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4 Appendix 2:Method for RigidityTesting of
External Fixation Assemblies1

4.1 Introduction

Rigidity is the ability of the elements of a construction
to resist displacement. Values for the rigidity of bone
fragment fixation are basic values characteristic of de-
vices for external or internal fixation.

Testing instruments used in machine building can
only to some extent be adapted for determination of
the rigidity of osteosynthesis. To determine the rigid-
ity of models in six degrees of freedom, it is neces-
sary to have many testing instruments, which only few
investigators can afford. Therefore, some investigators
are forced to use nonstandard equipment of their own
design. Differences in experimental methods in rela-
tion to the choice of material for simulating bone and
the way it is destroyed, the way the model is fixed to
the bench, the number of displacement indicators and
methods for their installation, the methods for eval-
uation of the test results etc. do not allow data from
different authors to be compared.

Thus, the absence of a standard method for rigidity
testing of external fixation assemblies can be consid-
ered an obstacle to determining the optimal construc-
tion for a particular application. Clinically, this situa-
tion is often seen in the use of external devices that
do not provide sufficient osteosynthesis rigidity for ef-
fective functional treatment. This enhances the risk of
complications and can influence the results of treat-
ment. Also attempts to increase the rigidity of bone
fragment fixation which are not quite sufficient may
result in increased surgical trauma and a bulky device.

The material presented in this chapter enables de-
ficiencies in preoperational planning to be made up
and provides the investigator and practicing physician
with a method for the analytical determination of the
optimal external device assembly for a specific clinical
situation.

The method for investigating the rigidity of bone
fragment fixation presented here includes an algorithm
of standard actions and calculations to determine the
basic rigidity characteristics of the external fixation
device. The ability to replicate the experiment and to

1 The material presented was prepared in collaboration with
P.I. Begun and V.A. Nazarov.

verify the research data is ensured by the use of the
“Method for the Unified Designation of External Fix-
ation” and by applying standard displacing forces and
standard processing to determine the Ilizarov index.

4.2 Indications and
Contraindications

From the biomechanical point of view, long bones in-
juries can be divided into two types:
• Type I: Fracture of a single-bone segment or frac-

tureof bothbones in a two-bone segment.Fractures
of one bone of a two-bone segment due to luxation
of the proximal or distal interosseous articulations
(radioulnar, intertibial) are classified as type I.

• Type II: Fracture of one bone of a two-bone seg-
ment with retention of anatomic interrelationships
in theproximal anddistal interosseous joints.When
a previous luxation of a pair bone was set and the
possibility of reluxation is eliminated (ligament su-
turing performed,diafixing wire inserted), then the
given injury could also be classified as type II.

The method is developed for the experimental determi-
nation of fixation rigidity values in models ofextrajoint
diaphyseal monolocal fractures of type I for any exter-
nal devices. The method is not intended for examining
models of external fixation of intraarticular fractures
and injuries of type II.

4.3 General Theoretical Principles

4.3.1 Transosseous Module Classification

A functional unit in the construction of external de-
vices is the external support with one or several trans-
osseous elements fixed to it. This functional unit is
designated as a transosseous“first-order module”(M1;
Fig. 4.1). Two modules of the first order united into
a general subsystem (fixing one bone fragment) are
designated as a “second-order module” (M2; Fig. 4.2).
Third-order modules (M3) for one bone fragment can
be considered only in hypothetical terms. Therefore, a
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Fig. 4.1a,b. First-order modules. a

Modules with transosseous elements
of the same type (only wires or only
half-pins) are uniform first-order mod-
ules (M1u). b Modules with exter-
nal supports and different types of
transosseous elements (e.g. a wire or
a half-pin) are combined first-order
modules (M1c)

a b

a b

Fig. 4.2a,b. According to established biomechanical requirements, each bone fragment fixed in an external device is fixed
with one or two first-order modules. A subsystem comprising two first-order modules (fixing one bone fragment) is desig-
nated a second-order module (M2). a A uniform second-order module (M2u) is a subsystem comprising two uniform first-
order modules. b A combined second-order module (M2c) is a subsystem comprising two combined first-order modules or
a uniform second-order module together with a combined second-order module

module M3 is the complete arrangement of the exter-
nal device. When there are two bone fragments, there
are three versions of the module M3:

M1 + M1

M1 + M2 or M2 + M1

M2 + M2

Depending on the typesof transosseous elementsbeing
used (only wires, only half-pins, combination of wires
and half-pins), modules M3 are formally designated as
M3u or M3c. A general classification of external fixa-
tion modules is given in Table 4.1.

