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Advances in the Causes and Treatment of Floating
Toes after the Weil Osteotomy: A Scoping Review
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"Wangjing Hospital, China Academy of Chinese Medical Sciences, Beijing and >Advanced Chemistry, School of Science Xi’an

Jiaotong-liverpool University, Suzhou, China

The floating toe deformity is classified as a forefoot deformity wherein the distal portion of the toe does not establish
touch with the ground, resulting in a suspended or elevated position while the finger is in a relaxed state. At first, it
garnered considerable interest as a complication It is worth noting that this condition is particularly common in chil-
dren under the age of 8, which usually disappears as the individual reaches maturity. Studies have shown that with
the aggravation of floating toe deformity, its adverse effects on patients’ gait and overall quality of life also increase.
Despite the prevalence of floating toe deformity in clinical settings, there is a lack of comprehensive literature investi-
gating its underlying causes and potential preventive strategies. This scope review follows the preferred reporting
items for systematic reviews and meta-analyses extension for scoping reviews (PRISMA-ScR) statement guidelines for
scope reviews. The literature was obtained from various full-text databases, including China National Knowledge Infra-
structure Database (CNKI), Wanfang Database, PubMed, and Web of Science Database. Our search focused on publi-
shed literature related to floating toes, Weil osteotomy, and distal metatarsal osteotomy, up until March 1, 2023. The
literature search and data analysis are conducted by two independent reviewers. If there are any disagreements, a
third researcher will participate in the discussion and negotiate a decision. Furthermore, two experienced foot and
ankle surgeons conducted a thorough literature analysis for this review. Sixty-two articles were included. Through the
clinical analysis of the structural changes of the forefoot before and after operation, the classification of floating toe
was described, the causes of pathological floating toe were summarized, and the possible intervention measures for
the disease were put forward under the advice of foot and ankle surgery experts. We comprehensively summarize the
current knowledge system about the etiology of floating toe and put forward the corresponding intervention strategy.
We recommend that future studies will focus on the improvement of surgical procedures, such as the combination of
Weil osteotomy, proximal interphalangeal (PIP) arthrodesis and flexor tendon arthrodesis.
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Introduction pathological floating toes is frequently observed as a preva-

Orthopaedic Surgery

he condition known as a floating toe is characterized by

the inability of the toe’s end to maintain contact with
the ground in a relaxed state. This results in the toe hovering
or floating in the air, leading to an inability to bear pressure,
maintain balance, and potentially interfering with normal
walking and daily activities."” Numerous research have pro-
vided empirical evidence supporting the categorization of
floating toes into normal and pathological subtypes. The
occurrence of physiological floating toes is prevalent during
childhood and tends to diminish progressively as the individ-
ual undergoes growth and maturation. The occurrence of

lent complication of Weil osteotomy, with an incidence rate
ranging from 15% to 68% according to various studies’®
The Weil osteotomy, a commonly employed surgical tech-
nique for addressing forefoot pain and deformity, is a com-
ponent of the distal metatarsal osteotomy.” The technique
was initially created in 1985 by American surgeon Lowell
Weil for the treatment of patients with central metatarsals,
specifically the second through fourth metatarsals. Following
its introduction, the technique gained popularity in Europe.'’
In contrast to proximal osteotomies, the Weil osteotomy pre-
sents several advantages including a reduced incision size,
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enhanced stability of the osteotomy plane, and a greater like-
lihood of accelerated healing.'' Nevertheless, these advan-
tages are accompanied by distinct complexities. The
prevailing issues usually cited in contemporary clinical prac-
tice encompass floating toe, metatarsalgia, and healing
difficulties,® with floating toe being the most predominant.

Despite the prevalence of floating toes, there is a scar-
city of literature that precisely investigates the underlying
causes of this condition.'>"? This phenomenon can be attrib-
uted to the fact that the Weil osteotomy offers significant
benefits in terms of long-lasting alleviation of metatarsalgia
and bunion symptoms,>'*"> and alternative surgical tech-
niques with superior outcomes have not yet been suggested.
In addition, it has been observed that the presence of floating
toe deformity (FTD) does not have a substantial impact on
patient satisfaction or functional outcomes subsequent to
undergoing Weil osteotomy, as indicated by the findings of
Wagner et al.® Nevertheless, the development of a floating
toe is a persistent phenomenon, and its effects on an individ-
ual’s ability to walk and overall quality of life become
increasingly noticeable as the condition progresses in sever-
ity. Hence, it is imperative to conduct a thorough examina-
tion of the potential factors contributing to the occurrence of
floating toes, as this investigation may afterwards facilitate
advancements in the field of Weil osteotomy. The objective
of this article is to provide a concise overview of the potential
factors contributing to the occurrence of floating toes in the
current stage. Additionally, it seeks to derive insights for
implementing interventions that might mitigate the risk of
such incidents. Furthermore, the study wants to investigate
novel avenues for the advancement of forefoot surgery in the
future.

