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Biomechanical substantiation of the algorithm
for choosing the option of distal corrective osteotomy
of the II-IV metatarsal bones in the treatment of metatarsalgia

D. V. Prozorovskiy, M. Yu. Karpinsky, O. D. Karpinska
Sytenko Institute of Spine and Joint Pathology National Academy of Medical Sciences of Ukraine, Kharkiv

Deformations of the front part of the foot with valgus deformity
of the first toe lead to a redistribution of the body weight load during
walking between the heads of the metatarsal bones. At the same
time, the load on the head of Il and I1I, and sometimes IV metatarsal
bones increases significantly. Objective. To substantiate the choice
of the most correct distal metatarsal osteotomy for the treatment
of patients with metatarsalgia. Materials and methods. Three
variants of distal metatarsal osteotomy were simulated: Weil,
Helal, and distal wedge-shaped metatarsal osteotomy. Result. Weil
osteotomy allows you to raise the support point of the metatarsal
head above the support surface from 2 to 7 mm, depending on
the amount of displacement of the head in the proximal direction
and the angle of inclination of the metatarsal bone relative to
the plane of the support surface, which effectively reduces the load
on the metatarsal head during walking, but under conditions
of magnitude the angle of inclination of the axis of the metatarsal
bone is more than 20°. Helal osteotomy with the subsequent
displacement of the separated part proximally, ensures the lifting
of the head above the conventional plane of support from I to 4 mm,
contributes to the effective unloading of the head while standing
and while walking. They are used only for severe metatarsalgia.
The range of correction of the standing height of the support
surface of the metatarsal head for performing a distal wedge-
shaped osteotomy is determined to be from 0.6 to 2.9 mm. lIts
advantage is the independence of the amount of correction from
the presence or absence of a decrease in the longitudinal arch
of the foot. Conclusions. Weil osteotomy has the worst corrective
possibilities of raising the head of the metatarsal bone, but
is very easy to perform, so its use is advisable in the absence
of reduction of the longitudinal arch of the foot. A wedge-shaped
distal osteotomy has a range of correction of the metatarsal head
elevation up to 3 mm, but it depends on its diameter, so it is used
in the case of a head diameter of at least 10 mm. Helal osteotomy
provides the widest range of elevation of the metatarsal head, which
does not depend on the presence of any degree of flat feet, but has
some technical limitations.

