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Abstract: Background: The indications for surgery, timing, and procedure in children with flexible flatfoot deformity
remain controversial. This study aims to evaluate the efficacy of osteotomies combined with soft tissue procedures
in children with flexible flatfoot aged 9-14 years. Methods: Twenty-eight children (47 feet) with flexible flatfoot who
underwent osteotomy combined with soft tissue surgery between July 2014 and October 2017 were included in this
study. The main observational indexes included the American Orthopedic Foot and Ankle Society (AOFAS) ankle-
hindfoot score, Foot and Ankle Outcome Score (FAOS), talo-navicular coverage angle (TNCA), talar-first metatarsal
angle (TIMA) on the foot anteroposterior (AP) view, calcaneal pitch angle and Meary’s angle on the foot lateral view,
and calcaneus valgus angle (CVA) on the Saltzman view. Intra- and interobserver reliabilities were assessed using
intra-class correlation coefficient (ICC). Patient’s satisfaction was assessed. Results: All patients were followed up
for an average duration of 29.7+8.6 months. The results showed that the mean AOFAS and FAOS had improved
significantly from 56.6+£8.0 and 47.4+9.5 preoperatively to 88.4+3.9 and 83.216.8 at final follow-up (P<0.001), re-
spectively. There were statistically significant differences between preoperative and postoperative scores in all FAOS
subscales (P<0.001). Radiographic parameters, such as TNCA (P<0.001) and TAMT (P<0.001) on foot AP views,
calcaneal pitch angle (P=0.014) and Meary’s angle (P<0.001) on foot lateral views, and CVA (P<0.001) on Saltzman
views, had improved significantly. We observed overall substantial to perfect intra- and inter-observer agreements
for all radiographic measurements preoperatively and final follow-up. All patients and their parents were satisfied
with the functional outcomes. Conclusion: Osteotomies combined with soft tissue procedures is an effective strat-
egy for flexible flatfoot deformity in children, as it results in favorable radiographic and functional outcomes.

Keywords: Flexible flatfoot, osteotomy, soft tissue procedure, reconstruction, children

Introduction ing, and procedure in children with flexible flat-
foot deformity remain controversial.

Most children with flexible flatfoot frequently

encountered in clinical practice are asymptom-
atic. Clinicians should alleviate their parents’
worry and examine patients every six months.
However, severe flexible flatfoot deformities in
children cause pain and functional limitations
in activities of daily living [1]. Conservative pro-
cedures include in foot orthoses, physiothera-
py, weight control, and medications for pain
relief. Children who are symptomatic but have
not responded well to management with con-
servative methods will require surgical inter-
ventions [2, 3]. The aim of the surgery is to alle-
viate symptoms and prevent permanent defor-
mity. However, the indications for surgery, tim-

There are various procedures for flexible flat-
foot in adolescents and young adults, including
arthrodesis, arthroereisis, lateral column calca-
neal lengthening (LCL), medial displacement of
calcaneal osteotomy (MDCO), medial cuneiform
opening wedge (Cotton) osteotomy, and soft tis-
sue procedures [4, 5]. Although arthrodesis can
restore the alignment, it usually inhibits foot
mobility and increases the risk of developing
degenerative arthritis of the adjacent joints.
Therefore, arthrodesis should be avoided in
children. Arthroereisis is a minimally invasive
procedure that temporarily blocks the subtalar
joint in the corrected position [6, 7]. The rate of
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complications, including under-correction, over-
correction, implant resorption, inflammatory
reactions, and persistent pain, has been as
high as 30% [8].

Flexible flatfoot, especially with a marked defor-
mity, including hindfoot and forefoot deformi-
ties, requires a meticulous operative plan. For
example, the heel is in a far more valgus posi-
tion, for which subtalar arthroereisis does not
provide sufficient correction, and therefore
osteotomies and additional soft tissue proce-
dures are required [9]. Failure to correct the
associated deformities, such as forefoot abduc-
tion and gastrocnemius contracture, increases
the risk of recurrence [10].