Methods

The Scoping Review Principle

The reporting of this study conforms to the preferred
reporting items for systematic reviews and meta-analyses
(PRISMA) statement for scoping review standards or the
preferred reporting items for systematic reviews and meta-
analyses extension for scoping reviews (PRISMA-ScR).

Purpose Statement of the Scoping Review

The purpose of this scope review is to synthesize the possible
pathogenesis of FTD supported by existing evidence, and to
determine effective intervention measures based on clinical
experience and expert opinions to reduce the risk of toe
floating. Ultimately, it will explore potential future directions
to contribute to the development of forefoot surgery.

Systematic Search Strategy

Identification

The main electronic databases used for evidence retrieval are
China National Knowledge Infrastructure Database (CNKI),
Wanfang Database, PubMed, and Web of Science Database.

THE CAUSES AND TREATMENT OF FLOATING TOES

Our search strategy is “floating toe,”, “Weil osteotomy,”,
“distal metatarsal osteotomy” and their synonyms. We set
the restriction of language to be in English or Chinese,
searching for literature from the databases until March
1, 2023, and tracing relevant references.

Literature Screening and Data Analysis

Two literature evaluators strictly followed the operation pro-
cess, independently searching for citation information such
as titles and abstracts based on the proposed inclusion and
exclusion criteria, conducting preliminary selection, then
including qualified literature, reading the entire text in
sequence, gradually eliminating articles that did not meet the
standards, and cross checking the results. If there was dis-
agreement, a third researcher participated in the discussion
and negotiated a decision.

Selection Criteria and Quality Assessment

Any study, both primary and secondary, which examined
search strategy was eligible. We included theoretical/clinical
studies. Non-English studies or non-Chinese studies, studies
which lacked sufficient detail for data extraction, protocols,
and studies which only referenced but did not describe the
subject in detail, were all excluded.

No quality assessment was undertaken for this scoping
review as the aim was to summarize existing evidence on the
topic to inform future research direction, not to include or
exclude studies based on quality.

Results Synthesis

Two experienced foot and ankle surgeons conducted a com-
prehensive literature analysis on the selected articles and ulti-
mately obtained results on the possible causes and
intervention measures of floating toes.

Results

fter cross-screening by three researchers, 60 articles

were finally included, while two ankle surgeons
included two articles based on specific experience, giving a
total of 62 articles. The specific process is shown in the liter-
ature screening flow chart (Figure 1). Two ankle surgeons
summarized and analyzed the structural changes of the fore-
foot, described the classification of floating toes, summarized
the causes of pathological floating toes, and proposed possi-
ble intervention measures.

Clinical Points of Emphasis

According to a comprehensive analysis of numerous case
series documented in the medical literature, it has been
established that the customary approach for conducting a
Weil osteotomy involves following a certain protocol as out-
lined by Coughlin in 1997."° A longitudinal incision measur-
ing 3-4 mm is performed, extending from the dorsal distal
one-third of the metatarsal to the base of the proximal pha-
langeal bone. The metatarsophalangeal (MTP) joint capsule
is surgically opened while the toe is flexed, followed by an
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FIGURE 1 Literature screening flow chart.

incision of a section of the lateral collateral ligament, and
finally, the proximal phalange is moved into a plantar flexion
position. The proximal phalanx can be incised to fully expose
the metatarsal head. An oblique osteotomy is performed
starting from a point 2 mm below the most dorsal part of
the articular surface of the metatarsal head. The osteotomy
extends from the intra-articular region to the proximal end,
following the direction of the plantar weight-bearing plane.
Typically, this plane is inclined at an angle of approximately
25° to the metatarsal trunk. The proximal end of the osteo-
tomy is usually positioned at the junction between the distal
and middle thirds of the metatarsal trunk, specifically at the
junction of the metatarsal trunk and the metaphysis. After
the completion of the osteotomy procedure, the metatarsal
head is displaced proximally, typically resulting in a reduc-
tion of 3-5 mm in length. This is done concurrently with the
correction of any varus or valgus deformities, in order to
establish proper alignment of the foot. Subsequently, the foot
is immobilized to maintain its correct position.

This procedure has the potential to induce various
changes in the mechanics of the bones. Specifically, it may
result in the loss of the original “Maestro parabolic” struc-
ture."” Additionally, it can lead to alterations in the rotation
axis of the MTP joint, causing a downward shift in the rota-
tion center of the joint.'"® Furthermore, the procedure may
contribute to joint fibrosis and stiffness due to the opening
of the joint capsule.” Other effects include laxity of the

plantar plate and shortening of the metatarsal bones, which
can result in relative lengthening of the flexor tendon, exten-
sor tendon, and ligaments. Moreover, it can lead to reduced
tension in the foot aponeurosis and weakened functioning of
the windlass mechanism.””'” Scar contracture during the
recovery process has the potential to cause dorsal pulling of
the proximal phalange.”® Lastly, it is important to note that
surgery carries the risk of damaging peripheral nerves and
blood vessels.