Bunpasnenns nepednvoco 8i00iny cmonu 3 8anbeyCHOW Oe-
Gopmayiero nepwioco nanvys npuzeo0ams 00 Nepepo3nooiny
HABAHMAdICEHHS 8a2u MINA N0 4aAc X00bOU MIdC 20108KAMU NAEC-
Hogux xicmok. Ilpu ybomy 3nayHo 30iMbULYEMbCA HABAHMAIICEH
Hs Ha eonosky Il ma Il a inooi i IV niecnosux xicmok. Mema.
Obrpynmyeamu ubip HalbiIbW KOPEKMHOL OUCMAIbHOL 0cmeo-
momii niecHo6oi Kicmku OJisL NiKYSAHHS NAYIEHMIE i3 HASAGHICMIO
memamapsaneii. Mamepian i memoou. 3modenvosarno mpu eapian-
mu oucmanvHoi ocmeomomii naecroeoi kicmku: Weil, Helal
i oucmanvua KAuHOnoOdiona. Pesynemamu. Weil ocmeomomis
00380/14€ NIOHAMU MOYKY ONOPU 20J106KU NAECHOBOT KICMKU HAO
ONOPHOI0 NOGEPXHENO 80 2 00 7 MM 3ANeHCHO 8I0 8eNUUUHU 308U
207106KU 8 NPOKCUMATLHOMY HANPAMKY mMa Kymd HAXUy niec-
HOB01 KICMKU 8IOHOCHO NJIOWUHU ONOPHOI NOBEPXHI, Wo egek-
MUBHO 3HUICYE HABAHNAICEHHS HA 20108KY NIECHOB0I KICMKU 34
X00b0uU, ane 6 pasi GeIUYUHU KYMA HAXULY OCL NIECHO80I KICMKU
oinvwe 20° Helal ocmeomomist 3 HacmynHum 3mileHHAM GI00K-
pemaeHol yacmunu nPOKCUMANbHO, 3a6e3neyye niotom 20106Ku
HAO YMOBHOIO NAOWUHOIO onopu 6i0 1 0o 4 mm, cnpusie epexmug-
HOMY PO36AHMANCEHNIO 20JI08KU 34 CMOAHHA I Ni0 Yac X00b0Ou.
i suxopucmosyromv nuwe 3a eadxcxoi memamapsanaii. [ianazon
KOpeKyii 6ucomu cmosiHis ONOPHOI NOBEPXHI 20JI06KU NIAECHOBOL
KicmKu O BUKOHAHHA OUCNANBHOI KIUHONOOIOHOI ocmeomomil,
susHavaroms y mesxcax 6io 0,6 0o 2,9 mm. Ii nepesazoio € Hesa-
JIeJHCHICMb 8eIUYUHU KOPEeKYTT 8I0 HAAGHOCMI YU GIOCYMHOCMI
3MeHWeHHs NOB3008IICHLO20 CKaeninusa cmonu. Bucnosku. Weil
0CMeomoMis MAe Hall2ipuli KOPUcy8aibHi MONCIUBOCHIT NIOLOMY
207108KU NIECHOBOI KICMKUL, ale Oyce NpoCcma y GUKOHAHHI, MOMY
i1 euxopucmanus OoyinvbHe 3a YMOG BIOCYMHOCMI 3MEHUICHHS
n0830062CHb020 cKAeninus cmonu. Kaunonodibna oucmanvha
ocmeomomis Mae Oianazon KOpexkyii nioluomy 20106Ku NAeCHO-
601 Kicmku 00 3 MM, ane 6in 3aiedcums 6i0 ii diamempa, momy
ii 3acmocosyiome y pasi eauuunu diamempa 20106KU He MeHu
niore 10 mm. Helal ocmeomomia 3abe3neyye natiwupwuil diana-
30H NIONOMY 207108KU NIECHOB0T KICMKU, AKUL He 3a1edCumy 6i0
Hasagnocmi 6y0b-AK020 cmyneHs njioCKOCHONOCnli, ane Mae 0esaKi
mexHiuni oomedrcenns. Karouoei crosa. [lnecnosa xicmka, 0eghop-
Mayis, KopuzysaibHa 0Cmeomomis.
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Introduction

Various variants of the pain syndrome in the ante-
rior part of the foot on its plantar surface are united
by the general term metatarsalgia. This pain can
be a sign of both systemic diseases and local dis-
orders due to biomechanical disorders of the front
part of the foot [1, 2]. Most often, static distortions
of the front part of the foot with valgus deformation
of the first toe lead to biomechanical disorders [3].
Structural and functional changes in the front part
of the foot due to such deformations cause a redis-
tribution of the body weight load during walking be-
tween the heads of the metatarsal bones, and signifi-
cant distortions can be associated with the formation
of the so-called «round foot» (Fig. 1) [4]. At the same
time, the load on the head of the 2" and 3", and some-
times 4" metatarsal bones increases significantly.

Many researchers state that metatarsalgia results
from a change in the ratio of the length of the meta-
tarsal bones one relative to the other, therefore vio-
lating the Lelievre’s parabola, changing the Maestro
criteria, which, in turn, leads to the development
of a pain syndrome under the heads of the 2" and
34 metatarsal bones [5, 6].

Taking into account the above, common proposed
surgical interventions solve the problem either by lift-
ing the metatarsal head, or in the case of changing
the length of the metatarsal bones with simultaneous
lifting of the metatarsal head [7]. Most often, this can
be achieved by using distal osteotomies of the 2, 3,
and sometimes 4" metatarsal bones of the foot.

