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ulation. Although there are many different treatments to solve the deformity,

ation methods used in patients with claw toes. Furthermore, the aim of this
Funding information review was to clarify what is known and what is needed apart from the surgical
Universidade da Corufia/CISUG procedures to correct the claw toe deformity, with the purpose of reducing risk
factors of falling in elderly people. A search in electronic databases, such as
Scopus (n = 78), Google Scholar (n = 705) and ScienceDirect (n = 290) was
conducted. There were seven articles (43.75%) related to the fixation (arthrode-
sis) of proximal and distal interphalangeal joints, one article (6.25%) describes
the correction of the claw toe through plantar plate tenodesis and release of
collateral ligaments, four articles (25%) describe the procedure of tendon trans-
fer, one article (6.25%) describes flexor digitorum brevis tenotomy and a proxi-
mal interphalangeal joint arthrolysis, and another article (6.25%) presented the
impact of partial phalanx osteotomy to treat the claw toe deformity. In conclu-
sion, the review indicates that there are several studies related to the treatment
or correction of claw toe deformity. However, there is a lack of knowledge of
the postsurgical effects of treating claw toe condition, especially in the struc-
tural mechanics (plantar pressure distribution, stability, gait, foot mechanics
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1 | INTRODUCTION

The increase in life expectancy is directly related to the
increase in the population of elderly people. Elderly people
are more prone to suffer from musculoskeletal disorders of
the foot, where claw toe is one of the most common pathol-
ogies."™ This deformity affects more frequently to women
than men.>* Several studies have been performed to eluci-
date the claw toe deformity.”®° At the beginning, the claw
toe condition was not well defined and produced confusion
with other lesser toe deformities, such as hammer toes or
mallet toes. Nowadays, it is clearly explained and easy to
identify.">"" The claw toe is a musculoskeletal disorder of
the foot where the metatarsophalangeal joint (MTPJ) is
hyperextended and the proximal and distal phalangeal
joints are flexed.*® On the other hand, hammer toes present
a similar condition to claw toes, the only difference is the
extension or dorsiflexion of the distal interphalangeal joint
(DIPJ). Mallet toes are in a similar condition as well, in this
case, the MTPJ and proximal interphalangeal joint (PIPJ)
stay neutral or straight and the DIPJ remains flexed. In
summary, the difference between these conditions is the
rotation of the MTPJ and DIPJ.

The claw toe is a painful condition presented with
more frequency in the second toe, usually, the pain is
produced due to the friction between the interphalangeal
joints and the internal surface of the shoes. After a period
of time, this friction can produce ulcers or calluses. These
alterations appear in the dorsal part of the toes and at the
tip of the toe.

Nowadays, it is known that this deformity of the foot
is produced by different factors, such as congenital defor-
mity, inflammatory arthropathies, neuromuscular condi-
tions, hallux valgus, cavus foot, wearing high-heeled
shoes, muscle imbalance, ill-fitting footwear and exces-
sively long metatarsals.>>’ Although there are several

and so on) of the foot after the correction of the claw toe deformity. The analy-
sis of the foot mechanics after the correction of the claw toes has to be para-
mount to determine the benefits of the correction.

claw toes, foot, gait, lesser toes deformities

« We have evaluated the technical features of the kinematic evaluation
methods used in patients with claw toes.
« There is a lack of knowledge of the postsurgical effects to treat claw toe

« The increase of outcomes knowledge of claw toe deformity in foot surgery
are extremely important to control foot health.

causes that produce claw toes, the neurological diseases
are the most common causes.'?

Although there are several surgical procedures to cor-
rect the claw toe deformity, there is a lack of information
about the effect of this deformity on the gait biomechan-
ics, plantar pressure distribution and loss of balance.' In
addition, although the surgery solves the malformation
and reduces the pain, there is no clear evidence of the
effects after the surgical procedures to correct the claw
toe pathology. Moreover, it is something that needs to be
carefully considered, as some surgeons suggest that con-
servative treatments have to be applied before the surgi-
cal procedure. In most cases, the surgical procedure is
selected when the malformation produces pain and dis-
comfort in the patients, and it should not be chosen just
for cosmetic reasons.*"?

