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Abstract:

Background: Radiographic examination of extremities in surgical lengthening and/or correction of
deformities is of crucial importance for the assessment of hew bone formation. The purpose of this
study is to confirm the diagnostic value of radiography in precise detection of bone parameters in
various lengthening or correction stages in patients treated by limb-lengthening and deformity

correction.

Patients and Methods: 50 patients were treated by the Ilizarov method of limb lengthening or
deformity correction at the University Orthopaedic Surgery Clinic in Skopje, and analysed over the
period from 2006 to 2012. The patients were divided into two groups. The first group consisted of
27 patients with limb-lengthening because of congenital shortening. The second group consisted of
23 patients treated for acquired limb deformities. The results in both groups were received in three
stages of new bone formation and were based on the appearance of 3 radiographic parameters at the

distraction/compression site.

Results: The differences between the presence of all radiographic bone parametersin different stages
of new bone formation were statistically signficant in both groups, especially the presence of the

cortical margin in the first group (Cochran Q =

34.43, df =2, p =0.00000). The comparative ana-

lysis between the two groups showed a statistically significant difference in the presence of initial
bone elements and cystic formations only in the first stage.

Discussion and Conclusions. Almost no statistical significance in the differences between both
groups of patients with regard to 3 radiographic parameters in 3 stages of new bone formation,
indicates a minor influence of the etiopathogenetic background on the new bone formation in
patients treated by gradual lengthening or correction of limb deformities.
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Introduction

In the first haf of the 20" century, the
prominent biomechanical centres in the world
were intensifying their research activitiesin the
field of the anatomical structure of bone. Most
of the experiments in that period determined
the pathways of cellular differentiation within
the bone tissue influenced by mechanical sti-
mulation. These new postulates are largely ba-

sed on the results of the examinations of Geb-
hardt (1911), Seinmann (1919), Wurmbach
(1928), etc. [173], and particularly on the ani-
mal experiments of Beninghoff (1925) and Stu-
ditsky (1934) with artifficial mechanical strain
on embryonic and mature bone [4, 5].

In the early fifties of the 20th century
Gavril Abramovich llizarov brought up to date
the stimulating process of new bone formation
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aswell asregeneration of soft tissues caused by
slow and gradual distraction. The basic princip-
les of the llizarov method of distraction and
compression on the segment are in fact the
principles of the "law of strain of tension” with
a gradual and permanent traction of supportive
tissues. Besides limb lengthening, the control-
led traction as well as compression on the seg-
ment results in metabolic activation of tissues
and a stimulating effect on the proliferative and
other biologic processes in the lengthened or
compressed segment. These processes are clo-
sely related to the segmental blood supply, to
the functional capacity of the tissues and to the
local potential for a biological response of the
exposed segment, e.g. extremity [6]. The exter-
nal modular-ring fixator usually used in the
distraction-compression method of Ilizarov is a
remarkable innovation in the field of limb leng-
thening and the correction of limb deformities.
Ilizarov especially emphasizes the importance
of minimal operative damage to the anatomical
structures and the importance of the load being
transferred to the bone during postoperative
treatment. Proper use of the device, as well as
obeying the principles of the "law of strain of
tension”, allow early mobilization of the pati-
ent. The tensioning effect of the wires conti-
nuously loads the bone, unlike fixation with a
plate or any other type of interna fixation.
Bone-loading in an axia direction using this
circular apparatus decreases the stress the bone
IS submitted to under normal conditions and
offers moreover a possibility of versatile and
flexible correction of various deformities of
segments and whole extremities. The wires in-
troduced into the bone can be fixed to the main
and secondary supports of the fixator. An arti-
ficid mechanical action of sow and gradua
distraction or compression of bony segmentsis
possible in many different directions. During
the treatment the tensioned wires ensure maxi-
mum stability and can be used to reduce bony
malalignments [7] The stability of the external
frame is of particular importance in maintenan-
ce of norma bone axes not only after the so-
called corticotomy has been commenced, but
throughout the whole process of surgical leng-
thening or correction till the moment of remo-
val of the apparatus. llizarov defined cortico-
tomy as a low-energy osteotomy of the cortex,

