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Abstract. The author proposes a new, biomechanically grounded method of surgical treatment of severe forms of pes 
plano-valgus; the author provides results of surgical treatment of 40 patients (55 feet). 

 
Introduction 
 
 

Podiatrics as a part of orthopedics which studies foot 
pathologies of inborn, acquired, traumatic genesis, diverse 
variants of the norm and borderline conditions with pre-
clinical manifestations of pathologyб as well as supplying 
the patients with corrective orthopedic insoles and 
footwear, has not achieved proper development in recent 
time in the countries of the former USSR. At the same 
time, according to literary data, static deformities of the 
foot are the most common pathology of the 
musculoskeletal system [1,3,4]. In this group the principal 
position is occupied by pes plano-valgus (flat-foot). This 
type of pathology is encountered in 6.9—70% of the entire 
population [1,3,4,12]. 

The human foot has two anatomic column the inner 
column, which consists of the astragaloid bone, the 
navicular bone, three sphenoid bones and the 1-2-3 
metatarsal bones; and the outer column, which is presented 
by the calcaneum, the cuboid and the 4-5 metatarsal bones 
[10]. The column in question functionally intersect at the 
level of the talocalcaneonavicular articulation and the 
subtalar articulation.  

The talocalcaneonavicular articulation, due to its 
shape, has been named аcetabulum рedis. The term 
аcetabulum рedis has been proposed in the works of A. 
Scarpa, S.K. Sarrafian, V.J. Turco, and the modern 
topographic-anatomical features and concept of the 
given formation have been described and formulated in 
1995 in the works of T. Epeldegui и E. Delgado [10]. 
According to this concept, the head of the astragaloid 
bone is compared to the head of the femur, and the 
naviculocalcanear foot cavity, formed by the proximal 
articular surface of the navicular bone, the front and 
medial articular facets of the calcaneum and a well-
defined capsular-ligamentous apparatus, above all the 
spring ligament – is compared to the cotyloid cavity. 

The naviculocalcanear foot cavity has an ellipsoidal 
shape with the front, lower, lateral, medial and upper 
walls. 

The front wall is formed by the proximal articular 
surface of the navicular bone, the lower – by the plantar 
calcaneonavicular ligament and the articular facets of the 
calcaneum (front and medial). The lower wall – by part 
of the bifurcational ligament and the outer 
calcaneonavicular capsule, the medial – by the upper-
medial calcaneonavicular ligament. The upper wall 
consists of the upper talonavicular ligament and the 
upper part of the talonavicular capsule [10]. The most 
vulnerable part of the aforementioned anatomical 
complex is the lower-medial part, formed predominantly 
by soft-tissue elements.  

The centering of the head of the astragaloid bone in 
the given cavity is given the same significance as the 
centering of the head of the thigh-bone in the cotyloid 
cavity.  

 

 Fig. 1. Decentered position of the head of the astragaloid 
bone in the case of pes plano-valgus with alteration of its 
shape and the direction of oseeus trabeculae. 
(Patient B. Age 11) 
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In the work of F. Pauwels [29] it is signified that in 
physiological interactions in the structures of the hip 
joint the maximum pressure on the head of the thigh-
bone amounts 18,0 kg/cm², while during the decentration 
with subluxation it increases to 225 kg/cm². In the same 
way the decentered position of the head of the 
astragaloid bone is accompanied by overload of all 
elements of аcetabulum рedis with subsequent 
Dysplastic alterations of adjacent joints, development of 
arthroses and pain syndrome. During observation clinical 
cases with well-defined indications of deforming 
arthrosis of the talonavicular joint even in teenage 
children. 
 

 
Fig. 2. Deforming arthrosis of the talonavicular joint in pes 
plano-valgus with well-defined regional osseous accretions and 
deformity of the head of the astragaloid bone 
 (Patient B. Age 11) 

 
From the start of a child’s walking the prerequisites 

for pressure on the foot in a functionally inconvenient 
position are formed. It is due to the fact that, in order to 
maintain balance, a child spreads his or her legs widely, 
leans on the inner section of the foot, the knees shift 
inward, creating a valgoid, functionally inconvenient 
arrangement of the whole limb. In this position of the 
lower limb the medial shift of the head of the astragaloid 
bone occurs, the bone strives to shift downward and 
inward in respect to sustentaculum tali. This leads to 
decentration of the head and superdistension of the most 
vulnerable part of аcetabulum рedis – its lower-medial 
part.  

Thus, the prerequisites for the formation of pes 
plano-valgus appear. 

