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Abstract: Background: To compare the clinical efficacy of Japas osteotomy of the middle foot and first metatarsal sequence osteot-
omy in treating children with cavovarus foot deformity. Methods: A retrospective analysis was performed on the clinical effect of
cavovarus foot surgery from January 2012 to January 2019. Thirty light and medium cavovarus foot cases underwent osteotomy
based on soft tissue release. Among them, 16 cases of 22 feet underwent first metatarsal sequence osteotomy, and 14 cases of 21 feet
underwent middle foot Japas osteotomy. Ankle-posterior foot (Wicart) scoring system was used to evaluate the good and good
rates of the two surgical methods. X-ray films were taken before and after the last follow-up in a standing weight-bearing position,
and Meary Angle, Hibb Angle, and Pitch Angle were measured to compare the clinical efficacy of the two surgical methods in
correcting the light and medium-cavovarus foot deformity. Results: (1) All patients were followed up for an average of 30 months.
There was no significant difference in Meary, Hibb, and Pitch Angle between first metatarsal osteotomy and middle foot Japas
osteotomy before surgery, indicating that the severity of malformation was similar between the two groups. (2) The Meary, Hibb,
and Pitch Angle of the last follow-up were compared between the two groups (P>0.05), which showed no statistical significance,
indicating that the two surgical methods had similar effects on cavovarus deformity correction. (3) At the most recent follow-up,
there was no statistically significant difference between the two groups regarding the percentage of patients who achieved an ex-
cellent or good Wicart score; for the first metatarsal osteotomy group, the rate was 87%, and for the Japas osteotomy group was
90%; the Fisher test p>0.05 indicates that the postoperative excellent and good rates of the two treatments are comparable.II (4)
Comparison of operation time and intraoperative blood loss between the two groups, P<0.05, showed statistically significant dif-
ferences, indicating that the first metatarsal osteotomy had obvious advantages over Japas osteotomy operation time and intraoper-
ative blood loss. Conclusions: There is no significant difference in postoperative efficacy between first metatarsal osteotomy and
Japas osteotomy for light and medium-cavovarus with the apex of the deformity located at the medial cuneus or navicular cunei-
form joint. However, the intraoperative blood loss and operative time of first metatarsal osteotomy are superior to Japas osteotomy
of the middle foot, and the trauma to children is less. Therefore, the first metatarsal osteotomy can be considered a surgical proce-
dure.

Keywords: cavovarus foot; First sequence osteotomy; Japas osteotomy of the middle foot; children

1. Introduction

The cavovarus foot is an acquired foot deformity with an incidence of about 1:100,000. It is due to progressive
forefoot pronation, resulting in a high arch shape of the medial and middle foot and a compensatory varus of the hind-
foot [1]. The etiology of the cavovarus foot is complicated. According to the current research, the main factor leading to
the cavovarus foot is the imbalance of muscle strength [2]. The most common pathogenic factor is hereditary motor
sensory neuropathy, found in 66% of children with hyper arch malformation [2]. Other factors include myelomeningo-
cele, poliomyelitis, residual malformation of horseshoe feet, post-traumatic high arches, etc. [3,4]. cavovarus is not a
single planar deformity but a three-dimensional planar deformity of the foot.Foot deformities are complex, requiring
careful medical history, physical examination, and imaging analysis to evaluate the cavovarus deformity of the foot in
children fully.The selection of surgical methods for cavovarus feet is based on fully evaluating cavovarus foot deform-
ity. The study by Coleman et al. [5] proposed several evaluation methods: (1) For young children with mild cavovarus
foot deformity accompanied by muscle imbalance, plantar fascia release combined with tendon transfer should be per-
formed to restore muscle balance.(2) For older children with moderate-high arched deformity accompanied by muscle
imbalance, plantar fascia release, tarsal osteotomy, and tendon transposition were performed.(3) For older children with
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moderate and cavovarus deformity accompanied by first metatarsal saggy muscle imbalance, plantar fascia release,
wedge osteotomy at the base of the first metatarsal, and extensor hallucis longus tendon transfer was performed.More
specifically, an osteotomy is necessary for soft tissue release and tendon transfer in moderately high arches.However,
various osteotomy procedures have been reported, and no single surgical procedure can be used as a standard surgical
procedure for cavovarus.

Osteotomy should be performed in combination with soft tissue surgery. Most children with cavovarus deformities
have intrinsic neuromuscular lesions, which require intraoperative adjustment of muscle strength to achieve a new
balance of muscle strength to prevent the recurrence of the deformity. However, the efficacy after tendon transposition
is difficult to predict and requires careful preoperative evaluation by the surgeon.Transfer of the fibula longus to the
brevis is usually performed in conjunction with the surgical procedure.It eliminates plantar flexion of the peroneus
longus near the first metatarsal, strengthens the valgus of the peroneus Breus, and indirectly improves the function of
the tibialis anterior [6]. In children with CMT, the strength of the tibialis anterior dorsalis extension of the ankle joint is
weak.Therefore, the relative strength of the tibialis posterior muscle is too strong, resulting in varus deformity of the
hind foot.In this case, partial transfer of the posterior tibialis tendon to the anterior tibialis tendon helps the patient
realize the ankle better. It also helps to correct the posterior varus deformity indirectly [7].