with preservation of the local blood supply to
both the periosteum and the medullary canal
[8]. Performing a corticotomy enables gradual
dally pulling apart of newly generated bone
fragments as a basis for segmental lengthening
and correction of various deformities of seg-
ments and whole extremities. Although the me-
thod of Ilizarov might be laden with numerous
complications such as injuries to nerves and
blood vessels, tendons or muscles, overtensio-
ning of wires and cut-through phenomena, brea-
king or loosening of wires and bolts, sinking of
olives on the points of contact with bone, se-
vere joint contractures, subluxations and luxa-
tions, pin tract infections, etc. with consequen-
ces ranging from trivial to severe, it till re-
mains a superior method in limb lengthening,
simultaneous correction of angulatory, transa-
tional and rotational deformities, as well as in
bone transports of intercalary segments in treat-
ment of major bone and soft tissue defects [9].
Moreover, it can be used on the pelvic ring, as
well as on al segments of upper and lower limbs
with stabilization and/or correction of joint
deformities and contractures. After the intro-
duction of the method in various parts of the
world in the last few decades, the external ap-
paratus of Ilizarov has undergone an improving
process in both the material and the design of
the frame [10]. Severa modifications of the
original llizarov technique have been utilised
leading thereby to a decrease of pin tract infec-
tion rate and significant improvement in the
patient's comfort. Namely, athough the Iliza-
rov apparatus employs tensioned wires for
fixation, it has become common to supplement
diaphysea and sometimes even metaphyseal
fixation with half-pins resulting in hybrid cons-
tructs. The advantages of these hybrid systems
are the combination of a stable half-pin screw
fixation and fixation with tensioned transfixing
wires, thereby improving the versatility of the
circular frame of llizarov and at the same time
decreasing the dimension and weight of the fi-
xator.

Radiographic examination of the segments
of extremities involved in a process of surgical
lengthening and/or correction of deformities is
of crucial importance not only for precise de-
termination of the distraction or correction rate,
but for radiographic assessment of new bone
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formation in different stages of lengthening or
correction, as well. (Fig. 1) The detection of
early radiographic indicators of new bone for-
mation such as solitary, confluent and linear ra-
diographic shades on the native radiographs, as
well as trabecular bone structure and a defined
cortical margin in the latter stages of bone for-
mation, enables a proper planning of artificial
strain of tension or compression on the seg-
ment surgically treated according to the lliza-
rov method [11].

The purpose of this study is to reaffirm
the diagnostic value of the radiographic method
in precise detection of the indicators of new
bone formation in various lengthening or cor-
rection stages at the distraction or compression
site in two different groups of patients from an
etiopathogenetic point of view, treated by the
method of Ilizarov.

Figure 1 — Native radiograph of lower leg segment
during a process of limb lengthening using the llizarov
method. A visualization of early radiographic indicators
of new bone formation is obvious at the distraction site

Material and methods

The clinical material consisted of 50 pati-
ents analysed in a prospective study, surgically
treated by the llizarov method of limb lengthe-
ning or deformity correction at the University
oOrthopaedic Surgery Clinic in Skopje, for a
period of six years (2007-12). The patients
were divided into two groups. The first group
consisted of 27 patients who underwent a limb
lengthening treatment according to the llizarov
method because of segmental shortening cau-
sed by congenital anomalies of the limbs. 13

patients were males (48.15%) and 14 females
(51.85%) in this group. The average age was
14.18. This group involved 41 separate bones
on 27 anaysed bone segments, 13 of which were
lower legs, 11 thighs, 1 forearm and 2 arms.
The second group consisted of 23 patients trea-
ted by the method of Ilizarov because of acqui-
red limb deformities. The average age was
43.09, whereas the sex distribution revealed 14
males (60.87%) and 9 females (39.13%). In
this group, the analysis was performed on 23
segments (8 lower legs, 5 thighs, 3 arms, 2
knee joints and 5 ankle joints) and 38 bones. In
7 of the patients in this group, a compressive
arthrodesis was performed on an equal number
of segments, e.g. joints, whereas the remaining
16 patients underwent a surgical correction of
bone deformities or fixation and compression
on the bone segments according to the Ilizarov
method. The age difference between the two
analyzed groups of patients presented a statisti-
cal significance. The mean age of the patients
in the group with congenital anomalies on the
limbs was highly significantly lower than the
mean age of the patients in the group with acqu-
ired limb deformities (p < 0.001).