Purpose. On the basis of biomechanical studies,
to justify the choice of the most correct distal meta-
tarsal osteotomy for the treatment of patients with
metatarsalgia.

Material and methods

Three variants of distal metatarsal osteotomy are
modeled, namely:

N
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Fig. 1. Schematic repre-
sentation of the formation
of a «round foot» as a result
of biomechanical changes in
the front part of the foot [4]

— Weil osteotomy is the most common operation
in the treatment of metatarsalgia [8—10];

— Helal osteotomy, proposed in 1975, is the most
optimal intervention from a biomechanical point
of view [11-13];

— distal wedge-shaped osteotomy of the metatarsal
bone, proposed by us.

Weil osteotomy is a linear corrective osteotomy,
in which the dissection of bone tissue is performed
along the metatarsal bone in the direction from
the back of the foot to the sole and from the distal
direction to the proximal one, followed by displace-
ment of the head of the metatarsal bone to the pro-
ximal side (Fig. 2). It is necessary to mention that
the greater the angle between the axis of the meta-
tarsal bone and the surface of the support, the higher
the head of the metatarsal bone can be raised and
shortened if necessary. In case of a small angle bet-
ween the axis of the metatarsal bone and the surface
of the support, which mostly occurs in a decrease in
the longitudinal arch of the foot, there is less possi-
bility of shifting the head to the top and shortening
the length of the metatarsal bone.

Helal is a variant of linear osteotomy, which is
performed at an angle of 45° in the direction from
the back of the foot to the sole, and from the proxi-
mal to the distal direction. At the same time, the dis-
tal bone fragment is displaced to the proximal and
posterior side, due to which the head is displaced to
the back of the foot (Fig. 3).

In wedge-shaped distal osteotomy a dissec-
tion of the bone tissue of the epimetaphyseal part
of the metatarsal bone is performed in the form
of a wedge with the base to the back of the foot, being
removed. Displacement of the head of the metatarsal
bone occurs on the account of the removed wedge
(Fig. 4).

For modeling, the elevation of the support point
of the metatarsal head above the conditional support
surface as a result of manipulations related to the fea-
tures of each variant of corrective osteotomies was
calculated. The following parameters were taken into
account: the angle of installation of the metatarsal
bone to the supporting surface, the size of the wedge
angle and the diameter of the head of the metatarsal
bone.

Results and their discussion

The first stage of the study involved modeling
of the Weil version of metatarsal osteotomy with
horizontal dissection and subsequent displace-
ment of the distal part in the proximal direction.
The scheme of Weil osteotomy is shown in Fig. 5.
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As shown in the diagram, the variant of osteotomy
with horizontal dissection of the bone tissue, parallel
to the plane of support, and the subsequent displace-
ment of the head of the metatarsal bone in the proxi-
mal direction leads to the displacement of point A
of the head support to point A, by a distance of dis-
placement /, and the center of head rotation O to
point O, to the same distance /. At the same time, there
was no upward displacement of the support point, be-
cause it occurs parallel to the area of the support. But
shortening of the metatarsal bone by the amount of /
was recorded. A schematic representation of this pro-
cess is shown in Fig. 6.

The main load of the front part of the foot oc-
curs along a line that passes through the centers
of the heads of the metatarsal bones. Following Weil
osteotomy, the metatarsal bone is shortened and, as

Fig. 2. Corrective osteotomy of the head of the metatarsal bone
according to Weil

Fig. 3. Helal osteotomy

Fig. 4. Wedge-shaped corrective osteotomy of the metatarsal
head

a result, its head is displaced in the proximal direc-
tion beyond the line of the main load. This may be
a factor in reducing the load on the operated metatar-
sal bone during standing.

We observe a completely different picture in
the time course during walking in the phase of sup-
port on the front part of the foot. The diagram
of the movement of the head of the metatarsal bone
following Weil osteotomy during support on the front
part of the foot is shown in Fig. 7.