Currently, the transposition of the posterior tibial tendon [8] is performed using the approach described by Hsu
and Hoffer, which consists of four steps: (1) Complete dissection of the posterior tibial tendon from the scaphoid; (2)
Make a complete incision on the medial side of the distal tibia to free the posterior tibial tendon completely; (3) The
posterior tibial tendon was transferred from the medial incision to the anterior incision, and it was divided into two
bundles; (4) The tendon was separated into two bundles, one of which was attached to the lateral cuneus and the other
to the peroneus brevis.Not only adjust the balance of muscle force but also correct the force line of the foot so that the
effect of osteotomy orthopedic surgery to maintain well.Currently, several osteotomy methods for the middle foot have
been reported, and different osteotomy methods are selected according to the different characteristics of each pa-
tient.Generally, the apex of the cavovarus foot deformity is on the navicular cuneiform joint or the medial cuneus and
can be corrected by the first metatarsal dorsal wedge osteotomy combined with the first cuneus metatarsal wedge oste-
otomy.

Mubarak et al. [9] used the first sequence osteotomy to treat stiff high arches with an average age of 11 years. That
is, the first step was to perform a closed dorsal wedge osteotomy of 20-30° at the proximal end of the metatarsal head
and remove the bone fragments; the second step was to perform an open metatarsal osteotomy of 20-30° at the medial
cuneus and put the bone fragments obtained in the first step into the cuneus space.The final follow-up time was 46
months, no serious complications occurred, and both imaging and clinical symptoms were improved.The first metatar-
sal osteotomy is a single-plane osteotomy with more sagittal plane correction.Although it is possible to correct adduc-
tion deformities of the middle foot with cuboid osteotomy, it is effective in orthosis for high arches with multiple planar
deformities.

Japas [10] described in 1968 the treatment of the "V" -shaped osteotomy of the tarsal bone in the middle foot, which
could correct the deformity on all sides without removing bone or bone grafting. However, according to the research
results, the effect of correcting the rotary deformity was limited. Chatterjee reported [11] that 18 patients with neuro-
muscular cavovarus were treated with Japas, V-osteotomy. The mean follow-up time was 5.4 years, and the good rate
was 77%.

Japas osteotomy of the middle foot preserves the ankle joint activity and sacrifices the intertarsal joint but does not
remove the bone block and preserves the integrity of the foot. In addition, the osteotomy is closer to or even at the apex
of the deformity, which can most effectively repair the deformity of the high arcs. Moreover, the middle foot osteotomy
can correct the deformity of each plane, which has more advantages than the first sequence osteotomy. For children,
both osteotomy methods belong to less traumatic osteotomy methods, and both retain the integrity of the foot, provid-
ing space for subsequent treatment. However, according to the current research, no study compares the two osteotomy
methods, so it is impossible to evaluate them objectively. Therefore, it is necessary to study and evaluate the efficacy of
the two surgical methods to provide some basis for selecting subsequent treatment methods and an optimal surgical
method with minimal trauma to children.
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2. Materials and Methods
2.1. Research Objects
2.1.1. Data Collection

Data sources We collected and retrospectively analyzed the children admitted to our department from January
2012 to January 2019, diagnosed as hyper arch, and underwent surgical treatment, including 30 cases of light and me-
dium hyper arch who underwent osteotomy and orthosis based on soft tissue release. The first metatarsal osteotomy
was performed on 22 feet of 16 patients, and Japas osteotomy was performed on 21 feet of 14 patients.

2.1.2. Inclusion Criteria

The inclusion standard age ranges from 8 to 14 years old; All cases were routinely examined by X-ray, spinal MRI,
and neuro electromyography before surgery to exclude the hyper arches caused by other diseases and were finally
diagnosed as neurogenic hyper arches. Imaging examination indicated that the apex of the cavovarus deformity was
located in the medial cuneiform or navicular cuneiform joint.; Follow-up time was more than 1 year; Children who
underwent middle foot Japas osteotomy and first metatarsal osteotomy; After orthopedic surgery, patients were fol-
lowed up in the outpatient department of our hospital, and complete imaging data were kept.

2.1.2. Exclusion Criteria

We excluded patients who only underwent soft tissue surgery; Fixed varus deformity of the hindfoot; Children
with mental disorders who cannot cooperate to complete the examination; Children with incomplete follow-up data.

2.2. Methods of Surgical Treatment

1. All the children underwent osteotomy and received plantar fascia release. Longitudinal incisions with a length
of about 3cm were interrupted along the medial plantar.2. First metatarsal osteotomy group:1. The first metatarsal order
bone amputation, a longitudinal incision of the first metatarsal column, about 6cm long, each layer is cut open to expose
the first metatarsal bone and the inner bone. The proximal end of the first metatarsal bone opening toward the back V-
shape bone amputation, the wedge bone block is removed, and then the medial wedge bone transverse bone amputation
is performed, and the foot is placed in an orthopedic position. A Kirschner wire or two Kirschner wires were percuta-
neously introduced from the distal end of the first metatarsal to traverse the two osteotomy ends.

