-
mented evidence of peripheral neuropathy, patients with sys-
temic inflammatory disease, and patients unwilling or unable
to sign the informed consent form were also excluded.

Allocation

Patients were allocated to metallic or biointegrative groups
at a 1:1 ratio in a sequential, non-randomized, and unblinded
fashion. The first patient was placed in the metallic group
and the second in the biointegrative group. Subsequent pa-
tients were then placed in alternating groups appropriately.
Subjects were evaluated independently. The intervention
was the same for both groups, with identical arrangements
and screw positionings, only diverging in the type of screw
used. They were assessed at pre-intervention, then at 2, 6,
and 12 weeks after the surgery.

Interventions

All surgeries were performed by a single fellowship-trained
orthopedic foot and ankle surgeon with more than 10 years of
experience. Patients in both groups were operated with the
same technique and put on the same postoperative protocol,
only diverging in the screw material implanted. A traditional
MDCO was performed®®,

Patients were placed in a supine position after general anes-
thesia and peripheral block. A 5cm oblique lateral incision
was performed over the posterior calcaneus tuberosity, cen-
tered on the bone safe zone. Dissection was accomplished,
avoiding injury to the sural nerve and the peroneal tendons.
After proper saw placement (confirmed by fluoroscopy), a
perpendicular cut to the lateral wall of the calcaneus was exe-
cuted until the far cortex was completely freed up?. A 10 mm
translation of the posterior tuberosity was carried and stabi-
lized with two 1.5 mm Kirschner wires. The wires crossed the
osteotomy perpendicular to the cut, one dorsal and the other
plantar to the center of the calcaneus. Proper displacement
and guide-wire placement was confirmed with fluoroscopy.
A 3.2 mm drill was used through the guides, and a 4 mm tap
with countersink completed tunnel preparations.

Patients in the metallic group received two metallic headless
4.0 mm titanium cannulated screws (Paragon28°®, Denver, CO,
USA). Patients in the biointegrative group received two 4.0
mm fiber cannulated screws (Ossio®, Caesarea, Israel). The
implants were inserted using hand screwdrivers until enti-
rely inside the bone. Corrections and positions were checked
using fluoroscopy. The incision was then sutured in layers,
and the patients were placed in a below-knee postoperati-
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ve splint. They remained non-weight-bearing for six weeks
and then were transitioned to a walking boot. The boot was
worn until the eighth week, and sports activities were allowed
three months after surgery.

Outcomes

Bone healing was assessed using HU imaging data on
WBCT recorded preoperatively, then at 2, 6, and 12 weeks
postoperatively®. WBCT scans were performed with a co-
ne-beam CT lower extremity scanner (HiRise; CurveBeam,
LLC, Warrington, PA, USA). Raw multiplanar data were con-
verted into sagittal, coronal, and axial plane images. Using
dedicated software (CurveBeam LLC, Warrington, PA, USA),
a 40x40x40 mm cube was centered on the osteotomy site,
defining a volume of interest (VOI) (Figure 1). Within the VOI,
initial computational analysis focused on image intensity
(Hounsfield Units) profiles along lines perpendicular to the
osteotomy line and to the osteotomy screws, crossing the
osteotomy line and spanning approximately 8 mm on either
side. Three perpendicular lines were placed for each ankle,
with one located directly between the osteotomy screws, one
superior to both screws, and one inferior to both screws. The
HU intensity profiles were recorded and graphical plots of the
HU distributions were generated for each line (Figure 1). The
plots were then used to assess the mean, minimum, and ma-
ximum HU intensity values for each line, and trends over time
for each ankle. The HU contrast, a proxy for bone healing at
the osteotomy site, was also calculated.

Statistical Analysis

Normality of distribution was tested for continuous varia-
bles using the Kolmogorov-Smirnov test. Comparisons were

performed using paired t tests and chi-square tests. Cohen’s
d and Hedges corrections were utilized. Analyses were per-
formed with SPSS® V20 and Minitab® 16 software. The level of
statistical significance was set at 5%, with a 95% confidence
interval.

Results

After assessment of 10 subjects between September 2021
and January 2022, 6 patients were found eligible, included in
the study, and allocated. Three patients were assigned to the
metallic group (mean age: 50.66, max 65, min 29; mean BMI:
27.78, SD: 6.18) and three were assigned to the biointegrative
group (mean age: 47.33, min 26, max 61; mean BMI: 39.35,
SD: 7.74). No patients were excluded during follow-up. The
groups were similar in age (p=0.66), but not in body mass
index (BMI) (p<0.05).

Preoperative HU calcaneus assessment mean values were
different between groups for center (metal: -45.78, SD 108.68
vs bio: 149.54, SD 180.85; p<0.001), inferior (metal: -51.30, SD
133.60 vs. bio: 190.64, SD 159.17; p<0.001), and superior (me-
tal: 136.61, SD 154.51 vs. bio: 281.53, SD 240.73; p<0.001) lines.
The minimum and maximum HU values were similar (Table 1).
At 2 weeks, mean HU intensities in the metallic and bio-in-
tegrative were respectively 403.25 (SD: 398.06) and 416.28
(SD:176.78) at the center line (p=0.312), 513.24 (SD: 250.62)
and 386.57 (SD: 151.86) at the inferior line (p<0.001), and
438.97 (SD: 338.95) and 497.92 (SD: 226.05) at the superior
line (p=0.020).

Evaluation at 6 weeks demonstrated mean HU intensities of
318.40 (SD: 281.03) and 414.22 (186.12) at the center (p<0.001),
340.41 (SD: 212.98) and 356.86 (179.82) (p=0.315) at the infe-
rior, and 401.72 (SD: 225.55) and 449.88 (SD: 236.87) at the
superior (p=0.018) lines. At 12 weeks, HU intensities of -85.01

Figure 1. Hounsfield Unit (HU) assessment method for bone intensity. Using the dedicated software (A), the 40x40x40 mm cube was

placed centralized on the calcaneal osteotomy in all planes, utilizing the rotation tools. Three 16 mm (8 mm either side of the osteo-

tomy) lines were created. The first line (1) was centered between the two screws, the second (2) inferior to the plantar screw and the

third (3) superior to the dorsal screw. Graphical plots (B) of the HU distributions were generated for each line. The plots were then used

to calculate the HU contrast, a representation of bone healing at the osteotomy site.
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Table 1. Values obtained for all variables assessed over the study timeline

reo reo . . .
. preop_ p . P- preop_ metal_2 hio_2 metal_2 hio_2 metal_2 bio_2

Statistics metal_ hio_ , : . - X

. . bio_sup weeks_inter weeks_inter weeks_inf weeks_inf weeks_sup weeks_sup

inter inter
N 3 3 3 3 3 3 3 3 3 3 3 3
Mean -45,784 149,546 -51,303 190,647 136,619 281,537 403,235 416,683 513,243 386,571 438,246 497,925
SD 108,683 180,853 133,606 159172 154,520 240,734 398,069 176,789 250,624 151,863 338,954 226,052
Range 795 949 855 944 1068 1300 2025 973 1292 1002 1864 1283
Minimum  -254 -277 -319 -143 -126 -163 -294 -39 -19 -55 -215 -33
Maximum 541 672 536 801 942 137 1731 934 1273 947 1649 1250

metal_6 bio_6 metal_ 6  bio_6 metal_12 bio_12  metal_12 . metal_12

metal_6 bio_12

weeks_ weeks_.  weeks_  weeks_ O weeks_  weeks_ X O

s s . . weeks_sup s s . weeks_inf

inter inter inf inf inter inter inf sup
N 3 3 3 3 3 3 3 3 3 3 3 3
Mean 318,5 414,228 340,414 356,862 401,728 449,881 -85014 64,592 -11,367 139193 225959 166,055
SD 281,033 186,129 212,988 179,825 222,553 236,873 192,209 142,775 172,773 173,762 209,459 215,689
Range 1309 894 1085 1062 1191 1394 793 624 1085 1048 918 1076
Minimum -129 =17 144 -268 -95 13 -458 -216 -422 -310 -140 -283
Maximum 1180 877 941 794 1096 1281 335 408 663 738 778 793

N: number of patients. SD: standard deviation. Metal: metallic group. Bio: biointegrative group. Inter: intermediate line. Inf: inferior line. Sup: superior line.

(SD:192.20) and 64.59 (SD: 142.77) were found at the center
(p<0.001), -111.36 (SD: 172.77) and 139.19 (SD: 173.76) at the
inferior (p<0.001), and 225.95 (209.45) and 166.05 (215.68)
at the superior lines respectively (p=0.010) (Table 2). Overall,
HU units decreased from the second to the 12th week in both
groups (p<0.001) (Figure 2). Considering all lines traced, con-
trast was higher in the metallic patients in the second week
(0.42 to 0.25; p=0.034) and in the 12th week (1.06 to 0.45;
p=0.049), but not in the sixth postoperative week (0.48 to
0.30; p=0.064).

Discussion

This study intended to compare radiographic bone healing
in calcaneal osteotomies performed with metallic or biointe-
grative implants using HU imaging data. We found higher
overall mean HU values in the biointegrative group for most
variables and similar maximum HU values between implants.
These results could be translated as similar bone intensity
signals when comparing groups. Lower contrast was also
observed in the biointegrative group, showing lower signal
variability with this implant. The data presented suggest that
our primary outcomes support our main hypothesis.

Use of HU values to assess bone quality is not original and
has been described as a valuable tool when studying bony
architecture®@?’, Soft tissues and air present lower and nega-
tive Hounsfield Units while bone, particularly cortical bone,
has higher values®?. Positive correlations between HU values
and bone density scans have also been reported, supporting
their use in clinical practice®®. However, it wasn’t until re-

cently that algorithms to predict joint width space and bone
healing were created using data from WBCT®2?®, By incorpo-
rating the same rationale, we were able to attest higher bone
intensity values in our study when comparing biointegrative
and metallic implants (p<0.01) in most of the crossed lines.
Intensities were similar at the intermediate line at 2 weeks
(p=0.312) and at the inferior line at 6 weeks. The metallic
group had higher HU intensities at the inferior line at 2 weeks
(p<0.001) and at the superior line at 6 weeks (p<0.005). The
fact that the metallic screws were not superior to the bioin-
tegrative screws suggests that both implants have similar
capacity to produce bone intensity signals compatible with
healing. Previous studies, using different type of implants,
have tried to compare bone healing in unique scenarios.
Plaass et al.®® compared magnesium absorbable screws with
metallic screws for hallux valgus osteotomies. Using magne-
tic resonance imaging, these authors could not find differen-
ces in bone healing with a 3-year follow-up®. Leno et al.®®
also observed no dissimilarities between absorbable and tita-
nium plates for mandibular fracture union. On the other hand,
Noh et al.?® compared metallic and biodegradable plates for
ankle fractures, demonstrating shorter time to healing in the
metallic group (15.8 vs. 17.6 weeks).

Contrast measures differences in image intensity and, when
applied to HU, can translate the variability of a specific anato-
mical area, such as an articular space or bone-to-bone inter-
face. Our study was able to demonstrate lower mean con-
trast values for the biointegrative group at the second (0.42
to 0.25; p=0.034) and 12th weeks (1.06 to 0.45; p=0.049) by
evaluating all three lines together. Since this variable is deter-
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Table 2. Pairwise comparisons of groups along specific timelines. Positive mean difference indicates a higher mean value in the metallic

group. Negative mean difference indicates a higher mean value in the biointegrative group. Significant differences are highlighted in bold

Paired Differences
95% Cl Lower 95% Cl Upper

Pair 1 preop_metallic_inter - preop_bio_int -195,33028 201,65913 -222,24975 -168,4108 <.001
Pair 2 preop_metal_inf - preop_bio_inf -241,94954 182,14296 -266,26381 -217,63528 <.001
Pair 3 preop_metal_sup - preop_bio_sup -144,91743 288,80731 -183,47032 -106,36454 <.001
Pair 4 metal_2weeks_inter - bio_2weeks_inter -13,44776 449,7527 -67,53908 40,64355 0,312
Pair 5 metal_2weeks_inf - bio_2weeks_inf 126,67164 327,58123 8727377 166,06951 <.001
Pair 6 metal_2weeks_sup - bio_2weeks_sup -59,6791 416,33452 -109,75125 -9,60696 0,01

Pair 7 metal_6weeks_inter - bio_6weeks_inter -95,72761 311,08541 -133,14155 -58,31368 <.001
Pair 8 metal_6weeks_inf - bio_6weeks_inf -16,44776 267,39959 -48,60765 15,71212 0,157
Pair 9 metal_6weeks_sup - bio_6weeks_sup -48,15299 330,41255 -87,89138 -8,41459 0,009
Pair 10 metal_12weeks_inter - bio_12weeks_inter -149,6055 265,8428 -185,09286 -114,11815 <.001
Pair 11 metal_12weeks_inf - bio_12weeks_inf -250,55963 245,26333 -283,29984 -217,81943 <.001
Pair 12 metal_12weeks_sup - bio_12weeks_sup 59,90367 341,44234 14,32453 105,48281 0,005

SD: standard deviation. 95%Cl: confidence interval of 95%. Metal: metallic group. Bio: biointegrative group. Inter: intermediate line. Inf: inferior line. Sup: superior line.

Metallic Bio-Integrative

Figure 2. Representation of the analysis over time for one patient from the metallic screw group and one from the biointegrative group.

Plots and slices on the left represent the metallic example and those on the right represent the biointegrative example.
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mined by the ratio of the difference in maximum and back-
ground intensities to the background intensity, lower contrast
values may suggest more uniform bone formation (smaller
increase in signal over background). Decreased HU (air, soft
tissue, or poor bone density) could also be attributed to de-
generative joint disease with a diminished articular space or
to a higher bone and bone interface compatible with bone
healing. Since the sixth week evaluation showed no differen-
ces (0.48 to 0.30; p=0.064) between groups, we can state
that the biointegrative implant was not inferior to the me-
tallic implant when considering bone healing by HU contrast.
Moreover, absence of valleys on the graphical plots at 2 we-
eks postoperatively, which would indicate presence of con-
tiguous low HU values, could be a direct sign of osteotomy
compression (Figure 2).

The increased contrast and the abundant presence of nega-
tive HU values in some areas of the metallic group (especially
the center lines) might be due to a shielding effect associated
with metallic screws. A beam hardening effect concentrates
HU contiguous to metal, shielding the adjacent cancellous
bone®. This might jeopardize assessment in the daily clinical
scenario, requiring artifact reduction sequences that may not
normalize the findings completely®%?”, This would be a major
confounding factor in our study had the lines not been placed
in different locations and assessed independently. Another in-
teresting finding was the diminished overall HU intensity over
time during the study, potentially demonstrating the negative
effect of the non-weight bearing regime on bone density.

There are several limitations to this study that need to be
discussed. First, baseline characteristics differed for BMI,

which might explain the disparities in overall HU values on
preoperative WBCT scans. Further, bone healing was only
evaluated using one novel imaging method, with no clinical
or other radiographical assessment for comparison. No sam-
ple calculation or power analysis was performed. We evalua-
ted a small number of subjects over a short follow-up period.
Nevertheless, this pilot study was intended to attest the no-
ninferiority of one group in relation to another by utilizing an
objective and measurable tool to evaluate bone healing. The
same surgeon performed all the surgeries and only one type
of metallic and one type of biointegrative screw was used,
which could undermine reproducibility of the methods. Fi-
nally, the HU algorithm is a novel technique that might not be
universally accessible.

Conclusion

Comparison of bone healing between metallic and bio-inte-
grative screws using our HU algorithm found similar results.
Maximum HU intensity values were similar, indicating equi-
valent results at the osteotomy sites, a finding compatible
with consolidation. Contrast was lower in the biointegrative
group, indicating lower variability of bone density across the
topography studied. Presence of metallic implants across the
osteotomy site hampered evaluation of both HU intensity and
contrast, presenting a challenge when calculating bone hea-
ling through indirect and direct assessments. Larger prospec-
tive comparative studies with longer follow-up are needed to
endorse these results.
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Intra-articular pressure measurement of the first
metatarsophalangeal joint of the foot

Jorge Luis Alberto Castellini'

1. Dr. Jorge Castellini Clinic, Buenos Aires, Argentina.

Abstract

Objective: To measure the metatarsophalangeal (MTP) intra-articular pressure of the first ray before surgical intervention for hallux
valgus (HV), recurrent HV, and hallux rigidus (HR).

Methods: This is a cross-sectional study including a consecutive sample of patients obtained from 1/1/2009 and 8/30/2015 in a center
in Argentina. Measurements were made with a Stryker® pressure gauge, and results were expressed in mmHg. Descriptive and compa-
rative statistics (Mann-Whitney test) were performed.

Results: A total of 166 feet were included, 120 cases with HV, 20 with HR, and 26 with recurrent HV; the sample consisted of men and
women aged 15 to 90 years. The greater HV deformity, the higher intra-articular pressure at rest and during maximal dorsiflexion and
maximal plantar flexion. Conversely, an inverse situation is observed in HR: the greater the deformity, the lower intra-articular pressure.
Median resting intra-articular pressure of the first MTP joint of the foot was 3 mmHg in mild HV, compared to 23 mmHg in early-stage
HR (p=0.001).

Conclusions: The measurement of intra-articular pressure could be a useful tool to differentiate early stages of joint diseases of the
first ray of the foot.

Level of Evidence Il; Prognostic Studies; Retrospective Study.

Keywords: Hallux valgus; Hallux rigidus; Osteoarthritis; Recurrence.

Several studies about the pathogenesis of HR have been
conducted“®. Lambrinudi describes a flexion contracture
of the metatarsophalangeal of the first ray and consider it
a possible etiopathogenic factor of HR, which could explain
the difference in the height of the first metatarsal relative to

Introduction

Medical consultations due to or first metatarsophalangeal
joint (MTPJ) pain deformity is very frequent in foot and ankle
specialists’ offices, requiring an accurate differential disea-

se diagnosis. The conduct will be different whether it is a
valgus hallux deformity known as hallux valgus (HV) or a di-
sease presenting with restricted joint movement and defor-
mity mainly at the dorsal level, known as hallux rigidus (HR)
or Dorsal bunion®.