In rolling of the foot during walking, support is
transferred from the back of the foot to the front.
This is done by separating the heel from the surface
of the support, increasing the angle of installation
of the metatarsal bone to the plane of the support.
Normally (Fig. 7 a), the rotation of the metatarsal
bone occurs around the center O of its head, and
the support point A with the surface remains in
place. As a result of Weil osteotomy, the point of ro-
tation of the head of the metatarsal bone is shifted in
the proximal direction to the O, position, but due to
the fact that the heads of all other metatarsal bones
remained in their places on the line of the main
load, the rotation of the operated head occurs around
the old center of rotation O. This brings the center
of rotation O, of the head of the metatarsal bone to
the position O,, and the support point A of the head
rises up to the position A,. The result of Weil osteoto-
my in supporting the forefoot is shown in Fig. 8.

Fig. 5. Scheme of corrective metatarsal bone osteotomy
according to Weil

Line
of load

Position

of the metatarsal
head following
osteotomy

Fig. 6. Diagram of the move-
ment of the 3 metatarsal head
following Weil osteotomy
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To calculate the elevation of the support point
of the metatarsal head above the support surface,
it is necessary to consider the enlarged calculation
scheme shown in Fig. 9.

Following Weil osteotomy, the center of rotation O
of the metatarsal head is moved in the proximal di-
rection by the amount of / to the position O,. During
walking, in rolling of the foot in the phase of support
on its front part, the metatarsal bone turns around
the point O to the angle y, which brings the center O,
of the head of the metatarsal bone to the position O,.
As a result of these movements, an equilateral tri-
angle AOO,O, is formed with sides equal to the dis-
placement of / of the metatarsal head in osteotomy:

[00,] =[00,] =1 (1)

and angle y from the vertex O.

The dimension % of the height of the triangle, from
the vertex O,, determines the amount of elevation
of the point A of the support of the metatarsal head
above the support plane, and is as follows:

h=1-siny, )

where / is the amount of displacement of the head as
a result of osteotomy; vy is the the angle of elevation
of the metatarsal bone relative to the plane of support.

Results of the calculation of dependence of the eleva-
tion of the support point of the metatarsal head above
the support surface depending on the size of the dis-
placement of the head in the proximal direction and
the angle of inclination of the metatarsal bone relative
to the support plane are shown in Table 1.

The graph shown in Fig. 10, gives a visual repre-
sentation of the elevation of the head of the metatar-
sal bone depending on the size of its displcement in
the proximal direction following Weil osteotomy and
the angle of inclination of the metatarsal bone relative
to the plane of support in the phase of support on
the front part of the foot during walking,.

Thus, it can be concluded that the reduction
Weil osteotomy allows raising the support point
of the metatarsal head above the support surface from
2 to 7 mm, depending on the size of the displace-
ment of the head in the proximal direction and the an-
gle of inclination of the metatarsal bone relative to
the plane of the support surface. It also effectively

Fig. 7. Scheme of the movement of the head of the metatarsal bone following Weil osteotomy during support on the front part

of the foot: a — before; b — after

Fig. 8. Diagram of the location of the heads of the metatarsal
bones following Weil osteotomy of the 3' metatarsal bone for
support on the front part of the foot
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Fig. 9. Calculation diagram of the movement of the head
of the metatarsal bone following Weil osteotomy in supporting
the front part of the foot
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reduces the load on the head of the metatarsal bone
during walking if it is performed under the conditions
of the angle of inclination of the axis of the metatar-
sal bone greater than 20° That is, in a decrease in
the height of the longitudinal arch of the foot, or in se-
vere transverse flat feet, «round foot», Weil osteoto-
my is not advisable, because the necessary elevation
of the head of the metatarsal bone will not occur, and
the symptoms of metatarsalgia will not be eliminated.

The second stage involved simulation of Helal os-
teotomy at an angle of 45°. The calculation scheme
of this variant of corrective osteotomy is shown in
Fig. 11.