2. Closure of the lateral cuboid bone was added, and a longitudinal incision was made along the lateral edge of the
midpoint of the cuboid in the middle foot to separate and avoid the sural nerve in order to prevent damage, releasing
the sheath of the peroneus brevis tendon exposed the peroneus brevis muscle. It is pulled to the plantar side to expose
the cuboid bone in the dorsal, lateral, and metatarsal periosteum. Two 25G syringe needles were inserted at the intended
osteotomy points of the cuboid bone to ensure that a wedge of sufficient size could be removed to correct the adduction
deformity at the lateral edge of the foot. The proximal needle should be perpendicular to the long axis of the fifth met-
atarsal. With the fluoroscopic guidance of the C-arm machine, a small swing saw was used to cut bone close to the
needle, a wedge bone block was cut out, and the Kirschner wire was closed for fixation (Figure 1).

Figure 1. First metatarsal osteotomy.
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2.3. Midfoot Japas Osteotomy:

A longitudinal incision is made in the midline of the dorsum of the foot to expose the mid tarsus, with the distal
end of the incision reaching the third metatarsal The incision is made distally to the base of the third metatarsal and
proximally to the anterior aspect of the ankle joint. The second long extensor tendon and the third long extensor tendon
gap are bluntly separated. The talofibular joint, navicular cuneiform joint, and heel dice joint are exposed, taking care
to protect the integrity of the intertarsal ligaments, joint capsule, and periosteum. The intertarsal ligaments, joint cap-
sule, and periosteum are protected. A V-shaped osteotomy is then performed, with the osteotomy line extending to the
sides at the apex of the 'V' of the navicular bone and the osteotomy line extending to the first and fifth metatarsocunei-
form joints. The osteotomy continues to the bottom of the foot. The distal end of the foot is then drawn in at the osteot-
omy site. Once the deformity is satisfactorily orthopedic, 2 kerf pins are passed distally to the proximal end to fix the
osteotomy (Figure 2).

Figure 2. Middle foot Japas osteotomy.

4. According to the deformity characteristics of the child, the peroneus longus muscle was transferred to the pe-
roneus brevis muscle, the posterior tibialis tendon was transferred, and the Achilles tendon was prolonged. After oste-
otomy, short or long legs were fixed with tubular plaster, and the time of plaster fixation in children was 6-8 weeks; the
specific removal time of plaster is based on the healing situation of the osteotomy, and the plaster is removed as appro-
priate, and the functional exercise is gradually carried out after the plaster removal.

2.3. Observation Indicators

The blood loss and operation time of the two methods were compared. Wicart scoring criteria (Table 1) were used
to score the children after surgery, and the anterior-lateral position of standing weight bearing was photographed.
Meary, Hibb, and Pitch Angle were measured at the last follow-up to evaluate the clinical efficacy.

2.4. Measurement on X Line

2.4.1. Measurement Equipment

2.4.2. Measurement of Foot Front and Side Slices

1. Lateral radiographs of feet in standing weight-bearing position: Angle of the first metatarsal (Meary Angle),
Angle of calcaneal inclination (pitch Angle), Angle of calcaneal (Hibb Angle).

2. Orthograph of foot in standing weight-bearing position: Angle of talus - first metatarsal, Angle of talus calcaneus.
The Angle obtained from the lateral measurements reflects the alignment of the hindfoot and forefoot in the sagittal
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plane. These angles have the advantage of being simple and reproducible to distinguish foot shape, and they indicate
the shape of the foot in the sagittal and horizontal planes.

2.4.3. Measurement Methods and Significance

1. On lateral radiographs, the Angle of the first metatarsal talus (Meary Angle): The Angle between the midpoint
of the upper and lower surfaces of the middle talus and the line between the midpoint of the neck of the talus and the
line between the midpoint of the distal and proximal diaphysis of the first metatarsal shaft. Since the central axis of the
talus and the first metatarsal bone is difficult to draw accurately, the dorsal tangent line between the talus and the first
metatarsal bone is used to obtain the normal value of 0°. It is a direct method to measure the sagittal deformity of the
foot.

2. Calcaneal inclination Angle (pitch Angle) of lateral radiographs: the Angle between the line between the lower
anterior margin of the calcaneus and the lowest point of the first metatarsal bone and the line between the lower anterior
margin of the calcaneus and the lowermost margin of the anterior tubercle of the calcaneus.Normal value <30°.>30°
indicates that the cavovarus originates from the hindfoot. The calcaneal inclination is the Angle between the calcaneus's
lower surface and the calcaneus's supporting surface.

3. Angle of distance from the calcaneus (Hibb Angle) of lateral radiographs: refers to the Angle between the
calcaneus axis and first metatarsal bone, which is generally less than 45°, and Hibb Angle of cavovarus deformity is
generally greater than 90° (Figure 5).

Figure 3. Meary's Angle: The Angle between the midpoint of the upper and lower surfaces of the
middle talus and the line between the midpoint of the neck of the talus and the line between the
midpoint of the distal and proximal diaphysis of the first metatarsal shaft.

