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Abstract: Objectives: This study aimed to evaluate the clinical effects of reinforcement of the medial column in the
treatment of flatfoot deformity with accessory navicular bone. Methods: A retrospective analysis of 32 patients (46
feet) of flatfoot deformity with accessory navicular bone were reviewed. All patients underwent the reinforcement of
their medial column in the midfoot, mainly including spring ligament repair, posterior tibial tendon reconstruction,
and cotton osteotomy. Clinical evaluation adopted American Orthopaedic Foot and Ankle Society (AOFAS) score
and pain visual analogue scale (VAS) was used to evaluate foot function and pain. Radiographic evaluation was
performed, and Meary’s angle, calcaneal pitch angle, talonavicular coverage angle (TCA), talar 2th metatarsal angle
(T2MT) and calcaneal valgus angle (CVA) were measured. Results: All patients were followed up for an average
duration of 24.3+3.6 months. At the final follow-up, the patient’s foot pain was relieved and the foot deformity was
improved. The data indicated that the mean functional AOFAS score was significantly improved and the mean VAS
score was significantly decreased postoperatively at final follow-up. Additionally, Meary’s angle, TCA, T2MT and CVA
were all significantly decreased, and calcaneal pitch angle was significantly increased after surgery. Conclusion: We
found that reinforcement of the medial column can effectively maintain medial longitudinal arch, correct flatfoot

deformity with accessory navicular bone.
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Introduction

Flatfoot is a type of foot deformity character-
ized by medial arch collapse, calcaneus valgus,
and forefoot abduction [1, 2]. Flatfoot with
accessory navicular bone is a common type of
flatfoot deformity [3]. When flatfeet with acces-
sory navicular bone are symptomatic, they
mainly manifest as medical pain in the midfoot,
lowering of the arch of the foot, and valgus
deformity of the hindfoot, which causes insta-
bility of the subtalar joint, and may cause
excessive tension of the posterior tibial tendon
[3-5]. These factors can lead to symptoms such
as protrusion of the accessory navicular bone,
pain at the insertion of the tendon, and abnor-
mal gait [3].

Usually, surgery is required for the patients with
accessory navicular bone. The surgical treat-
ment aims to relieve pain at the accessory
navicular bone and correct foot deformities. So

far, there is no unified surgical method for the
surgical correction of a flatfoot with accessory
navicular bone. Most reported cases require
resection of the accessory navicular bone and
reconstruction of the posterior tibial tendon
surgery combined with calcaneal medial oste-
otomy and lengthening of the lateral calcaneus
column [6, 7]. However, reports on the struc-
tural reinforcement of the medial column of the
midfoot are rare, especially the repair of the
spring ligament.

The spring ligament sustains the medial longitu-
dinal arch of the foot and its failure can lead to
flatfoot deformity. The dynamic stability of the
medial longitudinal arch is supported by the
posterior tibial tendon and the static stability is
supported by the spring ligament [8]. The stabil-
ity of the spring ligament can prevent the devel-
opment of the talo-navicular joint deformity.
When the spring ligament is damaged, it can
lead to the loss of the longitudinal arch and
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forefoot abduction deformity [9]. Studies have
shown that spring ligament tears are related to
flatfoot, so spring ligament insufficiency has
been proven to be one of the important causes
for the occurrence of flexible flatfoot.

This study is a retrospective study of 46 feet in
32 patients with flatfoot deformity with acces-
sory navicular bone. The medial column of the
midfoot was reinforced through spring ligament
repair, reconstruction of the posterior tibial ten-
don and cotton osteotomy in medial cuneiform.
The goal of this study was to evaluate the clini-
cal effects of medial column reinforcement in
the treatment of flatfoot deformity with acces-
sory navicular bone. This would provide a new
strategy for the treatment of the flatfoot defor-
mity with accessory navicular bone.

Materials and methods
Patients

A total of 46 feet from 32 patients were ana-
lyzed retrospectively in our department from
June 2017 to December 2019, which includ-
ed 18 unilateral cases (10 cases on the left
foot, 8 cases on the right foot) and 6 cases of
feet on both sides. Among them, there were 18
males (26 feet) and 14 females (20 feet), aged
from 13 to 42 years, with an average age of
26.3+4.2 years. All of them had accessory
navicular bone. These patients complained of
medial midfoot pain with hindfoot valgus and
forefoot abduction, which affect normal walk-
ing. All patients were followed up for an average
duration of 24.3+3.6 months, and the mini-
mum follow-up time was 1 year. This study was
performed in accordance with the Declaration
of Helsinki and was approved o by the institu-
tional research committee of Honghui Hospital,
Xi'an Jiaotong University (Protocol Number
20210419). As the patients were scattered in
various places, all patients participating in this
study were contacted by telephone to obtain
verbal informed consent. In addition, written
informed consent was obtained from a parent
or guardian for participants under 16 years old.