The prevalence varies according to deformity and age. HV
is more prevalent in women (2.3:1) and older adults. Nix et
al.®, in a systematic review that included 78 studies with
500,000 cases, estimated a prevalence of 7.8% in juveniles,
23% in adults from 18-65 years, and 35.7% in those older than
65 years. Senga et al.® found a prevalence of 26.7% for HR
among 607 feet in Japan.

Study performed at the Dr. Jorge Castellini Clinic, Buenos Aires, Argentina.

the second metatarsal in weight-bearing profile radiographs.

Several studies were conducted aiming to differentiate HV
from HR using radiographic measures®”®, Bouaicha et al.® in
2010 and Usuelli et al.® in 2011 propose that metatarsus pri-
mus elevatus (MPE) is constant in HR and not in HV; whereas
Horton and Meyer did not find conclusive results, because
they observed MPE in both diseases®”.

With regard to HR, the biological plausibility of this first me-
tatarsal elevation could be a consequence of reduced excur-
sion of the flexor hallucis longus (FHL) tendon, either due
to muscle contracture, plantar plate adherences, or dorsal
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osteophytosis®. This proximal displacement of the FHL could
increase tendon strength, causing increased loading on the
first MTPJ and first metatarsal, and progressive fibrosis in
the musculotendinous junction could result from increased
loading or pressure on the MTPJ.

The most currently used surgical techniques consider MPE
as the cause of HR and aim to descend the first metatarsal
head and shorten the first metatarsal to achieve normal MTPJ
range of motion™™, Voss™ proposed that joint decompres-
sion tenotomies would reduce primary and idiopathic increa-
se in intra-articular pressure on hip joint. In a cadaveric study,
Kim et al.'® compared intra-articular pressure, measured with
digital sensors (in kg/cm?), before and after phalangeal oste-
otomy, and did not find changes in pressure of the first meta-
tarsal head. However, this work has been questioned due to
the absence of FHL during measurements of the cadaveric
specimens.

Although there are objective standards to define advanced
HV and HR, differentiation in early stages has not been clea-
red yet, these last account for nearly 90% of cases of HR, with
mild deformity or without radiographic signs®.

In light of the foregoing, | hypothesize that HR would pre-
sent with a primary or idiopathic increase in intra-articular
pressure, whereas HV would not. The aim of the present stu-
dy is to measure intra-articular pressure of the MTPJ of the
first ray in a group of patients with different stages of HV and
HR, before undergoing surgical intervention.

Methods

This study, which was approved by my institution’s ethics
committee.

A cross-sectional study was conducted with a consecutive
sample obtained from 1/1/2009 to 8/30/2015 and consisting
of patients with HV, HR and/or recurrent HV who underwent
surgical intervention with techniques performed according
to baseline disease. Informed consent was provided by each
study participant.

Radiographic classification of HV was based on values of
metatarsophalangeal and intermetatarsal angles on frontal or
anteroposterior radiograph, and HV was classified into mild,
moderate, and severe(®,

Radiographic classification of HR considered parameters
such as joint impingement, development of osteophytes,
subchondral sclerosis at the first metatarsal base, and osteo-
chondral lesions of the first metatarsal head and the base of
phalanx. | used the classification proposed by Hattrup and
Johnson, which classifies HR into Grades 1, 2, and 3.

Horton index is measured in weight-bearing profile radio-
graph of the foot. It is the distance in mm from the cortical
dorsal surface of the first metatarsal (M1) to the cortical dor-
sal surface of the second metatarsal (M2), at the neck of the
metatarsal, which is nearly 15 mm proximal to the joint surfa-
ce. This measurement was conducted in all cases, and Horton
index was considered high when there was 3 or more mm of
difference between M1 and M2®,

60 U Foot Ankle. 2022;16(1):59-63

Cases of recurrent HV were considered those in which the
metatarsophalangeal angle is above 20° on weight-bearing
anteroposterior radiograph®®,

Patients with neurological or arterial vascular diseases, ar-
thritis rheumatoid, hallux varus were excluded, as well as those
with missing measurement data.

Technique for measuring intra-articular pressure

Measurement of intra-articular pressure of first MTPJ was
made using a Stryker® pressure gauge, which is usually used
to diagnose compartment syndrome in crush injuries of peri-
pheral limbs (upper and lower).

Once regional anesthetic blockade was performed on the
ankle, an ultrathin needle is placed on the dorsal MTPJ of the
first ray, immediately medial to the extensor hallucis longus
tendon, in order to prevent injuries to the dorsomedial colla-
teral branch. This needle is connected to a catheter that is
then attached to the pressure gauge.

In the first cases, a fluoroscope was used to ensure intra-ar-
ticular position, but soon later it was not necessary, due to
ease of the procedure with the needle.

Three consecutive measures were taken before surgical in-
tervention. The first one was obtained with the patient in the
supine position and the joint in a joint position, in order to
assess the so-called baseline or resting pressure. For the se-
cond measure, a maximal passive dorsiflexion maneuver was
performed, and pressure is shown on the display of the gauge
held by an assistant (the pressure gauge is not sterile). Finally,
a third measure was obtained placing the hallux in maximal
passive plantar flexion (Figures 1, 2, 3 and 4).

Figure 1. Image obtained before hallux valgus surgery

on the left foot and focusing on the insertion site of the
needle to assess pressure of the metatarsophalangeal
joint of the first ray.
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Statistical analysis

For descriptive analysis, continuous variables were expres-
sed as mean and standard deviation (SD) for normally distri-
buted variables and as median and interquartile range (IQR)
for abnormally distributed ones. Categorical and ordinal va-
riables were presented as absolute and relative frequencies.

Comparative analysis between mild HV and early-stage HR
was performed using the Mann-Whitney test for comparison
of medians. Statistical significance was set a p-value of <0.05.
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Figure 2. Image showing resting pressure in mmHg before hallux
valgus surgery on the left foot.

Figure 3. Image showing pressure during maximal passive dor-
siflexion measured in mmHg before hallux valgus surgery on the
left foot.

Figure 4. Image showing pressure during maximal passive plan-
tar flexion measured in mmHg before hallux valgus surgery on
the left foot.

Results

During the study period, 166 feet were included, 120 cases
with HV, 20 with HR, and 26 with recurrent HV; consisting of
men and women aged 15 to 90 years (Table 1).

Of the 120 cases with HV, 55 (45.83%) presented with ra-
diographic signs of arthrosis (4 mild, 24 moderate, and 27
severe)@’,

Pressures values measured in the different groups, dividing
the cases of HV into 2 subgroups (with and without signs of
arthrosis), recurrent HV, and HR are shown in Table 2.

Pressure values in millimeters of mercury (mmHg) in the
different groups divided by disease severity into mild, mo-
derate, and severe HV, Grade 1, 2, and 3 HR, and cases of
recurrent HV are presented in Table 3.

Median resting intra-articular pressure in mild HV was signi-
ficantly lower than that observed in grade 1 HR (3 mmHg vs
23 mmHg respectively; p=0.001).

Discussion

Results showed a statistically significant difference in res-
ting intra-articular pressure between HV and early-stage HR.
The greater HV deformity, the higher intra-articular pressure
at rest and during maximal dorsiflexion and maximal plantar
flexion. Conversely, an inverse situation was observed in HR:
the greater deformity, the lower intra-articular pressure. The
group of patients with recurrent HV presented with values
similar to those of moderate and severe HV.

With regard to the etiopathogenic factor for HR described
by Lambrinudi®, early stage would present with higher pres-
sure, either primary or secondary, and mobility is reduced as
deformity increases, which could explain the reduction in in-
tra-articular pressure observed in our study.

Due to the lack of reports in the literature expressing joint
pressure in millimeters of mercury, it was not possible to
compare our findings with those of other authors. However,
the hypothesis of primary and idiopathic hyperpressure of
hip joint has been present since 1956, In Germany, Voss‘>
proposed a treatment consisting of tenotomy of all tendons
that cross the hip joint and finally insert into the proximal fe-
mur, an operation that he named “floating hip”. In 1963 com-
parative results of these surgeries to reduce hip joint pressure
were published, showing 80% of good clinical results, with a
6-month follow-up®?,

With regard to foot surgery, in a congress of the specialty
held in early 2000, Fernando Troilo, a surgeon of Sociedad
Argentina de Medicina y Cirugia de Pie y de Pierna (SAMECIPP)
and Asociacion Argentina de Ortopedia y Traumatologia
(AAQT), presented a technique to measure intra-articular
pressure with a sphygmomanometer similar to that used to
measure arterial tension, in patients with recurrent HV, repor-
ting that they presented with an increase in such pressure.
Several years later, a French surgeon, during a presentation at
a congress of the specialty, stated that the aim of his surgery
of first metatarsal shortening osteotomy was reducing pain,

J Foot Ankle. 2022;16(1):59-63 61
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Table 1. Description of demographic characteristics of samples according to diagnostic group

Hallux valgus
(n=120)
Female sex 15 (95%)
Age (years)* 54.67£15

80/111 (72.07%)
Mild 15 (12.50%)
Moderate 63 (52.50%)
Severe 42 (35%)

High Horton index

Classification

Hallux rigidus Recurrent hallux valgus
(n=20) (n=26)
15 (75%) 25 (96.15%)
53.61%14 58.57+20

19/20 (95%) 16/23 (69.57%)
Grade1525%) L.
Grade 2 11 (55%)

Grade 3 4 (20%)

*Mean (standard deviation)

Table 2. Pressure values in the different groups, with cases of hallux valgus (HV) divided into 2 subgroups (with and without signs of

arthrosis). Values expressed in millimeters of mercury (mmHg)

HV without arthrosis#

HV with arthrosis#

Recurrent HV

(n=65)
5 (-4 to 43)
37.5 (-2 to 196)
24.5 (-4 to 193)

At rest (mmHg)*
Passive dorsiflexion*

Passive plantar flexion*

(n=55)
7 (-5t0 73)
46 (-2t0162)
26 (-6 to 178)

(n=26)
8 (-2 to 38)

20 (O to 70)
40 (-2 to 196)
46 (-1to188)

38.5 (0 to 185)
23.5 (-6 to 181)

*median (percentile 1% - percentile 99%) #Kellgren-Lawrence classification

Table 3. Pressure values in millimeters of mercury (mmHg) in the different groups: mild, moderate, and severe hallux valgus (HV), Grade

1, 2, and 3 hallux rigidus (HR), and cases of recurrent HV

Atrest*
Mild HV (n=15) 3 (-1to 38)
Moderate HV (n=63) 5 (-4 to 43)
Severe HV (n=42) 8 (-5to 73)
Recurrent HV (n=26) 8 (-2 to 38)
Grade 1HR (n=5) 23 (0 to 26)
Grade 2 HR (n=11) 21(3to 70)

Grade 3 HR (n=4) 16.5 (11 to 20)

Passive dorsiflexion*
31 (0 to 163)
40 (-2 to 196)
41 (0 to 145)
38.5 (0 to 185)
110 (12 to 189)
83.5 (4 to 199)
40 (15 to 53)

Passive plantar flexion*

28 (-2 to 115)

21 (-4 to 193)

34 (-6 to 178)
23.5 (-6 to 181)

63 (32 to 130)
39.5 (0 to 188)
23.5 (-1to 66)

*median (percentile 1% - percentile 99%)

which would derive from increased joint pressure. Although
the author did not aim to measure this pressure, he observed
that such decompression was able to regenerate damaged
joint cartilage in long-term radiographic controls.

In my experience, it was not possible to measure postopera-
tive intra-articular pressure, because patients did not accept
a new measurement in the long-term follow-up, except for
cases of recurrent or persistent pain. Only in one case, on the
surgery on the contralateral foot (after informed consent),
| was able to measure intra-articular pressure of the osteo-
tomized (shortened) metatarsal and observed a lower value
compared to the first measure (taken prior to the first inter-
vention), and pain had disappeared. Although M1 shortening

62 U Foot Ankle. 2022;16(1):59-63

seemed exaggerated on the radiograph of this foot patient,
she wanted to have the same treatment on the other foot.
Other limitation to mention is the number of patients, which
prevented the exploration for ages or the stratification of se-
verity subgroups, which could have been interesting, but it
was not feasible (reduced sample size would lead to lack of
statistical power). Furthermore, since it is a measurement in-
volving an intervention, there is risk of information bias when
placing the needle and exerting pressure to perform of dorsal
and plantar flexion maneuvers (operator dependent).

It is worth highlighting that, although these findings may be
interpreted from a mainly mechanical perspective, biological
factors that would interfere with joint degenerative pheno-
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mena should also be considered. However, the findings of the
present study make it possible to consider measurement of
joint pressure as a possible diagnostic tool, particularly in
early stages of HR or HV requiring surgical treatment. Objec-
tive measures are needed with regard to the surgical techni-
que used (both in soft tissues and in bone tissue) to solve
HV and HR, in order to objectively analyze its efficacy and
effectiveness. Therefore, new prospective studies are neces-
sary, which include measurement of pressure and long-term
results to answer to these questions.

Conclusions

| observed that, the greater HV deformity, the higher in-
tra-articular pressure at rest and during maximal dorsifle-
xion and maximal plantar flexion. Conversely, an inverse

situation was observed in HR: the greater deformity, the
lower intra-articular pressure.

A statistically significant difference was found between
HV and early-stage HR in rest intra-articular pressure of the
first MTPJ of the foot: 3 mmHg vs 23 mmHg respectively
(p=0.001).

Thus, measurement of intra-articular pressure could be a
useful tool to differentiate early stages of diseases of the first
ray of the foot.
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Abstract

Objective: The aim of this study was to evaluate the reliability and reproducibility of visual estimation of the hallux interphalangeal
angle (IPA). As a secondary aim we assessed for change in the IPA before and after hallux valgus (HV) correction.

Methods: A total of 50 surgically treated HV deformities were included in the study. Two surgeons visually estimated the IPA on intrao-
perative fluoroscopy after correcting HV. The fellow then measured the IPA formally on a printout of the fluoroscopic image. Pre-and
intraoperative HVI angles were compared to assess for change after HV correction.

Results: The researchers found the interobserver reliability of radiographic visual assessment of the IPA to be 78% and intraobserver
reliability to be 76% and 80% for surgeon 1 and 2, respectively. It was found that the preoperative IPA is on average 5.5 degrees less
than IPA after HV correction.

Conclusion: Radiographic visual assessment of the IPA of the hallux was found to be reliable intraoperatively, thus aiding in the amount
of correction required by Akin osteotomy. HVI can be masked by hallux pronation in HV deformity and should be assessed intraope-
ratively after HV correction.

Level of Evidence Il; Therapeutic Studies; Prospective Comparative Study.

Keywords: Hallux valgus; Akin; Interphalangeal angle; Visual assessment.

pronation of the hallux in HV deformities, which then masks
true HVI. The more severe the HV deformity, the greater the
hallux pronation, leading thus to a perceived decrease in
measured IPA. Strydom et al.® also defined accurate refe-
rence points for the distal phalanx to standardize the method
of measurement of the IPA.

Introduction

Lateral deviation of the interphalangeal joint of the hallux
was investigated for the first time by Daw® in 1935, who
coined the term hallux valgus interphalangeus (HVI). The
method of assessing HVI was described by Burry in 1957®,
The pathophysiology of HVI was first described by Sorto
and Balding®. They suggested that this deformity is due to
phalangeal condyle hypoplasia. There is no other study to
support this theory©®,

The radiographic measurement of the IPA is measured as
the angle between the long axes of the proximal and distal
phalanges. The normal angulation in the axial plane between
these two bones is less than 10 degrees®. The IPA is used to

Strydom et al.® reported that the interphalangeal angle
(IPA) correlates inversely with the other angular measure-
ments for hallux valgus (HV). Therefore, the more severe HV
deformity, the smaller the IPA. These findings may be due to

Study performed at the University of the Witwatersrand, Johannesburg, Sou
Africa.

th

assess the severity of HVI deformity®°'® (Figure 1).

The magnitude of the surgical procedure required to cor-
rect HVI deformity is based on the IPA on weight-bearing
radiographs@®, Akin osteotomy is primarily indicated for
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correction of HVI deformity and was first described in 19259,
In conjunction with the other osteotomies for HV correction,
Akin osteotomy can assist with total HV deformity correction.
Shannak et al.®® found that for a 15-degrees correction, an
osteotomy with a 3-mm base is needed. Akin osteotomy is
also used to correct any residual pronation of the hallux®.

Since the preoperative IPA can be underestimated in mo-
derate to severe HV deformities due to hallux pronation
(Figure 2A-B), the surgeon reassesses the IPA intraope-
ratively after correcting HV. As it is not practical to for-
mally measure the IPA intraoperatively, the surgeon visua-
lly estimates the IPA using fluoroscopy, while simulating
weight-bearing. The size of wedge resection for Akin
osteotomy is dependent on accurate assessment of the
IPA. Surgeon’s estimation intraoperatively needs to be
reasonably accurate and reproducible.

Figure 1. Reference points and method for measuring

the interphalangeal angle.

The aim of the study was to evaluate the reliability and repro-
ducibility of visually estimating the IPA after correction of HV
deformity by comparing it with the formal measurement. As
a secondary aim, the authors hypothesized that preoperative
HVI deformity can be underestimated due to hallux pronation
and surgical correction of HV deformity can unmask true HVI.

Methods

Ethics approval was given by the Human Ethics Committee
of the university. The study included 50 consecutive feet of
39 patients who underwent surgical correction of a HV de-
formity by two foot and ankle surgeons. Of the 39 patients,
11 had bilateral surgery. Exclusion criteria were patients under
the age of 18 years and incomplete records. Hallux prona-
tion was assessed clinically and documented by looking at
the orientation of the nail (Figure 2A). All patients underwent

Figure 2. A) Clinical picture of Hallux val-

gus deformity with pronation. B) Radiogra-
phic measurement of the interphalangeal
angle showing underestimation.
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preoperative weight-bearing radiographs of their feet accor-
ding to standard international guidelines. Preoperative radio-
graphs were used to measure the HV angle, the intermeta-
tarsal angle (IMA), and the IPA by a foot and ankle fellow.