Figure 4. Measurement of Pitch Angle: The Angle between the line between the lower anterior mar-
gin of the calcaneus and the lowest point of the first metatarsal bone and the line between the lower
anterior margin of the calcaneus and the lowermost margin of the anterior tubercle of the calca-
neus.Normal value <30°.>30° indicates that the cavovarus originates from the hindfoot.
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Figure 5. Measurement method of Hibb Angle: Hibb Angle is the Angle between the calcaneal axis
and the first metatarsal bone, which is generally less than 45°, and the Hibb Angle of cavovarus
deformity is generally greater than 90°.

2.5. Efficacy Evaluation According to the Wicart Classification as an Indicator to Evaluate Early Prognosis, it is Divided into
Four Grades [16]. (Table 1)

Table 1. Wicart classification.

Grade Item

Excellent 0°=meary=15°, hindfoot valgus; or 0°=meary=15°, hindfoot neutral or inversion.
Good  5<meary=20°, hindfoot valgus; or  5<meary=20°, hindfoot neutral; or
5<meary=15hindfoot inversion; or -15°=meary<0°.

Acceptable Meary angle >20° with neutral/inverted hindfoot; or Meary angle >15° with inversion of
hindfoot; or

Meary angle <-15°

poor Recurrence of deformity; requires triple joint fusion surgery

2.6. Statistical Methods of Operation Time and Blood Loss

Statistical methods of operation time: The time of operation was the time from the incision to the end of the skin
suture.Statistics of the amount of blood loss: the amount of blood loss = the amount of blood in the storage perfusion +
blood gauze + the amount of blood on the peripheral excipients of the incision.

2.7 Statistical Methods After data collection, SPS524 software was used for processing, and SPSS statistical software
was used for processing. Consistent measurement data were expressed as X+S, an independent sample t-test was used
for the two surgical methods, and P<0.05 was considered statistically significant.

(1) To compare the results of Angle improvement between the two groups: an independent sample t-test was used
to test Meary, Hibb, and Pitch Angle, respectively.

(2) Independent sample t-test was used to compare postoperative operation time and blood loss between the two
groups.

(3) Fisher's exact probability method was used to test the good postoperative rate of the two groups.

3. Results
3.1. Follow-Up Results

Thirty children with high arches arcuate feet were included in the final follow-up. The first group included 16
children with the first sequence osteotomy, aged 8-13 years with an average age of 10.5+3.0 years, of whom 5 were
bipedal, 7 were right foot, and 4 were left foot. In the second group, there were 14 cases with a median age of 11.1+2.8
years, ranging from 8 to 14 years. There were seven patients with two feet, three with right feet, and four with left feet.


https://doi.org/10.20944/preprints202303.0318.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 17 March 2023 doi:10.20944/preprints202303.0318.v1

7 of 14

There was no statistical difference between the two groups regarding age and gender. The severity of the malformation
did not differ significantly across groups. All patients were followed up for an average of 30 months. The children with
the first metatarsal osteotomy and Japas osteotomy of the middle foot recovered well, and their daily activities were not
significantly limited. There were 3 cases of cavovarus foot deformity recurrence, 2 cases in the first metatarsal osteotomy
group, and 1 in the Japas osteotomy group, but the children's daily activities were not significantly limited.

3.2. Wicart Score Results

(1) At the last follow-up, the Wicart score of the first plantar-sequence osteotomy was excellent in 6 cases (37.5%),
good in 8 cases (50.0%), fair in 2 cases (12.5%), and the rate of excellent and good was 87%. At the last follow-up, the
Wicart score of Japas osteotomy in the middle foot was excellent in 6 cases (42.8%), good in 7 cases (50%), and fair in 1
case (7.1%) (see Table 2).

Table 2. Wicart scores at last follow-up.

Final follow-up score First metatarsal Midfoot Japas
rating sequence osteotomy (16) osteotomy (14)
Excellent 6 6

Good 8 7
Available 2 1
difference 0 0
Excellent rate 87% 93%
Fisher's test P>0.05

3.2. Radiographic Assessment

1. The first plantar sequence cut bone and foot Japas bone cutting Angle of two groups of preoperative Meary
respectively + 22.3 (5.4) and (21.1 + 3.2), P > 0.05, no statistically significant data, show that two groups of children with
preoperative Meary Angle, there is no obvious difference. Postoperative Meary Angle respectively, the two groups at
the time of the last follow-up £ 16.5 (5.7) and (14.3 £ 7.1), P>0.05, the data was not statistically significant, indicating that
the Meary Angle of the two groups was the same at the last postoperative follow-up, and there was no significant
difference.

2. The first plantar sequence cut bone and foot Japas bone cutting Angle of two groups of preoperative Hibb re-
spectively + 125.6 (8.1) and (128.4 = 7.6), P > 0.05, no statistically significant data, show that two groups of children with
preoperative Hibb Angle, there is no obvious difference. Postoperative Hibb Angle respectively, the two groups at the
time of the last follow-up + 123.6 (9.0) and (117.3 £ 9.5), P > 0.05, no statistically significant data, shows that at the end
of the postoperative follow-up time of two groups of children with Hibb Angle, there is no obvious difference.