It is known that most musculoskeletal disorders of
the foot, such as flat feet, cavus foot, claw toes, hammer
toes and hallux valgus, will have a negative effect on the
biomechanics of the lower limbs or other parts of the
body structure. In some cases, these pathologies could
produce pain, transfer lesions, callus formation and gait
changes. The lesser toes play an important role in the sta-
bility and balance of the foot during static or dynamic
conditions.” The toes of the foot contribute to the push-
off phase as they are the last part of the foot in contact
with the ground during the stance phase. Therefore, it is
paramount to study any malformation of the lesser toes
that can affect the natural behaviour of the foot.
Although several surgical procedures have been devel-
oped to correct the claw toe deformity, none surgical pro-
cedures completely solve the condition.”'**® This means
that the natural physiology of the foot during gait kine-
matics will not be completely recovered.

The claw toe is a malformation of the foot mainly pre-
sented in the second toe, although it can be presented
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also in the other toes. This deformity can produce an
emotional negative impact as the normal anatomy of the
foot is modified. Moreover, this foot condition has an
important impact in the quality of life of patients, as it
produces pain, callous, tissue wounds and gait affections.
The surgical treatment of this foot condition is one of the
most performed by surgeons, being an economical impact
for patients.” 11210

Therefore, the objective of this systematic review is to
identify the technical features of the kinematic evalua-
tion methods used in patients with claw toes. Further-
more, the aim of this review is to clarify what is known
and what is needed apart from the surgical procedures to
correct the claw toe deformity, with the purpose of reduc-
ing risk factors of falling in elderly people. It was hypoth-
esized that the surgical correction of the claw toe
condition does not completely solve the mechanics of the
foot, and further studies have to be done to evaluate the
consequences of keeping the toes in straight position.

2 | METHODS

2.1 | Study design

The review protocol was registered with the record num-
ber CRD42023473207 in the International Prospective
Register of Systematic Reviews. The systematic review
was conducted in accordance with the Preferred Report-
ing ltems for Systematic Reviews and Meta-Analyses
statement.'”

2.2 | Search strategy
The systematic review was conducted in electronic data-
bases, such as Scopus (n = 78), Google Scholar (n = 705)
and ScienceDirect (n =290). The following search
equation was used in English and Spanish in the three
databases: ‘Claw Toes’ AND ‘treatment’ AND ‘Stability’.
The inclusion criteria considered articles that have the
three words of the search equation and that they were
published from 2010 up to February 2023. The search
equation gave a total of 1073 studies. After reviewing the
articles, conference proceedings, duplicated manuscripts,
books, theses and studies from a different language to
English or Spanish were excluded from the analysis, hav-
ing a final number of 16 articles. Figure 1 shows the flow
diagram for the review. The revision of the articles was
done independently by two authors considering the
inclusion and exclusion criteria.

After reviewing the three databases, 132 duplicated
manuscripts were removed. Then, a revision of the title,
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summary and the three keywords in the article was per-
formed. After screening the articles, 879 articles were
excluded. Then, a deeper analysis was performed in the
62 manuscripts retrieved. Those articles were reviewed in
detail having in mind the scope of the review. At the end
and by agreement between the authors, 16 manuscripts
were included in the review.

2.3 | Synthesis of information and
management of search results

Two expert reviewers revised the search findings related
to the conservative and surgical procedures to correct the
claw toe deformity. If doubts appear during the data
extraction, the whole research group participated to have
an agreement. All references to add were manually evalu-
ated, and those manuscripts that might be incorporated
were also reviewed and obtained. We retrieved informa-
tion related to all articles resulting from the Preferred
Reporting ltems for Systematic Reviews and Meta-
Analyses declaration, using a standardized format that is
shown in Table 1. We showed information from every
research in an evidence table with information qualita-
tive, and a global conclusion has been realized. The level
of risk of bias assessment in the systematic review was
done using the Review Manager (RevMan) software of
the Cochrane Library, v.5.5. It has not been possible to
perform a meta-analysis because of the principal hetero-
geneity of the incorporated studies.