HV deformity was corrected using the appropriate proce-
dure according to the severity and cause of hallux pronation.
If hallux pronation was related to first metatarsal pronation,
a modified Lapidus procedure was performed to correct
metatarsal pronation and HV deformity. All other deformi-
ties were corrected using the appropriate procedure which
would correct the HV angle and cover the sesamoids, there-
by correcting muscle imbalance (Table 1). Following HV cor-
rection with an appropriate osteotomy, the IPA angle was
visually estimated using intraoperative fluoroscopy by the
2 senior authors (Observer 1 [NPS] and Observer 2 [PNF].
A mini-image intensifier was used to allow for simulated
weight-bearing by pushing the foot up against the flat detec-
tor plate. The fluoroscopic image was printed, and formal IPA
measured by the foot and ankle fellow, with the aid of a gonio-
meter, using the standard measurement technique (Figure 3).
Visually estimated and formally measured IPAs were assessed
for reliability. Pre- and intraoperative IPAs were compared to
assess for change after HV correction. Data was entered on
an Excel spreadsheet and analyzed.

Statistical analysis

To measure the reliability of a test, the standard deviation
of subject’s true value and of measurement errors need to
be calculated. Higher reliability shows smaller measurement
errors of a test. Reliability values range between O and 1. A
reliability value of 1 represents zero measurement error and
vice versa’?, To describe data on observers’ measurement,
mean and standard deviation (SD) were calculated. To de-
termine interobserver agreement, a Pearson’s correlation test
was applied. All analyses were performed using STATA ver-
sion 14.0. Statistical analyses were conducted at a significance
level of 5% (p<0.05).

Results

The cohort consisted of 37 females and 2 males, with an ave-
rage age of 48 (18-72) years. The mean preoperative IPA was
6.2 (0-18) degrees. The mean intraoperative (post HV cor-
rection) IPA was 11.7 (3-20) degrees. The mean difference
between IPA before and after HV correction of 5.5 degrees
was found to be statistically significant (p=0.039).

Visually estimated measurements by each observer and the
formal measurements are reported in table 2. On average,
Observer 2 had a higher mean measurement in comparison
to Observer 1. Intraobserver reliability was 0.76 for Observer
1 and 0.80 for Observer 2. Interobserver reliability was 0.78.
The Pearson’s correlation test found a strong agreement
between the two observers’ visual measurements (p<0.001),
as well as between observers’ visual measurements and for-
mal measurements (p<0.001).
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Discussion

HVI is a three-dimensional deformity (pronation and valgus
deformities). Treatment of HV deformity is based on physi-
cal and radiological examination. Various radiographic angles
have been described for surgical planning, including IPA.
These angles need to be reproducible and accurate to aid in
surgical planning®”®_Coughlin et al.®9 reported that the
techniques for measurement of the I-Il IMA and the HV angle
are reliable and reproducible.

The prevalence of HVI varies significantly in the literature.
Strydom et al.® found a 62.1% prevalence of the HVI when
they evaluated X-rays of patients with a HV deformity. They

Table 1. Summary of procedures performed to correct hallux val-
gus deformity

Procedure Number

Chevron n
Scarf 8
Proximal opening wedge 15
Modified Lapidus procedure 16

N=6°

P=10°

Rx=9°
Figure 3. Intraoperative fluoroscopic image post hallux valgus

correction for formal measurement of the interphalangeal angle.

Table 2. Summary of observers’ visual estimations and formal
measurements of the interphalangeal angle

Mean (SD) Min-Max
Measured by

(Degrees) (Degrees)
Observer 1 10.26° (3.89) 30 -20°
Observer 2 1.42° (3.53) 40 -18°
Formal measurement 11.68° (4.27) 3° - 20°
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also concluded that the contribution of the IPA is 37.9% to the
total valgus deformity of the hallux. Interestingly, HVI decrea-
sed as the severity of HV increased. We postulated that as
the severity of HV worsens, the hallux tends to pronate more,
thereby masking true HVI. Preoperative IPA is thus inaccurate
and misleading.

Various causes have been described for hallux pronation
in HV. In some studies, the flexor hallucis longus tendon
has been implicated as a causative factor. This tendon will
eccentrically pull the distal phalanx causing rotation of the
hallux®-®, More recently, research on first metatarsal prona-
tion in HV has become popular. First metatarsal pronation
is not a novel idea and was reported by Eustace et al./® and
Saltzman et al.?®, Okuda et al.®” found that correcting me-
tatarsal pronation is an important component of HV surgical
correction. Kim et al.®? reported the incidence of first me-
tatarsal pronation in HV to be as high as 87.3%. The advent
of weight-bearing computed tomography has reinforced the
incidence and amount of metatarsal pronation. Wagner et
al.®® has highlighted the importance of correcting first meta-
tarsal pronation to prevent recurrence of HV deformity. The-
refore, HV correction also corrects hallux pronation, revealing
true HVI. We found that the IPA increased on average by 5.5
degrees after HV correction. This supports our theory that
true HVI is masked in more severe HV deformity.

It is not practical to formally measure the IPA once true
HVI has been identified intraoperatively. The importance of
knowing the IPA is to guide the surgeon with regards to the
required wedge size when performing Akin osteotomy. Shan-
nak et al.%® reported that a 1-mm increase in wedge size is
necessary to correct for every 5-degree increase in IPA. The
surgeon therefore often estimates the IPA using intraope-
rative fluoroscopy. Accuracy of visual estimation of angles
by physicians has been reported in the literature for various
measurements. Moran et al.®® evaluated reproducibility and
reliability of visual estimation of a series of angles by or-
thopaedic surgeons. They found that orthopaedic surgeons
can visually estimate angles to within 10 degrees 93.1% of

the time and to within 5 degrees 64.6% of the time. Repeat
measurements 6 weeks later were within 5 degrees of their
initial responses 82.2% of the time and within 10 degrees of
the initial responses 94.5% of the time. Molony et al.®?® repor-
ted that orthopaedic surgeons can accurately estimate within
5 degrees acute angles less than 30 degrees. Abu-Rajab et
al.®® reported a 70.8% accuracy in estimating degrees of elbow
flexion within 5 degrees amongst 116 observers. Higashi et
al.?” evaluated accuracy of visual estimation of the I-Il IMA
and reported that visual estimation differed from formal mea-
surements by 3.28 +/-1.56. They also concluded that visual
estimation of angles <10 degrees was more accurate.

The current study found intraobserver reliability of visually
assessing the IPA to be 76% and 80% for each observer res-
pectively, with a margin of error of 3 degrees or less. Intero-
bserver reliability was found to be 78%. It is therefore viable
for the surgeon to visually estimate the IPA intraoperatively
after HV correction.

The limitation of this study is that only 2 observers were
used to visually estimate the IPA. A future multi-surgeon
study would be of benefit. Another limitation was that we
compared the IPA in simulated weight-bearing using a mini-
image intensifier to standard weight-bearing radiographs.
Boffeliand Mahoney®“® reported that intraoperative simulated
weight-bearing lateral foot imaging had a direct correlation
to weight-bearing radiographs. Further research is required
to assess the validity of comparing simulated weight-bearing
images to standard weight-bearing radiographs.

Conclusion

Inter- and intraobserver visual assessment of the IPA of the
hallux was found to be reliable intraoperatively, thus aiding
in planning the amount of correction required by Akin osteo-
tomy. Furthermore, the study suggested that HVI could be
masked by the amount of preoperative hallux pronation from
the HV deformity and should rather be assessed intraope-
ratively after HV correction.
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Abstract

Objective: To demonstrate fixation options for comminuted fractures of the medial malleolus.

Methods: We retrospectively analyzed patients operated on for ankle fractures who had comminuted fractures of the medial malleolus
between 2014 and 2018. Five patients were included in the study, 3 women and 2 men aged 19 to 37 years. Four cases were fixed with
a tension-band wiring technique using Kirschner wires and cerclage, and 1 case with lag screws and buttress plate.

Results: Four cases progressed satisfactorily (AOFAS >70), and 1 case progressed to ankle arthrodesis.

Conclusion: Fixation with a tension-band wiring technique using Kirschner wires and cerclage may be an alternative to osteosynthesis
in comminuted fractures of the medial malleolus with small fragments. Fixation with lag screws and buttress plate may be used in cases
with larger fragments.

Level of Evidence IV; Therapeutic Studies; Cases Series.

Keywords: Ankle fractures; Ankle; Fractures, comminuted.

Methods

This study was approved by the Research Ethics Committee
(approval number: CAAE 37116020.9.0000.0033).

Introduction

Fractures of the medial malleolus can occur alone or in
association with lateral malleolus or posterior pilon fractu-
res, with an incidence of 187 per 100,000 person-years®.
Several methods have been used for fixation of medial mal-
leolar fractures, but the technique traditionally used is osteo-

We retrospectively analyzed patients operated on for ankle
fractures who had comminuted fractures of the medial mal-

synthesis with 2 partially threaded screws perpendicular to
the fracture line®.

The AO group recommends the use of lag screws or ten-
sion-band wiring for transverse fractures of the medial
malleolus, while a buttress plate or lag screws should be used
for oblique fractures. However, there are no clear recommen-
dations for the fixation of comminuted fractures of the me-
dial malleolus®.

The aim of this study is to present a case series demonstra-
ting fixation options for comminuted fractures of the medial
malleolus.

Study performed at the Hospital de Urgéncias de Aparecida de Goiania, Apare-

cida de Goiania, GO, Brazil.

leolus between 2014 and 2018. Patients with a follow-up
<18 months, patients without preoperative and postoperative
radiographs and those aged <18 years were excluded.

Of 12 patients evaluated, 7 were excluded: 2 for follow-up
<18 months, 4 for absence of radiographs, and 1 patient
younger than 18 years.

Results

Five patients were included in the study, 3 women and 2
men aged 19 to 37 years (Table 1).
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Casel

A female patient presented with an open bimalleolar
ankle fracture with comminution of the medial malleolus.
For treatment of the medial malleolar fracture, a tension-band
wiring technique was used, with Kirschner wires and cercla-
ge, in addition to mini- and microplates for distal fibular fi-
xation (Figure 1). The patient had an American Orthopaedic
Foot and Ankle Society (AOFAS) score of 92.

Case?2

A male patient had a motorcycle accident resulting in a
bimalleolar ankle fracture. The medial malleolus showed
comminution with displacement. Emergency treatment in-
cluded a temporary external fixator until definitive surgery.
In the second procedure, tension-band wire fixation was
chosen for the medial and lateral malleoli. After 14 months,
the patient developed post-traumatic arthritis (AOFAS 56)
and underwent ankle arthrodesis.

Case3

A male patient presented with an injury in the medial malleolar
region due to a gunshot wound, with a comminuted fractu-
re and loss of bone mass. The fragments were fixed using a
tension-band wiring technique and cancellous bone grafting.
The patient had an AOFAS score of 75.

Case 4

A female patient presented with a bimalleolar ankle fracture,
with comminution of the medial malleolus and oblique frac-

Table 1. Cases evaluated in this study

Patient AOFAS Fixation method Complications

Case 1 92 Tension band None

Case 2 56 Tension band Post-traumatic arthritis
Case 3 75 Tension band None

Case 4 88 Plate and screws Plate-related discomfort
Case 5 94 Plate and screws None

AOFAS, American Orthopaedic Foot and Ankle Society.

ture of the fibula. For treatment of the comminuted fracture
of the medial malleolus, a tension-band wiring technique
was used, with Kirschner wires and cerclage, and a T-plate
was placed to fix the fibula. After 1 year, the patient requi-
red hardware removal due to medial discomfort. She had an
AOFAS score of 88.

Case5

A female patient presented with a bimalleolar ankle fracture
with a shear line in the medial malleolus and comminution.
The medial malleolus was fixed with lag screws and buttress
plate (Figure 2). She had an AOFAS score of 94.

Discussion

Ankle fractures are common and can be classified as uni-
malleolar, bimalleolar, or trimalleolar. Approximately 87% of
these fractures require surgical treatment. In this setting,
isolated fractures of the medial malleolus are less common
than other ankle fractures and present greater stability due to
the deltoid ligament complex. Therefore, they can be treated
conservatively when not displaced®.

Displaced fractures require surgical treatment. Osteosyn-
thesis can be performed using several fixation methods des-
cribed in the literature, such as cortical or cancellous screws,
plates, and Kirschner tension-band wiring, among others. The
fixation method recommended by the AO group for medial
malleolar fractures is the use of a 4-mm partially threaded
cancellous screw. This screw should have an average length
of 40mm in order to reach the dense part of the cancellous
bone in the metaphyseal region of the distal tibia®.

For comminuted fractures of the medial malleolus, there are
no studies in the literature showing a better method than os-
teosynthesis. A comparative study between tension-band fi-
xation and lag screws in comminuted fractures of the medial
malleolus showed a higher rate of union, better AOFAS score,
and lower rate of revision surgery for fractures treated with lag
screws, but the difference was not statistically significant due
to the small sample size. According to the authors, comminu-
ted fractures have poor outcomes regardless of the fixation

Figure 1. Preoperative and postoperative radiographs.
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Figure 2. Preoperative and postoperative radiographs.



method®. In our case series, fixation methods were not com-
pared, but all cases achieved union, with only 1 case associa-
ted with an unfavorable outcome requiring revision surgery.
This poor outcome may be explained by the fact that it was an
open fracture, with joint bone healing failure after reduction.

Of the 5 cases presented here, 4 were fixed from the me-
dial malleolus using the 8-fold tension-band wiring technique
with 2 Kirschner wires and stainless-steel cerclage wire. A
tension-band wiring technique was used in 4 of our cases be-
cause they showed great comminution with very small frag-
ments for screw osteosynthesis. Fixation with Kirschner wires
and cerclage allowed anatomic reduction and fixation of the
fragments.

A study comparing cancellous bone screw fixation vs ten-
sion-band fixation of medial malleolar fractures with 2-mm
and 4-mm fragments in cadavers concluded that cancellous
screws showed only 47.16% (60.98 N) of the strength of ten-
sion-band fixation (129.30 N), indicating that tension-band fi-
xation provides greater resistance against displacement and
local fracture protection®. It is possible that the resistance
and strength generated by tension-band fixation provide bet-
ter stability to comminuted fractures, thus reducing the like-
lihood of loss of reduction and allowing early rehabilitation.

All cases presented here exhibited a marked degree of com-
minution, only Case 5 showed a larger distal fragment despite

Silva et al. Comminuted medial malleolar fractures - a series of 5 cases

comminution of the medial wall. This was the only case in which
fixation was possible with lag screws and buttress plating.

Fracture union was achieved in all of our cases. Only 1 pa-
tient had postoperative wound infection, treated with oral
antibiotics and subsequent hardware removal. This patient
developed early post-traumatic arthritis and, therefore,
underwent ankle arthrodesis. This unfavorable outcome may
be explained by the joint bone healing failure after reduction
and postoperative infection.

A limitation of this study is that it is a case series with a
small sample size. Also, we did not compare the fixation me-
thods used for comminuted fractures of the medial malleolus.

Conclusion

Fixation with a tension-band wiring technique using
Kirschner wires and cerclage may be an alternative to osteos-
ynthesis in comminuted fractures of the medial malleolus with
small fragments, but it has shown less favorable outcomes in
previous published studies and also in the present case series
(only 1tension-band patient had an AOFAS score of 92), most
probably due to the nature of the fracture rather than the
internal fixation method. Fixation with lag screws and
buttress plate may be used in cases with larger fragments.
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Agreement between semiautomatic and manual
measurement of selected parameters on
weight-bearing computed tomography images

in total ankle replacement: a retrospective study
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1. Department of Orthopaedics and Rehabilitation, University of lowa, Carver College of Medicine,lowa City, IA, USA.
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Abstract

Objective: To assess the agreement between semiautomatic 3D measurements and manual measurements derived from WBCT images
in patients with end-stage ankle osteoarthritis (AO) who underwent total ankle replacement (TAR).

Methods: In this retrospective, IRB-approved study (ID #201904825), we evaluated patients who underwent TAR via the lateral
trans-fibular approach for end-stage ankle OA. The study included 14 ankles from 14 patients. Raw multiplanar data were analyzed
using CubeVue® software. Lateral talar station (LTS) was obtained in the sagittal plane, while hindfoot moment arm (HMA) and talar tilt
angle (TTA) were calculated in the coronal view. Semiautomatic 3D measurements were performed using Disior® software. Intra-rater
reliabilities were analyzed using the intraclass correlation coefficient (ICC). Agreement between methods was tested with Bland-Altman
plots. Each measurement was assessed using the Wilcoxon signed-rank test. Alpha risk was set to 5% (a=0.05). P-values of <0.05 were
considered significant.

Results: ICC-measured reliabilities ranged from moderate to almost perfect for manual and semiautomatic WBCT measurements in the
preoperative and postoperative groups for HMA and LTS. There was high correlation between parameters calculated from manual and
semiautomatic measurements, and strong agreement between the readers and software in both groups.

Conclusions: Manual (M) and semiautomatic (SA) 3D measurements expressed excellent agreement for pre- and postoperative groups,
indicating a high correlation between the parameters calculated and strong agreement between the readers and the software in both
groups.

Level of Evidence lll; Therapeutic Studies; Comparative Retrospective Study.

Keywords: Ankle; Osteoarthritis; Arthroplasty, replacement, ankle; Tomography, x-ray computed; Weight-bearing.
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Introduction

Ankle osteoarthritis (AO) is a chronic joint disease associa-
ted with discomfort, mobility issues, and reduced quality of
life®®, Approximately 1% of the population worldwide is affec-
ted by AO®. Unlike in other joints, primary or idiopathic AO is
rare. A post-traumatic etiology is most common“, with rota-
tional ankle fractures and ligamentous injuries comprising the
most common traumatic causes®®. Total ankle replacement
(TAR) has been advocated over ankle arthrodesis to correct
AO, with evolving strategies and revisions each year to redu-
ce complication rates®™. However, bony overlap in conven-
tional radiographs poses a challenge in the 3D evaluation of
the ankle, and axial alignment of the ankle joint can be diffi-
cult to evaluate in the intraoperative management of AQY,
Weight-bearing computed tomography (WBCT) has been
increasingly adopted as a method well- equipped to assess
the rotational elements of the ankle joint in the axial plane,
addressing a limitation of standard radiographic evalua-
tion™"®, Radiographic parameters obtained from these ima-
ges can be valuable in the preoperative assessment and pos-
toperative analysis of TAR for AO; thus, improvement in the
acquisition, reliability, and accuracy of these measurements
can influence treatment approaches and impact patient out-
comes after deformity correction®®,

The use of semiautomated 3D measurements in WBCT
images has recently been demonstrated to be reliable in
assessing midfoot and hindfoot disorders®@°29, suggesting
the potential for a method to characterize 3D joint morpho-
logy quickly and comprehensively. Compared to 2D measu-
rements in weight-bearing radiographs, semiautomatic 3D
measurements have proven more reliable in assessing foot
and ankle alignment®™. Kvarda et al.?® showed that auto-ge-
nerated 3D measurements using WBCT images of the mid-
foot and hindfoot were reliable in evaluating healthy indivi-
duals and patients with post-traumatic end-stage AO. Further,
Lintz et al.®?, in a study on the development of periprosthetic
cysts after TAR utilizing 3D multiplanar reconstruction, pro-
posed the potential for 3D biometrics in the improvement of
malalignment characterization in the foot and ankle.