3. The first plantar sequence cut the bone, and the foot Japas cut bone preoperative Pitch Angle of the two groups
respectively +26.2 (7.9) and (31.3 £ 6.9), P > 0.05, no statistically significant data, shows that preoperative Pitch Angle of
two groups of children with almost the same, there is no obvious difference. At the time of the last follow-up after two
groups of Pitch Angle respectively + 25.6 (6.7) and (26.2 + 5.1), P > 0.05, no statistically significant data, shows that at the
end of the postoperative follow-up time of two groups of children with Pitch Angle, there is no obvious difference.

3.3. Postoperative Blood Loss and Operation Time

1. The amount of intraoperative blood loss in the first metatarsal osteotomy group and Japas osteotomy group was
(40£10.5) and (80+12.3) ml, respectively, P<0.05, indicating that there was a significant difference in the amount of blood
loss between the two groups, and the amount of blood loss in the first metatarsal osteotomy was less than that in Japas
osteotomy of the middle foot.
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2. Operation time: The operation time of the first metatarsal osteotomy group and the middle foot Japas osteotomy
group was (63£10.3) min and (78+13.6) min, respectively, P<0.05, indicating that there was a significant difference in the
amount of blood loss between the two groups. The operation time of the first metatarsal osteotomy was less than that
of the middle foot Japas osteotomy group.

Table 3. Comparison of Meary, Hibb, and Pitch Angle between the two groups before and after

surgery.
Meary® Hibb® Pitch®
Pre-
oper Pre— ‘ Pre—
ativ Postoper operati Postoper operat Postoper
e ative ve ative ive ative
First sequence
osteotomy 22354 16.55.7 125.68.1 123.69.0 26279 25.6 6.7
Osteotomy of
the midfoot
tarsus 21.13.2 143 7.1 12847.6 117395 31.369 26.25.1
P =0.388 =0.498 =0.086 =0.258 =0.078 =0.695
Table 4. Intraoperative blood loss and operation time.
First sequence Osteotomy of the
osteotomy midfoot tarsus
Age 10.5+3.0 11.1+£2.8 P>0.05
Gender (m %) 8 (50%) 8 (57%) P>0.05
Bleeding
volume (ml) 40+10.5 80+12.3 P=0.00
Operating time
(min) 63+10.3 78+13.6 P=0.00

3.3. Typical Cases

3.3.1 An 11-year-old male patient undergoing orthopedic osteotomy of the first metatarsal sequence came to our
hospital for pain while walking on the left foot for over half a year. The corpus callosum was visible at the base of the
first metatarsal bone and the base of the fifth metatarsal bone of the left foot, and the tenderness was obvious. During
the passive activity, the patient has limited dorsalis extension and posterior varus. Coleman test showed no fixed de-
formity of the hind foot. The anteroposterior and lateral images of the foot suggested the presence of hyper arcuate
deformity in the left foot, with a Meary Angle of 22°, pitch Angle of 26°, Hibb Angle of 120°.1. Cerebral palsy;2. Neuro-
muscular hyper arches. After the first metatarsal osteotomy and orthosis, the deformity of the high arch improved
significantly. The stitches were removed and discharged 2 weeks after the surgery, the plaster was fixed for 2 months
after discharge, and rehabilitation training was performed for 3 months after the plaster was removed. The follow-up
was once every 3 months, and the final follow-up was 30 months.
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Figure 6. (a,b) shows the external observation of the affected foot before surgery.c is preoperative
radiography of the affected foot in the standing weight-bearing position, indicating the presence of
cavovarus. d-e was a postoperative foot X-ray of the child, and Kirschner wire was fixed at the os-
teotomy of the first metatarsal sequence, showing that the deformity had been significantly im-
proved. f is the lateral foot radiographs of the patient at the last follow-up, showing no recurrence
of cavovarus foot deformity; the orthopedic effect is maintained well.

3.3.2 A 12-year-old male patient with a middle foot Japas osteotomy came to our hospital for pain during walking
on the left foot for more than 1 year. The corpus callosum was visible at the base of the first metatarsal bone and the
base of the fifth metatarsal bone of the left foot, and the tenderness was obvious. During the passive activity, the patient
has limited dorsalis extension and posterior varus. Coleman test showed no fixed deformity of the hind foot. The an-
teroposterior and lateral images of the foot suggested the presence of hyper arcuate deformity in the left foot, with a
Meary Angle of 27°, pitch Angle of 26°, and Hibb Angle of 130°. The diagnosis was neuromuscular hyper arches. The
cavovarus deformity was significantly improved after V-type osteotomy and orthosis. The cast was fixed for 2 months
after discharge, and rehabilitation training was performed for 3 months after removing the cast. The follow-up was
conducted every 3 months, and the final follow-up was 30 months. The final follow-up lasted for 30 months. At the last
follow-up, walking gait was normal, there was no obvious pain in the left foot, and daily activities were unrestricted.