The use of the concept “module” in the given con-
text allows the use of the term in external fixation to be
regulated.The given classification of modules ensures a
standardized approachto investigating the biomechan-
ics of transosseous osteosynthesis rigidity: in the direc-
tion from the most known uniform (wire) first-order
modules (M1u) to combined second-order modules
(M2c) to the complete external device assembly (mod-
ule M3).

Table 4.1. Classification of transosseous modules

M1 First-order modules

M1u Uniform first-order modules

M1c Combined first-order modules

M2 Second-order modules

M2u Uniform second-order modules

M2c Combined second-order modules

M3 Third-order modules

M3u Uniform third-order modules

M3c Combined third-order modules

4.3.2 Method for the Unified
Designation of External Fixation

To allow replication and verification of experiment re-
sults by any investigator, all assemblies of the external
devices should be strictly designated. It is known that
changing the levels of insertion of transosseous ele-
ments, their angle of intersection, the geometry and
dimensions of the external supports, the distance be-
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a b

Fig. 4.3a,b. Schematics of standard displacing loads. a Possible displacements according to degrees of freedom, b Load-
ing scheme). F1 longitudinal distraction/compression force, F2 transverse abduction/adduction force, F3 transverse flex-
ion/extension force, F4 rotational inward/outward force, A frontal plane, B transverse (horizontal) plane, C sagittal plane

tween the supports and the biomechanically preset
condition between them, and also other values, in-
fluences the experiment results. Therefore, an obliga-
tory condition for investigating the rigidity of tran-
sosseous osteosynthesis is the exact designation of as-
semblies of the examined devices with the help of
the “Method for the Unified Designation of External
Fixation”. Section 1.8 gives a full description of the
method.

4.3.3 Modelling the Displacing Forces

When investigating the rigidity of osteosynthesis, the
response of the transosseous modules to displacing
loads in six standard degrees of freedom is examined
(Fig. 4.3a).

The rigidity of a transosseous module is repre-
sented by its ability to resist the displacement of frag-
ments caused by the influence of an external load. The
rigidity of osteosynthesis is characterized by:
• Rigidity coefficient (K), which is determined from

the ratio of the external loads to the linear and an-
gular displacements.

• Compliance, which is determined from the ratio of
the linear and angular displacements to the isolated
loads (of opposite magnitude to the rigidity coeffi-
cient).

This method uses the first of the above characteris-
tics. The greater the rigidity coefficient, the greater the
rigidity of the bone fragment fixation.

Axial forces F1, compression and distraction, are
applied in the direction of the longitudinal axis of the
model bone. The rigidity of osteosynthesis in longi-
tudinal distraction is the rigidity of external fixation
under the influence of an extension forceF1 in the lon-
gitudinal direction. The rigidity of osteosynthesis in
longitudinal compression is the rigidity of osteosyn-
thesis under the influence of a compression force F1 in
the longitudinal direction.

Transverse forces F2 during abduction and adduc-
tion cause angular displacements of the fragment in the
frontal plane A (Fig. 4.3). The rigidity of osteosynthesis
in abduction is the transverse rigidity of osteosynthe-
sis during flexion of the fragment by a force F2 in the
frontal plane. The rigidity of osteosynthesis adduction
is the transverse rigidity of osteosynthesis during flex-
ion of the fragment by a force F2 in the frontal plane.

Transverse forces F3 cause angular displacements
of the fragment in the sagittal plane C (Fig. 4.3). Flex-
ion rigidity of osteosynthesis is the transverse rigidity
of osteosynthesis during flexion of the fragment by a
force F3 in the sagittal plane. Extension rigidity of os-
teosynthesis is the transverse rigidity of osteosynthesis
during flexion of the fragment by a forceF3 in the sagit-
tal plane.