It is for this variant of corrective osteotomy that
the dissection of the distal part of the metatarsal bone
is performed at an angle a. Displacement of the sepa-
rated distal part of the metatarsal bone in the proximal
direction by the amount / moves point A of the sup-
port of the metatarsal head to point A,. At the same
time, point A, rises relative to the conventional sup-
port plane to a height of 4. The size of the height 4
depends on the angle a and the linear displacement /
of the distal fragment proximally and is determined
by the following formula:

h=1"-sina.

©)

In the classic Helal variant, osteotomy is per-
formed at an angle a equal to 45°, and the displace-
ment | of the distal part of the metatarsal bone is from
1 to 10 mm. Equation (3) can be used to obtain indi-
cators of the amount of lifting of the head of the meta-
tarsal bone depending on its shift at different angles
of the osteotomy of the metatarsal bone to the plane

of support. Results of the calculations are given in
Table 2.

For a visual representation of the calculations
of corrective possibilities of Helal osteotomy, taking
into account the displacement values of the distal part
of the metatarsal bone and the angle of installation
of the metatarsal bone to the support surface, a graph
was drawn, which is shown in Fig. 12.

Results of the calculations showed that He-
lal osteotomy at an angle to the support surface
followed by displacement of the separated part
proximally, in the classical version (45° osteoto-
my angle), allows for the head to be lifted above
the conventional support plane in a fairly wide
range from 1 to 4 mm. The most effective, from
the point of view of geometric calculations, is
the option of performing osteotomy at an angle
of 90°. During which it is possible to achieve
the maximum displacement of the head to the top,
significantly extending the range of correction up
to 10 mm and eliminating signs of metatarsalgia.
But this variant of osteotomy causes technical
problems in its clinical application, due to the fi-
xation of bone fragments. This fact must be con-
sidered as its drawback. This osteotomy allows to
ensure the displacement of the head of the meta-
tarsal bone both in the proximal direction and
to the top, which contributes to the effective un-
loading of the head, both in the case of standing
and while walking. Therefore, its use is advisable
only if the patient has severe metatarsalgia due to
deformations in the form of a «round foot».

As a next step, we will consider the corrective
possibilities of the proposed distal wedge-shaped

Table 1

Height of elevation of the head of the metatarsal bone depending on the amount of its displacement in the proximal
direction following Weil osteotomy and the angle of inclination of the metatarsal bone relative to the plane of support

Head Amount of elevation of the metatarsal head (mm)
disp(lricr:)nem angle of inclina- | angle of inclina- | angle of inclina- | angle of inclina- | angle of inclina- | angle of inclina- | angle of inclina- | angle of inclina-
tion of the meta- | tion of the meta- | tion of the meta- | tion of the meta- | tion of the meta- | tion of the meta- | tion of the meta- | tion of the meta-
tarsal bone 10° tarsal bone 15° tarsal bone 20° | tarsal bone 25° tarsal bone 30° tarsal bone 35° tarsal bone 40° tarsal bone 45°
1 0.2 0.3 0.3 0.4 0.5 0.6 0.6 0.7
2 0.3 0.5 0.7 0.8 1.0 1.1 1.3 1.4
3 0.5 0.8 1.0 1.3 1.5 1.7 1.9 2.1
4 0.7 1.0 1.4 1.7 2.0 2.3 2.6 2.8
5 0.9 1.3 1.7 2.1 2.5 2.9 32 3.5
6 1.0 1.6 2.1 2.5 3.0 34 39 4.2
7 1.2 1.8 24 3.0 3.5 4.0 4.5 4.9
8 1.4 2.1 27 34 4.0 4.6 5.1 5.7
9 1.6 2.3 3.1 3.8 4.5 5.2 5.8 6.4
10 1.7 2.6 34 4.2 5.0 5.7 6.4 7.1
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Fig. 10. Graph of changes in the height of the lifting head
of the metatarsal bone from its shift after Weil and the angle
of inclination of the support plane separately in the support
phase on the front part of the foot during walking

Fig. 13. Calculation scheme of the wedge-shaped distal correc-
tive osteotomy of epimetaphysis of the metatarsal bone: a —
general view; b— enlarged view
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Fig. 11. Calculation scheme of Helal osteotomy: a — general
appearance; b — enlarged view
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Fig. 12. Graph of dependence of the elevation height of the meta-
tarsal head on its displacement at different angles of Helal os-
teotomy

osteotomy of epimetaphysis of the metatarsal
bone, the calculation scheme of which is shown
in Fig. 13.