No studies have examined the reliability of semiautoma-
tic 3D measurements derived from WBCT in assessing pa-
tients who underwent TAR for end-stage AO. Validation of
semiautomatic 3D measurements in this analysis may reveal
a time-efficient and cost-efficient method to assess and treat
patients with end-stage AO, and lay the groundwork for an
Al-based evaluation in the future. In this study, we applied
semiautomatic 3D measurement software to WBCT images
of patients with end-stage AO who underwent TAR. Our aim
was to assess the agreement between manual and semiau-
tomatic 3D measurements derived from WBCT images, with
the hypothesis that semiautomatic measurement would be as
reliable and accurate as measurements performed manually
in this setting.

ankle replacement: a retrospective study

Methods

A retrospective comparative study was performed, which
analyzed existing data recorded as part of routine clinical
care. The study was approved by the Institutional Review
Board (ID #201904825) in accordance with the Health In-
surance Portability and Accountability Act (HIPAA) and the
provisions of the Declaration of Helsinki.

Subjects included were patients greater than 18 years of
age who underwent TAR via a lateral trans-fibular approach
for end-stage ankle OA, with at least 5° of coronal and/or
sagittal plane deformity, and who underwent preoperative
and postoperative WBCT. WBCT was used to assess each
patient’s ankle as a diagnostic standard. Exclusion criteria
included patients who underwent TAR via an anterior ankle
approach, patients with no ankle deformity in the coronal
or sagittal planes, and patients with less than 9 months of
clinical follow-up. The study included a total of 14 ankles (5
right and 9 left) in 14 patients, and the average age and BMI
were 63.9 years (range, 43-83) and 32.7 kg/m?2 (standard
deviation, 7.5).

Conventional Surgical Procedure

All surgical procedures were performed by a single fellowshi-
p-trained foot and ankle orthopedic surgeon with more than
10 years of experience. All patients received the Zimmer-Biomet®
(Warsaw, Indiana, US) Trabecular Metal™ TAR (Figure 1).

Imaging acquisitions

WBCT scans were performed utilizing a cone-beam lower
extremity CT scanner (pedCAT® Model, CurveBeam®, War-
rington, FL, USA). Patients entered the scanner in a bipedal
standing position and were instructed to bear weight equally
between their lower limbs with their feet shoulder-width
apart. Images were taken at 120 kVp and 5 mA with a maxi-
mum exposure of 10s. The volume was reconstructed with a
0.37-mm isotopic voxel.

Manual WBCT measurements

A single fellowship-trained foot and ankle orthopedic sur-
geon performed all WBCT measurements. De-identified, raw
multiplanar data were translated into sagittal, coronal, and
axial plane images and evaluated utilizing CubeVue® software
(CurveBeam, LLC, Warrington PA, USA). Lateral talar station
(LTS) was obtained using sagittal plane views, whereas hind-
foot moment arm (HMA) and talar tilt angle (TTA) were cal-
culated in the coronal plane (Figure 2).

Semiautomatic 3D WBCT measurements

Semiautomatic 3D measurements were performed utilizing
the Disior® Bonelogic® Ortho Foot and Ankle Software (ver-
sion 2.0; Helsinki, Finland). First, a file is selected in DICOM
format for analysis, and the software automatically cons-
tructs a 3D isosurface of the bone tissue. Bone segmentation
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is performed by placing at least one marker point on each
visible bone in the rendered image for analysis. Deformab-
le shape models were applied to obtain a patient-specific
shape. Longitudinal axis estimates were generated for each
patient-specific model by finding the center of the specific
bones and analyzing cross-sections at different locations.

|

The software applied vigorous line-fitting techniques to
select the straight-line representative for the center of the
bone. Subsequently, the software automatically registered a
mathematical model of the foot and ankle on the image and
computed the location of measurement landmarks and longi-
tudinal axes of the bones of interest (Figure 3).

Figure 1. Lateral trans-fibular total ankle replacement. Final implant in place (A), and final positioning checked on the anteroposterior

(B) and lateral (C) views. Final view: the fibula was reduced, and bone osteosynthesis was executed (D).

Coronal Plane Deformity: Hindfoot Moment Arm (HMA)

Preop ‘Postop

Preo

Coronal Plane Deformity: Talar Tilt Angle (TTA)
Postop §

Figure 2. Manual measurements in preoperative and postoperative WBCT images: A) Hindfoot moment arm (HMA), B) Lateral talar
station (LTS), and C) Talar tilt angle (TTA).

14 JFoot Ankle. 2022;16(1):72-8
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Figure 3. Raw multiplanar nonidentified data were converted into sagittal, coronal, and axial images and evaluated using dedicated software

(CubeVue™). Bone segmentation performed using the DISIOR Bonelogic F&A Software (A). The software automatically registered a

mathematical model of the foot and ankle on the image and computed the location of measurement landmarks and longitudinal axes of

bones of interest producing semiautomatic 3D measurements; preoperative (ankle osteoarthritis) (B) and postoperative (after total ankle

replacement) (C). Hindfoot Moment Arm (HMA) measured semiautomatically, in preoperative (D) and postoperative (E) images.

Statistical analysis

Each measurement was evaluated for normality using the
Wilcoxon test, and descriptive statistics were obtained (mean
and 95% confidence interval values). Intra-rater reliabilities
for continuous data were analyzed using intraclass correla-
tion coefficients (ICC).

A Pearson correlation coefficient was utilized to evaluate
the linear relationship between the semiautomatic WBCT and
manually performed WBCT measurements. Alpha risk was set
to 5% (a=0.05). Agreement between manual (M) and semiau-
tomatic (SA) methods was evaluated using Bland-Altman
plots. P-values of <0.05 were considered significant.

Results

ICC-measured reliability ranged from moderate to almost
perfect for manual and semiautomatic WBCT measurements
in the preop and postop groups for HMA and LTS (Table 1).

Mean manual and semiautomatic measurements of HMA,
LTS, and TTA showed, as expected, a decrease in value when
comparing the preoperative group with the postoperative
group, and presented a statistically significant difference for
HMA in manual and semiautomatic measurements (Tables 2
and 3).

According to Pearson coefficients, there was a high positive
linear correlation between semiautomatic and measurements
performed manually in the preoperative group for the two
parameters evaluated (HMA, r=0.93, p<0.001; LTS, r=0.64,
p=0.01). There was no significant positive linear correlation
between the semiautomatic and manual measurements per-

formed for TTA (r=0.01; p=0.936). The same phenomenon
occurred in the postoperative group, with a high, positive li-
near correlation for HMA (r=0.84; p<0.001) and LTS (r=0.66;
p=0.01). There was no significant positive linear correlation
between the semiautomatic and manual measurements for
TTA (r=0.22; p=0.448).

Agreement between manual (M) and semiautomatic (SA)
methods was tested for HMA, LTS, and TTA using Bland-Altman
plots. This method expressed excellent agreement between
manual and semiautomatic segmentation for the preopera-
tive and postoperative groups. In the preoperative group,
the plot shows that the mean difference between measu-
rements for HMA was 0.48 degrees, with a 95% confiden-
ce interval of -6.81 to 5.86; for LTS, 2.64 mm, with a 95%CI
of -5.58 to 10.85; and for TTA, 1.4 degrees, with a 95%ClI
of -30.83 to 28.03. In the postoperative group, the mean
difference between measurements for HMA was 2.9 degrees,
with a 95% confidence interval of -11.11 to 5.3; for LTS, it was
312 mm, with a 95%ClI of -0.43 to 6.68; and for TTA it was
2.62 degrees, with a 95%ClI of -12.69 to 17.91. These results
indicated a high correlation between the parameters calcu-
lated from the manual and semiautomatic measurements,
and strong agreement between the readers and the softwa-
re in both groups (Figure 4).

Discussion

Our study revealed that computer-assisted semiautomatic
WBCT image measurements in end-stage OA patients under-
going TAR are reliable and expressed excellent agreement
between manual and semiautomatic segmentation for the
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Table 1. Intraobserver Agreement and Consistency of Manual vs. Semi-Automatic Measurements Assessed by ICC?

Pre-op
Agreement Consistency
(95% CI) (95%Cl)
HINDFOOT MOMENT ARM 0.697 0.706
(0.143-0.896) (0.123-0.901)
LATERAL TALAR STATION 0.725 0.778
(0.185-0.908) (0.339-0.925)
TALAR TILT ANGLE 0.27 0.26
(0.00-0.686) (0.00-0.673)

Post-op
Agreement Consistenc
P value ?95% ¢l (95%Cl) y P value
0.014* 0.877 0.91 <0.007*
(0.522-0.963) (0.719-0.971)
0.004* 0.496 0.793 0.004*
(0.235-0.842) (0.335-0.933)
0.481 0.229 0.241 0.648
(0.00-0.596) (0.00-0.602)

M, Manual measurement; SA, semi-automatic measurement.
2 P values are based on F tests calculated using function icc() of R package irr.
*Statistical significance, P<.05.

Table 2. Comparison between Preop vs. Postop group using Manual
measurement

Preop Postop Mean
. Pvalue
Mean Mean difference
HINDFOOT MOMENT ARM 10,61 5,98 4,63 <0.001*
LATERAL TALAR STATION 4,66 3,58 1,08 (o}
TALAR TILT ANGLE 287 037 2,5 0,176

aP values are based on Wilcoxon test
*“Statistical significance, P<.05.

Table 3. Comparison between Preop vs. Postop group using
Semi-automatic measurement

Postop
Mean

Preop

difference Pvalue

HINDFOOT MOMENT ARM 11,28 8,19 5I09 0.006*
LATERAL TALAR STATION 3,78 1,49 2,29 0,07
TALAR TILT ANGLE 2,99 0,63 2,36 0,231

aP values are based on Wilcoxon test
*Statistical significance, P < .05.

pre- and postoperative groups. We validated a high positive
linear relationship between semiautomatic and manual mea-
surements for HMA and LTS. However, no significant positi-
ve linear correlation was found for TTA in either group. This
stands in contrast to previous studies, which have only fo-
cused on 3D measurements concerning end-stage posttrau-
matic AO or the assessment of foot and ankle alignment, not
on how these measurements can be applied to evaluate a
surgical approach?s 202y,

This study used semiautomatic WBCT measurements to
evaluate patients with end-stage AO who underwent a lateral
trans-fibular TAR. Previous studies have illustrated the supe-
riority of WBCT over conventional radiography for assessing
the foot and ankle®4?®, suggesting that this imaging me-
thod can more accurately characterize 3D joint morphology
in comparison to 2D radiographs. It has been demonstrated
that hindfoot alignment can be poorly evaluated in the cli-

16 JFoot Ankle. 2022;16(1):72-8

nic®® and that 2D radiographs have poor reproducibility?’2®,
Further, a study performed by de Cesar Netto and Richter
suggested that WBCT can mitigate certain flaws inherent to
2D imaging, such as errors in patient positioning, overlapping
structures, and operator-related bias. These critiques are
supported by others@1522),

Bernasconi et al.?® evaluated semiautomatic 3D measure-
ments of WBCT images to assess hindfoot alignment in pes
cavovarus, and found high intra- and inter-observer reliability
regarding these measurements.

Inarecent study, Kvarda et al.?® examined 3D measurements
generated from WBCT images of the midfoot and hindfoot
by semiautomated software and assessed the reliability of
these measurements in patients with posttraumatic end-stage
AO. They concluded that this technique provided an accu-
rate assessment of the hindfoot and midfoot, irrespective of
the observer, and found that the automatically generated
3D measurements were reliable both in healthy patients and
in patients with posttraumatic end-stage AO. They sugges-
ted that acquiring these measurements can impact patient
outcomes and provider decision-making.

These studies confirmed our impression that semiautomatic
3D WBCT measurements expressed high intra-rater reliability
in assessing foot and ankle hindfoot deformities.

While our study yielded significant findings, some limita-
tions must be addressed: (1) we used a retrospective design;
(2) while the software utilized to collect semiautomatic me-
asurements calculates the parameters automatically, selec-
tion of the bone structures within the interface was done
manually; (3) we did not measure image acquisition time, a
software parameter subject to variability depending on the
computer, and this must be accounted for; (4) this software
is currently limited to select research institutions, and is still
under development. Thus, there are some barriers to impro-
ving access to this novel technology.

Further research will need to be conducted for this techno-
logy to be integrated into clinical practice as a tool that can
improve the time efficiency and accuracy of diagnosis, treat-
ment planning, and decision-making by orthopedic surgeons.
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Figure 4. Bland-Altman plots for preoperative group: A) hindfoot moment arm, B) lateral talar station, and C)
talar tilt angle; and for postoperative group: D) hindfoot moment arm, E) lateral talar station, and F) talar tilt
angle. The mean for each pair of semiautomatic (SA) and manual (M) measurements is shown on the x-axis. The
corresponding difference (bias) between each SA and M measurement (SA minus M) is shown on the y-axis.
Dashed blue line represents the mean difference. Dashed red lines represent 95% limits of agreement (mean
difference + 1.96 standard deviation [SD] of the difference).

Conclusion

Our hypothesis that semiautomatic measurement in the

setting of patients with end-stage AO who underwent TAR

would be as reliable and accurate as measurements perfor-

med manually was confirmed. Manual (M) and semiautomatic
(SA) 3D measurements expressed excellent agreement for
pre-and postoperative groups, indicating a high correlation
between the calculated parameters, and strong agreement
between the readers and the software in both groups.
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Stress fracture of the fifth metatarsal in professional

soccer players treated with intramedullary fixation:
is areturn to sports safe?

Carlos Augusto Zazueta-Arnaud'”, Luis Gomez-Carlin'"*, Luis Felipe Radillo-Ubando'
Victor Jonathan Ramirez-Gémez'"”, Elsa Viridiana Sanchez-Hernandez'

1. Medyarthros Clinic, Guadalajara, Jalisco, Mexico.

Abstract

Objective: To evaluate the clinical and functional outcomes of professional soccer players with zone 3 fractures of the fifth metatarsal
treated with intramedullary fixation; and to determine a safe return time to sports.

Methods: This study included professional Mexican soccer players with fractures in zone 3 of the fifth metatarsal treated with intrame-
dullary fixation. The clinical and functional status were evaluated with the VAS and Foot and Ankle Ability Measure (FAAM-Sp) Sport
Subscale Score.

Results: Twenty-two professional soccer players (average age: 20.13 + 2.85 years) were included. The average postoperative follow-up
time was 23.54 + 15.26 months. Fracture consolidation was demonstrated at 12-week follow-up in all 22 (100%) subjects. The FAAM-Sp
Sport Subscale Score was 91.45 + 8.84 postoperatively; the safe time to return to sports was 12.04 + 2.21 weeks, when normal or close
to normal function was observed in 21 (95%) players.

Conclusion: A safe return to sports at 12 weeks, at the same performance level demonstrated prior to injury, was achieved in 95% of
professional soccer players in this sample. To our knowledge, this is the first study to explicitly define a time for safe return to sports
activities that is related to the critical time required to allow fracture union.

Level of Evidence lll; Therapeutic Studies; Retrospective Cohort Study.

Keywords: Activities of daily living; Fractures, stress; Soccer.

A conservative treatment approach is not effective for athle-
tes; immobilization to manage stress fractures can be catas-
trophic and associated with delayed consolidation, pseudo-
arthrosis, and a prolonged recovery time®®. Currently, the

Introduction

Fractures of the fifth metatarsal in professional soccer
players account for 0.5% of all sport injuries®. This lesion fre-

quently occurs in zones 1 and 2, whereas a lesion in zone 3,
known as a stress fracture, is less frequent and is a result of
repetitive loading that occurs during training and competi-
tions. Intrinsic and extrinsic risk factors have been described,
such as being a young athlete and participating in intense
preseason training®®. Recently, an abnormality in the mean
malleolar glide angle of the ankle has been shown to be a risk
factor for stress fractures in the fifth metatarsal®.

Study performed at the Medyarthros Clinic, Guadalajara, Jalisco, Mexico.
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consensus is that intramedullary fixation of stress fractures is
indicated specifically in subjects with high physical demands,
such as professional soccer players®®, Surgical management
offers the greatest safety for bone union, with advantages
that include its technical simplicity and its minimally invasive
nature®, ideal for patients with high levels of physical activity.
In 1975, for the first time, Dameron® suggested that athletes
should be operated on early to accelerate bone union.
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There are few reports of stress fractures in zone 3 of the
fifth metatarsal®*™, Moreover, to our knowledge, no studies
have determined the clinical and functional progression of
this injury with valid and reproducible scales of surgical re-
sults and their relation to the time of return to professional
sports at the same performance level reached prior to the in-
jury. Therefore, the objectives of our study were 1) to evaluate
clinical and functional outcomes on a visual analog scale
(VAS) and the Sport Subscale Score of the Foot and Ankle
Ability Measure-Spanish (FAAM-Sp) in professional soccer
players with fractures in zone 3 of the fifth metatarsal treated
with intramedullary fixation, 2) to determine a safe time for
these players to return to play, and 3) to ascertain whether
the players reached the same performance level at which
they played prior to injury.

Methods

After a full review, the study was approved by the Ethics
Committee of the Jalisco Institute of Clinical Research (No.
14-CEI-005-20170427- No. 1066).