The inclusion criteria were (1) those diagnosed
with flatfoot deformity with accessory navicular
bone and failed to improve with conservative
treatment for 6 months, (2) those who con-
formed to the surgical indications and under-
went foot surgery for the first time, (3) patients
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older than 13 years old, (4) calcaneal valgus
angle (CVA) larger than 10° and (5) talonavicu-
lar coverage angle (TCA) less than 30°. The
exclusion criteria were (1) a history of surgery
on the foot, (2) rigid flatfoot, tarsal coalition and
congenital vertical talus, (3) neuromuscular dis-
ease, (4) midfoot or hindfoot arthritis and (5)
patients who were lost to follow-up.

Operative technique

General anesthesia combined with lower limb
nerve block was applied to all patients in the
supine position. The leg was exsanguinated
with an elastic bandage, and a pneumatic tour-
niquet was placed on the proximal thigh of the
affected limb. In order to remove the accessory
navicular bone, a 7-cm longitudinal incision
was made at the navicular bone on the medial
side of the foot to expose the accessory na-
vicular bone and navicular tuberosity. Then the
accessory navicular bone was removed and the
inflammatory lesions were cleaned up around
the posterior tibial tendon. The plantar aspect
of the navicular tuberosity was polished to the
fresh bone surface, and a 3.9 mm absorbable
anchor (Johnson, USA) was implanted into the
navicular bone.

Subsequently, the spring ligament was slack,
and 5-mm of the ligament was resected and
then the spring ligament was sutured with an
anchor tail-line. Or we used the anchor tail-line
to implement the compression repair of the
spring ligament through overlapping sutures.
Later, the posterior tibial tendon was recon-
structed. Another tail thread of the anchor was
used to suture the posterior tibial tendon to
the navicular bone with a certain tension.
Finally, the fixed forefoot supination deformity
was managed with cotton osteotomy in medial
cuneiform. After flushing and suturing the
wound, the affected foot was fixed in a neutral
position with a short-leg plaster cast.

Clinical and radiographic evaluation

The American Orthopaedic Foot and Ankle
Society (AOFAS) score was used for the clinical
evaluation as previously described [10]. Visual
analogue scale (VAS) score was used for the
quantification of pain degrees from O to 10,
with O representing no pain and 10, the worst
pain [11]. VAS evaluation can directly reflect the
pain relief of patients before and after surgery,
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Preoperative

Figure 1. A 14-year-old boy with left flexible flatfoot deformity underwent the
strengthening of medial column, which included removing accessory navicu-

Postoperative
final follow-up

Postoperative
final follow-up

+ standard deviation (SD). The
preoperative and postopera-
tive comparisons were per-
formed by paired Student’s
ttest. P value <0.05 was
considered statistically signi-
ficant.

Results

Flatfeet deformity with ac-
cessory navicular bone were
corrected via medial column
reinforcement

All patients were followed up
for an average duration of
24.3+3.6 months, and the
minimum follow-up time was
1 year. A total of 46 feet from
32 patients who obtained
good clinical follow-up were
enrolled in the current study.
All of them had accessory
navicular bone and these
patients complained of medi-
al midfoot pain with hindfoot
valgus and forefoot abduc-

lar bone, repairing the spring ligament, reconstructing posterior tibial tendon tion, which affect normal

and cotton osteotomy. A. The hindfoot valgus was apparent. B. Meanwhile,
the medial longitudinal arch was diminished preoperatively. Compared to
the preoperative appearance, C. hindfoot alignment was restored neutrally
and D. longitudinal arch was appeared at the final follow-up.

while AOFAS is a more authoritative internation-
al evaluation system, which better comprehen-
sively reflects the improvement of the foot.