Rotational forcesF4 cause angular displacements of
the fragment in the transverse plane B (Fig. 4.3). Out-
ward rotation of osteosynthesis is the rigidity of os-
teosynthesis during rotation of the fragment by a force
F4 in the transverse plane. Inward rotation rigidity of
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I,2-8; I,4-10
160

Fig. 4.4. The standard first-order module (M1st) is consid-
ered a model based on a ring support from the complete set
of the Ilizarov apparatus with an inner diameter of 160 mm.
The long axis of the bone model is located in the centre of
the ring support. The diameter of the wires is 2 mm, their an-
gle of separation is 60◦ , and their tensioning force is 1000 N.
The bone model is 175 mm long. The wires are inserted at a
distance of 25 mm from the base of the bone model, which
is assumed to be at level I. The length of loading arm in the
sagittal and frontal planes (L) is 100 mm

I,2-8; I,4-10
160 —— IV,3-9

160

Fig. 4.5. The standard second-order module (M2st) is con-
sidered a model based on two ring supports 150 mm apart
and connected with three rods. The bone model is 280 mm
long. The wires of the proximal support are inserted at a dis-
tance of 25 mm from the base of the bone model, which is
assumed to be at level I. The distance between the levels is
assumed to be 50 mm. The wire with a stop of the second
support is inserted at the level IV at a distance of 150 mm
from level I. The tensioning force of the wires is 1000 N. The
length of the loading arm in the sagittal and frontal planes
(L) is 250 mm

I,2-8; I,4-10
160 —— IV,3-9

160 —— V,9-3
160 —— VIII,2-8; VIII,4-10

160

Fig. 4.6. The standard third-order module (M3st) is consid-
ered a complete external device, consisting of two standard
second-order modules connected by three rods. The bone
simulator is 500 mm long. The wires of the proximal support
are inserted at a distance of 50 mm from the base of the bone
simulator; which is assumed to be at level I. The distance be-
tween the levels is assumed to be 50 mm. A diastasis of 2 mm
is made between the bone fragments in order to investigate
the response of the model to an axial compression load. The
length of the loading arm in the sagittal and frontal planes
(L) is 275 mm

osteosynthesis is the rigidity of osteosynthesis during
rotation of the fragment by a force F4 in the transverse
plane.

Linear rigidities of the module are characterized
by the rigidity coefficients of distraction and compres-
sion K:

K = F1/U

where U is the fragment displacement in the axial di-
rection due to distraction or compression. The unit for
measuring the linear rigidity coefficient is Newtons per
millimetre (N/mm).

Transverse rigidities of osteosynthesis are charac-
terized by rigidity coefficients K:

K = F2L/�

where L is the length of the arm on which the trans-
verse forces create bending moments (distance from
the point of application of the force to the site of rigid

fixation of the module, Fig. 4.3), and � is the angle of
fragment rotation under the influenceof the transverse
forces, during abduction, adduction, flexion or exten-
sion.

In module M1st, LM1st = 100 mm (Fig. 4.4); in mod-
ule M2st, LM2st = 250 mm (Fig. 4.5); in module M3st,
LM3st = 275 mm (Fig.4.6).The unit for measuring trans-
verse rigidity coefficients is Newton millimetres per
degree (N mm/degree).

Rotational rigidities of osteosynthesis are charac-
terized by rigidity coefficients K of osteosynthesis dur-
ing inward and outward rotation:

K = F4h/�

where h is twice the distance from the point of appli-
cation of force F4 to the fragment axis (Fig. 4.3, and �
is the angle of fragment rotation under the action of
rotational forces, inwards or outwards. For all modules
(M1, M2, M3) h = 200 mm.
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Table 4.2. Rigidity coefficients of standard modules

Module

Rotational rigidity Transverse rigidity Longitudinal rigidity

KM (N mm/degree)
KM (N mm/degree)

KM (N/mm)
Sagittal plane Frontal plane

Inward Outward Flexion Extension Adduction Abduction Distraction Compression

First-order 3×103 3×103 3×102 3×102 7×102 7×102 63 63
M1st

Second-order 3.2×103 3.2×103 2×103 2×103 3.51×103 3.51×103 54 54
M2st

Third-order 2.8×103 2.8×103 2.03×103 2.03×103 6.6×103 6.6×103 53 53
M3st

It should be noted that the purpose of the exper-
iment is not to determine the displacing force which
will destroy or deform the transosseous elements and
the device frame,because suchknowledge is of no great
importance for clinical practice.The experiment is car-
ried out on the basis that,when the displacement of the
loaded fragment (when investigating first- and second-
order modules) or the displacement at the junction of
bone fragments (when investigating third-order mod-
ules) has reached 1 mm or 1◦, further loading is not
advisable (it would serve no purpose).

