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FE ANALYSIS OF THE SYMPTOMATIC NAVICULAR - A CASE REPORT
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ABSTRACT

The accessory navicular (AN) is a bony formation located on
the medial side of the foot, proximal to the navicular and contin-
uous with the posterior tibialis tendon. It emerges as a develop-
mental variant due to the presence of the secondary ossification
center adjacent to the primary center of the navicular. It is re-
garded as a physiological and anatomical variant. In most in-
stances, this is an incidental finding. Radiographic values are
used to define three types of AN based on its relationship with the
navicular. The symptomatic AN causes pain in the medial portion
of the bone, a decreased range of motion and discomfort with shoe
wearing. In case of recurrent symptoms, following an inadequate
diagnosis and treatment, it can result in acquired flatfoot. Our
case study examined the condition of asymptomatic AN in a young
man with both flatfeet, who was initially treated conservatively,
and then, after the failed response to the therapy, surgically. Fol-
lowing the Kidner procedure (excision with the reattachment of
the insertion in the posterior tibialis tendon) and rehabilitation,
the patient reports no subjective symptoms in the period of 12-
month monitoring. An objective examination was conducted with
the use of FE analysis during weight-bearing. We determined a
reduction in total weight-bearing and the pressure distribution to
the lateral side of the foot, metatarsal, and the heel region.

Keywords: Symptomatic accessory navicular, Tibialis poste-
rior; the Kidner procedure; FE Analysis.
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SAZETAK

Akcesorna navikularna kost (ANK) stopala je kostana for-
macija lokalizovana u medijalnom delu stopala, proksimalno od
navikularne kosti, u kontinuitetu tetive tibijalis posterior-a. Nas-
taje kao varijacija u razvoju, usled prisustva sekundarnog osi-
fikacionog centra u blizini primarnog centra navikularne kosti i
smatra se fiziolosSkom anatomskom varijacijom, koja se najcesce
nalazi kao uzgredan nalaz. Opisana su tri tipa ANK prema radi-
ografskim kriterijumima, zasnovanim na odnosu sa navikularnom
kosti. Simtomatska ANK najcesce izaziva bol u medijalnom delu
stopala, otezanu pokretljivost i neprijatnost pri nosenju obuce, ali
ukoliko tegobe traju dugo, bez adekvatno postavijene dijagnoze i
tretmana, moze biti uzrok nastanka stecenog ravnog stopala. Nas
prikaz slucaja se odnosi na stanje simptomatske ANK kod mladog
muskarca sa obostranim ravnim stopalima, inicijalno tretiran ne-
operativno, a potom, nakon neuspesnog odgovora na terapiju, hi-
rurski. Nakon ucinjene Kidner-ove procedure (ekscizija sa re-
plantacijom insercije tetive tibialis posterior-a) i rehabilitacionog
perioda, pacijent je bez subjektivnih tegoba, u periodu pracenja
od 12 meseci, dok je objektivno ispitivanje izvrseno FEM ana-
lizom opterecenja na stopalu i utvrdeno je smanjeno ukupno
opterecenje, kao i preraspodela pritiska prema lateralnom svodu
stopala, metatarzalnu regiju i petu.

Kljucne reci: Simptomatska akcesorna navikularna kost; Pes
planus; Tibialis posterior, Kidner-ova procedura; FEM Analysis.
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INTRODUCTION

The accessory navicular (AN) is a bony formation located
on the medial side of the foot, proximal to the navicular and
continuous with the posterior tibialis tendon. It represents the
second commonest accessory bone in the foot. The first one
being the peroneal (Lat. os peroneum), and the third, the trig-
onal. (Lat. os trigonum) [1].

It emerges as a developmental variant due to the presence
of the secondary ossification center adjacent to the primary
center of the navicular. It is regarded as a physiological and
anatomical variant and it occurs in 4-20% of the population
[2]. In most instances, this is an incidental finding, however,
usually after a trauma, intense physical activity, or in patients
in certain occupations, it can cause serious symptoms, such
as pain, a decreased range of motion, discomfort with shoe
wearing, and flatfoot deformity. During the diagnosis, the
presence of the accessory navicular needs to be considered
because it is usually interpreted as the straining of the foot or
the ankle joint [3]. Radiographic assessment is sufficient to
define three types of the accessory navicular [4].

Tibialis posterior is a muscle of the lower leg that is re-
sponsible for plantar flexion of the foot, postural stability of
the tarsals, and the formation of the medial arch. The tendon
is adhered to the medial portion of the navicular [5]. Recur-
rent symptoms of the symptomatic navicular may cause dam-
age to the posterior tibialis tendon. This causes abnormalities
during the stance, function, and movement phase.