A retrospective cohort study was conducted from July 2013
to February 2018; participants were enrolled consecutively.
Players from the Mexican professional soccer league with a
primary fracture in zone 3 of the fifth metatarsal that was
treated with intramedullary fixation within the first 10 days of
injury were eligible and included in the study. Patients who
had experienced traumatic events and fractures in zone 1
and/or 2 of the fifth metatarsal were not included. Patients
who agreed to participate gave verbal informed consent.

Study Description

The following variables were included: age, sex, dominant
foot, fractured foot, preseason injury, postoperative tempo-
ral progression, time until return to the professional sporting
level the player had reached prior to injury (weeks), and ra-
diographs at 4-, 8-, and 12-week postoperative follow-up time
points to identify whether union, nonunion, or a delay of con-
solidation and complications occurred. Union required com-
plete bone bridging across the fracture site with or without
normal density on radiographs and no tenderness at the zone
fracture. The period of inability to participate in sport at the
player’s preinjury professional level was recorded.

Evaluation Scales

The clinical and functional status of the fifth metatarsal stress
fracture, as well as postoperative outcomes, were evaluated
with the VAS and FAAM-Sp Sport Subscale Score™'®,

FAAM-Sp Sport Subscale Score

The sports subscale comprises eight elements of high-level
activities, such as those required for athletes. The capacity to
respond, validity, reliability, and reproducibility of this scale,
including the Spanish version®™, were previously verified®.
Tools for assessment, such as self-reporting surveys, use the

80 U Foot Ankle. 2022;16(1):79-84

patient’s response to measure his performance: the survey
is useful to evaluate the efficacy of the treatment. The ma-
ximum score, 100, corresponds to an ability to perform the
sporting activity with the patient’s normal technique and par-
ticipate in the sporting activity for as long as necessary. The
minimum score, 20, corresponds to an inability to perform or
participate in the sporting activity. Similarly, the current le-
vel of function defined by the players was evaluated during
sporting activities by a range of scores from O to 100 (100
corresponded to their level of function prior to the fracture
and O corresponded to an inability to perform any of their
usual daily activities). In relation to the question, “How do
you classify your current function level?” the parameters
evaluated were normal, close to normal, abnormal, and seve-
rely abnormal.

Operative Technique

All patients were operated on in the supine position using
regional anesthesia and a tourniquet. Patients received pro-
phylactic antibiotics. During the surgical procedure, fluoros-
copic monitoring was used. A cannulated drill and a guide
wire were used; every surgical procedure was performed via
the “high and inside” surgical technique.

Postoperative Management

Patients received general wound care and minimal handling
of the surgical site. They went into non-weight-bearing im-
mobilization in a walker boot for 2 weeks. Subsequently, pro-
gressive weight-bearing in regular shoes was indicated as to-
lerated. In case of any functional limitation, strength-training
exercises were prescribed. Between 6 and 10 weeks after sur-
gery, elliptical training and jogging were authorized. The in-
tensity of these activities was decided based on the patient’s
recovery status. Between 10 and 12 weeks after surgery, pa-
tients joined their team for regular training. Our criteria for
return to sport were pain relief at the affected zone, adequate
physical function, and complete trabecular bridging across
the fracture site on radiographs.

Statistical Analysis

Data were recorded in Excel (Microsoft™, Seattle, WA).
Student’s t test was performed to compare pre-and pos-
toperative VAS scores. A p-value of <0.05 was considered
statistically significant.

Results

Twenty-two professional male players with diagnosis of
primary fracture in zone 3 of the fifth metatarsal that was
treated with intramedullary fixation were included in the study
(Figure 1). The age of the patients ranged from 17 to 29 years,
with an average age of 20.13 + 2.85 years (Table 1). The pa-
tients were clinically and radiographically evaluated within
the first 10 days after the injury. A widening of the fracture line
and evidence of intramedullary sclerosis were shown in the
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radiographs (Figure 2A-B). Stress fracture occurred during
the preseason training phase for 15 (68%) of the 22 players,
while it occurred during the competition season for 7 (32%)
players.

The average duration of follow-up after intramedullary fixa-
tion was 23.54 + 15.26 months (Table 1); 21 (95%) of 22 players
were treated with a 4.5 mm cannulated compression screw
and only one patient was managed with a 4.0 mm cannula-
tion screw. Consolidation of the fracture, demonstrated with
radiographic images in the 12-week follow-up, occurred in

Figure 1. Three types of proximal fifth metatarsal fracture by

zone: 1) tuberosity avulsion; 2) metaphyseal-diaphyseal union
(Jones fracture); 3) diaphyseal stress fracture.

Table 1. Characteristics of professional soccer players with a
zone 3 fracture in the fifth metatarsal that was treated with
intramedullary fixation (N=22)

Years of age (mean + SD) 2013 £ 2.85
Sex (male) 22 (100%)
Dominant foot (left/right) 3/19
Fractured foot (left/right) 13/9
Preseason injury (yes/no) 15/7
100% fracture consolidation 22
Postoperative follow-up (months) 23.54 +15.26
(mean * SD)

Time to return to professional sporting activity 12.04 + 2.21
(weeks) (mean * SD)

Complications iI2

VAS preoperative score ® (mean + SD) 8.81+ 0.90
VAS postoperative score after return to sporting 1.68 £1.52¢

activity (mean = SD)

20nly 1 patient presented with a refracture, which was unrelated to professional sporting activity
and diagnosed at the 8-week postsurgical follow-up; the injury was induced by the forced inver-
sion mechanism when descending a stair.

©VAS: visual analog scale.

©p<0.05

the 22 (100%) players included in the study; good trabecula-
tion across the fracture was shown on radiographs, although
some patients still had some visualization of the original frac-
ture line (Figure 2C-D). Delayed consolidation or nonunion
was not observed in any player. The average time elapsed
between the surgical intervention and return to professional
sporting activity was 12.04 + 2.21 weeks. Only one complica-
tion was reported in a patient, a refracture that occurred at 8
weeks postoperatively and was unrelated to sports activities
or rehabilitation; the injury occurred when going down a step
by the forced inversion mechanism.

There were no more refractures and the patients were able
to return to their previous sports activities without reporting
pain in the following (24-month) follow-up.

No delay was observed in consolidation of the fractures in
any of the patients.

The VAS in the preoperative evaluation revealed an average
score of 8.81 + 0.90; at postoperative follow-up after return
to sporting activity, the VAS score was 1.68 + 1.52 (p<0.05)
(Table 1).

Figure 2. A-B) Anteroposterior and oblique radiographs of the
proximal fifth metatarsal demonstrating a wide fracture line. This
fracture extends into zone 3 and involves both cortices, with par-
tial obliteration of the medullary canal by sclerosis at the site of
fracture. C-D) Anteroposterior and oblique radiographs of the left
foot taken at 12 weeks postoperatively. The orientation of a 4.5-mm
diameter cannulated screw with washer is seen in both projec-
tions, as well as consolidation with evidence of trabeculation
through the fracture but without full normal density.

Table 2. Average FAAM-Sp Sport Subscale Score? in the postope-
rative period of professional soccer players with a zone 3 fracture
that was treated by intramedullary fixation (N=22)

Mean + SD Minimum Maximum

Sport Subscale Score 91.45 + 8.84 72 100

2 FAAM-Sp2i3),
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The average score of the FAAM-Sp Sport Subscale Score
was 91.45 + 8.84 (ranging from 72 to 100) (Table 2) in the
postoperative period. In Figure 3, the average score obtained
by the athletes is shown in relation to the following specific
maneuvers: running, jumping, landing, starting and stopping
quickly, cutting and lateral movements, and low impact acti-
vities. Among the 22 professional soccer players included in
the study, 14 (64%) players had a score between 90 and 100.

During postoperative follow-up, the level of functional
activity related to the sport was determined by the FAAM-Sp
Sport Subscale Score upon the player’s return to sporting
activity. The average score was 9113 + 10.11 (Table 3); in 17
(77%) of the 22 players, a score between 90 and 100 was re-
ported. The players’ functional level upon return to the spor-
ting activity was evaluated with the question “How do you
classify your current function level?”; among the 22 players,
21 (95%) classified themselves as having a normal or close
to normal functional level, and only one player reported an
abnormal functional level.

Discussion

In our study, a safe return to sports for professional soccer
players was demonstrated to be possible 12 weeks after the
intramedullary fixation of a stress fracture in the fifth meta-
tarsal; at that time, performance was normal or close to nor-
mal in 95% of the athletes (FAAM-Sp Sports Subscale Score).
To our knowledge, this is the first study in the literature to

= ® o0 0 o W

w = o = @ — T

72 82 84 86 90 96 92 100

Foot and Ankle Ability Measure-Spanish Sport Subscale (FAAM-Sp). Average score
of the 8 categories: Running, Jumping, Landing, Starting and stopping quickly,
Cutting/ lateral movements, Low impact activities, Ability to perform activity with
your normal technique, Ability to participate in your desired sport as long as you
would like.

Figure 3. FAAM-Sp Sport Subscale in the postoperative period.
The average score obtained by the athletes is shown in relation
to the following specific maneuvers: running, jumping, landing,
starting and stopping quickly, cutting and lateral movements, and
low-impact activities.

82 U Foot Ankle. 2022;16(1):79-84

define the timing for safe return to sporting activities in terms
of the critical time required to allow fracture consolidation.

For professional soccer players, a stress fracture in the fifth
metatarsal could mean the end of their participation in the
sport®. The decreased time to return to sports and the relia-
bility of healing are the main reasons for pursuing operative
fixation™. The functional prognosis of a player’s return to the
sport following the intramedullary fixation of a stress fracture
in the fifth metatarsal had not been defined. In a recent stu-
dy of professional soccer players with stress fractures who
were treated with intramedullary fixation, Miller et al.® found
that an early return (8 weeks) to professional sporting
activity was associated with a radiological delay of fracture
union in 9 (24%) of the 37 cases, suggesting that, in the
absence of symptoms, this radiological finding did not limit
the players’ time of return to sports activity. In contrast,
another study reported that return to full activity before
complete radiological union was predictive of failure®;
surgeons must be cognizant of the risk of refracture, parti-
cularly in dealing with high-demand populations, and avoid
the temptation to return patients to high-impact activities
before radiographic union@,

Table 3. Function level scores® during sport-related activities in
soccer players with the diagnosis of a zone 3 fracture that was
treated with intramedullary fixation (N=22)

Current level of function

In general, how do you

Case no. during sport-related classify your current
activities level of function?

1 100 Normal

2 100 Normal

3 95 Normal

4 95 Close to normal

5 85 Close to normal

6 100 Close to normal

7 90 Close to normal

8 90 Close to normal

© 90 Close to normal

10 95 Normal

n 100 Normal

12 100 Normal

13 95 Normal

14 90 Close to normal

15 100 Normal

16 90 Close to normal

17 100 Normal

18 75 Close to normal

19 95 Normal

20 80 Close to normal

21 60 Abnormal

22 80 Close to normal

2FAAM-Sp Sport Subscale Score?'®,

°The score of 100 corresponds to the level of function prior to the injury, and the score of O
corresponds to the inability to perform any of the usual daily activities.

<Normal, close to normal, abnormal, or severely abnormal
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Bucknam et al.9” reported 32 patients with fifth metatarsal
fractures of zone 2 or 3.

They included both zones under eponymous Jones fractu-
res because current data suggest a similar vascular water-
shed and a subsequent impaired healing response within
zone 3; the mean follow-up was 24.2 (SD, 21.2) months. All
patients (100%) achieved osseous union at a mean of 10.8
weeks, with return to restriction-free activities at an average
13.0 weeks (to include high-impact activities). There were no
refractures or nonunions, and overall patient-reported satis-
faction was 100% at a mean follow-up of just over 2 years. In
our study, the average time of return to sporting activity was
12 weeks after surgery, which was related to consolidation of
the fracture, and the level of function was normal or close to
normal in 21 (95%) of the 22 professional soccer players with
primary stress fracture. Our results are comparable to those
reported by Ekstrand and Torstveit®, which included an ave-
rage time of 12 weeks for professional soccer players with a
stress fracture in the fifth metatarsal to return to normal sport
activities. We believe a return to sport after 12 weeks is safe
and that consolidation of the fracture in the fifth metatarsal in
professional soccer players is currently predictable.

Stress fractures, unlike traumatic injuries, have an insidious
course that is related to overuse. In a biomechanical analysis
of stress fractures, Orendurff et al.?® showed that the highest
flexion moments during acceleration are applied to the fifth
metatarsal; this moment is characterized by the forward in-
clination of the torso, forefoot contact, and a relatively large
propulsive force from the lower extremities. The metatarsal
pressure incurred during acceleration is twice as large as the
pressure incurred during cutting maneuvers, lateral move-
ments, and jumping, landing, and running actions at a cons-
tant speed in a straight line. Therefore, acceleration exerts the
largest load on the fifth metatarsal compared with other ma-
neuvers performed on courts and sports fields. The highest
frequency of fractures in zone 3 of the fifth metatarsal was
related to the preseason period due to the repetitive stres-
ses incurred during intense physical training; in our study of
Mexican soccer players, 15 (68%) of the 22 players incurred a
stress fracture during the preseason period. The repetition of
stress on the lateral-plantar region of the fifth metatarsal is a
risk factor for fracture in zone 3“*'¥; in contrast, fractures in
zones 1 and 2 are related to acute traumatic injuries, mainly
during the competition period. It is important to understand
this concept and apply it in a preventative manner in training
strategies to reduce the frequency of stress fractures in the
fifth metatarsal during the preseason period®.

Advances in technology have made cannulated screws
available, which may ease the difficulty of insertion into the
fifth metatarsal; the recommendation is to use the largest
screw possible and be cautious with the use of screws less
than 4 mm in diameter®®, On the other hand, in one study,
the biomechanical stiffness of a 4.5-mm solid malleolar screw
and a 4.5-mm cannulated screw was examined in a cadaveric
fifth metatarsal model®”; the force to displacement was not
different between the two screws. The authors noted that the

choice of screws from a biomechanical standpoint was at the
surgeon’s discretion. In our study, all cannulated screw dia-
meters were 4.5 mm except in one patient, with a diameter
of 4.0 mm. We considered the intramedullary fixation of a
stress fracture in the fifth metatarsal with a 4.5-mm cannu-
lated screw to be reliable for achieving effective healing in
fifth metatarsal stress fractures, both clinically and radiogra-
phically®?.

It is currently argued that solid screws have a higher resis-
tance to bending fatigue, as published by Nunley et al.®®;
however, potential bias should be considered since this re-
search was funded by the company that develops the screws
under study. In most published series, there are no statisti-
cally significant differences observed between the use of
solid or cannulated screws; however, there also seems to
be a consensus about using screws of the largest possible
diameter and the necessary length for the distal threads of
the intramedullary screw to generate axial compression to
the fracture line®®.

In 2005, Porter et al.®» reported on 23 athletes treated with
intramedullary fixation with 4.5-mm cannulated screws. The
authors concluded that 100% of the patients returned to their
sporting activities after an average of 7 weeks.

A strength of this study is the clinical and functional evalua-
tion with the FAAM-Sp Sports Subscale Score, which has
been validated to determine the results of the surgical pro-
cedure; the reliability and reproducibility of the Spanish ver-
sion have also been verified™, Another strength of the study
is the homogeneity of the patients, a group of professional
soccer players who had stress fractures in the fifth metatar-
sal and underwent the same surgical procedure of intrame-
dullary fixation at a specialized Foot and Ankle Clinic that
sees patients from throughout the country. On the other
hand, limitations include the retrospective design and the
fact that biomechanical evaluations were not performed.

Conclusion

In conclusion, our study demonstrated safe return of pro-
fessional soccer players to sporting activity with normal or
close to normal performance in 95% of the athletes (FAAM-Sp
Sports Subscale Score) at 12 weeks after intramedullary fixa-
tion of a stress fracture in the fifth metatarsal; this procedure
achieved fracture consolidation in all cases with excellent
clinical and functional outcomes. Based on the results of our
study, it is possible to predict the safe return of professional
soccer players to sporting activity 12 weeks after surgery.
Future prospective studies to validate this recommendation
are warranted.
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Case Report

Posterior osteochondroma of the talus as posterior
ankle impingement syndrome: a case report

Eli Avila Souza Jiinior'

1. Universidade Federal de Alfenas, Alfenas, Minas Gerais, Brazil.

Abstract

Posterior ankle impingement syndrome is a common cause of ankle pain. Posterior osteochondroma of the talus is very rare and
scarcely described in the literature, although it should always be considered an etiological hypothesis of posterior impingement.
As for surgical treatment, both endoscopic and open approaches are reported as therapeutic options. The endoscopic approach,
however, provides advantages over open procedures. Although little data has been published, it is believed that the former has more
advantages. | report a rare case of posterior osteochondroma of the talus in a young man, clinically manifested as posterior ankle

impingement syndrome and treated endoscopically.
Level of Evidence V; Diagnostic Studies; Expert Opinion.

Keywords: Ankle joint; Arthroscopy; Osteochondroma.

Introduction

Posterior ankle impingement syndrome is a common cause
of ankle pain. Symptoms include pain, hyperesthesia in the
posterior aspect of the ankle, and limited range of motion
for plantar flexion® . An os trigonum is a major etiological
hypothesis, as it originates from a stress fracture of the Stieda
process or failed fusion of the secondary ossification center
of the lateral tubercle of the talus®.

Osteochondroma is a very common bone tumor, accounting
for 20-50% of all benign bone tumors, and 10-15% of all bone
tumors®. However, posterior talus osteochondroma is parti-
cularly rare and poorly described in the literature®™. Fuselier
et al. first described it in 1984.

| report a rare case of posterior osteochondroma of the ta-
lus manifested as posterior ankle impingement syndrome.

Case description

This case report was approved by the Research Ethics
Committee linked to the Plataforma Brasil of the institution.

A 30-year-old man with hypertension, working as an auto-
motive mechanic, reported pain and discomfort in the poste-
rolateral region of the right ankle for 1 year in 2017. He rated
his pain as 8 out of 10 on a visual analog scale (VAS). He
had no history of trauma or incidents. The patient reported
that the pain increased with walking, standing upright, and
applying manual pressure on the posterolateral region of the
ankle. Six months earlier, he had noticed a small mass in the
posterolateral region with occasional instances of inflamma-
tion at the site, when he made his first appointment to see
an orthopedist. He received medical treatment from other
orthopedists for 6 months, including physiotherapeutic
measures, immobilization, and the use of nonsteroidal anti-in-
flammatory drugs, with no improvement.