During the radiographic examination,
specia attention was paid to the following
prerequisites:

1. Proper positioning of extremities necessary
for receiving standard and correct results;

2. Standard and constant conditions for each
examined segment, e.g. bone;

3. Maintenance of constant distance between
the X-ray source and the examined segment
in each stage of new bone formation;

4. The X-ray beam ultimately directed at the
centre of the distraction/correction site;

5. X-ray examination performed in antero-pos-
terior and medio-lateral projection;

6. High degree of visibility and clear presenta-
tion of the radiographic parameters. (Only
obvious parameters with a high degree of
clarity were taken into consideration during
the process of analysing the results.)

The analysed results in the both groups
were received in three different stages of new
bone formation: (Fig. 2)

1. Stage of initial new bone formation;



178

Nenad Atanasov, et al.

2. Stage of strain of tension/compression and
advanced new bone formation;

3. Stage of mineralization, bone consolidation
and remodelling.

Figure 2 — Radiographic monitoring of new bone
formation process in three stagesin a patient with
congenital lower leg shortening treated by the Ilizarov
method of limb lengthening. The analysis was made
in A-P and lateral plane (photo with magnification)

A comparative analysis was performed
within each separate group of patients between
the results received in the three different stages
of new bone formation as well as between the
two groups of patients, on the results recieved
in the same stage of bone formation. The analy-
siswas based on the appearance of 3 radiograp-
hic parameters — bone indicators at the distrac-
tion/compression site:

1. Initial elements of new bone formation

The radiographic presentation of initial
elements of new bone formation depends on
the stage of treatment by the method of Iliza
rov. Therefore, in each lengthening/correction
stage adomination of different radiographic mo-

daities is to be expected. Solitary and confluent
indicators of new bone formation on the radio-
graphs are typica for the stage of initial bone
formation, whereas there are linear shades for
the second stage of advanced bone formation.
The presence of initial elements of new bone
formation in the analysed bones is presented by
the number of bones with registered initia
elements of new bone formation compared to the
whole number of anaysed bones in the study for
each stage of bone formation separately.

2. Cystic formations

The presence of cystic formations on the
site of osteogenesis is of particular importance,
since it indicates an initial crisis in new bone
formation, and is often thought to be related to
venous or lymphatic congestion. Although cys-
tic degeneration of the gap can be demonstrated
easily with either quantitative computed tomo-
graphy or ultrasonography, the radiographic
determination of a "cystic zone of new bone
formation" at the distraction/compression site
remains at a high level of importance because it
often opens the possibility of immediate chan-
ges in the rhythm and dynamics of the surgical
lengthening or compression on the segment.
The radiographic presence of cysts in the ana-
lysed bones in our study is presented by the
number of bones with registered cysts on X-rays
compared to the whole number of analysed bo-
nes in the study for that radiographic parameter
in each stage of bone formation separately.

3. Cortical margin

The radiographic presentation of a cor-
tical margin is one of the characteristics of the
consolidation and remodelling stage, which pro-
ceeds simultaneously with the process of inten-
sive mineralization of the osteoid matrix in the
zone of new bone formation. The radiographic
presence of a cortica margin in the analysed
bones is presented by the number of bones with
a registered cortical margin on X-rays compa-
red to the whole number of analysed bones in
the study for that radiographic parameter in
each stage of bone formation separately.

The dtatistical analysis on the received
data using the radiographic method of exami-
nation in this study was based on the statistic
program SPSS for Windows 13.0.
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Qualitative data were presented with ab-
solute and relative numbers, whereas quantita-
tive data were presented as mean and SD.

The significance of the differences bet-
ween the analysed variables in the two different
groups was determined using T-test for inde-
pendent samples, Pearson Chi-square test and
Cochran’s Q test. The level of significance was
p < 0.05.