The Cause of Pathological Floating Toe

Changes in the Mechanical Structure of the Foot Bone

The Weil osteotomy is a frequently employed surgical proce-
dure aimed at addressing forefoot abnormalities, including
hallux valgus and associated pain. Nevertheless, it induces
alterations in both the location and orientation of the
affected metatarsal bones, particularly the first and second
metatarsals, hence perturbing the initial “Maestro parabola.”
Valley and Reese®' were among the first researchers to recog-
nize and address the issue at hand. They authored the
“Guidelines for reconstructing the metatarsal parabola
through the utilization of the shortening osteotomy” tech-
nique. This publication has been instrumental in equipping
medical professionals with valuable insights to effectively
mitigate the numerous complications arising from excessive
osteotomy, which can result in the disruption of the
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parabolic structure. In the year 2003, Maestro et al** con-

ducted a study aimed at standardizing the optimal physiolog-
ical curve. This involved extensive data measurements and
the formulation of a specific specification about the number
of surgical osteotomies permissible without disrupting the
aforementioned physiological curve. The axis of the second
metatarsal traverses the midpoint of the hind foot, whereas
the SM4 (is defined as a perpendicular line drawn through
the center of the lateral sesamoid bone, perpendicular to the
second metatarsal bone.). This line passed through the cen-
tral part of the fourth metatarsal head in many cases and
was termed the SM4 axis. The line is positioned somewhat
towards the middle third of the fourth metatarsal, closer to
its distal end. Additionally, the first metatarsal exhibits a
reduction in length of no more than 10 mm compared to the
second metatarsal. The average difference between M2 (sec-
ond metatarsal length) and M3 (third metatarsal length) is
3.37 mm with a standard deviation of 0.96 mm. Similarly,
the average difference between M3 and M4 (fourth metatar-
sal length) is 6.54 mm with a standard deviation of 1.03 mm,
while the average difference between M4 and M5 (fifth meta-
tarsal length) is 12mm with a standard deviation of
1.91 mm. The relative disparity in length among these four
metatarsals can be conceptualized as an isometric series with
a constant ratio of 2 (M2-M3: M3-M4: M4-M5 = 3:6:12 or
3.5:7:14) (Figure 2). In a study conducted by Stoupine and
Singh®* at the Barry University School of Podiatric Medicine,
it was reaffirmed that focusing on the ‘“Maestro parabola”
during osteotomy can effectively mitigate the occurrence of
post-operative complications, specifically floating toe, trans-
fer metatarsalgia, and foot back skin ulcer. This conclusion
was reached after an extensive examination of male and
female cadavers.

Rotation Center of the MTP Joint Shifted Down

According to Godoy-Santos et al>* the Weil osteotomy is
considered the principal surgical intervention for the treat-
ment of floating toes. There is a general consensus among
foot and ankle surgeons that the downward displacement of
the rotation center of the MTP joint, which occurs during
surgery, plays a crucial role in the pathogenesis of floating
toes. Bougiouklis and colleagues expand upon the research
conducted by Grimes and Coughlin®® to conduct a compre-
hensive analysis of the alterations in the center of rotation of
the MTP joint following the Weil osteotomy. The findings
of the study conducted by Bougiouklis et al.”® revealed that,
following the Weil osteotomy, the rotation center of the
MTP joint exhibited a proximal and plantar shift with an
average magnitude of 3.5 + 1.64 mm, as compared to the
control group (Figure 3). All of Bougiouklis et al’s subjects
were individuals diagnosed with floating toe. It is postulated
that during surgery, the rotation center of the MTP joint is
displaced in a downward direction, thereby inducing a col-
lapse of the foot arch. This collapse subsequently causes the
proximal phalangeal bone to elevate upwards due to the
levering effect, ultimately culminating in the manifestation of
a floating toe. In a state of static equilibrium, the toe lacks
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FIGURE 2 Architectural marks®2: Pictures for relative differences in four
metatarsal lengths that can be conceptualized as an isometric
sequence with a constant ratio of 2.

FIGURE 3 Rotation center of the metatarsophalangeal joint shifted

down:2® the determination of the center of rotation of
themetatarsophalangeal joint was achieved through the use of three
points on the metatarsal head. Point A is the central point of the
articular surface of the metatarsal head, in the same straight line as
the longitudinal axis of the proximal phalanx. Point B corresponded to
the lower (plantar) and more proximal edge of the head before its
transition to the plantar surface of the neck. Point C is the dorsal
highest point of the metatarsal head.

the capacity to independently bear the body’s weight, leading
to a concentration of pressure on the grounded portion of
the foot. Consequently, this gives rise to an unsteady gait,
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challenges in maintaining balance, and the occurrence of
joint friction accompanied by pain. In instances of height-
ened severity, this can result in notable problems, including
but not limited to arthritis, joint inflammation, and skeletal
malformation.