Clinical evaluation showed a normal gait pattern without
claudication and no foot deformity with weight-bearing.
Physical examination revealed edema in the posterolateral
region of the right ankle. No mass lesion was palpated on the
ankle, but his pain increased with palpation of the postero-
lateral margin of the tibiotarsal joint. Regarding mobility, a
10-degree restriction of ankle plantar-flexion was observed,
with increased pain with forced flexion of the ankle. Neuro-
vascular examination was unremarkable.

Study performed at the School of Medicine, Universidade Federal de Alfenas,
Alfenas, Minas Gerais, Brazil.
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Ankle radiographs showed a well-defined, extra-articular,
radiopaque mass in the posterior aspect of the ankle (Figure 1).
Magnetic resonance imaging (MRI) showed a well-defined
mass with a characteristic bone signal surrounded by a lamina
seen as a cartilage-like signal, with adjacent T2-weighted
hypersignal typical of inflammatory fluid (Figure 2).

Given the clinical and imaging suspicion of posterior ankle
impingement syndrome due to a benign-looking tumor with
evident mass effect of unknown etiology, a posterior endos-
copic approach was recommended for simultaneous diag-
nostic and therapeutic applications.

In May 2021, the patient underwent posterior endoscopy of
the right ankle using the standard posterolateral and poste-
romedial portals, as described by van Dijk et al.® (Figure 3).
An extensive extra-articular inflammatory process was visible
in the posterior aspect of the ankle, in addition to a well-de-
fined bone mass surrounded by cartilage and adjacent to the
posterolateral process of the talus.

Extensive extra-articular debridement of the posterior
aspect of the ankle was performed. The bone mass was frag-
mented to 2 small fragments and 1 main segment for remo-
val. The resected material was sent for histopathological exa-
mination in a laboratory (Figure 4).

A

i
¢
D)

Figure 1. Lateral radiograph of the right ankle showing a well-de-
fined, extra-articular, radiopague mass in the posterior aspect of
the ankle.

86 U Foot Ankle. 2022;16(1):85-8

Figure 2. T2-weighted sagittal MRI scan showing a mass with
a signal compatible with bone surrounded by cartilage and in-
flammatory fluid.

Figure 3. Two-portal (posterolateral and posteromedial) endos-

copic approach of the ankle.
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One week later, at the first follow-up visit, the patient
reported improvement in pain and satisfaction with redu-
ced hypersensitivity of the posterior ankle. At the 3-week
follow-up visit, histopathology revealed 3 fragments of
mature neoplastic mesenchymal cells with proliferation of
trabecular bone covered with hyaline cartilage cap, measu-
ring 2.0 x 2.0 x 0.5cm. There was no evidence of malignancy,
and the findings were compatible with osteochondroma.
Three months later, after physical therapy, the patient had
significant improvement of the impingement syndrome
symptoms, with no significant pain or functional complaints,
with a VAS pain score of 1 out of 10. There was complete
recovery of range of motion, which was symmetric to the
contralateral side. An ankle radiograph showed no evidence
of tumor recurrence (Figure 5).

Discussion

Posterior ankle impingement syndrome is a common cause
of chronic ankle pain. It results from compression of osseous
structures or soft tissues during plantar flexion. The causes
and anatomical and pathological conditions are heteroge-
neous, as several pathological conditions can cause posterior
impingement syndrome. Os trigonum, malunion of posterior
malleolus fractures, increased posterior tibial slope, and talo-
calcaneal coalition are some of these causes®. This case re-
port shows that, although rare, a benign bone tumor of the
talus should be considered an etiological hypothesis.

Most osteochondromas are asymptomatic and often diag-
nosed incidentally. In general, they are more common in the
knee, but when located in the talus, they occur more fre-
quently in the dorsal region®. As reported here, in the poste-
rior region, they can manifest as posterior ankle impingement
syndrome causing pain, edema, and hypersensitivity, which
worsen with prolonged standing and maximal forced plantar
flexion. In 1984, Fuselier et al.® published the first case report
of osteochondroma of the talus and conducted a review of
cases with symptoms similar to those reported in this case.

Figure 4. Bone specimens collected during endoscopy for histo-
pathological examination.

An os trigonum is undoubtedly one of the most prevalent
etiological hypotheses of posterior impingement syndrome.
Radiographic studies of normal feet and ankles have shown
a prevalence of os trigonum of 14% to 25% in the general po-
pulation®. The clinical and imaging features of os trigonum
and posterior talus osteochondroma may be very much alike;
however, to date, no study has explored their differences, es-
pecially in terms of anatomy and pathology. An os trigonum
can be seen on MRI as fibrous, fibrocartilaginous, or cartilagi-
nous tissue, connected or not to the talus®. As described in
the present case, the osteochondroma was histopathologi-
cally classified as a mature mesenchymal neoplasm characte-
rized by proliferation of trabecular bone covered with hyaline
cartilage cap, with no evidence of malignancy.

The reported incidence of malignant transformation of soli-
tary osteochondromas ranges from 1% to 2%™. There are no
reports of malignant transformation of solitary osteochondro- .
mas of the talus. In the case reported by Kulkarni®, because Figure 5. Lateral radiograph of the ankle with no evidence of tu-
there was no evidence of increase in pain or local swelling, mor recurrence.
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skin changes, or malignancy on radiographs and MRI, total
excision of the lesion was planned, requiring no previous
biopsy. In the present report, following the same reasoning,
total excision was planned for both diagnostic and therapeu-
tic purposes.

Open surgery for the treatment of posterior ankle osteo-
chondroma has been described in the literature®. However,
endoscopic approaches have gained popularity in recent de-
cades due to advantages such as better visualization of ana-
tomical structures, lower risk of complications, minimal pos-
toperative pain, less dissection, and the possibility of earlier
return to daily activities®. In a series of 36 patients treated
with hindfoot endoscopy for symptomatic os trigonum and
osteophytes, VAS pain scores improved significantly from 7.2

to 1.3, although paresthesia in the sural nerve territory was re-
ported in 2 cases’®. In the present report, pain relief was also
significant, improving from 8/10 to 1/10 after the endoscopic
approach, with no complications associated with the techni-
que. Consistent with this finding, in another series of 16 pos-
terior ankle endoscopic procedures performed at 32-month
follow-up, all patients had good to excellent results in their
postoperative quality of life™.

Conclusion

Osteochondroma is a rare neoplastic condition in the talus,
and even more uncommon in its posterior portion. Therefore,
it should always be considered an etiological hypothesis of
posterior ankle impingement syndrome.

Author’s contributions: The author contributed individually and significantly to the development of this article: EASJ *(https://orcid.org/0000-0002-
5054-874X) conceived and planned the activities that led to the study, wrote the article, participated in the review process, approved the final version.
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Abstract

Objective: To conduct a systematic review of the literature on surgical treatment for end-stage hemophilic arthropathy of the ankle
joint, describing the results for arthroplasty and arthrodesis.

Methods: We conducted a systematic literature review according to Cochrane (Cochrane Handbook for Systematic Reviews of Inter-
ventions version 6.1, 2020) and PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses) recommendations. The
primary outcome was clinical improvement in pain and function of the affected limb. Secondary outcomes included adverse effects
and complications from the surgical procedures.

Results: After reviewing 514 studies, 10 were included for data extraction and qualitative analysis (180 patients: 100 arthroplasties and
N7 arthrodeses).

Conclusions: Both methods showed low overall complication rates and effectively reduced pain and improved function, allowing a re-
turn to work, activities of daily living and, in some cases, sports. One procedure was not clearly better than the other: the choice must
be based on the patient’s characteristics and clinical judgment.

Level of Evidence lll; Therapeutic Studies; Systematic Review of Level Ill Studies.

Keywords: Ankle; Arthrodesis; Arthropathy; Arthroplasty; Hemophilia.

for preserving the joint, including arthroscopic debridement,
synovectomy, and supramalleolar osteotomies®. In more
advanced cases of ankle arthropathy, non-joint-sparing pro-
cedures (arthrodesis and arthroplasty) are performed®>,

Introduction

Hemophilic arthropathy (HA) occurs after multiple episo-
des of hemarthrosis. Its onset is during childhood® and its
pathophysiology is characterized by progressive proteolytic

cartilage degeneration and synovial hypertrophy, in addition In arthrodesis, there is concern about functional limitations

to vascular damage to bones in joint regions and reduced
joint space®. In advanced stages, it can lead to joint deformi-
ty, chronic pain, and range of motion loss in the involved joint,
resulting in lower quality of life®,

The ankle is one of the most affected joints in HA® and its

treatment, especially in advanced cases, has given rise to
much discussion®. When the ankle joint does not show ma-

and potential overload in other lower limb joints after the
procedure, as well as the risk of non-consolidation®”. Total
ankle arthroplasty, an alternative to arthrodesis, presents
good functional results and pain relief while preserving joint
mobility, which improves patient quality of life™. However,
some studies on hip and knee replacement in patients with
hemophilia have reported higher rates of aseptic loosening

jor signs of degeneration, there are several surgical options and deep infection.

Study performed at the Department of Orthopedics, Rheumatology and Trau-
matology, Faculdade de Ciéncias Médicas, Universidade Estadual de Campinas
- UNICAMP, Campinas, SP, Brazil.
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The aim of the present study was to conduct a systematic
review of the literature on the surgical treatment of terminal
HA of the ankle, comparing the results of arthroplasty and
arthrodesis.

Methods

We conducted a systematic review of the literature accor-
ding to Cochrane (Cochrane Handbook for Systematic Reviews
of Interventions, version 6.1, 2020) and PRISMA (Preferred
Reporting Items for Systematic Reviews and Meta-Analyses)
recommendations.

The PICO methodology was used to define the review’s
clinical question and search for evidence, with “P” repre-
senting the population included in the studies (hemophilic
patients with ankle joint disorders), “I” representing the in-
tervention to be investigated (arthroplasty), “C” representing
comparison with standard treatment (arthrodesis), and “O”
representing the investigated outcome (conclusions about
the intervention and pain, function, and complication outco-
mes), is arthroplasty better than arthrodesis in patients with
hemophilia? Are ankle arthroplasty outcomes comparable
to those of ankle arthrodesis in patients with hemophilia?
Table 1 shows how the PICO methodology was used in the
present review.

Randomized and non-randomized clinical trials were inclu-
ded in this review, in addition to controlled observational
studies and case series, without restrictions on year of pu-
blication or language. The population of interest included
hemophilia patients with joint disorders (hemophilic arthro-
pathy), without age or sex restrictions. Participants could
either have been undergoing regular treatment for their
underlying disease or not. The included intervention types
were arthroplasty or arthrodesis to treat ankle arthropathy.
Comparative groups could include no intervention (previous
patient status), previous surgical approaches, or arthrodesis
in studies assessing arthroplasty and vice versa.

The condition or domain under investigation was the pre-
sence of HA and joint disorders in patients with hemophilia.
The following article types were excluded: animal and in vi-
tro studies, literature reviews, case reports, duplicate articles,
studies that did not assess arthroplasty or arthrodesis to treat
hemophilic arthropathy, and articles not published in full.

Table 1. Structured research construction strategy through the
PICO strategy

Acronym Component Description

P Population Patients with hemophilic
arthropathy of the ankle

| Intervention Arthroplasty

C Comparison Arthrodesis

(e} Qutcome Clinical outcomes (pain,

function, and complications)

Source: The authors.
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Primary outcomes included clinical improvement in pain
and function of the affected limb. Clinical evaluation inclu-
ded patient satisfaction and results based on specific criteria
and questionnaires: the Visual Analog Pain Scale, the Ameri-
can Orthopedic Foot and Ankle Society (AOFAS), Ankle and
Hindfoot Score, and the 36-item Short Form Health Survey
(SF-36). Secondary outcomes included adverse outcomes
and surgical complications.

The studies were identified through systematic searches
of electronic databases and search portals, as well as
the reference lists of articles. The searches were conduc-
ted in the following including eight databases: PubMed
(September 1, 2021 to September 9, 2021), PubMed Central
(September 9, 2021), VHL/BIREME (September 9, 2021),
EBSCOHost (September 9, 2021), Scopus (September
9, 2021), Web of Science (September 9, 2021), EMBASE
(September 1, 2021 to September 9, 2021), the Cochrane
Library (September 9, 2021), and PROQUEST (until April
2020; conducted on September 9, 2021).

The search strategy involved the following keywords
(medical subject headings and free terms): (“Hemophilia A”
OR “Hemophilia B”) AND ((“Joint Diseases” AND Ankle) OR
“Ankle Joint“) AND (“Arthroplasty, Replacement, Ankle” AND
Arthrodesis)).

A total of 514 articles were retrieved, which were exported
to the Rayyan reference management program, with titles,
abstracts, references and the database of origin. Duplicate
studies were automatically removed by the program (280
articles), resulting in a total of 234 articles for analysis and
study selection according to the eligibility assessment. In
the initial step of the study selection process, the titles and
abstracts were independently evaluated by two reviewers
(RAFSP and RGP). The full text of each study considered
relevant was retrieved and fully reviewed independently by
two reviewers (RAFSP and RGP). Each reviewer created a list
of studies that met pre-established inclusion and exclusion
criteria. The lists were compared, and disagreements were
resolved by discussion and consensus.

One author extracted and analyzed the data from the arti-
cles, evaluating their eligibility and comparing the results. In-
formation was collected on each study (title, authors, journal
name, year of publication, volume, and study type), the par-
ticipants (total number, age, sex, body mass index, clotting
disorder, high titer inhibitor, prophylaxis, hemophilia severity,
comorbidities, pain assessment, function, inclusion and exclu-
sion criteria, allocation procedure, blinding, and the number
of randomized participants), the interventions (description of
the intervention, the methods, other concurrent treatments,
and follow-up duration), and outcome measures (description
of the measurements, including pain level and quality of life
through validated scales).

The risk of bias was assessed by both reviewers, who eva-
luated adequate randomization (allocation sequence ge-
neration), guaranteed allocation concealment, the blinding
methods (participants, research team, outcome evaluators),
intention-to-treat analysis, follow-up losses, as well as other
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sources of bias, such as early discontinuation of the study. Di-
sagreements among the authors were resolved by consensus.

Results

A total of 10 studies were included in this systematic re-
view. Barg et al.® was prospective, while all the others were
retrospective. All of the studies evaluated the results of ar-
throplasty or arthrodesis in the ankle joint of patients with
hemophilia; only Ahn et al.® compared the two procedures
in the same study.

The 10 articles included a total of 180 patients (100 arthro-
plasties and 117 arthrodesis), and the same patient may have
undergone more than one procedure in a study, since ankle
HA can occur bilaterally. The mean patient age at the time of
surgery was reported, and in 9 of the 10 studies it was >39
years; the study in which it was lower was aimed at children
and adolescents®.

The mean follow-up length was reported in all articles
(Table 2)“681016) peing 5.7 and 9.3 years in arthroplasty and
arthrodesis studies, respectively.

In all of the studies, the patients underwent replacement
and strict regulation of clotting factors throughout the pe-
rioperative period, being jointly followed up with the hema-
tology teams of the respective centers.

Although the surgical procedures were indicated according
to different criteria, pain was the main symptom. Degene-
rative changes in the ankle joint were evaluated in different
ways: range of motion, functional scores, and radiographic
alterations.

The main methods for radiographic evaluation of HA were
the Pettersson score®™, which was used in 4 studies, and the
Kellgren-Lawrence scale?, which was used in 2 studies.

Generally speaking, the surgeries were performed using
a tourniquet, and antibiotic prophylaxis with first-gene-
ration cephalosporins was also performed, in addition to
joint follow-up with a hematology team and strict control of
clotting factors. The selected articles were then discussed
according to surgical procedure: arthroplasty or arthrodesis.

Of the 10 selected studies, 6 involved arthroplasty pro-
cedures, the results of which are described in Table 381019,
and 5 involved arthrodesis, the results of which are described
in table 461418,

Although the included studies used different methods to
evaluate the functional results of the procedures, the main
results evaluated were: pain assessment, functional capacity,
and quality of life (Table 5)“6810-16,

Seven of the studies assessed pain with the Visual Analogue
Scale, and in all studies that used this criterion, improvement
was found after the procedures. The mean overall Visual Ana-
logue Scale score was 714 before the intervention. Ahn et
al.» had the the lowest reported value before the procedure
(5.5) and Preis et al.?® had the highest (8.5). When compa-
ring the two interventions, the mean score decrease was 7.35
to 1.34 for arthroplasties and 5.75 to 1.28 for arthrodesis.

Six of the 10 studies used the AOFAS score to assess patient
functional capacity. Three of these, whose object was arthro-
plasty@2 showed significant improvement in AOFAS sco-
res, with pre-and post-intervention means of 30.9 and 78.4,
respectively, which indicates significantly lower ankle pain in
these cases. However, among arthrodesis studies, only Wang
et al.’® found significant improvement in AOFAS scores,
which increased from 37.9 to 81.4. Among arthrodesis studies,
the mean AOFAS score increased from 29.9 to 80.95.

Patient quality of life was assessed with the SF-36 in 4
of the 10 studies. Among arthroplasty studies, statistically
important results were found in Barg et al.® and Preis et
al.f®, with mean increases from 34.25 to 80.25 and 54.15 to
80.85 in physical and mental assessment values, respecti-
vely. Wang et al.%®, another arthrodesis study, found mean
increases from 10 to 82.9 and 59.2 to 72 in physical and men-
tal assessment values, respectively (p<0.05).