Results

A total number of 50 patients were analy-
zed in this study. 27 were males and 23 fema-
les. They were divided into two groups. The
first group consisted of 27 patients treated with
limb lengthening by the Ilizarov method be-
cause of congenital segmental shortening, and
the second with fixation, compression or defor-
mity correction because of acquired segmental
deformities, consisting of 23 patients. The
comparative analysis in the first group was ba-
sed on the results of the radiographic examina-
tion of 27 segments and 41 bones, whereas in
the second group the number of segments was
23 with 38 bones. From the point of view of
the presence of the above-mentioned three ra-
diographic indicators of new bone formation,
the results in each of the three stages of new
bone formation for each of the two separate
groups of patients were the following:

In the first group, the initia elements of
new bone formation were presented in 15 of 41
bones on the radiographic findings in the first
stage of new bone formation, which means
36.59%. In the second stage the presence of
these parameters was in 38 out of 41 analysed
bones in this group of patients, or 92.68%,
whereas in the third stage the percentage was
26.83 %, or the initial elements were registered
in 11 out of the whole number of 41 analysed
bones in this examined group. The differences
between the presence of initial radiographic
elements in different stages of new bone for-
mation were presented as statistically signficant
(Cochran Q = 34.43, df = 2, p = 0.00000)
(Table 1).

The presence of cystic formations in the
zone of newly formed bone was in one bone on
the radiographic findings in the first stage of
new bone formation which means 2.44%. In
the second stage the presence of these parame-

terswas in 12 out of 41 analysed bones in this
group of patients, or 29.27%, whereas in the
third stage the percentage was 7.32%, or the
cysts were registered in three out of the whole
number of 41 analysed bones in this examined
group. The differences between the presence of
cystic formations in different stages of new bone
formation were presented as statistically signfi-
cant (Cochran = 15.85, df = 2, p = 0.00036)
(Table 2)

Tablel

Initial radiographic elements in the three stages of new
bone formation in the group of patients with congenital

shortening
Initial Stage
elements of
new bone | I I
formation
No 26 (63.41%) 3(7.32%) 30 (73.17%)
Yes 15 (36.59%) 38(92.68%) 11 (2683%)
Total 41 41 41
Table 2

Cystic formations in the three stages of new bone
formation in the group of patients with congenital

shortening
Cystic Stage
for mations [ I 11
No 40 (97.56%) 29 (70.73%) 38 (92.68%)
Yes 1(2.44%) 12(29.27%) 3 (7.32%)
Totd 411 411 411

The radiographic appearance of the cor-
tical margin was presented in 10 of 41 bonesin
the first stage of new bone formation which
means 24.39%. In the second stage the presence
of this parameter was in 30 out of 41 analysed
bones in this group of patients, or 73.17%, whe-
reas in the third stage the percentage was 100%,
or the cortical margin was registered in al of the
anaysed bones in the first group. The differen-
ces between the presence of this radiographic
parameter in different stages of new bone for-
mation were presented as statistically signficant
(Cochran = 47.81, df =2, p=0.000000) (Table 3).

In the second group of patients, the initial
elements of new bone formation were presen-
ted in 31 of 38 bones on the radiographic fin-
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dings in the first stage of new bone formation,
which means 81.58%. In the second stage the
presence of these parameters was in 33 out of 38
analysed bones in this group of patients, or
86.84%, whereas in the third stage the percen-
tage was 36.84%, or the initial elements were
registered in 14 out of the whole number of 38
analysed bones in this examined group. The
differences between the presence of initia radio-
graphic elementsin different stages of new bone
formation were presented as statistically signfi-
cant (Cochran = 23.36, df = 2, p = 0.000008).

Table3

Cortical margin in the three stages of new bone
formation in the group of patients with congenital

shortening
Cortical Stage
margin | I I
No 31(75.61%) 11(26.83%) O
Yes 10 (24.39%) 30 (73.17%) 41 (100%)
Total 41 41 41

The presence of cystic formations in the
zone of newly formed bone in the second group

| stage

initial elements of bone
formation

Bno

cystic formations

was in 10 bones on the radiographic findings in
the first stage of new bone formation which
means 26, 31%. In the second stage the pre-
sence of these parameters was in 12 out of 38
analysed bones in this group of patients, or 31,
58%, whereas in the third stage the percentage
was 5, 26%, or the cysts were registered in two
out of the whole number of 38 analysed bones
in this examined group. The differences bet-
ween the presence of cystic formationsin diffe-
rent stages of new bone formation were presen-
ted as statistically signficant (Cochran = 16.8,
df =2, p=0.000225).