Relative Lengthening of Tendons, Ligaments

Previous research has indicated that following the Weil oste-
otomy procedure, there are alterations in the positioning of
the ligaments and tendons (specifically, the flexor tendon
and extensor tendon) in the foot. These changes occur as a
result of the metatarsal head being translated proximally, the
metatarsals undergoing shortening and elevation, and
the surrounding soft tissues being disrupted.'**”** Neverthe-
less, inadequate attention was given to the treatment of liga-
ments and tendons during the surgical procedure, resulting
in a lack of tension in these structures (Figure 4). This par-
ticularly affected the flexor tendon, impeding its ability to
fulfill its usual function of exerting pulling force. Conse-
quently, the MTP joint, responsible for plantarflexion move-
ments, is unable to execute its regular range of motion and
may potentially exhibit a condition known as a floating toe.
The flexor tendon has the potential to undergo displacement
towards the dorsal side of the MTP joint, assuming the role
of the extensor tendon. This displacement results in the
upward pulling of the toe, hence contributing to an increased
degree of the floating toe. Furthermore, the alteration in the
positioning of the tendon of the interosseous muscle around
the rotational center of the MTP joint is also a crucial factor
in the development of floating toes.'* The significance of this
feature becomes particularly notable when the reduction in
length of the metatarsals surpasses 3 mm, as indicated by
Migues et al.*

Nietasare/

/(‘/,z Sforseal

FIGURE 4 Weil osteotomy anatomic positions. The shortening of the
metatarsal bone causes a relative lengthening of the tendon and
ligaments.?
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Metatarsal Plate Relaxation, Change in the Windlass
Mechanism

Many scholars have proposed that the pathophysiological
cause for the occurrence of the floating toe may be attributed
to the failure of the plantar structure, specifically the flexor
muscle, in addition to the elongation of tendons and liga-
ments. There exists a suggestion that the occurrence of float-
ing toes is a consequence of the reduction in plantar flexion
resulting from metatarsal shortening. This reduction in plan-
tar flexion subsequently leads to a decrease in tension within
the plantar aponeurosis, hence causing relaxation of the
metatarsal plate and impairing the windlass mechanism. In
typical circumstances, the tension produced in the metatarsal
plate and the MTP joint during toe elevation facilitates a sta-
ble hinge-like movement. The atypical relaxation of the
flexor muscles might potentially result in the prolonged par-
tial dislocation of the metatarsal joint or heightened pressure
underneath the metatarsal head. Consequently, this can lead
to an augmented looseness of the metatarsal plate and a
weakening of the windlass mechanism. Simultaneously, the
dorsal extensor tendons maintain their normal tension,
thereby leading to a higher occurrence of floating toes. In an
effort to tackle this issue, Perez et al."> undertook cadaveric
tests with the aim of reducing the length of the metatarsal
plates. The findings of the study indicated a notable correc-
tion of the condition known as floating toe, hence rein-
forcing the significance of the windlass mechanism in the
progression, rectification, and prevention of floating toes. In
their study, Weil et al*® provided evidence that the occur-
rence of floating toe was not observed when the potentially
loose plantar plate was advanced by the dorsal approach fol-
lowing the Weil osteotomy in patients experiencing post-
operative MTP joint instability. A study conducted by Dohle
and Marques™ examined the application of a dorsal
transarticular technique for the reconstruction of the meta-
tarsal plate. Nevertheless, because to the scarcity of such arti-
cles and the lack of complete alignment between cadaveric
investigations and clinical research, the mechanism in ques-
tion has not yet been widely acknowledged as a definitive
cause, and the precise mechanism continues to be a subject
of ongoing discussion.

Proximal Interphalangeal (PIP) Joint Arthrodesis

Weil osteotomy indications are often accompanied by ham-
mer and claw toe deformities that require simultaneous sur-
gical correction. The main surgical options for fixing these
deformities are PIP joint arthrodesis (Figure 5) and
arthroplasty. It has been documented that PIP joint fusion
(PIP joint arthrodesis) is significantly associated with an
increased incidence of floating toes.* Lee et al.'® suggested
that the flexor digitorum brevis tendon (FDB) could be
transferred into the PIP joint while maintaining tension,
which could indirectly restore the windlass mechanism by
generating flexion forces at the MTP joint. The normal
windlass mechanism can help prevent the formation of a
floating toe, as demonstrated in cadavers. This requires
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STUDY 1

FIGURE 5 Proximal interphalangeal (PIP) joint arthrodesis of Toe 2.

a flexor tenodesis procedure in conjunction with a PIP joint
fusion (PIP joint arthrodesis) to prevent the development of
a floating toe. Cook et al.’' also demonstrated that by apply-
ing anatomical reconstruction techniques, rebalancing tech-
niques (e.g., capsulotomy and cellulolysis) can significantly
improve the occurrence of floating toe complications after
Weil osteotomy. Anatomical reconstruction techniques are
now being used to reduce the incidence of floating toes. Ana-
tomical reconstruction techniques have been used to reduce
the incidence of floating toes. This is certainly good news in
that it addresses the risk factors and utilizes them to help
reduce the incidence of floating toes in reverse. With further
clinical trial studies to evaluate the clinical possibilities of this
method and improve it, it may become an actual interven-
tion to reduce the pain caused to patients by secondary sur-
gery in the form of a combination or new procedure.