In cases of pes plano-valgus the biomechanics of the 
foot itself and the superincumbent structures of the 
musculoskeletal system tend to be impaired [22].  

Within the cycle of a step in phase of support, when 
the heel touches upon the surface, from the outside of the 
axis of the subtalar joint there appears the force of the 
reaction of the support, which generates the pronating 
moment on the level of the subtalar joint. It leads to the 
pathological inward rotation of the talus around the 
calcaneum. The astragaloid bone tends to bend towards the 

heel, and moves and rotates inward in the horizontal plane 
while the calcaneum performs outward rotation and 
occupies the valgus position. The center of gravity gets 
displaced that results in even stronger reinforcement of the 
pronating effect of the static load upon the calcaneum. 
Increase in pronation displacement on the level of the 
subtalar joint tends to be limited due to exertion of the 
posterior group of muscles of the shin (presumably of the 
posterior shin-bone muscle and a long flexor of the right 
toe); in case power of muscles is insufficient it gets 
blocked by exertion of ligaments and capsules of joints.  

If in phase of support the valgus deviation of the 
calcaneum from the vertical axis exceeds 6°, then the 
power of muscles of instep / arch supporters happens to be 
insufficient to overcome the pronating moment on the level 
of the subtalar joint and, prior to separation of the heel 
from the surface, it fails to switch to the supinating 
position which is so important for the next movement. 
This, in its turn, results in decrease of rigidity rate of the 
power lever of the foot as well as leads to the overexertion 
of ligaments, shin and foot muscles, and overload of joints 
of the medium part. Overstretching of soft-tissue foot 
structures and their aseptic inflammation as well as 
arthrosis-induced changes in subtalar and subtalar-
navicular joints result in appearance of a pain syndrome 
[22]. 

The above specified biomechanical disturbances result 
in changes of location and shift of the vector of the general 
center of body weight of a patient upon walking.  

 

 
 

Fig. 3. The vector of shift of the general center of body weight 
(A— normal condition, B— the formation of pes plano-valgus) 

 
In cases of normal development of the foot the major 

load is distributed onto the sole surface in the direction 
from the calcaneal tubor along the external edge down to 
the basis of the fourth metatarsal bone. Then the vector is 
divided into the two components leading to the heads of 
the first and the fifth metatarsal bones. In cases of pes 
plano-valgus deformity the supporting vector shifts 
medially that results in changes of the nature of walking 
and causes increase of dynamic load upon the whole 
musculoskeletal system, i.e. beginning with the foot and 
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the ankle-joint and ending up with the cervical part of 
spinal cord [22]. 

In the works of V. Mosca the author points out that 
in cases of flat foot, due to close interrelation of all three 
anatomico-functional sections of the foot, alterations 
cannot occur only in one of them, the deformity is 
always of a complex nature [26]. Such a situation is 
always observed in cases of flat foot, even in minor 
deviations, clinically defined as reduction of the 
longitudinal arch. Therefore local pressure only on one 
component of the deformity does not lead to success.  

The principal pathological components of pes plano-
valgus, which alter the biomechanics, are the following 
[19, 25]: 

1. excessive pronation in the subtalar joint 
accompanied by valgus and external (outward) 
rotational deviation of the calcaneum; plantar 
flexion of talus, calcaneum, and, in some cases, of 
the navicular bone; 

2. inward horizontal displacement of the head of the 
astragaloid bone and vertical downward 
displacement with respect to the navicular bone; 

3. the shortening of the external as well as 
lengthening of the internal foot column; 

4. supination of the anterior section of the foot vs. 
the posterior one accompanied by the rear flexion 
of the first instep (metatarsal) bone; 

5. overdistension of tendon of the posterior tibial 
muscle and its functional insufficiency; 

6. the shortening of Achilles' tendon. 
Modern orthopedic surgery comes up with numerous 

operative techniques aimed to correct severe forms of pes 
plano-valgus foot deformity. They can be relatively 
divided into several major groups, i.e.: 

1. surgical correction aimed to block or limit 
excessive multi-planar flexibility of the subtalar 
joint and to create a more functionally favorable 
position of the astragaloid bone (subtalar 
arthrodesis) [11], arthrorisis of the subtalar joint 
[7, 21, 33]; 

2. operations performed on the medial column of the 
foot and comprising shift and grafting of tendons, 
various types of capsuloplasty, arthrodesis, 
corrective osteotomy of sphenoid and talar bones 
[13, 14, 16, 17, 20, 23, 24, 30, 32]; 