In terms of imaging, Meary’s angle and calca-
neal pitch angle are the main indicators to
reflect flat feet, and CVA is the main indicator to
reflect the alignment of the hindfoot. The sec-
ondary indicators are TCA and talar 2th meta-
tarsal angle (T2MT). Radiographic evaluation
should include weight bearing anteroposterior
and lateral views of the foot and Saltzman view.
Meary’s angle and pitch angle were measured
by weight-bearing lateral X-ray, TCA and T2MT
were measured by weight-bearing antero-
posterior X-ray, and CVA was measured by
Saltzman X-ray. The angles were measured pre-
and postoperatively.

Statistical analysis

The software SPSS 21.0 was used for statisti-
cal analysis. The data were expressed as mean
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walking. All patients under-
went reinforcement of the
medial column in the midfoot,
mainly including spring liga-
ment repair, posterior tibial
tendon reconstruction, and cotton osteotomy.
After the surgeries, the foot deformity was sig-
nificantly improved. All the patients with calca-
neal valgus and forefoot abduction deformities
were corrected after the surgery, and the medi-
al longitudinal arch was well recovered (Figure
1A-D).

Two patients had complications. One patient
had residual pain in the medial foot, which was
relieved by using a custom-made shoe-pad and
it gradually disappeared after five months. One
patient had a superficial infection at the inci-
sion, which healed one month postoperatively
by dressing changes and oral antibiotics.
Nonunion or delayed union was not present in
our study. All the patients were satisfied with
the surgery.

Pre- and post-operative radiological scores

The Saltzman view demonstrated that calca-
neal valgus angle (CVA) improved from
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Table 1. Preoperative and postoperative final follow-up results of radiography

Meary’s angle Calcaneal pitch angle

Time ) TCA(°) T2MT (°) CVA (°)
Preoperative 11.78+2.21 11.54+2.73 20.57+£3.68 34.22+3.89 13.03+2.76
Final follow-up postoperative 3.63+£1.73 20.79+1.24 11.24+3.22 18.64+2.44 3.92+1.53
P value 0.0021 0.0071 0.0059 0.0011 0.0034

Talonavicular coverage angle, TCA; Talar 2th metatarsal angle, T2MT; Calcaneal valgus angle, CVA. Data were presented as
mean + SD. The preoperative and postoperative comparisons were performed by paired Student’s t-test.

A Postoperative
final follow-up

Preoperative

Preoperative

Postoperative
final follow-up

Preoperative

Postoperative
final follow-u

Figure 2. Radiographs of preoperative and postoperative final follow-up examination. A. Forefoot abduction was
corrected. B. Calcaneal valgus was rectified. C. The medial longitudinal arch was recovered. The preoperative radio-
graph demonstrated collapse of the arch with CVA of 15 degrees, T2MT of 25 degrees, Meary’s angle of 8 degrees,
TCA of 18 degrees and calcaneal pitch angle of 11 degrees. The postoperative radiograph demonstrated restoration
of the arch with CVA of 3 degrees, T2MT of 18 degrees, Meary’s angle of 3 degrees, TCA of 13 degrees and calca-

neal pitch angle of 18 degrees.

13.03+2.76 to 3.92+1.53 (Table 1), talona-
vicular coverage angle (TCA; 20.57+3.68 vs
11.2443.22) and talar 2th metatarsal angle
(T2MT; 34.22+3.89 vs 18.64+2.44) were all
significantly decreased on the anterior-posteri-
or view (Table 1). Calcaneal pitch angle
(11.54+2.73 vs 20.79+1.24) was increased
after surgery and Meary’s angle (11.78+2.21
vs 3.63+1.73) was significantly decreased after
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surgery on the lateral X-ray (Table 1; Figure
2A-C).

Pre- and post-operative results of AOFAS score
and VAS score

The foot function of the patients was signifi-
cantly improved after the surgery, and the foot
pain was significantly relieved. The data indi-
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Table 2. Preoperative and postoperative final
follow-up results of AOFAS score and VAS score

Time AOFAS VAS

Preoperative

P value 0.017 0.012

52.60+6.44 5.58+1.22
Final follow-up postoperative 89.22+2.13 1.54+0.71

American Orthopedic Foot and Ankle Society, AOFAS; Visual

analogue scale, VAS. Data were presented as mean = SD. The
preoperative and postoperative comparisons were performed

by paired Student’s t-test.

cated that AOFAS score was significantly
improved from 52.6 (46.16-59.04) preopera-
tively to 89.22 (87.09-91.35) postoperatively
at final follow-up (Table 2). Moreover, VAS score
was significantly decreased from 5.58 (4.36-
6.80) preoperatively to 1.54 (0.83-2.25) post-
operatively at final follow-up (Table 2).