4.3.4 Primary Standard for Rigidity of
Transosseous Modules

To compare the rigidityof modules of different devices,
it is necessary to use a primary standard. When com-
paring a module with the standard module, the relative
rigidity (Ilizarov rigidity index, Il) is determined:

Il = Kst/Kex

where Kst is the rigidity coefficient of the standard
module,andKex is the rigidity coefficient of themodule
under examination.

Thus, to determine the Ilizarov index it is neces-
sary to know the values of Kst for M1st, M2st, M3st
in the presence of compression, distraction, flexion,
extension, adduction, abduction, inward rotation and
outward rotation.

Table 4.2 shows rigidity coefficients of standard
modules. For example:
• When Il = 1, the rigidity of the examined module

equals that of the standard module.
• When Il = 0.5, the rigidity of the examined module

is twice that of the standard module.
• When Il = 2, the rigidity of the examined module is

half that of the standard module.

The use of wood, metal or plastic for simulating bone
may be considered a problem in principle, but is not
a problem in practice because, in the process of mod-

elling thedisplacing forces, thedeformation of thebone
model is infinitesimal compared with the deformation
of the transosseous elements. The use of cadaver bones
for the bench tests also has no obvious advantages; but
has limitations of a legal and ethical nature. There is
also the practical difficulty of obtaining cadaver bones
with similar anthropometric properties suitable for the
experiment. Therefore, wooden rods with a diame-
ter of 30 mm are used in the investigations as bone
models.

4.4 Experimental Procedures

Theexperiment is repeated three times in each case and
the results are analysed statistically using a software
program package, e.g. Statgraphics.

4.4.1 Investigating rigidity of the
transosseous modules of the first (M1)
and second (M2) order

An algorithm for investigating the rigidity of first- and
second-order modules is presented, by way of example,
for investigating a standard first-order module (M1st;
Fig. 4.4).

4.4.1.1 Longitudinal Rigidity

A diagram of the experiment is shown in Fig. 4.7.
The force that causes a displacement of 1 mm is

considered the control force. When loading most as-
semblies in the range 5–200 N, the load–displacement
curve can be approximated with sufficient accuracy by
straight-line segments with load increments of 5 N.
The relationship between displacement and force is as-
sumed to be linear with these increments.When inves-
tigating assemblies, to ensure adequate rigidity values
for the osteosynthesis, the load increment can be de-
creased.
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a b

Fig.4.7a,b. Investigation of the longitudinal rigidity of a first-order module in compression (a) and distraction (b). The external
support of the module is rigidly fixed. An instrument to measure the linear displacement is attached to the base of the bone
simulator. The studied load (e.g. distraction) is applied gradually increasing in increments5 N. The displacements of the bone
simulator with each load increment are recorded. The experiment is stopped as soon as the displacement reaches 1 mm

Fig. 4.8. Schematic modelling rotational loads. The external
support of the module is rigidly fixed. On the free end of the
loaded bone simulator fragment a metal bar (1) is mounted.
To points A and B, which are at the same distance from the
centre of the bone simulator, two sensing instruments are
attached at a recommended distance apart (L) of 100 mm.
The load is applied at points A1 and B1 on a second metal
bar, which is also mounted on the free end of the loaded
bone simulator fragment at a distance of 50 mm from the
support plane (for a second-order module at a distance of
50 mm from the distal support). Points A1 and B1 are also
equidistant from the centre of the bone simulator. The rec-
ommendeddistance between pointsA1 andB1 (h) is 200mm

Investigation of standard first-order modules has
shown that a displacement of 1 mm occurs with a load

of 63±5 N. Thus, the rigidity coefficient of the module
under the influence of a distraction force is:

KM1st/distraction = 63 N/mm

The particular characteristics of the N1st (insertion of
two wires without stops in one plane perpendicular to
the long axis of the bone model) ensure the same value
of the rigidity index for distraction and compression:

KM1st/compression = 63 N/mm

4.4.1.2 Rotational Rigidity

A diagram of the experiment is shown in Fig. 4.8.
The load F4 is applied inwards or outwards gradu-

ally increasing in increments of 2 N.
Displacement values VA and VB at points A and B

obtained from displacement sensing instruments after
each load increment (VAi andVBi,where i is the number
of the applied load) are used for further processing.