Skin Scar Formation

The expected scar formation after the surgical skin incision
is also a consideration that should be considered. Current
osteotomies generally use a dorsal approach, which allows
visualization of the MTP joint and the intact metatarsal
bone, facilitating the surgical procedure. The post-operative
scar is not located on the plantar aspect of the foot, facilitat-
ing simultaneous post-operative wound healing and recovery
training. This is an improvement on the disadvantages of the
previous procedure. However, the location of the dorsal skin
incision over the MTP joint may lead to contracture and fur-
ther increase the probability of floating toes and the degree
of elevation.”

Surgical Techniques
In practical situations, it is difficult to perform an osteotomy
parallel to the weight-bearing surface.'>** The surgeon must
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be experienced and skilled in measuring the length and angle
of the bones in the foot to determine the amount and posi-
tion of the bone to be removed according to the patient’s
particular situation. If too much is removed surgically or the
position or angle is incorrect, this may result in severe
changes to the foot’s mechanics.

Vascular Nerve Injury

Neurological system problems can also lead to the develop-
ment of floating toes. Neurogenic floating toe is caused by
neurological conditions such as cerebral palsy, amyotrophic
lateral sclerosis, and multiple sclerosis that result in damage
to the motor nerves, causing the toes to curl upwards uncon-
trollably. The nerves are responsible for sensory and motor
control,”” while the blood vessels are responsible for
motor and metabolic support.***® Damage to the blood ves-
sels and nerves during surgery may affect the foot’s health
and lead to the formation of a floating toe.

Individual Differences and Activity Restrictions

Several studies have confirmed that.”’~* hallux valgus, one
of the best indications for Weil osteotomy, is a condition
that has a clear familial tendency to be more common in
women than men and is highly susceptible to environmental
influences. After a Weil osteotomy, the toe’s range of motion
is limited for some time; this can lead to a lack of plantar
flexion of the toes, preventing the end of the toes from
touching the ground. This may result in inadequate
plantarflexion of the toe, which may prevent the end of the
toe from touching the ground. Also, uncomfortable shoes
(e.g., high heels) and improper walking posture may force
the proximal phalange into a prolonged dorsiflexion posi-
tion, increasing the incidence of floating toes.

Physiological Floating Toe

Physiological floating toe occurs when a child walks or

stands with one or two toes slightly raised or curved as the

weight shifts. This phenomenon is usually harmless, does not
require treatment, and will disappear as the child grows and
develops.”’ In recent years, the Faculty of Medicine, Univer-
sity of Yamanashi, Chuo-shi, Yamanashi, Japan; The Faculty
of Rehabilitation, Kobe International University, Japan; the

Graduate School of Medicine, Kyoto University, Japan;

Graduate School of Medical and Dental Sciences, Tokyo

Medical and Dental University, Japan Medical and Dental

University, Japan, conducted a study on factors associated

with floating toes in preschool children up to the age of

8 years.**"** Wako and her team*>*"** concluded that physi-

ological floating toes in children are often caused by:

1. Underdeveloped nervous system: the immature develop-
ment of the nervous system in children leads to insuffi-
cient coordination between nerves and muscles, resulting
in physiological floating toes.

2. Laxity of the ligaments: in children, the ligaments are rel-
atively lax and do not pull sufficiently on the bones of
the toes.
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3. Normal foot growth and development: as the child’s foot
grows and develops, the ligaments and muscles of the
foot gradually develop into a stable structure that becomes
the regular foot and ankle structure.

4. Lighter weight at birth: studies have confirmed that** chil-
dren’s lighter weight is significantly associated with physi-
ological floating toes, independent of other factors
measured at birth.

In addition, Wako et al. also ruled out several factors
that were thought to be possible causes of the formation of
physiological floating toes, such as lower limb muscle
strength, physical length at birth, physical development, and
time to start walking.

Physiological floating toe is not a disease because, in
general, it has a natural tendency to heal on its own. And
can gradually disappear as the child ages. It should be distin-
guished from complications resulting from the Weil
osteotomy.

Possible Interventions

In response to these possible causes of floating toes, we have
reviewed and consolidated a large body of literature and col-
lected recommendations from foot and ankle surgeons spe-
cializing in Hallux valgus, transfer metatarsalgia and so on,
to list the following possible interventions to reduce the inci-
dence of floating toes.

Pre-operative Assessment

A thorough pre-operative assessment, including an evalua-
tion of the structure, function, nerves, and blood vessels of
the foot, should be carried out before a decision is made to
proceed with a Weil osteotomy. A detailed history of the
patient, especially relevant diseases, surgical history, and
allergies, can help the surgeon determine whether there are
potential health problems affecting the patient’s prognosis
and whether there are risk factors that may affect the proce-
dure; a meticulous and thorough physical examination: per-
form a physical examination including foot appearance,
palpation and joint mobility to assess the source of pain,
swelling or other abnormal symptoms and to determine the
appropriate imaging tests. Based on the surgeon’s experience,
select appropriate imaging tests such as X-ray, MRI, CT, etc.
This can help the surgeon determine the internal condition
of the patient’s foot, select the best surgical procedure, and
reduce the risk of surgical and post-operative complications.
Assess the risk of anesthesia: perform an anesthetic risk
assessment to determine the most appropriate type and dose
of anesthesia for the patient. Assessing post-operative reha-
bilitation and determining the expected recovery time can
help to reduce the risk of joint stiffness due to prolonged
immobilization at a later stage, which can lead to a floating
toe; patient education: providing adequate preoperative edu-
cation to patients about the procedure and the risks involved
can help to reduce patient concerns and anxiety and improve
This helps to reduce the patient’s concerns and anxiety and
increases the level of cooperation from the patient and their
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family after surgery. In conclusion, a rigorous and compre-
hensive preoperative assessment can help the surgeon deter-
mine the patient’s suitability for surgery and reduce the risk
of complications such as floating toes in several ways.