Osteotomies combined with soft tissue inter-
ventions can achieve complete correction,
which can avoid deformity progression and
consequent premature degenerative changes
[11]. Osteotomies combined with soft tissue
surgery in children aged 9-14 years have been
rarely reported. A few research studies report-
ed the outcomes of this strategy for the man-
agement of adolescent and young adult flat-
foot, and the average age of studied patients
was >14 years [9]. The purpose of this study
was to evaluate the outcomes of osteotomies
combined with soft tissue procedures in chil-
dren with flexible flatfoot aged 9-14 years. The
hypothesis is that the combined procedure is
an effective method for correcting flexible flat-
foot in children.

Materials and methods
Subjects

This retrospective study was approved by the
institutional review board. Informed consent
was obtained from all patients. Twenty-eight
patients (47 feet) with symptomatic flexible flat-
foot deformities underwent reconstructive sur-
gery between July 2014 and October 2017.
Patients with symptomatic flexible idiopathic
flatfoot were included in this retrospective
study.

Inclusion and exclusion criteria

Inclusion criteria: (1) patients who were diag-
nosed with symptomatic flexible flatfoot defor-
mities; (2) patients who had signed informed
consent forms. Exclusion criteria: (1) patients
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with neuromuscular disease, tarsal coalition,
traumatic flatfoot, congenital vertical talus, and
over-correction of cavus foot; (2) patients who
underwent conservative methods involving the
use of orthotics and ankle brace as well as
physical therapy a minimum of 12 months
before operation; (3) patients whose data were
incomplete.

Preoperative management

A detailed history was taken, and physical
examination was undertaken before the sur-
gery. Flexible flatfoot is characterized by a flat
arch during weight bearing, but the arch recov-
ers when the individual is sitting with the foot
dangling. It was important to note the appear-
ance of the forefoot when the heel was reduced
to a neutral position during the examination.
The Silfverskiold test was used to identify the
contracture of the gastrocnemius-soleus com-
plex or Achilles tendon. Dorsiflexion of <10°
indicated contracture of the Achilles tendon
regardless of whether the knee was flexed or
extended. If the dorsiflexion was >10° with the
knee flexed but <10° with the knee extended,
this implied contracture of the gastrocnemius
complex. The Coleman block test or heel rise
test was used to assess the hindfoot flexibility.
The “too-many-toes” sign could show the extent
of forefoot abduction.

Radiographic evaluation should include weight-
bearing AP and lateral views of the foot, ankle
AP view, and hindfoot alignment view. Advanced
imaging is rarely indicated for the assessment
of flatfoot deformity. Computed tomography
and magnetic resonance imaging are usually
employed to identify the extent and exact loca-
tion of the coalition and soft tissue changes,
respectively. The talonavicular coverage angle
(TNCA) and talar-first metatarsal angle (T1MT)
were assessed on foot AP views. The calcaneal
pitch angle and Meary’s angle were recorded
on foot lateral views. The calcaneus valgus
angle (CVA) was assessed on hindfoot Saltzman
views.

Surgical technique

Patients with a thigh tourniquet were placed
in the supine position on an operating table
under general anesthesia in addition to the
regional nerve block. First, we performed gas-
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Figure 1. Operative procedures of osteotomies combined with soft tissue surgery. We performed MDCO with lateral
mini incision about 3-4 centimeters under peroneal tendon (A). Marked the medial anatomic symbol such as PTT,
deltoid ligament and navicular tuberosity to make the surgical incision easily and clearly (B). Degenerative PTT was
exposed and debrided. Removed the scar around the PTT insertion (C). Reattachment of PTT to the navicular tu-
berosity (D). Cotton osteotomy was performed in a patient with residual forefoot supination after restoring hindfoot
alignment (E). The incision should be extended along the peroneal tendon because of the requirement for simulta-
neous performance of LCL and MDCO (F).