3. various types of osteotomy of the calcaneum, i.e. 
a) the extraarticular ones on the level of the 
posterior upper part of the calcaneum, aimed to 
limit pronation on the level of the subtalar joint on 
analogy with the extraarticular  arthrorisis [6, 7, 
31]; b) osteotomy of the body of the calcaneum 
backward of the subtalar joint aimed to achieve a 
varus location of the distal fragment of the bone 
[9, 15, 18, 27, 28]; c) extraarticular extending 
osteotomy of the anterior part of the calcaneum 
[25] and the extending calcaneocuboid arthrodesis 
[5, 8];  

4. combined operations on the osseous structures, 
joints and soft tissues [27, 28]; 

5. deformity correction by means of application of 
apparatuses of external fixation [2]. 

The bulk of the proposed surgical techniques, aimed at 
surgical correction, are based on the principle of local 
effect upon the main pathogenetic link. At the same no 
consideration is taken into account that changes in a single 
part of the foot or a separate foot joint happen to occur 
extremely seldom. 

Procedures on soft tissues make a positive change in 
the muscular balance, but do not influence the skeleton of 
the foot, which is the basis of its stability. Local 
arthrodesis-performing procedures are accompanied by an 
overload of the adjacent joints and lead to development of 
early arthroses. Isolated osteotomies of the calcaneum also 
in many cases do not lead to full elimination of the 
deformity and recovery of the anatomico-functional 
condition of the foot. Devices for external fixation pose are 
difficult to endure for patients and require a lengthy 
correction process.  

The aim of this research was the development and 
theoretical grounding of a new approach to surgical 
treatment of non-fixed pes plano-valgus with single-stage 
elimination of all principal components of the deformity.  

 
Materials and methods 

 
40 children (27 males (67.5%) and 13 females 

(32.5%)) who underwent surgical correction of non-fixed 
pes plano-valgus foot deformity (total 55 feet) have been 
followed up at our clinic. All pre-operated children were 
diagnosed to have a bilateral deformity. 18 patients (36 
feet; 65.45%) have been operated on both feet. 

For single-stage elimination of all principal 
components of the deformity the following procedure is 
proposed. The principal stages of the procedure and their 
grounding: 

1 – due to the fact, that modern biomechanical 
research has shown that 63% of foot stability is provided 
by the configuration of the bones of the foot and their short 
ligaments, and 37%— by the spring ligament complex, 
transverse osteotomy of the front section of the calcaneum 
with its lengthening is performed. At that, it is necessary to 
apply two instruments, proposed by the author, which 
allow to perform an osteotomy of the front section of the 
calcaneum, which is visually controlled for the whole 
duration of the procedure, a single-stage distraction of the 
osteotomized parts and implantation of osseous 
autotransplant from the wing of ilium or allotransplant 
with demineralized bone matrix between the osteotomized 
parts of the calcaneum. This stage of the procedure 
lengthens the eouter column of the foot, turns the medial 
section of the foot inward, leads to tension of the capsular-
ligamentous apparatus of the plantar surface of the foot. At 
the same time the centering of the head of the astragaloid 
bone with respect to аcetabulum рedis occurs.  

2 – For varisation of the calcaneum a Z-shaped 
extension of the Achilles tendon at the level of the 
subtalar articulation in the sagittal plane with 
medialization of the attachment point is performed. 
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3 – For the purpose of strengthening of the capsule 
of the talonavicular joint along the lower-inner surface 
(including the spring ligament) the superdistnded capsule 
of the joint is excised along lower-inner surface within 
6-10 mm with subsequent capsuloplasty. 

4 – Transference of half or the whole ligament of the 
front shin muscle to the lower-lateral surface of the 
navicular bone at the level of the plantar surface of the 
navicular bone, the 1st sphenoid and the 1st metatarsal 
bone. This leads to strengthening of the foot arch at its 
top and formation of an additional ligament on the 
plantar surface of the foot, which eliminates supination 
of the first metatarsal bone. 

5 – For the elimination of superdistension and 
functional insufficiency of the ligament of the posterior 
shin muscle, after the Z-shaped intersection of the 
aforementioned ligament, its shortening on a supinated 
foot is carried out. 
 

Results and discussion 
 
The course of the post-operative follow-up of all the 

children under study lasted from one to seven years. 
Clinically, the patients demonstrated disappearance of pain 
syndrome upon long walks, their gait improved; restoration 
of the longitudinal arch favorably improved the cosmetic 
outlook of the operated feet.  