3 | RESULTS

The claw toe is a common deformity of the foot that pro-
duces pain and discomfort. It should not be considered a
minor problem as this condition could affect the stability
of the person or affect the gait pattern.”'® Several studies
have been developed to correct the claw toe deformity.
However, there is no general consensus on the optimal
treatment of correction. First, it is important to under-
stand the aetiology or the causes that produce the defor-
mity of the claw toes. This is important to choose the best
treatment and succeed in the correction of the condition.
Several surgical treatments have been developed to cor-
rect the deformity, such as arthrodesis of the proximal
and DIPJ, tendon transfer, tenotomies, fixation of the
MTPJ, arthroplasty, soft-tissue capsulotomy, tendon
release (Stainsby procedure), silicone implants and
amputation.”'® Second, it is also important to know
that there are other nonsurgical treatments that have to
be considered before choosing the surgical ones. These
conservative or nonsurgical treatments involve the use of
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Identification of studies via databases and registers

FIGURE 1
Items for Systematic Reviews and

Preferred Reporting

Meta-Analyses 2020 flow diagram for

silicone gel pads, taping or strapping the affected toe,
shoes with wide toe boxes and injection of botulinum
toxin.”** The conservative treatments should be preferred
over the surgical ones.

The aim of this review was to understand the treat-
ments to correct the claw toe pathology and the conse-
quences after applying the treatments. This means,
what is known and what is needed to understand the
effects of the claw toe pathology before and after the
surgical procedure of correction. It is known that the
claw toe deformity can be corrected but there is still lack
of knowledge about the physiology of the foot mechan-
ics after the correction. There is no information that
reports the kinematic effect of the surgical intervention
to correct the claw toe deformity. It is known that the
lesser toe deformities such as, the claw toes or hammer
toes, could affect the stability of the persons,” but
nobody reports the kinematics parameters or stability
after the surgery.

the systematic review.
[
.E Articles found: 1073 Records removed before
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Although different studies have been performed with
Finite Element to identify the effect of the surgical proce-
dure to correct the claw toe, additional research is needed
to identify the loss of balance or instability in the
patients.' >

After screening 1073 articles, we selected 16 studies
related to the treatments of the claw toes; see Table 1.
There were seven articles (43.75%) related to the fixation
(arthrodesis) of proximal and DIPJ,”'****” one article
(6.25%) that describes the correction of the claw toe
through plantar plate tenodesis and release of collateral
ligaments,? four articles (25%) describe the procedure of
tendon transfer,'>'***° one article (6.25%) describes
flexor digitorum brevis tenotomy and a PIPJ arthrolysis™
and other article (6.25%) presents the impact of partial
phalanx osteotomy to treat the claw toe deformity.** Fur-
thermore, one article (6.25%) analysed the anatomy of
the deformity, pathophysiology, causes of the claw toe
pathology, treatments and classification of the
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deformity.'® Finally, there was just one article (6.25%)
that study the foot kinematics and the plantar pressure
after the correction of the claw toe deformity with the
release of the MTPJ.>

Finally, the risk of bias was evaluated in these 16 arti-
cles. Fifteen articles did not specify the blinding of out-
come assessment and just one manuscript mentioned.
The studies of Ellington 2011 and Nieto-Garcia 2019 did
not specify or were not applicable to the risk of bias cri-
teria. Most of the studies involved surgical procedures
and, in some cases, evaluating the risk of bias was not
possible or the information was not clear. All data are
shown in Figures 2 and 3.

4 | DISCUSSION

Lesser toe deformities, such as claw toes are a common
complaint in the adult population. This foot deformity is
a painful condition with a significant impact on the qual-
ity of life of the patients.”'®** Although several tech-
niques to correct the claw toe condition have been
described, there is still no optimal treatment to fully cor-
rect the deformity.”** Conservative treatments are the
first approach to solving the foot condition, but if these
do not correct the deformity a surgical procedure is
applied. The fixation (arthrodesis) of the interphalangeal
joints was habitually done with K-wires.”” They were
considered the gold standard method for the fixation of
the interphalangeal joints. However, although this was
done for a long period of time, this procedure sometimes
produces complications, such as discomfort, infection,
rotation of phalanges or breakage of the wires.”® Nowa-
days, new intramedullary implants have been developed,
and they are less invasive and produce less complica-
tions.**"%°