Figure 7. (a,b) shows the external observation of the affected foot before surgery, indicating the
presence of cavovarus. c is the postoperative X-ray of the child's foot, which reveals a cavovarus
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foot deformity; d is a simulated image of intraoperative deformity adjustment, and traditional 2-
heel-Kirschner wires were fixed at the osteotomy [19]. e is the postoperative X-ray of the child,
which demonstrates that the deformity has been significantly improved; f is the lateral film of the
child's foot bearing at the last follow-up, which demonstrates that there was no recurrence of the
cavovarus foot deformity and that the orthopedic effect was well maintained.

4. Discussion
4.1. Evaluation of Foot Flexibility

cavovarus are acquired foot malformations in which the first metatarsal bone sags due to progressive forefoot
pronation, resulting in a cavovarus formation of the middle foot and a compensatory varus of the hind foot. The etiology
of the cavovarus foot is complicated. According to the current research, the main factor leading to the cavovarus foot is
the imbalance of muscle strength. Most cavovarus have no clear cause, and the most common causative factor is hered-
itary motor sensory neuropathy (CMT), which accounts for approximately 66% of all cavovarus [1,2,3,4].

CMT is due to the imbalance of muscle strength between superficial and deep muscles, leading to cavovarus in
children, and cavovarus deformity is often progressive and aggravated [4]. An important aspect of treating cavovarus
is understanding whether the children's cavovarus are progressively aggravated. Therefore, treating children with ca-
vovarus caused by CMT must be more aggressive to delay or avoid joint fusion surgery. The Coleman test is most
commonly used to determine the foot's flexibility. The medial side of the foot was suspended in the air, the lateral side
was placed on a 2.5cm wooden block, and the anterolateral X-ray film of the foot was taken. The alignment of the
forefoot was restored to normal, and the deformity of the cavovarus was corrected, proving that only soft tissue could
be performed [5,6]. If the alignment of the front foot does not return to normal, osteotomy of the front foot should be
performed. If the back foot cannot be corrected, osteotomy of the calcaneus should be performed. Coleman et al [5]
straightened the affected limb of the child to correct the forefoot's cavovarus and subtalar joint artificially. If correct, it
would be flexibility, which the author believed was more reliable than Coleman's test [5]. However, we believe that the
Coleman test is more objective. The Coleman test tested all the included cases for foot flexibility. No fixed varus de-
formity was found in the hind foot of all the children, and the posterior varus deformity could be restored to a neutral
position after the correction of the cavovarus of the forefoot.

4.2. Selection of Evaluation Indicators

Imaging examination can quantify children's cavovarus foot deformity. The foot stand weight can measure ca-
vovarus of the malformation rate is side a little while Meary Angle (from the first metatarsal bone and attachment
Angle), normal Meary Angle of 0 +5 °, prompt the axis of the talus and the axis of the first metatarsal in the same line.
Meary Angle >5° indicates metatarsal flexion of the first metatarsal bone. The Meary Angle of the high arcuate foot is
18° on average. Deformities of the hind foot were assessed by measuring calcaneal Pitch Angle and Hibb Angle on
standing weight-bearing lateral radiographs. The Pitch Angle of the calcaneus is the Angle formed by the horizontal
line connecting the calcaneus to the ground and the calcaneus' axis. The normal Pith Angle of the calcaneus is 22°, and
the Pitch Angle of calcaneus >30° indicates a Cavovarus; the deformity originates from the hindfoot. The Hibb Angle is
the Angle between the calcaneus axis and the first metatarsal bone, which is generally less than 45°, and the Hibb Angle
ofCavovarus deformity is generally greater than 90°. Bilateral standing anterioradiography can be used to understand
coronal deformities. The overlap between metatarsal bones indicates pronation of the forefoot, and the Angle between
the talus and calcaneus is greater than 7°, indicating adduction deformity of the forefoot [7,12]. Several studies have
adopted these three Angle indicators for postoperative follow-up evaluation of surgical efficacy [9,12,13,14].In this
study, these three imaging indicators were the indicators to evaluate the severity of the deformity before surgery and
the exact measurement indicators of the orthopedic effect during the postoperative follow-up.

4.3. Treatment of Cavovarus
4.3.1. Conservative Treatment

Currently, there is no universally recognized treatment for cavovarus at home and abroad, and the effect of con-
servative treatment for cavovarus is not exact. Recent studies have shown that conservative therapy can also have cer-
tain effects, especially for younger children, suggesting that although the efficacy of conservative therapy for neurogenic
children is limited, conservative therapy should also be used as an adjuvant therapy strategy [9,15]. Astorg reported
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that through conservative treatment of children with cavovarus foot deformity, the good and good rate reached 65%
during 4.5 years of follow-up, resulting in surgery being avoided or delayed for 4.5 years [12]. A randomized trial by
Maas proved that for neurogenic cavovarus, children had poor compliance with conservative treatment, and conserva-
tive treatment could not prevent the progression of the deformity [16]. In this study, our treatment concept is similar to
that of Maas. The patients included in this study are all hyper arches foot lesions caused by neuromuscular origin. Even
if conservative treatment is adopted, the course of the disease cannot be blocked, so we believe that more active surgical
intervention should be taken for this type of child to achieve satisfactory therapeutic effects.