In wedge-shaped osteotomy, a wedge with an
angle o at its apex O, is removed from the epi-
metaphysis of the metatarsal bone. The correction
occurs due to the shift of the separated distal part
of the metatarsal bone around point O, by the angle
o. After these manipulations, point A of the head
support moves to position A, and is located at
a height 4 above the conventional support plane.

The value of 4 is determined by the following
equation:

h=b - sing, )

Fig. 14. Graph of dependence of the height of the metatarsal head on
its diameter and the angle of the wedge being removed

where b is the length of the segment [AA,]; ¢ is
the angle of inclination of the segment [AA|] to
the support plane.

The magnitude of the angle ¢ can be determined as

@=180°—B +v. ®)

Segment [O;A] is a chord resting on an angle
of 90°, and the plane of support is tangent at point A,
so the angle y will be equal to 45°:

v =45°. ©6)

To determine the value of the angle B, it is neces-
sary to consider the triangle O;A A, which is equila-
teral, and the angle from the vertex A will be deter-
mined by the equation:

B=180° — a2. 7)

If we substitute the values from equations (6)
and (7), we will get the equation for determining
the angle ¢:

¢ = 180° — 180° — a2 + 45°, ®)
which, after opening the brackets, will have the fol-
lowing final form:

@ =45°+2. ©)
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The height of the metatarsal head elevation depending on the size of its displacement
at different angles of metatarsal osteotomy to the plane of support

Table 2

Head displacement (mm) Amount of elevation of the metatarsal head (mm)
osteotomy angle 45° osteotomy angle 60° osteotomy angle 75° osteotomy angle 90°
1 0.7 0.9 1.0 1.0
2 1.4 1.7 1.9 2.0
3 2.1 2.6 29 3.0
4 2.8 35 39 4.0
5 3.5 43 4.8 5.0
6 4.2 52 5.8 6.0
7 4.9 6.1 6.8 7.0
8 5.7 6.9 7.7 8.0
9 6.4 7.8 8.7 9.0
10 7.1 8.7 9.7 10.0

Table 3

Values of the elevation of the metatarsal head depending on the size of its diameter and the angle of the wedge being removed

Diameter Amount of elevation of the metatarsal head (mm)
meta&i;‘;f head wedge angle wedge angle wedge angle wedge angle wedge angle wedge angle wedge angle wedge angle
(mm) 10° 15° 20° 25° 30° 35° 40° 45°
8 0.6 0.9 1.1 1.3 1.5 1.6 1.6 1.7
10 0.8 1.1 1.4 1.6 1.8 2.0 2.0 2.1
12 0.9 1.3 1.7 2.0 2.2 2.4 2.4 2.5
14 1.1 1.6 2.0 2.3 2.6 2.7 2.9 2.9
The length of the base [AA,] of the equilateral tri- h=4r - sin45° - sin2 - sin45° + 2. (13)

angle O,A A, is determined by the formula:

b=2a-sin2, (10)

where a is length of the side [O,A] of the equilateral
triangle O,AA,,

As mentioned, the side [O,A] of the equilateral
triangle O,AA, is a chord of a circle with center
O, its length can be determined as the multiplica-
tion of the diameter of the circle by the sinus of half
the angle on which the chord rests, i. e.:

a=2r - sin45°,

(11

where 7 is the radius of circumference of the head
of the metatarsal bone.

If we apply the value of the quantity a from equa-
tion (11) to equation (10), we will get the formula for
determining the length of the segment [AA]:

b=4r - sin45° - sin2. (12)

If we substitute the value of the angle ¢ from
equation (9) and the length of the segment [AA,] from
equation (12) into formula (3), we will get the equa-
tion for determining the parameter /:

According to the calculation scheme, if the value
of the angle y is equal to 45°, then the angle a
of the wedge removed during the osteotomy can-
not exceed 45°. Therefore, to calculate the amount
of correction, we set the range of the wedge angle a
from 10° to 45°.