The radiographic appearance of the cor-
tical margin was presented in 11 of 38 bonesin
the first stage of new bone formation, which
means 28.95%. In the second stage the pre-
sence of this parameter was in 26 out of 38
analysed bones in this group of patients, or
68.42%, whereas in the third stage the percen-
tage was 100%, or the cortica margin was re-
gistered in al of the analysed bones in the se-
cond group. The differences between the pre-
sence of this radiographic parameter in diffe-
rent stages of new bone formation were presen-
ted as statistically signficant (Cochran = 40.67,
df =2, p=0.00000) ( Fig. 2).

84,74

71,06 68,42

Il stage | lll stage |stage | llstage | lll stage | |stage | Il stage | lll stage

cortical margin

Oyes

Figure 3 — Distribution of radiographic parameters of new bone formation in three stages of correction
in the group of patients with acquired deformities

The comparative anaysis between the
two groups of patients revealed the following
results:

The presence of initial elements of newly
formed bone showed a significant difference
between the two groups of patients only in the
first stage of new bone formation. In the first
group initial elements of new bone formation
wereregistered in 15 out of 41 patients and the

percentage was 36.59 %, whereas in the second
group initial elements of new bone formation
were registered in 31 out of the whole number
of 38 patients in this group (81.58%), a diffe-
rence which presented a statistical significance
according to the Pearson Chi-square test
(16.4144, df = 1, p = 0.000051) (Table 4). In
the other two stages no significant difference
was registered.
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Table4

Comparative analysis of presence of initial elements
in the first stage of bone formation in two groups

of patients
Initial
elements
inthefirst ~ Groupwith  Groupwith  Tota
stage of congenital acquired
bone shortening  deformities
formation
No 26 (6341%) 7(1842%) 33
Yes 15(36.59%) 31(8L58%) 46
Total 41 38 79

The number of bones in which cystic for-
mations were registered was similar in both the
groups in all stages of new bone formation ex-
cept the first stage, in which a statistically sig-
nificant difference was registered (one bone out
of 41 in thefirst group vs 10 bones out of 38 in
the second group) (Pearson Chi-sgquare:
9.38089, df =1, p=0.002193) (Table5).

Table5

Comparative analysis of presence of cystic formations
in the first stage of bone formation in two groups

of patients
Cystic
formations  Groupwith Groupwith  Total
in thefirst congenital acquired
stageof bone  shortening  deformities
for mation
No 40 (97.56%) 28 (73.68%) 68
Yes 1(244%) 10(2632%) 11
Total 41 38 79

The presence of a cortical margin did not
show a significant difference between the two
groups in any of the three stages of new bone
formation.

Discussion

The compression-distraction method of
Ilizarov means a revolution in the field of limb
lengthening and deformity correction of seg-
ments and extremities. Bone fixation using a
circular frame and transfixing tensioned wires
provides not merely multiplanar stability du-
ring the lengthening process, but a possibility
of flexible correction of various isolated and
combined complex deformities on certain seg-