trocnemius recession or percutaneous Achilles
lengthening according to the preoperative
Silfverskiold test. Subsequently, an incision
was made below the tip of the fibula along the
peroneal tendon. The sural nerve should be
protected. After the subperiosteal dissection, a
45° osteotomy was performed with an oscillat-
ing saw. The posterior aspect of the calcaneus
was translated medially at 0.5-1.0 cm to realign
the hindfoot. A K-wire was used to fix the frag-
ment temporarily. We raised the lower limb and
evaluated the heel alighment under direct
vision. This was determined exactly with an
intraoperative Saltzman view. The medial dis-
placement of calcaneal osteotomy (MDCO) was
fixed with two 4.0 mm cannulated screws. If the
epiphysis was open, a contoured mini-plate or
K-wire was used for fixation (Figure 1A).
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Following the MDCO procedure, midfoot abduc-
tion was evaluated clinically. Then, we extend-
ed the incision over the calcaneocuboid joint
for the LCL procedure. The osteotomy cut was
made 1 cm posterior to the calcaneocuboid
joint. With the osteotomy distracted, the posi-
tion of the talus relative to the navicular was
checked clinically and radiographically. Once
the position was corrected, an allograft of an
appropriate size was used to maintain the
reduction. Fixation was performed with a K-wire
and a cannulated screw or plate (Figure 1F).

After completing the hindfoot osteotomy, medi-
al soft tissue reconstruction was performed. A
medial incision was made over the posterior
tibial tendon (PTT). We debrided and repaired
the mild or moderate PTT tear. If the PTT pre-
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Table 1. Comparison of the functional outcomes and
radiographic parameters between preoperative and final

follow-up time

advised to undergo physical therapy
for rehabilitation and to reduce the
risk of deep vein thrombosis. There-
after, patients were allowed partial

Parameters Preoperative Final follow-up P-value ) . .
AOFAS scores 56.6:80 88439 <0001  \eight bearing as tolerated. At eight
weeks postoperatively, X-ray examina-
FAOS (mean) 47.449.5 83.2+6.8 <0.001 tion was performed to assess the con-
Pain 48.2£5.4 84.3t8.7  <0.001 solidation of the osteotomies. Patients
Symptoms 53.419.3 81.2+4.6  <0.001 were allowed to perform full weight
Activities of daily living 32.4+10.5 82.6+7.5 <0.001 bearing after achieving complete bo-
Sports activities 45.3+14.2 80.1+3.6 <0.001 ne healing. Outpatient visits at six
Quality of life 57.6+7.9 87.6+9.5  <0.001 months and one year postoperative-
TAMT (°) 17.9+4.7 6.842.4 <0.001 ly were required. The hardware.was
TNCA (°) 19.4+4.4 78122  <0.001 ;ehmoxed at O”eoyfsr podsft"pFeratt'Ve'ﬁ
. o e American Orthopedic Foot an
Calcan’eal pitch angle (°) 16.9+5.2 21.1+4.3 0.014 Ankle Society (AOFAS) ankle-hindfoot
Meary’s angle (°) 14.2+3.6 43+24  <0.001 (100 point scale) scores and Foot and
CVA (°) 15.9+3.0 5.4+2.1 <0.001

Ankle Outcome Score (FAOS) (100

Note: AOFAS: American Orthopaedic Foot and Ankle Society ankle-hind-
foot. Score, FAOS: Foot and Ankle Outcome Score, TNCA: talonavicular
coverage angle, TLMT: talar-first metatarsal angle, CVA: calcaneus valgus

angle.

sented a large, extensive and degenerative
lesion, repair and flexor digitorum longus (FDL)
transfer were performed. FDL was harvested
from the Henry’'s knot and passed from the
plantar to dorsal direction through a drill hole
and sutured to itself in mild inversion. The del-
toid and spring ligaments were evaluated.
Imbrication suturing before FDL transfer was
performed with appropriate tension. In children
with a painful accessory navicular bone, which
is more prevalent in this age group, we always
try to use a screw for fixation of the accessory
bone if the bone fragment is large enough. The
excision of the entire accessory navicular bone
and reattachment with the suture anchor are
necessary if the bone is small (Figure 1B-D).