In this review, we found seven articles related to the
fixation of the interphalangeal joints.”'***’ Ellington
describes different techniques to correct the claw toe
deformity, conservative and surgical ones. He concluded
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that it is important to understand the causes of the defor-
mity to apply the treatment. Furthermore, he prefers
arthrodesis of the PIPJ through an intramedullary device
to correct the claw toes.”'> Other authors have described
the fixation of the MTPJ, PIPJ and DIPJ through an intra-
medullary nitinol implant (Smart-Toe®). This procedure
helps to correct the claw toe deformity.>* In a study,
36 patients with lesser toe deformities were treated with
this intramedullary implant. The results showed that the
implant is a good option to treat lesser toe deformities.**
However, in some cases, this type of implant can produce
problems of fixation of the joint or infections.

The stiffness produced by the fusion of the medial
and distal joints can cause discomfort or pain in the fin-
gers.”> Although Sergio Fernandez et al."> reported that
patients prefer a stiff but straight toe, it is important to
understand the consequences or effects on the foot
mechanics. The stiffness of the joints keeps a fixed posi-
tion (without flexion or extension) of the toes and a per-
manent contact with the shoe that over time can cause
pain or fracture of the wire or screw implant.

Other surgical techniques (tendon transfer) have been
developed to reduce the stiffness of the phalangeal joints
and correct the claw toe deformity. However, the flexor
digitorum longus and flexor digitorum brevis tendon
transfer does not completely resolve the foot condition.
In some cases, this treatment could produce a loss of sta-
bility in the phalanges structure.'>'**%*

Lesser toe deformities are a risk factor for falls in
elderly people.”'® Claw toes deformity can be rigid or
flexible. Most of the times, this deformity is rigid and can
be corrected with a surgical procedure. It is believed that
the hyperextension of the MTPJ could increase the plan-
tar pressure in the metatarsal region of the foot, and this
may result in a metatarsalgia.” We just found one article
that measures the plantar pressure distribution and foot
kinematics before and after surgical correction of the
claw toe deformity. Although there was a better distribu-
tion of the plantar pressure of the foot after the surgery,
the authors commented that more quality studies will be
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FIGURE 2 Analysis of the risk of bias of the studies included. (1) Green (low risk), (2) yellow (unclear risk) and (3) red (high risk).
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FIGURE 3 Risk of bias summary in the studies. (1) Green (low
risk), (2) yellow (unclear risk) and (3) red (high risk).

needed to support the idea.>* This was a less invasive sur-
gical treatment to correct the claw toe deformity.>* The
surgical technique consists in releasing the MTPJ, reposi-
tioning of the plantar fat pad and resection of the PIPJ.
The plantar pressure distribution was measured
3 months before and 12 months after the surgery. The

results of the study after the surgery demonstrated that
the plantar pressure distribution was modified, providing
a more equal plantar pressure distribution.*

After reviewing 16 articles, we have discovered that
the claw toe deformity remains a problem for patients,
although they have been treated with a surgical proce-
dure. Then our hypothesis has been proven.

The results of this review indicate that future work
needs to be done in patients with and without claw toe
deformity to analyse the foot mechanics and the plantar
pressure distribution in static and dynamic conditions.
This with the purpose of clarifying the effect on the gait
kinematics and plantar pressure distribution. Further-
more, a deeper analysis needs to be performed to identify
if the claw toe deformity produces a significant effect in
the loss of balance. This is important due to the fact that
the foot condition is more recurrent in elderly people and
the stability in this population is imperative to avoid falls.
The correction (conservative or surgical treatment) of the
claw toe deformity should have a minimal impact on
the natural behaviour of the lesser toes and the foot
mechanics.

5 | CONCLUSION

In conclusion, the systematic review indicates that there
are several studies related to the treatment or correction
of claw toe deformity. However, there is a lack of knowl-
edge of the postsurgical effects to treat claw toe condition,
especially in the structural mechanics (Plantar pressure
distribution, stability, gait, foot mechanics and so on) of
the foot after the correction of the claw toe deformity.
The analysis of the foot mechanics after the correction of
the claw toes has to be paramount to determine the bene-
fits of the correction.
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