ments as well. Nowadays, the tendency of ac-
complishing the Ilizarov apparatus is obvious
through use of so-called hybrid systems for ex-
ternal fixation, with a combination of standard
elements from the basic set of Ilizarov on the
one hand, with typical elements of some other
external fixation systems on the other hand. In
this manner, a simultaneous use of tensioned
wires with half pinsis not a rare occasion any-
more. The reasons for the use of these types of
combined external fixation are not determined
only by the caution for the anatomic structures
on the segments, e.g. extremities during the
surgical insertion, but are frequently based on
the results of serious biomechanical anaysis of
the effects of external fixation on different seg-
ments of the extremities. Nevertheless, lengthe-
ning a long bone by cutting it surgically and
then pulling apart the bone fragments using the
method of "strain of tension” is a process laden
with numerous complications. Apart from bone
infections, neurological disorders, joint contra-
ctures, etc., the greatest threats are surely either
poor bone consolidation and remodelling of the
newly generated bone, or its premature healing,
both due to inadequate rate, frequency or rhy-
thm of surgical distraction. Thisleads to fractu-
res, distortion of the axis, or lack of osseous
consolidation of the newly formed bone [12].
In order to reduce the number of such compli-
cations, a permanent monitoring of the entire
process is necessary, from the initial moment
of treatment until the distraction apparatus is
removed. In this manner, plain radiography is
considered as one of the most useful imaging
modalities for evaluation of the bony alignment
and the extent of osseous production, espe-
cialy in the latter stages of new bone forma-
tion. Native radiographs, although later than
diagnostic ultrasonography, still alow visuali-
zation of the primordia hazy densities within
the site of bone formation. The progression of
bone healing from the central zone of collage-
nous growth to the more peripheral columns of
mineralized bone results in a distinctive radio-
graphic appearance, especially in lengthening
procedures. Some experimental studies indicate
that if the density of tissue mineralization ap-
pears attenuated centrally and the central radio-
lucent zone exceeds eight millimeters in thick-
ness, then the rate of distraction may be too fast
and should be adjusted. However, if the thick-
ness of the central radiolucent zone decreases
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to less than two millimeters and the external
surface of the forming bone appears to be fusi-
form, then the rate of distraction may be too
slow and should be accelerated in order to
avoid premature consolidation which inevia-
tably produces many complications in the furt-
her treatment [13]. The diagnostic value of
native radiography can be estimated by precise
determination of the time needed for bone for-
mation at metaphyseal compared with the dia-
physeal sites on an experimental model. The
metaphyseal sites demonstrated bone formation
and remodelling earlier on the X-rays, with an
over-all bone-healing index of 22 days per cen-
timeter of new bone compared with 26.5 days
per centimetre at the diaphyseal sites, which is
similar to our clinical experience [13]. The su-
periority of diagnostic radiography over other
diagnostic methods of evaluation of newly for-
med bone at the distraction or compression site
is most evident in the stages of bone minerali-
zation and remodelling, due to the possibilities
of the radiographic method for visualization of
the trabecular bone structure, as well as to the
advantage of the observation of the whole bone
and especially the zone of new bone formation
in many different planes and projections. The-
refore, using native radiography as a method of
choice in the monitoring of the whole new
bone formation process, enables not only an
optimal dynamics of surgical correction, but
leads to a proper decision when to remove the
external stabilizer and additionally to protect
the segment with a plaster cast for approxima
tely one month longer.

The analysis of our material was perfor-
med on the results received from two different
groups of patients, from the point of view of
the type of surgical procedure using the method
of llizarov, as well as from point of view of
the etiopathogenetic pattern of the treated de-
formities. Additionally, in each of both groups,
an analysis was performed on the results consi-
dering the number of bones in which each of
the three radiographic bone parameters was re-
gistered at every stage of bone formation sepa-
rately. This comparative analysis reveaed sta-
tistically significant differences in different sta-
ges of bone formation regarding the presence
of al the examined parameters of new bone
formation, e.g. initial elements of new bone
formation, cystic formations, as well as a cor-
tical margin at the site of bone formation. This

difference was registered in both groups of
patients separately, in al stages of new bone
formation. The results of the comparative ana-
lysis between the two groups showed a statisti-
caly significant difference towards the pre-
sence of initial elements of newly-formed bone
in the first stage of new bone formation. A sta-
tisticaly significant difference was detected
considering the presence of cystic formations at
the site of bone formation between the two
groups of patients in the first stage of bone for-
mation, as well. All the other stages presented
no statistically significant difference between
the two groups of patients, from the point of
view of the presence of the above-mentioned
examined parameters of new bone formation.

Conclusion

The radiographic method of evaluation of
newly-formed bone at the distraction/compres-
sion site in patients treated by limb lengthening
and/or correction of deformities is of great im-
portance in terms of estimation of the stage of
new bone formation, as well asin terms of plan-
ning the regimen of surgical lengthening or
correction. There is an obvious difference bet-
ween the radiographic presence of bone para-
meters in different stages of new bone forma-
tion in the group of patients with congenital
limb length discrepancies as well as in the
group of patients with acquired limb deformi-
ties. A rare statistical significance between the
differences in both groups of patients in this
study in terms of the presence of the three ra-
diographic parameters in each of the three sta-
ges of new bone formation, indicates a minor
influence of both the etiopathogenetic backgro-
und and the type of surgical correction on the
course of the new bone formation process in
patients treated by surgical lengthening or gra-
dua correction of limb deformities.
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Pesnme