The complications observed in the 10 studies are described
in Table 64681016

Table 2. Number of procedures, mean age when they were performed, and mean follow-up period

Authors/data Technique Sample Age Follow-up
Barg et al.® Arthroplasty 10 procedures in 8 patients 43.3 years 5.6 years
Strauss et al.(® Arthroplasty 11 procedures in 10 patients 49 years 3 years

Asencio et al.™ Arthroplasty 32 procedures in 21 patients 43.6 years 4.4 years
Preis et al.0? Arthroplasty 14 procedures in 14 patients 51.4 years 5.8 years
Eckers et al./® Arthroplasty 17 procedures in 14 patients 43 years 9.6 years
Bluth et al.®® Arthrodesis 57 procedures in 45 patients 56.7 years 6.6 years
Eichler et al.t® Arthrodesis 11 procedures in 8 patients 39 years 8 years

de I'Escalopier et al.®™ Arthrodesis 22 procedures in 17 patients 15.5 years 19.7 years
Wang et al.t® Arthrodesis 14 patients 40.7 years 3 years

Ahn et al.®® Both 29 patients, (16 arthroplasty 44 years 6.8 years

and 13 arthrodesis)

Source: Data collected by the authors.
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Discussion were mostly retrospective or case series without comparison
or control groups, which demonstrates the need for studies

We conducted a systematic review on the two main sur- with higher levels of evidence on the subject.

gical procedures for advanced HA of the ankle. After the
selection process, 10 articles were analyzed, totaling 180
patients who underwent 217 procedures (100 arthroplasties
and 117 arthrodeses).

The mean patient age was 42.6 years at the time of the
procedure, although it was >60 years in Kim et al.™, which
could indicate that these patients were operated on earlier,
probably due to the clinical course of HA, in which recurrent

Only Ahn et al.» compared the results of arthroplasty and  hemarthrosis attacks the ankle joint beginning in childhood
arthrodesis in patients with hemophilia. The included studies and adolescence??,

Table 3. Results of articles in the arthroplasty category

Author/data Sample RN

Barg et al.® 10 procedures in 8 patients Non-constrained prostheses were performed, with Achilles tendon stretching
necessary in 5 cases. There were no cases of loosening or revision, and
arthrofibrosis occurred in only 1 case. The patients reported physical and mental
improvements. The procedure was safe and had high success rates,
allowing a return to work and sports activities.

Strauss et al.(® 11 procedures in 10 patients There were two cases of prosthesis infection. In 8 patients, the mean AOFAS
score increased from 21.5 to 68. On the pain scale, the score decreased

from 7.6 to 1.9. Among patients without complications, satisfaction was high,

making it a reliable option for patients with osteoarthritis due to hemophilia.

Asencio et al. 32 procedures in 21 patients The mean AOFAS score increased from 40.2 to 85.3, functional scores
increased from 23.6 to 35.9, and dorsiflexion scores increased from 0.8
to 10.38. Two patients underwent subsequent arthrodesis. The components
were stable upon radiographic examination. There were 2 cases each of
perioperative and orthopedic complications. Limiting pain was
reported by 18 patients before surgery and O after surgery.

Preis et al./» 14 procedures in 14 patients There were 4 complications, pain reduction (8.5 to 1.3), and functional
improvement. The patients’ physical and mental conditions improved.

Eckers et al.t® 17 procedures in 14 patients Implant survival was 95% at 10 years and 70% at 15 years. Patient satisfaction
was 76%, the mean pain scale score was 2, and range of motion increased.
The mean AOFAS score was 81 points and there were 10 complications.

Ahn et al.® 16 patients Pain scores improved for all patients, and the total range of motion
increased from 30.82 to 37.32 at the final follow-up. Three cases
of osteolysis and 1 case of heterotopic ossification occurred.

Table 4. Results of articles in the arthrodesis category

Author/data Sample Results

Bluth et al.® 57 procedures in 45 patients A total of 33 isolated tibiotalar, 15 tibiotalar and subtalar, and 9 isolated
subtalar arthrodeses were performed. Nonunion occurred in 10.4% of tibiotalar
procedures and 8.3% of subtalar procedures; new surgical techniques
helped reduce these percentages. Pain was eliminated in 75% of the cases;
25% reported moderate pain. The procedure was effective and patient
functional capacity improved considerably.

Eichler et al./® 11 procedures in 8 patients All arthrodesis were tibiotalar. Mean AOFAS scores increased from 28 to 69.
Fusion was achieved in all 11 ankles after an average of 3.5 months.

de I'Escalopier et al.®™® 22 procedures in 17 patients Tibiotalar arthrodesis was performed in children and adolescents
(mean age 15.5 years). Mean follow-up was 19.7 years, with 86%
of the results considered good or excellent.

Wang et al.(® 14 patients Bone fusion occurred in all cases after a median of 12.9 weeks.
Two cases of superficial infection and 1 case of subtalar arthritis occurred.
AOFAS and VAS scores increased, as did physical and mental components.
All patients reported satisfaction.

Ahn et al.®® 13 patients Good union and significant pain improvement occurred in all cases.
There was 1 case each of synthesis material breakdown
and worsening talonavicular degeneration.

Ahn et al.® 16 patients Pain scores improved for all patients, and the total range of motion
increased from 30.82 to 37.32 at the final follow-up. Three cases
of osteolysis and 1 case of heterotopic ossification occurred.
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In all analyzed articles, follow-up was performed jointly with
the hematology team, with careful control of the patients’
clotting factors. The articles also mentioned intraoperative
procedures to control bleeding (eg, tourniquets were used in
all 10 articles). There was also consensus about the use of first-
-generation cephalosporins for antibiotic prophylaxis, which
could be continued for 24 to 48 hours after the procedure.

Table 5. Comparison of study outcomes

Regarding functional results, both arthrodesis and arthro-
plasty had favorable outcomes, especially for pain control. The
most common scale used to measure this variable was the Vi-
sual Analog Pain Scale, and the mean scores for arthroplasty
decreased from 7.35 preoperatively to 1.34 at the end of the
follow-up, while for arthrodesis they decreased from 5.75 to
1.28, similar to the results of patients without hemophelia@:29,

VAS AOFAS SF-36
Technique Before After
Before After Before After
Physical Mental Physical Mental
Barg et al.® Arthroplasty 71 0.8 38 81 30.4 56.9 83.4 82.8
Strauss et al.(® Arthroplasty 7.6 1.9 21.5 68 - - - -
Asencio et al.q? Arthroplasty - - 40.2 85.3 - - = =
Preis et al./? Arthroplasty 8.5 13 23.9 76.6 381 51.4 777 78.9
Eckers et al.®® Arthroplasty - 1.9 - 81 - - 47 57
Bluth et al.® Arthrodesis - 0.75 - 90.4 - - - -
Eichler et al.0® Arthrodesis - - 22 69 - - - -
de I'Escalopier et al.™® Arthrodesis - - - 83 - - - -
Wang et al.1® Arthrodesis 7.0 1.4 37.9 81.4 10 59.2 82.9 72
Ahn et al.® Both 55 0.9 - -
Arthroplasty 4.5 6.2
Arthrodesis 0.7 0.8
Source: Data collected by the authors.
AOFAS: American Orthopedic Foot and Ankle Society - Ankle and Hindfoot Scale; SF-36: 36-item Short Form Health Survey; VAS: Visual Analog Scale
Table 6. Comparison of complications in the included studies
Authors/data Technique Sample Complications
Barg et al.® Arthroplasty 10 procedures in 8 patients 1 case of arthrofibrosis

Strauss et al.(®

Arthroplasty

Asencio et al. Arthroplasty
Preis et al./? Arthroplasty
Eckers et al./® Arthroplasty

Bluth et al.®

Eichler et al.0®

de I'Escalopier et al.®

Wang et al.(®

Ahn et al.®

Arthrodesis

Arthrodesis

Arthrodesis

Arthrodesis

Both

11 procedures in 10 patients

32 procedures in 21 patients

14 procedures in 14 patients

17 procedures in 14 patients

57 procedures in 45 patients

11 procedures in 8 patients
22 procedures in 17 patients

14 patients

16 arthroplasties

13 arthrodeses

2 cases of early prosthetic infection

2 cases of progressively worsening pain; 1 case
of bleeding associated with anticoagulant use

1 case of medial malleolus fracture; 2 cases of
delayed healing; 2 patients had painful arthrofibrosis

1 case of lateral malleolus fracture; 1 case of medial
malleolus fracture with medial plantar nerve injury;
1 case of hematoma; 1 case of stress fracture of the
calcaneus and Ist metatarsal; 2 cases of lost range of
motion; 3 cases of loosening of prosthetic components

5 cases of synthesis material removal due to local pain;
3 cases of adjacent joint degeneration; 1 case of
transtibial amputation due to osteomyelitis

2 cases of adjacent joint degeneration

2 cases of adjacent joint degeneration; 3 cases
of synthesis material removal due to local pain

1 case of adjacent joint degeneration; 2 cases
of superficial infection of the external fixator pin path

2 cases of intra-articular hematoma; 1 case
of heterotopic ossification; 3 cases of osteolysis
of the tibial component

1 case of degenerated adjacent joints; 1 case of
breakage of the synthesis material
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Other functional indicators also showed positive results,
comparable to those reported in the literature. Zaid et al.®
performed a systematic review on ankle arthroplasty, finding
an increase in AOFAS scores from 40 to 80 points after the
procedure, whereas in the present review, the mean AOFAS
score increased from 30.9 to 78.4.

Regarding arthrodesis, the results of the present review are
also similar to those of the literature for patients with ad-
vanced arthrosis of the ankle joint. Van den Heuvel et al.?®
performed a systematic review of different access routes for
arthrodesis, observing a mean postoperative AOFAS score of
74.9, whereas that of the present review was 80.9.

Finally, low rates of postoperative complications were ob-
served for both procedure types. In this review, a total of 47
complications were reported in 217 procedures (21.6%), and
most were resolved with conservative (non-surgical) treat-
ment. Only one case of transtibial amputation after oste-
omyelitis was reported?”.

The most common complication for arthroplasty was ar-
throfibrosis or lost range of motion associated or not with lo-
cal pain (5 cases), the majority being treated with soft tissue
repair®™®, Three cases of prosthesis component loosening
and 2 cases of prosthesis infection were reported, which are
the most feared complications of total ankle arthroplasty®©®.

The most common complication of arthrodesis was the
need to remove synthesis material due to local pain (8 cases),
followed by adjacent joint degeneration (7 cases). Both com-
plications are described in the literature, and adjacent joint
degeneration is one of the main causes of pain in patients
undergoing arthrodesis of the ankle joint@2>,

Overall, surgery was required more often for arthrodesis
complications than arthroplasty complications, which were
treated more conservatively. One possible explanation for
this would be the shorter mean follow-up time in the arthro-
plasty studies (5.7 vs 9.3 years). The arthroplasty study re-
porting the highest number of complications also had the
longest mean follow-up time (9.6 years)“.

One limitation of the included studies was that 9 out of 10
were observational retrospective analyses, which could invol-
ve selection and recall bias. However, this reflects the cur-
rent lack of prospective studies on this subject with high
evidence levels.

For advanced HA, total ankle arthroplasty is a viable tre-
atment approach with favorable mid- and long-term clinical
outcomes. Ten-year implant survival is similar to that of in-
flammatory diseases in the general population. Preserving
ankle mobility can be an advantage in terms of patient com-
fort and adjacent joint disease. Although the clinical results
are encouraging, follow-up radiographs show component
loosening and periprosthetic radiolucency in most cases/®.

In cases of severe HA, more cases and data are available
for ankle arthrodesis. The greater technical reproducibility
and the consistency of good long-term results make ankle
joint fusion surgery a viable treatment choice, especially due
to the lack of consistent data about later complications of
arthroplasty“71,

Conclusions

Total ankle arthroplasty and arthrodesis are currently in-
dicated for HA of the ankle. In the studies included in this
review, these procedures had low complication rates, were
effective in reducing pain and increasing functional capacity,
and allowed a return to daily work activities, resulting in a
better quality of life for patients with hemophilia. It cannot be
said that one procedure is better than the other; the choice
must be based on the patient’s characteristics and the pro-
fessional’s technical aptitude.

In addition, studies with larger samples and longer follow-up
are needed to adequately assess the possible complications
of these surgical procedures in the medium and long term,
in addition to further prospective and controlled studies to
compare the techniques.
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Abstract

Combined angular deformities of the knee and foot are challenging clinical presentations for the orthopedic surgeon. We describe a
surgical technique used in a 58-year-old man diagnosed with genu varum associated with progressive collapsing foot deformity and
severe hallux valgus. The surgical team and the patient decided to perform a one-stage correction of all deformities. The procedure
included corrective osteotomies with bone grafting and soft tissue reconstruction. The varus knee, hindfoot valgus, and hallux valgus
were properly corrected intraoperatively with the surgical techniques described here. Satisfactory functional outcomes and excellent
maintenance of the realignment were achieved at short-term follow-up.

Level of Evidence V; Therapeutic Studies; Expert Opinion.

Keywords: Foot deformities; Joint dislocations; Forefoot; Genu varum; Knee joint.

Introduction

Angular deformities of lower limb joints, such as the knee
and foot, are a common clinical presentation in orthopedic
practice. When deformities are combined, they determine
the alignment of the lower limb as a whole and may lead to
compensatory deformities in other joints of the lower limb®,
There is solid evidence of the functional outcomes of surgical
correction of deformities alone. However, scientific data on
surgical correction of severe combined deformities, such as
varus knee associated with progressive collapsing foot defor-
mity and hallux valgus, are scarce.

In this article, we present a one-stage surgical technique
used in the treatment of combined angular deformities of the
knee, hindfoot, and forefoot in a 58-year-old patient.

Clinical and radiological findings

A 58-year-old businessman and former motorcycle racer
complained of chronic pain in the left lower limb, mainly in
the knee and foot, associated with difficulties to move around

Study performed at the Hospital Israelita Albert Einstein, Sdo Paulo, SP, Brazil.
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daily. The patient reported a left knee sprain with ligament in-
jury 20 years ago and a right femur fracture 8 years ago, trea-
ted with a locked intramedullary nail. Physical examination
showed bilateral varus knee deformity, more severe on the
left side, associated with pain in the medial joint line, anterior
instability, asymmetric left hindfoot valgus, valgus deviation,
and pronation of the left hallux. Inspection showed loss of
the medial longitudinal arch of the left foot (Figure 1A-H).
Weight-bearing radiographs of the knees, ankles, and feet
as well as a panoramic radiograph of the lower limbs were
obtained. Radiographic evaluation of the left lower limb
revealed severe varus knee, hindfoot valgus, presence of
accessory navicular bone, loss of adequate talonavicular joint
coverage, severe hallux valgus deformity, a break in Meary’s
line, and decreased calcaneal pitch (Figure 2A-H). Magnetic
resonance imaging (MRI) of the knee showed a chronic an-
terior cruciate ligament (ACL) injury, moderate medial com-
partment knee osteoarthritis, and a degenerative medial me-
niscal tear. MRI of the hindfoot showed posterior tibial tendon
dysfunction and extensive partial spring ligament tear.
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Figure 1. Clinical evaluation of a patient with bilateral genu varum, more severe on the left side, associated with hindfoot
valgus, longitudinal arch collapse, and hallux valgus of the left foot.

Figure 2. Preoperative weight-bearing radiographs showing severe varus left knee, loss of adequate talonavicular joint

coverage, severe hallux valgus, a break in Meary’s line, and decreased left calcaneal pitch.
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Technical tip

With the patient in the supine position under spinal anes-
thesia with a pneumatic tourniquet at the root of the limb,
the knee joint was initially approached through an anterome-
dial incision at the level of the proximal medial tibia, and the
gracilis and semitendinosus tendons were removed for ACL
reconstruction. The 8-mm thickness grafts were prepared in
a quadruple arrangement. After graft removal, anteromedial
and anterolateral portals were created for the knee arthros-
copy. The following injuries were found in the joint inventory:
grade Il chondral injury in the femoral trochlea and patellar
apex, medial meniscal extrusion, and radial tear in the body
of the medial meniscus, associated with a small flap in the

meniscal body. These lesions were treated with debridement
of the chondral injury in the femoral trochlea and partial me-
dial meniscectomy. The femoral tunnel was created in ana-
tomic position with an 8-mm FlipCutter (Arthrex®). Subse-
quently, biplane medial opening-wedge high tibial osteotomy
was performed with the creation of a 12-mm opening wedge
guided by radioscopy as planned preoperatively. The oste-
otomy was fixed with a Tomofix® plate with cortical locking
screws. lliac bone grafting was performed using tricortical
grafts and a cancellous autologous bone graft. The tibial tun-
nel was then created with an 8-mm drill and the flexor tendon
graft was advanced through it, fixed with an ACL TightRope
(Arthrex®) in the femur and an interference screw (Arthrex®)
in the tibia. The incisions were closed in layers.

Figure 3. Intraoperative radioscopic images: A-C) Biplane medial opening-wedge high tibial osteotomy

and fixation with a Tomofix® plate, with associated bone grafting. D-F) Lateral column lengthening

following the technique described by Hintermann, showing adequate talonavicular joint coverage. The

homologous bone graft is placed and fixed with an Aptus Foot locking plate (Medartis®). G-1) Approach

to hallux valgus with bunionectomy and Lapicotton arthrodesis® using a bone bank graft and fixation

with a 4-mm compression screw (Depuy-Synthes®) and an Aptus Foot dorsal locking plate (Medartis®).
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WEIGHT-BEARING
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Figure 4. Postoperative weight-bearing radiographs showing successful correction of the mechanical axis of the left
lower limb, with correction of the varus left knee and left ankle valgus, restoration of Meary’s angle and left calcaneal
pitch, and correction of the hallux valgus.

Figure 5. Postoperative CT scan. A-D) Proper correction of the posterior and medial subtalar joint and talonavicular

joint congruence, and adequate talonavicular joint coverage. E-F) Union of the osteotomy of the anterior process of
the calcaneus and the Lapicotton arthrodesis.
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After 1 hour and 30 minutes, the knee deformities had been
treated and the pneumatic tourniquet was deflated. After
limb reperfusion, the tourniquet was reinflated. We then ini-
tiated the correction of flatfoot by lengthening the gastroc-
nemius fascia using the Strayer procedure. Subsequently, a
medial incision was made along the posterior tibial tendon

Figure 6. Postoperative clinical evaluation showing improved
alignment of the left knee, ankle, and foot, with adequate surgical
wound healing.