Concentration During Surgery

During the Weil osteotomy procedure, it is imperative for
the surgeon to adhere to the optimal cutting trajectory in
order to maintain stability and equilibrium of the foot bones.
Additionally, careful consideration must be given to selecting
the appropriate site for osteotomy and determining the
extent of resection, as excessive removal may lead to
the undesirable outcome of a floating toe.*"** Furthermore,
the surgeon should exercise special caution to safeguard
the nerves and blood vessels in the foot, as well as the neuro-
vascular and nerve microcirculation in the toe region. The
significance of microcirculation in facilitating post-operative
healing and minimizing post-operative complications has
been widely recognized.*> In addition, it is imperative to
address the management of soft tissues during surgery,
including the implementation of appropriate soft tissue
repair procedures when necessary. This is crucial in order to
prevent complications such as floating toes, which can arise
from tendon stretching. It is essential to minimize the exces-
sive stretching of foot muscles and ligaments, as this can lead
to elongation of ligamentous tendons.'>** This necessitates a
higher level of skill and expertise from the surgeon con-
ducting the procedure.

Improved Surgical Techniques

Improving surgical techniques may be a worthwhile direction
to consider to reduce complications such as floating toes in
Weil osteotomy. For example, the traditional Weil osteotomy
involves making a longitudinal incision on the dorsal side of
the metatarsal bone, and performing an oblique osteotomy
1-2 mm below the dorsal boundary of the articular cartilage,
with the direction as parallel as possible to the load-bearing
surface. The degree of shortening is controlled on the dorsal
surface of the proximal fragment, and two parallel or crossed
Kirschner wires or 2 mm screws are selected for fixation.
Surgery can easily cause changes in the mechanical structure
of the foot bone; relative lengthening of tendons and liga-
ments; metatarsal plate relaxation, change in the windlass
mechanism; and scar contracture of the dorsal skin, greatly
increasing the incidence of floating toes. Therefore, in
response to the shortcomings of traditional Weil osteotomy,
smaller incisions, more precise osteotomy positions, and
more accurate fixation of the bone graft have been proposed
to reduce the impact on foot structure and function. can be
used to reduce the impact on the structure and function of
the foot.

Modified Weil Osteotomy. Metatarsophalangeal joint (MP])
instability is a prevalent clinical issue encountered by sur-
geons specializing in foot and ankle conditions.’*
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Numerous studies have provided extensive documentation
on this matter.**>° The aforementioned modified procedure
demonstrates efficacy in addressing persistent coronal plane
malalignment of the lesser MTP joint (MP]) when the con-
ventional Weil osteotomy fails to completely restore the ana-
tomical position of the MPJ. In comparison to the
conventional Weil osteotomy, the modified Weil osteotomy
demonstrates enhancements in various aspects, including the
incision location, osteotomy site, resection volume, correc-
tion method, and fixation technique. These modifications
aim to safeguard the soft tissues and joints of the foot,
resulting in reduced trauma, a shorter recovery period, and
improved tolerance for alterations in the relative length of
the second and third metatarsals (Figure 6).*’ According to
Herzog et al.”® the modified Weil osteotomy has demon-
strated a reduced occurrence of floating toes and improved
clinical outcomes. During their average follow-up period of
9.1 months, the post-operative American Foot and Ankle
Association score (AOFAS) increased to 76.7 and the visual
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FIGURE 6 An atomical interpretation of the modified Weil osteotomy.*®
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analogue scale (VAS)®" score decreased from 6.7 preopera-
tively to 1.7 post-operatively. The Kim team and the
Edmondson team reached the similar conclusion: Kim et al.
reported that the post-operative VAS score reduced from
62+14 to 1.4+ 1.5 and post-operative AOFAS score
increased to 80.4 + 5.6,"” while Edmondson et al. reported a
36-point increase in the average score after modified
surgery.*®