AHAJIM3A HA PAAVNOIPA®CKNTE
KOCKEHW MAPAMETPWV BO TEKOT
HA XPYPLLUKOTO N3A0/TKYBAHE
N KOPEKUMIA HA AE®OPMUNTETUTE
HA EKCTPEMUTETUTE

HeHag ATaHacoB, AHacTacuka Nonocka,
MwnaH Camappvckn, Buktop KamHap

J3Y YHuBep3uTeTCKa KIMHUKA 38 OPTOMEACKN
6onectn, MeanUMHCKN (hakynTeT, YHUBEP3UTET
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Boeea: Paguorpad)cKoTo MCnuTyBawe Ha
eKCTPEMUTETUTE NPU XMPYPLLKOTO SIeKyBaHe 1/nnm
Kopekuuja Ha fedopmuTeETATE € Of, roNeMo 3Ha-
yete BO MpoLEHaTa Ha HOBOTO KOCKEHO CO3ja-
Bare. LlenTta Ha 0BOj Tpy4 e fda ja noTeBpau gwujar-
HOCTWYKaTa BPEeAHOCT Ha pagvorpadujata npu
NpeLynsHOTO OApeayBaHe Ha KOCKEHUTE napaMeTpu
BO PasNMyHM CTaguyMn Ha W3[0/XKyBare U Ko-
pekumja Ha AehopMUTETU Ha EKCTPEMUTETHUTE.

MauveHiun n Meiogn: 50 naumeHTn, Tpe-
TUPaHW CO U3A0/MKYBarEe UM KOpeKLuuja Ha aedop-
MWUTETWN Criopes; METOAOT Ha Mnn3apoB Ha YHuBeEp-
3uTeTCKaTa KAMHUKA 3a OpPTOMefcKu 60nectu BO
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coctoewle Of 27 MNauueHTU CO W3A0/MKyBare Ha
eKCTpeMUTETUTE MOpagy BPOLEHO CKpaTyBahe.
BToparta rpyna Bkayuu 23 naumeHTu, TpeTupaHu
nopagu CTekHaT! Ae(OpMUTETU Ha eKCTpeMuTe-
TuTe. Pe3yntatute of ABETE rpynu MCNUTAHULIN
6ea [O6VEHM BO TpW CTaguymy Ha HOBO KOCKEHO
co3faBarbe, a ce 6asnpaa Ha MojaByBareTO Ha Tpu
paguorpad)cku napameTpu BO MPOCTOPOT Ha AWc-
Tpakuuja/Komnpecuja.

Pesyniuaiun: Pa3nmkute BO NMpUCYyCTBOTO Ha
CuTe paguorpadicKy KOCKeHV napameTpu BO pas-
NNYHUTE CTaZMyMU Ha KOCKEHO CO3[aBarbe MoKa-
aa CTaTUCTMYKa 3Ha4ajHOCT Kaj ABETe rpynu, oco-
6eHO Kaj MpWUCYCTBOTO Ha KOPTUKAIHWOT pab BO
npeata rpyna (Cochran Q = 34,43, df =2, p=0,
00000). KomnapaTuBHaTa aHanu3a Mefy ABeTe
rpyny nokaxa CTaTUCTUYKM 3HayajHa pas/smka BO
MPUCYCTBOTO Ha MOYETHW KOCKEHU eNleMeHTU W
LIMCTUYHM (DOPMALIMM CaMo BO NPBUOT CTaguyM.

Ouckycuja 1 3aknydqoum: PeTkarta cTaTtwuc-
TUYKa 3HA4ajHOCT BO pas/MKuTe mefly [BeTe rpynu
nauWeHT! BO NOr/eL Ha MPUCYCTBOTO Ha TpuTe
paguorpackin mapaMeTpu BO TpWUTe CTaguymu
VHAMLMPA MWUHOPHO B/IMjaHVe Ha eTuonaToreHeT-
cKaTta OCHOBA BP3 HOBOTO KOCKEHO CO3[JaBare Kaj
nauWeHTy NeKyBaHu CO MOCTENEHO XMPYPLUKO 13-
[lO/DKYBake WM KopeKuuja Ha fedopMuTeTn Ha
eKCTpemMuTeTuTE.

KnyuHu 360p0BU: N3A0/MKYBae EKCTPEMUTETU, KOPEK-
umja, paguorpadguja.