WEIGHT-BEARING

with resection of the accessory navicular bone, retensioning
of the spring and deltoid ligaments, tenoplasty of the poste-
rior tibial tendon with flexor digitorum longus tendon trans-
fer, and reinsertion of this set into the navicular. A lateral hin-
dfoot incision was made and lateral column lengthening was
performed following the technique described by Hintermann.
A spreader was used to open the osteotomy site, and ade-
guate talonavicular joint coverage was observed with the aid
of radioscopy. We then measured the size of the graft (7 mm)
needed for apposition in the opening-wedge osteotomy. In
this case, we used a bone bank graft and fixed the osteotomy
with a locking plate using four 2.8 mm Aptus Foot screws
(Medartis®). Finally, the forefoot deformity was approached
through a medial incision at the hallux for bunionectomy and
capsuloplasty. The correction of metatarsus primus varus and
forefoot rotation was performed through a dorsal incision at
the level of the first metatarsal-medial cuneiform joint, with
joint decortication and Lapicotton arthrodesis as described
by de Cesar Netto et al.2 We used a bone bank graft and
fixed the arthrodesis with a 4 mm compression screw (De-
puy-Synthes®). A dorsal plate was locked with four 2.8 mm
Aptus Foot screws (Medartis®) for neutralization (Figure
3A-1). The incisions were closed in layers. The pneumatic
tourniquet was deflated after 1 hour and 40 minutes, and a
soft-padded bandage was applied.

Postoperative protocol

Postoperative care included knee and foot immobilization in
a flexible stance-control knee-ankle-foot orthosis and a rigid
ankle-foot orthosis. The patient remained non-weight-bearing

Figure 7. Preoperative and postoperative weight-bearing radiographic measurements.
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for 4 weeks, with progressive partial weight-bearing with crutches
from weeks 5 to 8. The protocol included encouragement of
progressive return of the knee, ankle, and foot range of motion
from the beginning of the postoperative course, with full range
of motion of these joints being achieved after 8 weeks.

Clinical and radiographic evaluation
The evaluation of clinical and imaging outcomes was recor-
ded at the 3-month follow-up visit.
The patient presented with excellent clinical alignment and
no pain at the surgical wound sites (Figures 4-6).
Radiographic parameters showed normal angles with hea-
ling of the tibial and calcaneal osteotomies and the Lapicotton
arthrodesis.
* Preoperative and postoperative ankle and hindfoot (Figure
7A-B)
° Meary’s angle: 10.58°/3.06°
° Calcaneal inclination angle (calcaneal pitch): 11.88°/22.90°

° Plantar gapping in the first tarsometatarsal joint: 4.23 mm/
1.92 mm

* Preoperative and postoperative hallux valgus (Figure 7C-D)
° Intermetatarsal angle (IMA): 12.69°/6.21°

o Hallux valgus angle (HVA): 25.30°/11.75°

* Preoperative and postoperative knee (Figure 7E-F)

° Anterior talofibular ligament (ATFL): 176.15°/169.86°

The varus knee is a condition characterized by medial de-
viation of the mechanical axis of the lower limb from the
center of the knee, resulting in an overload of the medial
compartment, which is more prone to the development of
degenerative changes. Studies indicate that knee misalignment
significantly influences the ankle alignment, especially in
patients with varus knee deformity, causing compensatory
changes in ankle and hindfoot valgus, possibly accelerating
the degenerative process of these joints®>,

For young patients with symptomatic degeneration of the
medial compartment of the knee, valgus high tibial osteotomy

is a validated surgical option aimed at laterally displacing the
mechanical axis of the lower limb, transferring the load to
the preserved lateral compartment, thus sparing the affected
medial compartment, with improvements in knee pain and
function®, although it may also affect the ankle alignment®.

Progressive collapsing foot deformity comprises a wide
spectrum of tendon and ligament changes, especially of the
posterior tibial tendon and spring ligament, which result in
decreased plantar arch and associated ankle valgus®. It is
a common condition affecting more than 10% of the popula-
tion over 65 years of age. There is a broad spectrum of the-
rapeutic approaches, from non-surgical treatment for milder
cases, including changes in daily activities, physical therapy,
and orthoses, to surgical treatment for more severe cases,
with different techniques according to the underlying cause
but often including medializing calcaneal osteotomy, lateral
column lengthening, and spring ligament reconstruction®.

Hallux valgus is also a common condition, affecting 2%-4%
of the population, which has a multifactorial etiology and may
be associated with flatfoot. It typically presents with valgus
deviation, pronation of the hallux, and varus deviation of the
first metatarsal and is a major reason for orthopedic medical
consultation. Several bone and soft tissue procedures have
been described for surgical treatment, according to the level
of deformity.

Despite the high prevalence of these conditions alone, there
is a lack of data on their simultaneous occurrence and the-
rapeutic approaches for combined deformities. Questions
could be raised about the optimal sequence to treat these
deformities; whether all joint deformities should be treated
surgically; the ability to redirect associated compensatory
deformities after surgical correction of any of them; whether
treatment should be performed in one or more surgical sta-
ges; and how different approaches may affect each other.
Given the paucity of evidence and in the search for answers
to these questions in order to find a safe and effective combi-
ned treatment option, we described here a surgical technique
used in the simultaneous treatment of varus knee, ankle val-
gus, adult-acquired flatfoot, and hallux valgus in one patient
treated at a tertiary care hospital in Brazil. The technique
showed excellent results and can be a valuable alternative in
specific cases.
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Technical Tips

Comminuted navicular fracture treated with an
internal fixation plate - Technical Tip
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Abstract

Fractures of the navicular are relatively uncommon lesions. Comminuted fractures of the navicular body may be associated with focal
bone collapse and loss of integrity of the medial column of the midfoot with gross instability, leading to deformities and potential early
osteoarthritis. The treatment is challenging due to the difficulties to maintain the length and stability of the midfoot medial column
and restoring the anatomy without damaging the vascular supply. Here we present an option for the surgical treatment of comminuted
fractures of the navicular using a low-profile locking plate with the “bridge” principle as a temporary internal fixator. The technique con-
sists of restoring the navicular anatomy by fixing the larger fragments with screws and applying indirect reduction of minor fragments.
The bone length is maintained by a bridge-plating system with screws inserted into the talus and the medial cuneiform, crossing the
talonavicular and naviculocuneiform joints. Implants are removed after fracture healing.

Level of Evidence V; Therapeutic Study; Expert Opinion.

Keywords: Tarsal bones; Fractures, bone; Foot injuries; Diagnostic techniques, surgical.

>2 mm, shortening of the medial column >3 mm, subluxation
or dislocation, open fracture, compartment syndrome, and
risk of skin lesion due to an overlying bone fragment®>®, Sim-
ple and noncomminuted displaced fractures may be treated
with open or closed reduction followed by fixation with iso-
lated screws or plate and screw systems. However, comminu-
ted fractures are challenging, requiring additional stability to
maintain the length of the medial column, including external
or internal fixation, Kirschner wires, and, in some cases, bone
grafting®?®, As these lesions are uncommon, the literature re-

Introduction

Fractures of the navicular are relatively uncommon lesions
resulting from acute injuries or chronic overloading®. The
talus and the midfoot cuneiform bones compress the navi-
cular with a combination of forces that may result in trans-
verse fractures towards the plantar navicular aspect and su-
perior displacement of the dorsal fragment®. The fractures
of the navicular body with comminution or joint displace-
ment may be associated with bone collapse and/or loss of
integrity of the medial midfoot column. Moreover, they are

frequently associated with gross instability, progressing to
potentially severe deformities with flattening of the midfoot
arch@®®, Even following adequate treatment, patients may
experience chronic pain, disability, early osteoarthritis, and
loss of quality of lifed,

Surgical treatment is recommended for the displaced and
comminuted fractures of the navicular to restore the articu-
lar surface, the length of the medial column, and the anato-
mical relationship between the hindfoot and the forefoot?.
The decision-making criteria include articular displacement

Study performed at the Hospital Santa Helena, Brasilia, DF, Brazil.

porting treatment details is relatively scarce.

This study aims to present an option for the surgical treat-
ment of comminuted fractures of the navicular based on the
use of a low-profile locking plate with the “bridge” principle
as a temporary internal fixator. The technique consists of (1)
restoring the navicular morphology by open reduction, (2)
fixing the larger articular fragments with lag screws, and (3)
positioning a plate that crosses the talonavicular and navi-
culocuneiform joints, with proximal screws inserted into the
talus and distal screws into the medial cuneiform.
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with an internal fixator plate - Technical Tip.
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Case presentation

The technique is indicated for comminuted and displaced
fractures of the navicular body (type 3 in the classification of
Sangeorzan et al.??) with subluxation of the dorsal fragment
of the navicular or comminution of the plantar fragment re-
sulting in loss of integrity of the medial column.

To illustrate the technique, we describe a case of a patient
who had a motorcycle fall injury and sustained a comminuted
and displaced fracture of the navicular. The dorsomedial frag-
ment was displaced dorsally, with impaction of the dorsome-
dial articular surface of the talonavicular joint. The plantar-la-
teral fragment of the navicular was displaced with shortening
of the medial column of the midfoot (Figures 1 and 2). The
surgical strategy was to reduce major fragments through a
direct dorsomedial approach, restoring articular talonavicular
and naviculocuneiform surfaces with interfragmentary com-
pression screws. Subsequently, a dorsal bridge plate crossing
the navicular fracture was inserted to maintain the length of
the medial column and indirectly reduce the comminuted
fragments (Figures 3 and 4).

Surgical technique

1. The surgical procedure was performed with the patient in
the supine position under spinal anesthesia in combination
with peripheral sciatic and popliteal nerve block;

2. A pneumatic tourniquet was positioned proximally at

the thigh and inflated to the pressure of 300 mm Hg (after
Esmarch exsanguination);

3. A direct dorsomedial straight incision of 8 cm was perfor-
med from the talus neck to the medial cuneiform;

Figure 1. Initial radiographs of the foot and the ankle showing

comminuted and displaced fracture of the navicular.
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4. The anterior tibial tendon was identified and retracted
medially, while the extensor hallucis longus tendon was re-
tracted laterally (Figure 3A);

5. The articular capsules were partially disrupted, and their
dorsal aspect was sectioned to widely expose the talonavicu-
lar and naviculocuneiform joints (Figure 3B);

Figure 2. Computed tomography scans on the coronal, axial, and

sagittal views showing the dorsomedial fragment displaced dor-
sally, with impaction of the dorsomedial articular surface of the
talonavicular joint, and the plantar-lateral fragment comminu-
ted and displaced, with shortening of the medial column of the
midfoot.
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6. The fracture of the navicular was noted with the presence
of two major fragments, one dorsomedial, and the anatomi-
cal reduction of the articular surfaces. Such fragments were
fixed with two 3.0 mm HCS™ lag screws (DePuy Synthes, J&J
Company, USA) (Figure 3C);

7. Appropriate length of the medial column of the foot
was restored and confirmed by radioscopy, and a 2.7-mm
low-profile locking plate (Medartis AG, Switzerland) was po-
sitioned at the dorsal aspect of the midfoot. Then, 2.7-mm
locking screws were inserted proximally into the talus head
and distally into the medial cuneiform, sparing the navicular
and maintaining the anatomy of the medial longitudinal arch
(Figure 3D);

Figure 3. A) Dorsomedial incision from the talus neck to the me-
dial cuneiform, with retraction of the anterior tibial and extensor
hallucis longus tendons. B) Intraoperative image of the fracture
of the navicular with the presence of two major fragments, one
dorsomedial and the other plantar-lateral, and naviculocuneiform
joint luxation. C) Reduction of the main articular fragments. D)
Positioning of the bridge plate at the dorsal aspect of the midfoot
after screw fixation of the main fragments.

Figure 4. Postoperative radiographs with navicular fracture re-

duction and restoration of the talonavicular and naviculocunei-
form joint congruence and medial column length.

Figure 5. Radiographic views of the foot 10 months following the

injury, 6 months after plate removal.
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Figure 6. Clinical aspect of the feet and ankle 10 months following

the initial trauma and surgery.

8. After the correct positioning of the implants and the
reduction of the fracture and joints were confirmed with
radioscopy, the wound was irrigated with 0.9% saline and
sutured with 2.0 absorbable sutures subcutaneously and 4.0
mononylon sutures on the skin;

9. An occlusive dressing was applied with sterile gauze
protecting the surgical incision. The pneumatic tourniquet
was released with consequent restoration of normal periphe-
ral perfusion.

10. The limb was immobilized with a removable ankle/foot ortho-
pedic orthosis for 3 weeks, when the suture was removed.

During the first 6 weeks, we recommended avoiding bearing
weight on the affected foot, allowing only toe-touch weight-
bearing. Stiffness of the talonavicular joint is expected while
the bridge plate is present. After week 6, the patient was re-
commended to progressively bear weight with the orthosis
until week 9, when the orthosis was discontinued. At week
16, we confirmed by clinical and radiographic evaluation the
presence of fracture healing (Figure 4), preservation of the
medial longitudinal arch and joint congruence, and mainte-
nance of the length of the medial column of the foot. At that
moment, the patient underwent a second surgical procedure,
and the bridge plate was removed. Ten months following the
fracture, new radiographs showed a healed navicular fractu-
re with joint congruence and without avascular necrosis. The
patient presented with a range of motion similar to the con-
tralateral side, had no complaints of pain, and had resumed
sports activities (Figures 5 and 6).
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Discussion

Fractures of the tarsal navicular bone are uncommon. Only
5% of foot fractures affect the midfoot, and 35% of those
affect the navicular®. The most serious fractures may pro-
gress with midfoot collapse and/or early osteoarthritis, cau-
sing important functional limitations®>¢®,

In 1989, Sangeorzan et al.?” classified fractures of the navi-
cular body into (1) fractures with coronal line without angu-
lation, with dorsal or tuberosity avulsion; (2) body fractures
with dorsolateral to plantar-medial line with loss of the medial
arch (most common type); and (3) navicular body fractures
with central or lateral comminution. The classification system
was based on the direction of the fracture line, the direction
of displacement of the foot, and the pattern of disruption of
the surrounding joints, and was intended to assist in the surgi-
cal treatment of fractures®”. Type 3 fractures are challenging
injuries because a large amount of energy usually promotes
joint fragmentation and displacement. The treatment aims to
restore the medial longitudinal arch and the anatomical rela-
tionship between the hindfoot and the forefoot, promoting
stability of the midfoot®. In this injury pattern with small-si-
zed comminuted fragments, conventional fixation techniques
may not be feasible or sufficiently stable®3>, Kirschner wires
may not provide sufficient stability to maintain the length and
shape of the medial midfoot arch, and plate and screw sys-
tems may cause excessive vascular damage®™. Furthermore,
late complications and poor outcomes have been associa-
ted with comminuted navicular fractures, including avascu-
lar necrosis, delayed union, osteoarthritis, joint stiffness, and
chronic pain, especially when the medial column is not resto-
red®1om Therefore, some authors recommend the association
of an external fixator with primary osteosynthesis or primary
arthrodesis as a salvage procedure®52,

For comminuted fracture patterns, surgical attempts to
obtain optimal open anatomical reduction and compression
fixation may be counterproductive if the vascular bone su-
pply is not respected and when multiple small fragments are
present. Important fundaments are to carefully plan surgical
approaches, use indirect reduction techniques when possible,
and consider biologic fixation®. For example, in a series™ of
10 types 2 and 3 navicular fractures treated with a navicular
locking plate, the authors reported the presence of healed
fractures in all patients and overall good functional outcomes
of the feet after 20 months of follow-up. However, one pa-
tient had a compartment syndrome requiring fasciotomy, and
another developed partial necrosis of the navicular®™.

Bridge plating has been used more recently in trauma-
tic foot injuries, mainly in severe and comminuted fractures
associated with subluxation and bone shortening or impac-
tion. Biomechanical cadaveric studies®™ and case series stu-
dies™ have suggested that outcomes following surgical Lis-
franc joint injuries might be superior when fixed with dorsal
bridge plating compared with screw fixation only. A previous
study?® reported the outcomes of 7 patients with comminu-
ted and displaced type 3 fractures of the navicular treated
surgically with bridge plating. The authors used a 2.7-mm re-
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construction plate with 8 to 10 holes at the medial column of
the foot, from the talus to the first metatarsal. The 2 proxi-
mal and 2 distal holes were fixed with screws, the distal ones
being long enough to reach the lateral column®. Apostle and
Younger®™ described a technique consisting of double bridge
plating to the medial and middle cuneiforms. In the current
technical report, we performed bridge plating fixation using
a 2.7 mm locking plate, inserting two screws into the talus
and the medial cuneiform. Therefore, in addition to a single
and smaller incision, the Lisfranc joint and the bones of the
lateral column were not included in the fixation, avoiding joint
stiffness and symptoms in the lateral column.

In our opinion, the bridge plating technique is indicated for
severely comminuted navicular fracture-dislocations. In these
fractures, the forefoot assumes an abducted position, and
comminution of the medial midfoot results in shortening of
the medial column, which may lead to a midfoot collapse®.
Direct open reduction and fixation of small bony fragments
may not be achieved, in addition to leading to excessive vas-
cular damage. Furthermore, medial column instability may
require the addition of an external fixator. In the technique
described, the small fragments, especially the plantar ones,
which are difficult to achieve, are reduced by ligamentotaxis,

and the medial column is stabilized by the bridge plate, ru-
ling out the need for external fixators and avoiding complica-
tions and multiple incisions. A disadvantage of the technique
is the need for a new surgery to remove the plate. Previous
authors@™ have recommended removal after 4-9 months to
allow restoration of function in the transverse tarsal and sub-
talar joints. Because of the possibility of delaying early osteo-
arthritis and arthrodesis, we consider the present technique
to be a good alternative in selected cases. The case presen-
ted to illustrate this technical tip was followed up only for 10
months, which is an important limitation. Therefore, mid- and
long-term follow-up studies are warranted to evaluate the
maintenance of anatomical alignment, functional scores, and
development of post-traumatic osteoarthritis.

In sum, the technique described herein has the following ad-
vantages: (a) maintenance of the medial longitudinal column
in comminuted navicular fractures; (b) indirect reduction of
the small bone fragments; (¢) maintenance of the congruen-
ce of the talonavicular and naviculocuneiform joints; (d) lon-
ger protection in potential cases of vascular damage of the
bone tissue or delayed union; and (e) lower morbidity with
limited surgical incisions, saving the Lisfranc joint and the la-
teral column of the foot.
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