 

                     

 
 
Fig. 4, 5. Pes plano-valgus of the left foot before and after 
surgery 
 

Post-operative X-ray studies confirmed lengthening of 
the calcaneum by  5-6 cm, increase in the angle of the 
calcaneum slope on average by 12 degrees, decrease of the 

angle of the longitudinal arch by 18-38 degrees, and 
increase of the height of the longitudinal arch by 10-24 
mm. At the same time, talocalcaneal angle before and after 
the operation remained practically the same and, therefore, 
it can not serve as a parameter used for description of such 
type of deformity. X-ray evaluation of the ratio between 
the angle of the longitudinal arch of the talus and the 
medium part of the foot served as a very informative 
finding in this study. After surgical correction it ranged 
from 0 to 10 degrees and matched the normal values. 

Complications within the post-operative period 
comprised as follows: the upward subluxation of the distal 
fragment of the calcaneum (in 5 cases;), local marginal 
necrosis of skin within the area of maximal tension of skin 
along the dorso-external surface of the foot (in 6 cases; ). 
The above complications did not affect the results of 
surgical treatment. 

 
Conclusions 
 
1. The above proposed technique for surgical correction 

enables to simultaneously remove all the components 
of deformity of posterior, medium and anterior parts 
of the foot. 

2. This operative technique tends to preserve mobility in 
the subtalar joint, in the joints of the medium and 
anterior fragments of the foot as well as to prevent 
development of early degenerative arthrosis. 

3. In cases of inefficient complex conservative therapy 
children over 4-6 years of age with severe forms of 
pes valgus foot deformity should be administered 
surgical correction of this deformity. 

 
References 

 
[1] Андрианов В. Л., Веселов Н. Г., Мирзоева И. И. 

Организация ортопедической и травматологической 
помощи детям. — Л. Медицина, 1988. — 240 с. 

[2] Гафаров, Х. З. Лечение деформаций стоп у детей / 
Х.З.Гафаров. - Казань: Татарское книжное 
издательство, 1990. - 176 с.   

[3] Крамаренко Г. Н. Вопросы этиологии и 
классификация статической деформации стоп // 
Стопа  и вопросы построения рациональной обуви.- 
М. 1972. - С. 35-42. 

[4] Куслик М. М. Плоскостопие // Многотомное 
руководство по хирургии.-М.: 1969.- Т.Х11.-С.531-
545. 

[5] Anderson R. B., Davis W. H. Calcaneocuboid distraction 
arthrodesis for the treatment of the adult – acquired flatfoot. 
The modified Evans procedure // Foot Ankle Clin.- 1996.-
No1.-P.279-294. 

[6] Baker L. D., Hill L. M. Foot alignment in the cerebral palsy 
patient // J. Bone Joint Surg.- 1961.- Vol.46 [Am].- P.1-7. 

[7] Chambers E. F. An operation for the correction of flexible 
flatfoot of adolescents // West. J. Surg. Obstet. Gynecol.-
1946.- Vol.55.- P.77-79. 



 
302. THEORETICAL BASIS FOR SURGICAL OPERATION WITH PES PLANO-VALGUS FOOT DEFORMATION FROM THE VIEW-POINT OF BIOMECHANICS. V. LASHKOUSKI 

 

 
© VIBROMECHANIKA.  JOURNAL OF  VIBROENGINEERING.  2007 JULY/SEPTEMBER,   VOLUME  9,  ISSUE  3,  ISSN 1392-8716 

 
86 

[8] Deland J. T., Otis J. C., Lee K. Lateral column lengthening 
with calcaneo- cuboid fusion: Range of motion in the triple 
joint complex // Foot Ankle Int. – 1995. - No16.- P.729-733. 

[9] Dwyer F.C. Osteotomy of the calcaneum for pes cavus // J. 
Bone Joint Surg. 1959 - Vol. 40[Br]. - P.80-85. 

[10] Epeldegui T., Delgado E.  Acetabulum Pedis. Part 1: 
Talocalcaneonavicular Joint Socket in Normal Foot // J. 
Pediatr Orthop Part B, Vol. 4, No. 1, 1995.- P.1-10. 

[11] Grice D. S. An extra-articular arthrodesis of the 
subastragalar joint for correction of paralytic flatfoot in 
children // J. Bone Joint Surg.- 1952.- Vol.34 [Am] .- P.927-
931). 

[12] Gould N., Schneider W., Ashikada T. Epidemiological 
survey of foot problems in the continental United States: 
1978-1979 // Foot Ankle.- 1980.- Vol.1.- P. 8-11. 