On completion of the soft tissue procedures,
Cotton osteotomy was performed with residual
forefoot supination. An incision was made over
the medial cuneiform. Then, a laminar spreader
was inserted, and a structural allograft was
wedged into the osteotomy site after evaluation
with intraoperative fluoroscopy. A plate was
used to fix the osteotomy (Figure 1E).

Postoperative management

The sutures were removed at 14 days postop-
eratively. A short cast was used, and weight
bearing was avoided in the first six postopera-
tive weeks. During this period, patients were
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point scale) were employed to evalu-
ate the clinical outcome. The FAOS
consists of five separate subscales:
pain, symptoms, activities of daily liv-
ing, sports activities, and quality of
life. Each of these was scored separately on a
scale from O (poor outcome) to 100 (best out-
come) [12]. Radiographic parameters includ-
ed TNCA, TAMT, calcaneal pitch angle, Meary’s
angle, and CVA. All data were assessed preop-
eratively and at the final follow-up visit. All the
included parameters on the weight-bearing
views were underwent by two observers in-
dependently.

At the final follow-up, patient’s satisfaction
rates were also assessed based on pain, shoe
modification, daily and sports activity level, and
the need for reoperation. Each patient was
recorded by a grade of excellent, good, fair or
poor (Table 2) [13].

Statistical analysis

We used the software program SPSS 23.0 (IBM
Corp., Chicago, IL, USA) to perform the statisti-
cal analysis. The continuous variables of nor-
mal distribution were expressed as mean *
standard deviation, the continuous variables of
non-normal distribution were expressed as
median (interquartile range), and the categori-
cal variables were expressed as frequency (per-
centage [%]). The intraobserver and interob-
server reliability were assessed by intraclass
correlation coefficient (ICC) [14]. Correlations
between 0.81-1 were regarded almost perfect,
0.61-0.8 were considered as substantial, while
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Table 2. Patient’s satisfaction rating system

Rating Patient Conditions

Excellent Painless foot and no footwear problems

Good Painless foot and footwear modification

Fair Mild foot pain with activity; no restriction of activity and plus or minus footwear modification
Poor Moderate foot pain and restriction of activity and plus or minus footwear modification

0.41-0.6 were considered as moderate, 0.21-
0.4 were regarded as fair and 0.1-0.2 were con-
sidered as slight agreement and less than 0.1
were regarded as poor agreement. For two
comparisons, each value was compared by uti-
lizing a t-test when each datum conformed to
normal distribution, while the non-normally dis-
tributed continuous data were compared using
non-parametric tests. The counting data were
tested by utilizing a chi-square test. A value of
P<0.05 was considered statistically signi-
ficant.

Results
The general characteristics

A total of 28 participants (47 feet) were includ-
ed in this study. They included 16 boys (26 feet)
and 12 girls (21 feet) with an average age of
11.742.1 (range 9-14) years at the time of sur-
gery. The average follow-up time was 29.7+8.6
(range 20-45) months.

The clinical efficacy

All patients achieved bony unions within 10
weeks. The AOFAS scores improved significant-
ly from 56.6+8.0 preoperatively to 88.4+3.9 at
final follow-up (P<0.001). There was a statisti-
cally significant difference in the mean FAOS,
which improved from 47.449.5 preoperatively
to 83.2+6.8 at final follow-up (P<0.001). There
were statistically significant differences bet-
ween preoperative and postoperative scores in
all FAOS subscales (P<0.001). Radiographic
parameters, including TNCA (P<0.001) and
TAMT (P<0.001) on foot AP views, calcaneal
pitch angle (P=0.014) and Meary's angle
(P<0.001) on foot lateral views, and CVA
(P<0.001) on Saltzman views, had significantly
improved at final follow-up. According to the
categorical ratings, there were 23 feet with
“excellent” results, 16 with “good” scores and
8 with “fair” results. All the patients and their
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parents were satisfied with the functional out-
comes (Table 1; Figures 2-5).