4.3.2. Soft Tissue Release and Tendon Transposition

At present, there is a great controversy on the selection of surgical methods for the treatment of children's neuro-
muscular cavovarus, but there is no consensus on a single surgical method for the treatment of children's cavovarus.
Regardless of the surgical method, the purpose of treatment is to achieve foot rebalancing, normal plantar pressure
distribution, no recurrence or progression of the deformity, and delay or even avoid the occurrence of arthritis [17,18].
For the treatment of cavovarus, especially in children with neurogenic cavovarus, the strength of the anterior tibialis
muscle dorsalis extension of the ankle joint is weak. Therefore, the relative strength of the tibialis posterior muscle is
too strong, resulting in varus deformity of the hind foot. In this case, transferring the posterior tibialis tendon to the
anterior tibialis tendon may help the patient better realize the ankle joint and may also help to correct the posterior
varus deformity indirectly. Currently, the procedure described by Hsu and Hoffer [18] for the transposition of the pos-
terior tibial tendon consists mostly of four steps: (1) Completely detach the posterior tibial tendon from the scaphoid;(2)
Completely free the posterior tibial tendon on the medial side of the distal tibia;(3) Transfer the posterior tibial tendon
from the medial incision to the anterior incision, and divide it into two bundles;(4) Fix one bundle to the lateral cuneus
and the other bundle to the peroneus brevis. This kind of operation not only strengthens the strength of the dorsalis
extension but also strengthens the strength of the valgus and has an obvious effect on the orthosis of cavovarus deform-
ity. However, tendon transfer is often difficult to predict and is usually performed in conjunction with osteotomy sur-
gery to achieve the desired outcome.

4.3.3. Osteotomy Treatment

A combined osteotomy is needed to achieve clinical efficacy when soft tissue surgery fails to achieve an orthotic
effect. The osteotomy, should be as close as possible to the apex of the deformity in order to achieve a good orthopedic
effect. The apex of the deformity should be determined based on an objective preoperative examination, which can be
located at the proximal end of the first metatarsal bone, the first metatarsal cuneus joint, the medial cuneus joint, the
navicular cuneiform joint., etc. [19]. The metatarsal side wedge osteotomy of the first metatarsal bone can correct the
metatarsal flexion deformity of the first metatarsal bone. However, for most children with cavovarus feet, it is far from
the apex of the deformity and only applies to the cavovarus foot to a very light degree. After the open osteotomy of the
medial wedge bone, it is close to the apex of the deformity, the metatarsal flexion deformity of the first metatarsal bone
is corrected, and the joint of the foot is preserved, and the sagittal deformity of the cavovarus foot can be corrected.
Combined cuboid osteotomy for correcting forefoot adduction is suitable for treating light and medium-sized ca-
vovarus, especially for cavovarus caused by metatarsal flexion of the first metatarsal bone. Mubarak performed extra-
articular osteotomies on 13 cases and 20 feet of children with high-arched foot deformity. This consisted of the dorsal
closure of the proximal first metatarsal wedge osteotomy, the open wedge osteotomy of the medial cuneiform metatar-
sal, the closed wedge osteotomy of the dice bone, and, if necessary, additional first to third metatarsal osteotomy. An
impressive 85 percent of patients were still being followed up after an average of 49 months [9]. Krhenbiihl et al. used
the first metatarsal wedge osteotomy combined with soft tissue release to treat children with cavovarus foot deformity,
and the postoperative excellent and good rate was 88%, and the follow-up found that children could obtain a good
distribution of plantar pressure [17].In this study, the average follow-up time was 30 months. The postoperative excel-
lent and good rate of the first plantar osteotomy group was 87%, which was similar to the results of the previous study,
indicating that the first plantar osteotomy can achieve a good therapeutic effect for the light and medium-sized ca-
vovarus with the apex of the deformity located at the medial cuneus or navicular cuneiform joint. However, the first
metatarsal osteotomy is a single-plane deformity orthosis, which corrects more sagittal deformity and can not achieve
a good orthopedic effect for severe cavovarus foot deformity with multiple planes.
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Japas osteotomy of the middle foot preserves the ankle joint activity and sacrifices the intertarsal joint but does not
remove the bone block and preserves the integrity of the foot. In addition, the osteotomy is closer to or even at the apex
of the deformity, which can most effectively repair the deformity of the high arcs. Moreover, the middle foot osteotomy
can correct the deformity of each plane, which has more advantages than the first sequence osteotomy.

Japas [10] described in 1968 the treatment of the “V” -shaped osteotomy of the tarsal bone in the middle foot, which
could correct the deformity on all sides without removing bone or bone grafting. However, according to the research
results, the effect of correcting the rotary deformity was limited.

However, the study's results showed limited success in correcting the rotational deformity.