Triple Weil Osteotomy. When the degree of metatarsal short-
ening exceeds 3 mm, it results in an elevation of metatarsal
displacement, thereby leading to a significant and highly
prevalent occurrence of floating toes. Consequently,
Monteagudo and Maceira devised the triple Weil osteotomy
(Figure 7) as a means to achieve a regulated reduction in
length, aligned with the metatarsal shaft, and to elevate the
metatarsal head in response to metatarsal displacement
resulting from a shortening exceeding 3 mm.'’ The triple
Weil osteotomy has been identified as an enhancement over
the conventional osteotomy in various aspects.”>”>* Initially,
in the triple Weil osteotomy procedure, the plantar bone is
partitioned into three distinct fragments, which are subse-
quently excised and individually modified, so facilitating a
more intricate manipulation process. Furthermore, the triple
Weil osteotomy has been found to provide significant bene-
fits in the enhancement of plantar fascia laxity”” without the
requirement of substantial dorsiflexion of the MTP joint,
hence lowering the occurrence of floating toes in many man-
ners. Bougiouklis et al. showed that the average AOFAS
score of triple Weil osteotomy increased from 50 points to
93 points, which was significantly better than the 89 points
of Weil osteotomy.”> When the metatarsal bone needs to be
shortened by 5 mm or more, the average difference of plan-
tar displacement between Triple Weil osteotomy and Weil
osteotomy is 3.7 mm, which proves that triple Weil osteo-
tomy can significantly prevent the plantar displacement of
the rotation center of MTP joint.*®

Secondary or Simultaneous Surgery

The occurrence of complications such as floating toes is not
immediate post-operation, but rather tends to escalate gradu-
ally. In many instances, despite the initial procedure yielding
favorable outcomes, further issues arising from floating toes
tend to manifest over time. Doctors have incorporated a sup-
plementary or adjunctive technique during the primary sur-
gery, such as the flexor tenodesis procedure, in order to
address or preempt the difficulties associated with the osteo-
tomy, specifically the occurrence of floating toe. The preva-
iling consensus among surgeons is that the relative laxity of
the tendon, ligaments, and particularly the flexor tendon, is a
notable contributing factor to the occurrence of floating toes.
De Netto et al.”> conducted a study to investigate the efficacy
of flexor tendon fixation on the metatarsal side of the proxi-
mal phalanx. Their findings demonstrated that this approach
enables the fixation of both long and short toe flexors to an
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FIGURE 7 Anatomical interpretation of the triple Weil osteotomy.52

implant on the metatarsal side of the proximal phalanx,
requiring only a minimal surgical incision. This technique
effectively addresses and corrects deformities related to sagit-
tal and dorsiflexion of the MTP joint, as well as the condi-
tion known as floating toe. The study involved a systematic
analysis of three patients with floating toes. Lee et al.'® dem-
onstrated the successful transfer of the FDB tendon to the
PIP joint for the purpose of correcting floating toes. This
was achieved through the use of cadaveric research. Over the
course of several years, medical professionals have conducted
extensive research on the identification of improved sites for
tendon transfer or the development of more effective surgical
techniques.”® > Various alternative methods have been
employed to relocate the attachment point of the flexor hal-
lucis longus tendon, such as the fusion of the flexor hallucis
longus tendon with the extensor hallucis longus tendon,
among others. By altering the initial attachment site of the
(flexor tendon) or suitably shortening the (flexor tendon),
the normal tension is reinstated, hence addressing the condi-
tion known as floating toe.

It is important to acknowledge that some studies
have reported that arthrodesis of the PIP joint is associated
with joint stiffness and downward displacement of the

4,60,61
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rotation center of the MTP joint. The downward displace-
ment of the rotation center of the MTP joint results in an
elevated occurrence of floating toes. Nevertheless, the inte-
gration of PIP fusion alongside the (flexor tenodesis) treat-
ment significantly diminishes the likelihood of experiencing
floating toes.”’ This discovery has the potential to pave the
way for further investigation into a novel approach or amal-
gamation of the Weil osteotomy, (flexor tenodesis treat-
ment), and PIP joint arthrodesis. The integration of these
novel approaches presents a potential paradigm shift in
addressing the prevalent occurrence of floating toes.

Post-operative Rehabilitation
Post-operative rehabilitation is the key to reducing complica-
tions from Weil’s osteotomies. Post-operative rehabilitation
should be personalized to the patient, and we consulted
experienced surgeons who have performed Weil osteotomies
for many years and obtained the following
recommendations:

1. Wearing the right, comfortable shoes: they can effectively
reduce the forces on the foot and avoid pressure and fric-
tion, thus reducing the risk of floating toes occurring due
to external forces. Post-operative rehabilitation can help
restore function and stability to the foot and prevent com-
plications from occurring.

2. Keeping your feet healthy: regular foot massage, proper
foot stretching, and exercises under the advice of a medi-
cal professional can increase flexibility and stability.

3. Weight control: excessive weight can put excessive pres-
sure on the foot, increasing the weight bearing on the foot
and increasing the risk of Arch collapse, leading to float-
ing toes.

4. Avoid prolonged and intense standing and walking: even
if the metatarsal bone is well healed after osteotomy, it is
still relatively fragile, and prolonged and strenuous stand-
ing or walking can lead to severe complications such as
wound rupture, malunion, nonunion of bone and floating
toe. It is crucial to reduce foot strain and take appropriate
rest during daily work and life.

5. Avoid foot injuries: injuries can cause secondary damage
to the muscles, ligaments, nerves, and bones around the
osteotomy site, increasing the risk of poor prognosis and
complications, so extra care should be taken concerning
foot safety.