We demonstrated almost perfect intraobserver
agreement for all radiogarphic parameters pre-
operatively (ICC range: 0.86-0.92) and final fol-
low-up (ICC range: 0.83-0.94). Interobserver
agreement ranged from 0.68 to 0.85 preopera-
tively and 0.64 to 0.82 at final follow-up,
respectively. A summary of the reliability was
presented in Table 3.

All the procedures performed in patients were
as follows: gastrocnemius recession in 29 feet
(61.7%), percutaneous Achilles lengthening in
18 feet (38.3%), LCL in 16 feet (34.0%), MDCO
in 42 feet (89.4%), FDL transfer in five feet
(10.6%), Cotton osteotomy in 18 feet (38.3%),
spring ligament imbrication suturing in 20 feet
(42.6%), resection of accessory navicular bone
in 11 feet (23.4%), and fusion of accessory
navicular bone in seven feet (14.9%).

Three patients had complications. One patient
had sural nerve palsy; however, the symptoms
disappeared after neurotrophic drug treatment
for six months. One patient had residual pain in
the medial foot, which was relieved by using a
custom-made insole and gradually disappeared
after three months. A patient with diabetes had
superficial infection. With careful wound care
and oral antibiotic treatment, the incision
healed one month postoperatively. Nonunion
and delayed union were not present in our
cohort. All the patients returned to previous
sporting activities without functional limitation
and pain.

Discussion

Flexible flatfoot is a common disease in chil-
dren. Most children experience spontaneous
correction of the deformity or become asymp-
tomatic. Conservative treatment is the first
choice for flexible flatfoot in children. Surgery is
indicated for patients with persistent pain
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Figure 2. A 12-year-old boy with bilateral flexible flatfoot deformity who underwent osteotomies (MDCO and Cotton
osteotomy) combined with soft tissue procedures (percutaneous Achilles lengthening and repair of PTT and spring
ligament) simultaneously. The bilateral medial longitudinal arch was diminished preoperatively (A, B). Meanwhile,
The hindfoot valgus was apparent (C). Compared to the preoperative appearance, bilateral longitudinal arch was
appeared (D, E) and hindfoot alignment was restored neutrally (F) at the final follow-up.

Figure 3. Preoperative and postoperative weight bearing AP and lateral views in the left foot. The radiograph demon-
strated collapse of the arch with talar-first metatarsal angle (TLMA) of 7.9 degrees, Meary’s angle of 12.7 degrees,
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talo-navicular coverage angle of 19.3 degrees and calcaneal pitch angle of 16.7 degrees (A, C). The postoperative
radiograph demonstrated restoration of the arch with TLMA of 4.2 degrees, Meary’s angle of 3.4 degrees, talo-
navicular coverage angle of 8.5 degrees and calcaneal pitch angle of 21.3 degrees (B, D). Numbers 1, 2, and 3 show
the T1IMA on the foot AP view, Meary’s angle and the calcaneal pitch angle on the foot lateral views, respectively.
The T1IMA is defined as the angle created between the midline axis of first metatarsus and midline axis of talus. The
Meary’s angle is defined as the angle formed between the midline axis of first metatarsus and midline axis of talus
on the foot lateral views. The calcaneal pitch angle is defined as the angle created between the floor and the line
from the plantar apex of the calcaneal tubercle to the plantar apex of the calcaneus at the calcaneal cuboid joint.