[13] Grumbine N. A. Talar neck osteotomy for the treatment of 
severe structural flatfoot deformities // Clin Podiatr Med 
Surg.- 1987.- Vol. 4.- P.119-124. 

[14] Hoke M. An operation for the correction of extremely 
relaxed flat foot // J.  Bone Joint Surg. - 1931. - Vol.31. - 
P.773-783. 

[15] Jacobs A. M., Geistler P. Posterior calcaneal osteotomy. 
Effect, technique and indications // Clin. Podiatr. Med. 
Surg.- 1991.- Vol. 8.- P.647-659. 

[16] Jones B. S. Flatfoot: a preliminary report of an operation for 
severe cases // J. Bone Joint Surg. - 1975. - Vol.57 [Br]. - 
P.279-283. 

[17] Kidner F. C. The prehallux (accessory scaphoid) in the 
relationship to flatfoot // J. Bone Joint Surg.- 1929.- Vol. 
11.- P.831-833. 

[18] Koutsogiannis E. Treatment of mobile flatfoot by 
displacement osteotomy of the calcaneus // J. Bone Joint 
Surg. – 1971.- Vol.53[Br].- P.96-100. 

[19] Lashkouski V,  Boltrukevich S,  Sycheuski L   Surgical 
treatment of flexible flatfoot in children and adolescents // 
Journal of Vibroengineering.- July/September 2006, Volume 
8.- No. 3.- P. 57 – 60. 

[20] Leonard M. H., Gonzales S., Breck L. W. Lateral transfer 
of the posterior tibial tendon in certain selected cases of pes 
valgo planus (Kidner operation)  // Clin. Orthop.- 1965.- 
Vol. 40.- P. 139-143. 

 

 

 

 

 

 

 

 

 

 

 

[21] Le Lievre J. The valgus foot: current concepts and 
correction // Clin. Orthop.- 1970.- Vol.70.- P.43-47. 

[22] Levy L. A., Hetherington V. J. Principles and Practice of 
Podiatric Medicine.- 1990.- New York, Edinburgh, London, 
Melbourne.-Ch. Livingstone.- P. 39-106. 

[23] Lowman C.L. An operative method for correction of certain 
forms of flatfoot. - JAMA.- 1923.- Vol.81.- P.1500-1505. 

[24] Mann R. A., Thompson F. M. Rupture of the posterior 
tibial tendon causing flat foot. Surgical treatment // J.Bone 
Joint Surg.- 1985.- Vol.67 [Am].- P.556-561. 

[25] Mosca V. S. Calcaneal lengthening for valgus deformity of the 
hind foot. Results in children who had severe, symptomatic 
flatfoot and skewfoot // J. Bone Joint Surg.- 1995.- 
Vol.77-A, №4.-P.500-512. 

[26] Mosca V. S. The Child,s Foot: Principles of Management // J 
Pediatric Orthopaedics.- 1998.- Vol.18,№3.- P. 281-282. 

[27] Myerson M. S., Corrigan J., Thompson F. Tendon 
transfer combined with calcaneal osteotomy for the 
treatment of posterior tibial tendon insufficiency: A 
radiological investigation // Foot Ankle Int. - 1995.- Vol.16.- 
P.712-718.   

[28] Myerson M. S., Corrigan J.  Treatment of posterior tibial 
tendon dysfunction with flexor digitorum longus tendon 
transfer and calcaneal osteotomy // Orthopedics.- 1996.- 
Vol.19.- P.383-388. 

[29] Pauwels F. Biomechanics of the Normal and Diseased Hip. 
New York, Springer – Verlag,  1976.- 379 Р.  

[30] Sekiya J. K., Saltzman C. L. Long term follow-up medial 
column fusion and tibialis anterior transposition for 
adolescent flatfoot deformity // The Iowa Orthopaedic 
Journalt.- 1997.- Vol.16.- P.121-129. 

[31] Selakovich W.  Medial arch support by operation: 
sustentaculum  tali procedure// Orthop. Clin. North Am.- 
1973.- Vol.4.- P.117-119. 

[32] Seymour N. The late results of naviculocuneiform fusion // 
J. Bone Joint Surg.- 1967.- Vol.49 [Br].- P.558-563 

[33] Smith S. D., Millar F. A. Arthroereisis by means of a 
subtalar polyethylene peg implant for correction of hindfoot 
pronation in children // Clin. Orthop. Related Res.- 1983.- 
Vol.181.- P.15-19. 