The size of the heads of the metatarsal bones dif-
fers on different toes, and also depends on the ana-
tomy of the skeleton of different patients, therefore,
for the calculation we choose the range of the diameter
of the head from 8 to 14 mm. Results of calculations
of the height of the metatarsal head lift depending on
the size of its diameter and the angle of the wedge, be-
ing removed, are shown in the Table 3.

The graph shown in Fig. 14 can be used to get
a visual representation of the amount of correction
regarding the elevation of the metatarsal head de-
pending on its diameter and the angle of the wedge,
being removed during wedge-shaped osteotomy.

The conducted modeling showed that the range
of correction of the standing height of the support
surface of the metatarsal head in distal wedge-
shaped osteotomy is determined in the range from
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0.6 mm to 2.9 mm. The advantage of this method
can be considered the independence of the amount
of correction from the presence or absence of a de-
crease in the longitudinal arch of the foot (longi-
tudinal flat feet). That is, the presence or absence
of flat feet does not affect the amount of correc-
tion. But this type of osteotomy does not provide
a possibility to adjust the length of the metatarsal
bones relative to each other. Therefore, we modeled
a combination of a wedge-shaped distal osteotomy
with elements of a Weil osteotomy.

This version of the wedge-shaped osteotomy is
essentially a sequential wedge-shaped distal osteoto-
my with the removal of the osteotomized wedge
of the metatarsal bone at the angle of the removed
wedge and its subsequent linear displacement in
the proximal direction.

Fig. 15. shows the calculation scheme of the distal wedge-
shaped osteotomy of the metatarsal bone in combination
with a linear shift in the proximal direction

Taking into account the data obtained during
biomechanical modeling, to facilitate the selection
of the variant of corrective osteotomy of the metatar-
sal bone in order to eliminate the clinical presentation
of metatarsalgia, an algorithm was proposed, which is
shown in Fig. 16.

In practice, the algorithm works as follows:

— X-ray of the foot;

— X-ray measurement of the angle of the axis
of the metatarsal bone to the support plane and
the diameter of its head;

— if the angle of the axis of the metatarsal bone
to the support plane is > 20°, Weil osteotomy is
performed;

— if the value of the angle of formation
of the metatarsal bone to the plane of support is
< 20°, it is necessary to take into account the di-
ameter of the metatarsal head;

— if the diameter of the head is more than
10 mm, wedge-shaped osteotomy is performed
(the size of the wedge is chosen using Table 2);

— if the diameter of the head is less than or
equal to 10 mm, Helal osteotomy is chosen (os-
teotomy angle is chosen according to Table 1).

Conclusions

Weil osteotomy has the lowest corrective pos-
sibilities of lifting the head of the metatarsal
bone when standing and walking when the an-
gle between the axis of the metatarsal bone and

Radiography
The angle
of installation of the Metatarsal head
metatarsal bone to diameter
the support plane
no no
yes yes
F
Distal
Weil osteotomy wedge-shaped Helal osteotomy
osteotomy

Fig. 16. Algorithm for choosing the variant of corrective osteotomy of the metatarsal bone
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the plane of support is less than 20°, but it is very
easy to perform, so its use is advisable to elimi-
nate metatarsalgia in the absence of reduction
of the longitudinal arch of the foot.

The wedge-shaped distal osteotomy is also easy
to perform, has a range of correction of the elevation
of the metatarsal head up to 3 mm, but it depends on
its diameter, so its use is appropriate for the treatment
of metatarsalgia when the diameter of the head is at
least 10 mm. Helal osteotomy provides the widest
range of elevation of the metatarsal head at its size
up to 10 mm, which does not depend on the presence
of any degree of flat feet, but has some technical limi-
tations when fixing bone fragments of the metatarsal
bone.
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