Figure 4. Preoperative and postoperative weight bearing views in the right foot demonstrated that the forefoot and
hindfoot alignment had been corrected. The radiograph demonstrated collapse of the arch with talar-first metatar-
sal angle (TLIMA) of 12.7 degrees, Meary’s angle of 18.9 degrees, talo-navicular coverage angle of 22.5 degrees
and calcaneal pitch angle of 18.9 degrees (A, C). The postoperative radiograph demonstrated restoration of the
arch with TIMA of 4.2 degrees, Meary’s angle of 3.6 degrees, talo-navicular coverage angle of 6.5 degrees and
calcaneal pitch angle of 29.1 degrees (B, D). Number 4 shows the talo-navicular coverage angle (TNCA) on the foot
AP view. The TNCA is defined as the angle formed between the line connecting the edges of the articular surface of
the talar head and another line connecting the edges of the articular surface of the navicular.

ber 5 shows the calcaneus valgus
angle (CVA) on a Saltzman view.
The CVA is defined as the angle
formed between the midline axis
of tibia and the midline axis of cal-
caneus. The CVA of 15.7 degrees
in left foot and 12.1 degrees in
right foot preoperatively restored
neutrally at the final follow-up.

despite conservative treat-
ment [2-4, 15, 16]. The opti-
mal surgical method and its
timing remain controversial.
The surgical plan for severe
flexible flatfoot is complex, as
we should consider correction
of the hindfoot valgus, fore-

Figure 5. Preoperative Saltzman view (A) showed an obvious valgus in bilat- foot abduction, and longitudi-
eral feet. The deformity was corrected after the combined surgery (B). Num- nal arch collapse. Arthrodesis
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Table 3. Inter- and intraobserver reliability for radiographic measurement

Preoperative (ICC)

Final follow-up (ICC)

Interobserver Intraobserver Interobserver Intraobserver
TAMT 0.75 0.89 0.80 0.94
TNCA 0.82 0.86 0.74 0.86
Calcaneal pitch angle 0.78 0.91 0.82 0.91
Meary’s angle 0.68 0.92 0.78 0.85
CVA 0.85 0.87 0.64 0.83

Note: ICC, intraclass correlation coefficient.

is not appropriate for children, especially with
open epiphysis. Subtalar arthroereisis is rec-
ommended for children aged 8-12 years; how-
ever, it is not suitable for patients with severe
deformities and those with a high risk of com-
plication [8, 17]. Some researchers reported
that osteotomies combined with additional soft
tissue procedures used in adults can solve ado-
lescent flexible flatfoot. The present study dem-
onstrated that osteotomies with soft tissue
reconstruction can achieve foot realignment
and result in satisfactory clinical and radio-
graphic outcomes in the children.

MDCO is commonly used in the correction of
flexible flatfoot. If we only focus on the forefoot
deformity and neglect the hindfoot valgus, the
operation failure rate is high. MDCO can trans-
late the weight-bearing alighment related to the
lower limb and medialize the insertion of
Achilles tendon to prevent subtalar joint degen-
eration and reduce the impingement of the lat-
eral ankle. MDCO is a significant procedure
when hindfoot valgus exists. In addition, MDCO
can eliminate the negative deformity effects of
Achilles tendon and improve the outcome of
FDL transfer [7, 18]. In the present study, MDCO
was performed in 42 feet (89.4%). The CVA
evaluated on Saltzman views improved from
15.9° preoperatively to 5.4° postoperatively,
indicating that the heel alignment almost
normalized.

Some authors suggested that LCL or double
calcaneal osteotomy was optimal for severe
forefoot abduction deformity and better rea-
ligned the midfoot transverse plane deformities
[5, 9, 19]. Furthermore, a cadaveric study
reported that LCL can restore 60% of hindfoot
valgus deformities associated with 100% fore-
foot abduction deformity [20]. In the current
study, 16 feet underwent LCL and 13 feet
underwent double calcaneal osteotomy. All the
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patients achieved satisfactory outcomes
except one patient, who had sural nerve palsy
for six months. Therefore, it is critical to expose
the sural nerve under direct visualization and
protect it carefully during operation. The most
common complication of LCL is calcaneocu-
boid subluxation and increased risk of calca-
neocuboid arthritis [17], which did not occur in
our patients. Patients with an average age of
11.7 years had strong growth potential to
remodel the soft tissue balance. Furthermore,
joint degenerative changes did not occur
because of the short follow-up time.