The rotational angleof the bone model is calculated
from the equation:

tg'i = (|VAi| + |VBi|)/L,

where L is the distance between points A and B.
The force that causes outward or inward displace-

ment of the bone model (depending on the direction
of the rotational load) '1◦ is considered the control
force. Investigation of M1st has shown that displace-
ment of 1◦ occurs with an inward or outward load (F4)
of 15±1 N. Thus, the rigidity coefficient of a standard
first-order module under the influence of an inward or
outward rotational force is:

KM1st/inward = KM1st/outward = 15× 200

= 3× 103 N mm/degree

4.4.1.3 Transverse Rigidity

A diagram of the experiment, modelling flexion and
extension, is shown in Fig. 4.9.
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Fig. 4.9. Investigation of the transverse rigidity of the stan-
dard first-order module in the sagittal plane under flexion.
To apply the flexion load in the sagittal plane (for the stan-
dard first-order module – in wires intersection sector of 120◦)
two linear displacement sensing instruments of the clock
type are attached to the free end of the bone simulator at a
distance apart (a) of 40 mm. The distance from the plane of
the ring support (point O) to the first indicator (b) is 40 mm.
In a second-order module, point O is in the plane of the dis-
tal support. To apply an extension load in the sagittal plane,
the assembly is rotated by 180◦ and fixed

Displacements of the bone model (V) at points A
and B following each load increment (VAi and VBi,
where i is the number of the applied load) are mea-
sured using displacement sensing instruments.

The rotational angle of the bone model following
each load increment is determine from the equation:

tg'i = |VAi − VBi|/a = n,

where a is the distance between points A and B.
A load is applied in the sagittal plane (relative to

the orientation of M1 and M2) gradually increasing in
increments of 1 N. The load is applied at a distance of
100 mm from the conventional point O. For flexion and
extension resulting from the application of forceF3, the
load that leads to rotational displacement of the bone
model by '1◦ is considered the control force. For M1st
it has been established that a displacement of 1◦ in the
sagittal planedue to flexion andextension occurswitha
load of 3±0.5 N. Thus, the rigidity coefficient of a stan-
dard first-order module under flexion or extension is:

KM1st/flexion = KM1st/extension = 3× 100

= 3× 102 N mm/degree

4.4.1.4 Transverse Rigidity in the Frontal Plane
when Modelling Abduction and Adduction

A diagram of the experiment is shown in Fig. 4.10.

Fig. 4.10. Investigation of the transverse rigidity of a first-
order module in the frontal plane (for the standard first-
order module – in wires intersection sector of 60◦). The ex-
periment is similar to that for module load in the sagittal
plane (Fig. 4.9) with the difference that abduction and ad-
duction are modelled

The arrangement of sensing instruments in the
plane of application of the forces, the values of the
forces F2adduction, F2abduction, and the calculations are
similar to those discussed for investigations in the
sagittal plane.

For M1st it has been established that displacement
of 1◦ in the frontal plane for abduction and adduction
occurs with a load (F2) of 7 ± 0.5 N. Thus, the rigid-
ity coefficient of a standard first-order module in the
frontal plane is:

KM1st/abduction = KM1st/adduction = 7× 100

= 7× 102 N mm/degree

For investigation (when necessary) of a module in any
other intermediate transverse plane the model is fixed
to the fixing panel of the bench in a position that en-
sures loading in the plane under investigation.

4.4.2 Investigating the Rigidity of Third-
Order Modules (M3)

Diagrams of the experiment for investigating longitu-
dinal rigidity are shown in Fig. 4.11.

The load leading to displacement of the bone model
by 1 mm is considered the control load. For standard
third-order modules it has been established that dis-
placement of 1 mm occurs with a load of 55±5 N.Thus,
rigidity coefficient of a third-order module is:

KM3st/distraction = KM3st/compression = 55 N/mm

4.4.2.1 Rotational Rigidity

A diagram of the experiment is shown in Fig. 4.12.
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a

b

Fig.4.11a,b. Investigation of the longitudinal rigidity of a third-order module (a compression, b distraction). The free proximal
end of the fragment is rigidly fixed. A linear displacement measuring instrument is attached to the base of the loaded frag-
ment. The load (e.g. distraction) is applied gradually increasing in incrementsof 5 N. The displacementsof the bone simulator
with each load increment are recorded. The experiment is stopped as soon as a displacement of 1 mm has been reached

A load is appliedgradually increasing in increments
of 2 N. Displacement (V) at points A and B following
each load increment (VAi andVBi,where i is the number
of the applied load) are measured using displacement
sensing instruments.