Chatterjee reported [11] that Japas osteotomy was used to treat 18 children with neuromuscular hyper arches.
The mean follow-up time was 5.4 years, with an excellent and good rate of 77%. This paper adopted Japas middle foot
"V" osteotomy for tarsal bone osteotomy. The patients in this group were followed up for 30 months, and the postoper-
ative excellent and good rate reached 93%, which was higher than that of Chatterjee, which may be because the follow-
up time was not long enough in this study. For children with a neuromuscular origin, further extension of follow-up
time is needed to support the results of this study. Although there is no statistical difference between the postoperative
effects of the first metatarsal osteotomy and the Japas osteotomy of the middle foot, the latter is more traumatic than
the former and results in the loss of the intertarsal joint of the middle foot.

In contrast, the former is the standard treatment for mild, moderate, and severe arcuate foot deformity with the
apex at the medial cuneus or navicular cuneiform joint. The advantage of Japas osteotomy of the middle foot lies in that
it can correct various planar deformities. These aspects have obvious advantages over the first plantar-sequence osteot-
omy for severe hyper arch deformity and hyper arch deformity with a more posterior apex.

The intraoperative blood loss and operation time of the first metatarsal osteotomy and Japas osteotomy of the
middle foot were 40.5£10.5 ml and 60.2+12.3ml, respectively, indicating that the intraoperative blood loss of the first
metatarsal osteotomy was less than that of Japas osteotomy of the middle foot. Less traumatic. Regarding the operation
time, the operation time of the first metatarsal osteotomy and middle foot osteotomy was 63.3+10.3min and
78.4x13.6min, respectively. The difference was statistically significant, indicating that the operation time cost of the first
metatarsal osteotomy was less than that of the middle-foot Japas osteotomy, and the trauma of the first metatarsal
osteotomy was less than that of the middle-foot osteotomy. For the orthosis of light and medium-cavovarus foot de-
formity in this study, there was no significant difference in the medium-term efficacy between the first metatarsal oste-
otomy and the middle foot osteotomy. However, compared with the operation time and intraoperative blood loss, the
first metatarsal osteotomy had an advantage over the middle foot osteotomy, which could achieve the same orthopedic
effect with less trauma to the children. Therefore, a first metatarsal osteotomy may be considered for orthopedic treat-
ment of light and medium-cavovarus with the apex of the deformity located at the medial cuneus or navicular cunei-
form joint.

4.4. Postoperative Complications

The main complication in the early postoperative period is impaired blood flow to the extremity, especially in
children treated with osteotomy. A tourniquet should be applied continuously for less than 1 hour during the operation.
If a child is found to have impaired blood flow to the extremity after surgery, The cast should be released immediately
and vasodilators administered. In this study, one child in the foot and tarsal osteotomy group presented with impaired
blood flow to the extremity. One child in the tarsal osteotomy group in this study had impaired blood flow to the
extremity, which improved after the treatment described above. The main long-term complication was the recurrence
of the cavovarus deformity. Wicart et al.[20]treated 26 cases and 36 feet of neuromuscular clubfoot in children by selec-
tive metatarsal fascial release, cuneiform metatarsal open osteotomy, and heel osteotomy with a mean follow-up of 6.9
years and a recurrence rate of 23%.

Weiner et al. [21] followed up 89 patients with 139 rigid cavovarus foot osteotomy for up to 7.6 years, and the
recurrence rate was 24%. The author concluded that the main factors for the recurrence of the deformity were age <8
years, serious deformity, insufficient correction of muscle imbalance, and uncorrected posterior foot fixation deformity.
He Rongguo et al. [22] treated 20 feet of 16 children with cavovarus with plantar fascia release combined with tarsal V-
osteotomy, among which 3 feet had a recurrence of cavovarus. The author believed that the reason for recurrence might
be related to the imbalance of muscle strength of cavovarus and the failure to correct residual posterior foot fixation
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deformity. In this group, the muscle strength of the children was carefully assessed by imaging and physical examina-
tion, and adequate intraoperative adjustments were made. After 30 months of follow-up, the deformity recurred in
three children, two in the first metatarsal sequence group and one in the midfoot Japas group.

The first metatarsal osteotomy group may be because, in this study, all children with neuromuscular hyperkypho-
sis had incomplete or inadequate correction of the intraoperative muscular imbalance. Midfoot The Japas osteotomy
corrected the deformity in multiple planes but was less effective in correcting the adductor deformity, which was re-
current in this case. The recurrence of this case was mainly due to inadequate correction of the adductor deformity.

4.4. Limitations and Problems

There are still several things that could be improved in this study. (1) In some cases in this study, foot radiographs
were not strictly taken in the standing weight-bearing position, and there were certain errors in Angle measurement.
(2) The number of children was not enough, which limited the extrapolation of results to a certain extent. (3) The follow-
up time of the children was not long enough, and the cases included in this study were all neuromuscular children
whose deformities were progressing continuously. (4) Even if combined with muscle balance surgery, the existing mus-
cle strength problems could not be changed, and further extension of follow-up time was needed to support the results
of this study.

5. Conclusion

There is no significant difference in postoperative efficacy between first metatarsal osteotomy and Japas osteotomy
for light and medium-cavovarus foot deformity with the apex of the deformity located at the medial cuneus or navicular
cuneiform joint. However, the amount of intraoperative blood loss and operative time of the first metatarsal osteotomy
is superior to Japas osteotomy of the middle foot.
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