Discussion

Flatfoot with accessory navicular bone is a
common type of flatfoot deformity [3]. When
the accessory navicular is present, the align-
ment and insertion of the posterior tibial ten-
don are changed, which weakens the ability of
the posterior tibial tendon to lift the arch, result-
ing in flatfoot deformity. Some studies also
reported that it is not the accessory navicular
bone that causes the flat foot, but that the
excessive tension and traction of the posterior
tibial tendon induces the formation of the
accessory navicular bone [4, 12]. Thus the flat-
foot induces the formation of the accessory
navicular bone. The relationship between
accessory navicular bone and flatfoot is still
controversial. In the current study, we found
that reinforcement of the medial column can
effectively maintain medial longitudinal arch,
correct the flatfoot deformity with accessory
navicular bone. For flatfoot deformity with
accessory navicular bone, conservative treat-
ment such as an orthopedic insole is feasible in
the early stage. For most patients, surgery is
required. Previous studies found that calcaneal
medial osteotomy combined with modified
Kidner surgery could not only effectively correct
flatfoot deformity, but also treat symptomatic
accessory navicular bone [13, 14]. Studies also
suggested that lateral calcaneal column length-
ening, accessory navicular resection, and pos-
terior tibial tendon insertion reconstruction are
effective methods for the treatment of symp-

6372

tomatic accessory navicular flatfoot [6, 15, 16].
However, lateral column lengthening fails to
correct the varus deformity of the forefoot and
increases the stress on the calcaneocuboid
joint. Thus, we adopted a new strategy through
reinforcement of the medial column of the mid-
foot via spring ligament repair, reconstruction
of the posterior tibial tendon and cotton oste-
otomy in the medial cuneiform.

The spring ligament is important for the sus-
taining the medial longitudinal arch of the foot
and its failure is related to flatfoot deformity [8].
Williams et al. also reported repair of the spring
ligament should be used as an important cor-
rection method for flatfoot deformity surgery
[47]. It can effectively reduce the subluxation of
the talo-navicular joint. Moreover, it can also
reduce the implementation of skeletal surgery
and related complications [18]. Therefore, the
treatment of flatfoot deformity through spring
ligament repair is worth trying. For patients
with flatfeet with accessory navicular bone, of
which the spring ligaments are in a relaxed
state, we have adopted a direct repair approach
mainly through overlapping shortening suture
or partial fusiform resection to suture directly.
It was found that the valgus deformity of the
calcaneus was greatly improved, which avoided
the implementation of calcaneal medial dis-
placement osteotomy. After correcting the
hindfoot deformity, the residual supination
deformity of the forefoot was checked, and rou-
tine medial cuneiform cotton osteotomy was
performed. The results of the study showed
that the symptoms and foot appearance of the
patients were improved at the last follow-up
after surgery, and the imaging parameters
Meary’s angle, Pitch angle, TCA and T2MA were
all recovered better than those before surgery,
suggesting that the medial arch and abduction
of the forefoot was significantly improved.
Moreover, the CVA recovered from 13.03°+
2.76° preoperatively to 3.92°+1.53° at the
last follow-up, suggesting that the repair of the
spring ligament can partially restore the hind-
foot alignment.

However, this study has its limitations. First of
all, this study is a retrospective study, and there
are some biases that affect the outcome of sur-
gery. Secondly, the sample size of this study is
small, and it is the result of a single-center
study, therefore the sample size needs to be

Am J Transl Res 2022;14(9):6368-6374



Accessory navicular flatfoot correction via medial column reinforcement

further expanded. This study mixed bony sur-
geries such as cotton osteotomy in medial
cuneiform. In addition, the follow-up time of
this study is relatively short, and further follow-
up is needed to evaluate the long-term
efficacy.

Conclusion

Reinforcement of medial column in the mid-
foot, mainly including spring ligament repair,
posterior tibial tendon reconstruction, and cot-
ton osteotomy can effectively sustain the medi-
al longitudinal arch, and correct the foot defor-
mity with accessory navicular bone. This pro-
vides a new strategy for the treatment of the
flatfoot deformity with accessory navicular
bone with less bony surgery implementation.
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