The rotational angle of the bone model is calculated
from the equation:

tg'i = (|VAi| + |VBi|)/L,

where L is the distance between points A and B.
For standard third-degree modules it has been es-

tablished that a displacement of 1◦ occurs with a load
of 14±1 N. Thus, the rigidity coefficients of a standard
third-order module for inward or outward rotation are:

KM3st/inward = KM3st/outward = 14× 200

= 2.8× 103 N mm/degree

4.4.2.2 Transverse Rigidity

A diagram of the experiment modelling flexion and
extension in the sagittal plane is shown in Fig. 4.13.

A load is appliedgradually increasing in increments
of 1 N.The load is appliedat a distance100 mmfromthe
conventional point O, located in the plane of level VIII.
Displacement (V) at pointsA and B following each load
increment (VAi and VBi, where i is the number of the

applied load) are measured using displacement sens-
ing instruments. To apply the load for extension, the
assembly is fixed after turning through 180◦.

The rotational angle of the bone model is deter-
mined following each load increment from the equa-
tion:

tg'i = (|VAi| + |VBi|)/L,

where L is the distance between points A and B.
The force that causes displacement of the bone

model by 1◦ is considered the control force. For third-
order modules it has been established that a displace-
ment of 1◦ in the sagittal plane during flexion and ex-
tension occurs with a load of 11±0.1 N.Thus, the rigid-
ity coefficients of a standard third-order module in the
sagittal plane during flexion and extension are:

KM3st/flexion = KM3st/extension = 11× 275

= 3.02× 103 N mm/degree

4.4.2.3 Transverse Rigidity in the Frontal Plane
when Modelling Abduction and Adduction

A diagram of the experiment is shown in Fig. 4.14.
The arrangement of the sensing instruments in the

plane of application of the forces, the applied loads F2,
and the calculations are similar to those for investigat-
ing rigidity in the sagittal plane.
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Fig. 4.12. Investigation of the rotational rigid-
ity of a third-order module. The free proximal
end of the fragment (2) is rigidly fixed. A metal
bar (1) is mounted on the loaded end of the
bone simulator. Two sensing instruments are at-
tached to points A and B, which are located at
the same distance from the centre of the bone
simulator at a recommended distance apart (L)
of 100 mm. The load is applied to points A1 and
B1 on a secondmetal bar which is also mounted
at the loaded end of the bone simulator at a dis-
tance of 50 mm from the plane of the distal sup-
port. Points A1 and B1 are also equidistant from
the centre of the bone simulator and are at a
recommended distance apart (h) of 200 mm

Fig.4.13. Investigation of the transverse rigidity
of a third-order standard module in the sagit-
tal plane during flexion and extension (for the
standard third-order module - in wires intersec-
tion sector of 120◦ of the basic supports of third-
order module). To apply the load in the sagit-
tal plane during flexion two linear displacement
measuring instruments are attached to the dis-
tal end of the bone simulator at a distance apart
(a) of 40 mm. The distance from the point O
(pointO is at level VIII) to the first sensing instru-
ment (b) is 40 mm

Fig.4.14. Investigation of the transverse rigidity
of a third-order module in the frontal plane (for
a third-order module with an angle opening of
the basic supports for the standard third-order
module in the sector of the basic supports wires
intersection of 120◦). The algorithm forperform-
ing the experiment is similar to that for the mod-
ule loading in the sagittal plane (Fig. 4.13)

For standard third-order modules it has been es-
tablished that a displacement of 1◦ in the frontal plane
due to abduction or adduction occurs with a load of
24± 0.1 N. Thus, the rigidity coefficients of a standard
third-order module in the frontal plane during abduc-
tion or adduction are:

KM3st/abduction = KM3st/adduction = 24× 275

= 6.6× 103 N mm/degree

For investigation of a module in any other interme-
diate transverse plane the model is fixed to the fixing
panel of the bench in a position that ensures loading
in the plane under investigation. Experimental rigidity
coefficients for all standard modules are presented in
Table 4.2. These data not only allow the Ilizarov index
to be obtained but also serve as criteria for establishing
the correctness of manufacture of the biomechanical
bench and of the conduct of the investigation.
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