Post-operative Follow-up (POST-OP)

Post-operative follow-up (POST-OP) is always emphasized
by clinicians and is of great importance. Post-operative
follow-up at 2 weeks, 4 weeks, 6 weeks, 3 months, 6 months,
or 1 year is usually recommended, which helps the surgeon
check the structure and function of the foot after surgery,
identify and manage complications such as floating toes, and
ensure that the surgery results are long-lasting. Follow-up
visits can include the AOFAS forefoot efficacy score, pain
VAS score, tenderness index, skin sensation around the
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incision, and off section mobility and MTP joint matching
degree, foot X-ray angle measurement, anxiety score, etc.

Discussion

he review summarizes important research information.

In addition to the physiological floating toe belongs to
the stage phenomenon of the growth process, the occurrence
of pathological floating toe is obviously related to Weil osteo-
tomy, and has become one of its common complications.
Surgeons have been working hard to investigate the cause of
floating toe, and hypotheses have been put forward and veri-
fied from the aspects of mechanical structure, rotation cen-
ter, soft tissue balance and so on. Skin scars and vascular
and nerve injuries have also been taken into account. Never-
theless, the occurrence of a floating toe is a result of intricate
interactions between several systems and is not only attrib-
uted to anatomical alterations generated by surgery, skin
scars, and similar factors. Several studies have indicated that
the occurrence of floating toes can be significantly influenced
by individual variations and lifestyle choices, including regu-
lar use of high-heeled footwear and engaging in prolonged
and vigorous physical activities.®>*’

There are limitations in the current stage of research.
There are many etiological hypotheses, but most of them
lack of high-quality evidence, and there is a lack of review
articles that have been agreed by experts. This article will
screen and summarize the content supported by relevant evi-
dence in order to facilitate the expert consensus in the future.
According to the available evidence, we have proposed a
range of potential procedures aimed at mitigating the occur-
rence of floating toes and emphasized the importance of
comprehensive management for floating toes. It is advised to
use caution in addressing floating toes, starting from pre-
operative assessment and extending to surgical selection,
post-operative rehabilitation and follow-up, which are all
important. We believe that the change of mechanical struc-
ture is the main cause of floating toe after Weil osteotomy.
At this stage, with the “Maestro” curve explicitly described,
foot and ankle doctors have paid attention to the preserva-
tion of parabola when performing Weil osteotomy. However,
in the process of oblique osteotomy, because of the down-
ward force of the pendulum saw, the downward of the meta-
tarsal head and the downward movement of the rotation
center seem to be inevitable, which is the main reason for
the formation of floating toes. we considered releasing the
metatarsal soft tissue after Weil osteotomy to reduce
the downward traction of the metatarsal head, however, in
clinical observation and literature retrieval, the problems of
flexor tendon injury and metastatic metatarsalgia (caused by
uneven distribution of soft tissue) were found after release.
Metatarsalgia is often associated with mallet toe deformity,
which requires additional PIP arthrodesis. A Kirschner nee-
dle is often used to connect distal the interphalangeal joint,
PIP joint and even the MTP joint. In order to ensure the
correction effect of hammer toe, a larger dorsal extension
angle of MTP joint is often used. Clinically, the Kirschner
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needle was removed 4 weeks after operation, and the joint
stiffness caused by it became a significant factor affecting the
aggravation of floating toe. The lack of clinical research on
inserting Kirschner needle parallel to the sole of the foot
may reduce the incidence of floating toes caused by PIP joint
arthrodesis.

Our review has some limitations. There are few sepa-
rate literatures about floating toe, and most of them are
involved in part, so it is difficult to screen and there may be
omissions. In addition, in the induction of the etiology of
floating toe, there is a compound effect of multiple mecha-
nisms, resulting in the lack of clarity in the analysis. Never-
theless, the advantages of our study include conducting
literature screening according to systematic and transparent
programmes, ensuring document quality by multiple exam-
iners, and reporting strictly in accordance with PRISMA-ScR
principles.

According to the review results, we recommend that
future studies will focus on the improvement of surgical pro-
cedures. The combination of PIP joint arthrodesis is fre-
quently observed in conjunction with weil osteotomies.
Nevertheless, the occurrence of floating toes is found to be
significantly associated with joint arthrodesis. The imple-
mentation of the flexor tenodesis fixation surgery, which
involves transferring the attachment point of the flexor
tendon to allow it to function normally. We believe that a
comprehensive assessment of the risk of floating toes and a
step-by-step decision on whether to perform the Weil osteo-
tomy, PIP joint arthrodesis, and/or flexor tendesis fixation
surgery can effectively prevent floating toes from occurring
as surgical complications while avoiding unnecessary surgery,
and address potential major pathologies.

Conclusion

TD is included physiological and pathological. After a

detailed analysis of the physiology, pathology of the
floating toe and the Weil osteotomy, this article provides a
comprehensive overview of the current body of knowledge
pertaining to the etiology of floating toes, and explores the
potential contributing variables associated with the develop-
ment of this condition and feasible treatments.
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