The symptomatic AN causes pain in the medial portion of
the bone, a decreased range of motion, and discomfort with
shoe wearing, however, in case of prolonged difficulties, in-
adequate diagnosis and treatment, it can result in acquired
flatfoot. Persons who are predisposed to develop the acces-
sory navicular are athletes, obese, or workers wearing un-
comfortable shoes.

The diagnosis is commonly established after an exhaus-
tive search of the clinical history and clinical examinations.
Additional diagnoses are made by radiographs of the weight
and non-weight foot, and CT or MRI visualization [6].

The treatment can be conservative or surgical. The con-
servative treatment is based on resting, reduced physical ac-
tivity, wearing more comfortable shoes or orthotic insoles,
and the use of analgesics. If the symptoms persist, cortico-
steroids are given locally or the foot is immobilized for six to
eight weeks. The operative treatment is usually advised if
nonoperative treatment is unsuccessful or in more active pa-
tients such as young athletes [7].

One of the methods for surgical treatment of AN is the
Kidner procedure. Kidner’s assumption is that the presence
of AN modifies the position and biomechanics of the inser-
tion of the posterior tibialis tendon. This causes weakness in
the longitudinal arch of the foot and flatfoot [8]. The method
of final elements (FE analysis) is included in the contempo-
rary methods of numerical analyses. This method has been

widely used in order to achieve objectivity of the success of
different types of surgical treatment. Up to date, there are no
cases in which FE analysis has been used to treat the symp-
toms of the accessory navicular bone.

The objective of this study is to show the case of the
symptomatic accessory navicular bone, its treatment, and
outcome after twelve-month monitoring, as well as the anal-
ysis of the stress in the period before and after the surgery.
The aim is to direct attention and raise awareness of the
symptoms and its early and accurate diagnosis, as well as the
possibilities of its treatment. One of the proposed methods of
treating these symptoms is the Kidner procedure, which in-
cludes the excision of the accessory navicular bone, after
which, the insertion of the posterior tibialis tendon is re-
moved and reattached to the lower side of the navicular bone.

CASE REPORT

A young seventeen-year-old male reported pain and
swelling in the medial portion of the foot. He claims they
have emerged spontancously. The problems were present a
couple of weeks ago with the increase in intensity and dis-
comfort during long walks and physical activities. He was
directed to an orthopedist for further examination and evalu-
ation. The clinical examination determined the presence of a
palpatory disease in the inner portion of the right foot, in the
portion of the navicular bone, alongside the bony promi-
nence, and the swelling in the aforementioned portion with
no pain in the left foot. During the examination, the presence
of pes planus was recorded. No signs provided the evidence
of erythema or inflammation in the inner portion of the foot,
in the zone of the bony prominence. Plantar and dorsal flex-
ion (tested on the heel and toes) exacerbated pain. In the left
foot, there were no symptoms during the examination except
the pes planus deformity.

In the personal clinical history, there were no significant
data related to the case.

Radiographs are sufficient to reveal the bony prominence
in the affected foot. It is in a triangular shape and in the con-
tinuity of the proximal portion of the navicular (Figure 1a).

Baropodometric examinations of the weight-bearing are
done before the surgery. A significant amount of stress is re-
ported on the medial portion of the foot, i. e. on the longitu-
dinal arch and toes.

The diagnosis of the symptomatic accessory navicular
bone is established based on the findings from the clinical
evaluation, radiographic images, and baropodometric exam-
inations.

Since there are no data related to the previous symptoms
in the patient’s case history, the conservative treatment is ad-
vised, which included immobilization for the period of six
weeks, the use of non-steroid anti-inflammatory medicine,
physical therapy, resting, and wearing orthotic insoles. The
response to the therapy was not positive since the pain and



tenderness were recurrent during shoe wearing and walking.
Hence, a decision was made to continue with the procedure
surgically. The Kidner procedure was followed and the pos-
terior tibial tendon was reattached (Figure 2). Afterwards,

immobilization was used for the period of two weeks. After
the surgery, the control radiographic images of the accessory
navicular bone detected successful osteotomy (Figure 1b).

Figure 1. Radiographic images.

a) Before surgery

b) Following surgery

Figure 2. The Kidner Procedure.

a) Excision of the navicular

After the removal of the cast and the early rehabilitation
period, baropodometric examinations of the involved foot are
performed. Reduced stress in the medial portion of the foot
and a more balanced pressure distribution to the lateral por-
tion of the foot, metatarsal side, and the heel region were
identified.

b) Reattachment of the posterior tibialis tendon

The stress in the foot was determined following the finite
element (FE) analysis to the reconstructed model of the foot-
print before and after the surgery. The footprint was taken in
the polyurethane foam. The examiner exerted a light pressure
of the patient’s foot onto the foam (Figure 3a).