Osteotomy and FDL transfer procedures are
widely accepted in adults, and they have facili-
tated flatfoot reconstruction and resulted in
excellent outcomes [21]. Accompanied by hind-
foot osteotomies, soft tissue procedures maxi-
mally maintain the stability of the medial col-
umn and restore the foot arch. In this study, the
decision to perform FDL transfer depended on
the PTT characteristics. Although FDL transfer
was not performed in patients with normal PTT
characteristics, these patients still achieved
hindfoot alignment. For cases with PTT accom-
panied by small or moderate-sized lesions, we
debrided and sutured the PTT. If the PTT had a
considerable tear and extensive degenerative
changes, we repaired the PTT and performed
FDL transfer to further strengthen the medial
soft tissue [22]. Most children have a relatively
healthy PTT compared to adults [4]. A previous
biomechanical research study revealed that
the spring ligament appeared to have similar
importance to the PTT for supporting the medi-
al arch [23]. Therefore, we evaluated the quality
of the spring ligament and repaired it with
imbrication suture.

Much controversy exists about the relationship
between the accessory navicular bone and flat-
foot. Senses et al. reported that there is no
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clear association between the accessory navic-
ular bone and flatfoot [24]. Jacobs et al. argued
that the accessory navicular bone changed the
insertion and biomechanical characteristics of
the PTT. Symptomatic flatfoot can occur pro-
gressively [25]. Cha et al. prospectively com-
pared the outcomes of simple excision and the
Kidner procedure for painful accessory navicu-
lar bone and concluded that the two methods
minimally restored the medial longitudinal arch
[26]. Although still controversial, when a patient
has symptomatic flatfoot with painful accesso-
ry navicular bone, overall foot alignment recon-
struction should be performed rather than
dealing with accessory bone alone. In addition,
the large accessory navicular bone was fixed
with a screw in this study, which differed from
Cha’s procedure [26]. We believe that bone-to-
bone healing is easier than tendon-to-bone
healing.

The Cotton osteotomy is an excellent adjunct to
hindfoot correction procedures. When residual
forefoot supination is present after restoring
hindfoot alignment, Cotton osteotomy is indi-
cated. Benthian et al. demonstrated that the
LCL procedure may increase the lateral column
pressure, resulting in an uncomfortable and
painful foot [27]. Cotton osteotomy can reduce
the risk of this complication [22]. In the current
study, 18 feet underwent Cotton osteotomy,
and the patients obtained excellent outcomes
without complaints of lateral discomfort. These
results may be due to the utilization of Cotton
osteotomy and the strong adaptative ability in
children.

Our study showed that children who underwent
osteotomies combined with soft tissue proce-
dures achieved promising clinical and radio-
graphic outcomes. However, this study has sev-
eral limitations. First, the patients underwent
different combinations of corrective surgeries
and had different preoperative conditions. It
was therefore difficult to assess the efficacy of
each procedure objectively. Furthermore, the
sample size was small, which can result in a
statistical bias and preclude the definitive con-
clusion of the operative procedures. Finally, we
did not analyze the outcome until the epiphysis
closed. As children grow older, the reconstruc-
tion results will perhaps change gradually.
Therefore, a prospective randomized controlled
study involving a larger number of patients and
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longer follow-up time is warranted to determine
the efficacy of osteotomies combined with soft
tissue procedures in children.

Conclusion

Osteotomies combined with soft tissue proce-
dures is an effective strategy for flexible flatfoot
deformity in children, as it results in favorable
radiographic and functional outcomes.
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