After taking the footprint, the foot was scanned using
Sense 3D scanner with the resolution of Imm and the scan-
ning range between 177 and 1828 mm. The scanned footprint
was reconstructed, processed, and optimized using Geomagic
Design X software. The footprint model was exported to
Catia V5 R21 software, in which a volumetric model was cre-
ated and the FE analysis performed (Figure 3b).

Following the FE analysis, the case of static pressure onto
the flat floor of the footprint before and after the surgery was

Figure 3.

considered (Figure 3c). The aforementioned models corre-

spond to the experimental trials. During the examination, te-
tragonal finite elements were used.

The contact was established between the surface of the foot
and the ground. The stress value equated to the weight of the
patient (77 kg). Young’s module of the footprint was 1.15
MPa, Poisson’s ratio 0.49, while Young’s module of the

ground was estimated 2000000 MPa, and Poisson’s ratio
0.29 [9].

a) The footprint in the polyurethane foam

b) Process algorithm of the scanned foot
c¢) FE Analysis — Foot pressure onto the ground
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(https://www.slideshare.net/akshayvagha/how-orthotic-insoles-can-alleviate-heel-and-foot-plantar-fasciitis)

The most significant stress value (2,4 MPa) in the patient

with AN symptoms before the surgery was located on the
medial side of the foot, i.e. on the longitudinal medial arch
and toes. According to the values of Von Mises stresses after
the FE analysis (the values were between 0,112 MPa and
0,00523 MPa). There was an insignificant amount of stress
values on the heel region, metatarsal area, and the lateral

portion of the foot (Figure 4a). These results point to the fact
that the patient had an unequal stress distribution during
standing on the affected foot, which caused the pain.

During the control examinations in the period of twelve
months after the surgery, the patient reports no pain and
symptoms in the portion of the involved foot, which the stress



data show after the FE analysis. In other words, following the
surgery, there is a stress redistribution onto the lateral portion
of the foot, metatarsal, and the heel region with the signifi-
cantly reduced values of the maximal stress. Hence, the

maximal stress value is 0,676 Mpa. Moreover, there is a no-
ticeable stress relief in the portion of the navicular, which re-
sults in the pain decrease in that portion (Figure 4b).

Figure 4. Von Mises stress.
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DISCUSSION

The symptoms of the accessory navicular commonly
emerge in front of the ankle joint and develop towards the
inner side of the foot. Since the patient also had a flatfoot
deformity, the stress on the foot was not equally distributed.
The conservative treatment of the navicular symptoms com-
monly includes resting, comfortable shoe wearing, analge-
sics, and physical therapy, which was shown in the retrospec-
tive study conducted by the authors [10].

Many studies have been conducted related to the flatfoot
classification, as well as to the analysis of the stress onto flat-
foot by the use of the FE analysis or the plantar footprint anal-
ysis. In that sense, M. Costea at al. developed a methodology
for classifying flatfoot based on the plantar footprint. The cat-
egory of the foot is determined by the use of Chippaux-
Simark Index and Hallux-Valgus Angle [11]. Contrary to the
aforementioned authors, C. Cifuentes-de la Portilla et al, as

Von Mises stress (nodal values).1

MPa
0.676
0.398
0.235
0.138
0.0814
0.0479
0.0282
0.0166
0.0098
0.00577
0.0034

On Boundary

Von Mises stress (element's nodes values).1
MPa
24

0.00966
0.00523
On Boundary

b) Following surgery

well as L.Shudong et al. used the FE model for the analysis
of the stress onto the foot — the former analyzed the stress on
the soft tissues with the flatfoot deformity, and the latter an-
alyzed the foot deformities during standing. In both cases, the
foot reconstruction was conducted based on the CT images
of the non-affected foot [12, 13]. In our study, the non-inva-
sive methods of footprint scanning in a non-stress condition
were employed. Similarly to the findings from the study by
C. Cifuentes-de la Portilla et al, our study determined that the
stress on the reconstructed footprint corresponded to the
weight of the patient during the monopodial support [12].

The proper formats of pressure distribution in the foot are
determined by examining the pressure in the foot, the anal-
yses of plantar pressure, and the conducted FE analyses. A
clinically healthy foot is considered when the stress in the
metatarsal portion, heel region, and the lateral side of the foot



is equally distributed [14, 15, 16]. The patients with flat foot
deformity suffer most from a stress increase in the medial
portion of the foot, i.e. in toes [15]. In our case, the patient
has a flat foot deformity and the stress that is created in the
foot during total support corresponds to the stress distribution
found by other authors [15]. However, what seems character-
istic for this case is that there is virtually no support in the
heel zone, i.e. the whole patient’s body weight is redistrib-
uted to the medial portion and toes. After the surgery of ac-
cessory navicular syndrome, the stress is significantly re-
duced and leads to the stress redistribution to the portions that
would correspond to a healthy foot. Due to the flatfoot de-
formity, certain amount of stress is still distributed to the me-
dial portion, however, its values are significantly reduced.
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