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Abstract. The purpose is to develop and analyze a theoretical model of sternum external fixation functioning
as sternal precaution after cardiac surgery via sternotomy.

Methods: theoretical modeling based on literature data.

Results. The literature data, measuring the impact of sternum external fixation on the development of compli-
cations after cardiac surgery via sternotomy, do not present a proper report of the functioning mechanism or mechanical
model of the interaction between the sternum and sternum external fixation. The first stage of theoretical model devel-
opment included selecting the criteria based on the sternum anatomy, physiology of respiration, results of scientific
research, which enabled to define key aspects of the theoretical model. The second stage included studying interaction of
non-elastic SEF and sternum during a deep breath and a cough acting as main elements of inspiratory muscle training
after cardiac surgeries; performing a similar algorithm of studying elastic type of SEF, which enabled to investigate and
analyze preventive potential of SEF in relation to sternal dehiscence in the lateral direction. The third stage included the
analysis of SEF restricting potential for anteroposterior stabilisation of the sternum. Since the use of sternum external
fixation should not impede pulmonary function recovery after cardiac surgery and cannot restrict chest circumference
increase with inhalation, sternum external fixation cannot properly function as sternal precaution when chest circumfer-
ence is increased due to sternal edge dehiscence as well. The restricting effect of inelastic sternum external fixation will
be possible only in case of a large dehiscence, when its size is bigger than the chest circumference increase during nor-
mal and deep breathing. Only when the circumference of inelastic sternum external fixation corresponds to the chest
circumference after a full exhalation, the effect restricting dehiscence development will be possible. However, this
condition is not practically feasible and does not comply with the need for pulmonary function recovery. As an example
a barrel with iron rings that prevent it from expanding and emerging of dehiscence between the boards. However, this is
not practically possible and is inconsistent with physiology of respiration. The restricting effect of elastic sternum ex-
ternal fixation will be possible in case the force of compression is greater than the force expanding the sternum during a
cough, which will completely restrict inhaling and disable its practical use. The use of sternum external fixation must be
biomechanically justified. The fact that the sternum is covered with soft tissues (muscles, which are joined with the
bones of the sternum, shoulder blade and humerus; subcutaneous fat, which increases with excessive body weight) also
reduces sternum external fixation effectiveness, as the existence of a soft and movable layer between the fixing parts
and fixing means is a negative factor. On the other hand, dehiscence is a rare case among patients who do not use SEF.
This confirms the priority of the sternal closure stability after sternotomy and the factors affecting it: the strength of
bone tissue, the diameter of the wire, used during sternotomy, and the number of sutures.

Conclusions. The theoretical model analyzed in this study confirms either the insignificant role of sternum ex-
ternal fixation or its complete absence in the prevention of sternal dehiscence in the lateral direction and anteroposterior
displacement of sternum edges after sternotomy.
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Introduction. Sternum external fixation (SEF)
is one of the sternal precautions (SP) used in the mobili-
zation and physical therapy (PT) of patients following
operations on the heart and other organs of the chest. SEF
can be divided into two groups: inelastic (vest, corset)
and elastic (bandage).

Studies of SEF effectiveness are mainly focused
on superficial wound infection (SWI), deep sternal com-
plications (DSC), and sternal wound dehiscence (SWD).
In particular, “vest — no vest” [5, 9], “vest — bandage”
groups of patients are compared [10, 11, 17, 19]. One of
the studies [19] reports on the ability of a corset to protect
the sternum from dehiscence during a cough, the ease of
use, functionality, preservation of lung function and aux-
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iliary respiratory muscle movement, as well as simulta-
neous prevention from excessive thorax expansion, ex-
cessive movement of the rib cage in an anterior and a
lateral directions. Another study [9] reports that sternum
vest provides anteroposterior stabilization of the thorax,
prevents intrinsic movement of the two sternum halves,
and the straps stop the thorax support vest sliding to the
abdominal region. Other studies [5, 10], describing simi-
lar characteristics of the analogous type of SEF, admitted
also the use of cushions acting as shock absorbers when
the patient coughs or breathes deeply, and supporting the
sternum when turning the patient in bed.

Nevertheless, none of these studies provides suf-
ficient information on the mechanism of SEF functioning.
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Therefore, the development of a theoretical model is
necessary for better understanding of SEF functioning for
physical therapists, surgeons as well as the patients.

The purpose is to develop and analyze a theoret-
ical model of SEF functioning after sternotomy.

Methods: theoretical modeling based on litera-
ture data. To achieve the aim of the research model-based
approach was used (studying objects of cognition on their
models; "model" is an artificially created image of a
certain object which reflects and reproduces its structure
and properties in a simpler form) on the grounds of scien-
tific literature. Positive result (confirmation of the speci-
fied in the literature preventive and protective properties
of SEF with those obtained during modelling) is assumed
to create a biomechanical basis for the use of SEF, and
the negative one vice versa.

Results. To construct a model and evaluate the
mechanism of SEF functioning, it is necessary to deter-
mine a number of conditions (Cond.):

Cond.1. The shape of the sternum in most cases
resembles a truncated cone with the bottom base or a
cylinder. Anteroposterior size is smaller than the lateral
one.

Cond.2. The use of SEF allows the patient to
perform normal and deep breathing, coughing, as they are
necessary for living and are key elements of postopera-
tive physical therapy, including respiratory. At the same
time, it does not contradict the description in the studies
[5, 10, 19].

Cond.3. Chest circumference increases with
normal and maximal inhalation.

Cond.4. Chest circumference decreases with
maximal exhalation due to expiratory reserve volume
(ERV) exhaled from the lungs.

Cond.5. For better understanding of the model
and calculations, we can assume that cross-sectional view
of the chest forms a ring.

Taking into account these conditions, we will
consider the interaction model for inelastic SEF. We take
as an example the cross section of the chest, as this will
provide a good visualization of the chest excur-
sion/expansion and anteroposterior movement of the two
sternum halves.
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Taking into account Cond. 5, chest circumfer-
ence (C) is calculated according to the formula C=nxd,
where d is chest diameter (dn. — with maximal inhala-
tion, dtv — with normal inhalation, d,.;, — after ERV exha-
lation, dp—after calm exhalation).

Taking into account Cond. 3 and Cond. 4, C val-
ues may vary:

Cuax — chest circumference with inhalation of
inspiratory capacity (IC),

Cry — chest circumference after inhalation of tid-
al volume (TV),

Cy — chest circumference after exhalation of TV,

Cuiv — chest circumference after exhalation of
ERV.

The modeling also requires Cgsr value — the cir-
cumference of SEF.

Based on the presented values, we can measure
the value of respiratory chest circumference changes.
With inhalation of TV chest circumference increases by
Carv, which is calculated according to the following
formula:

Carv = Crv- Cy (1).

With inhalation of IC chest circumference in-
creases by Caic, which is calculated according to the
following formula:

Caic = Cuax - Co (2).

With exhalation of ERV chest circumference de-
creases by Cagrv, Which is calculated according to the
following formula:

Carrv = Co - Cgry 3).

With exhalation/inhalation of vital capacity
(VC) chest circumference increases/decreases by Cavc,
which is calculated according to the following formula:

Cyve = Cyvux - Cuiv (4).

According to some studies, C,yc is named total
chest excursion [21] and chest expansion [2]; Curc is
named complemental chest movement [21], and Cygry is
named reserve chest movement [21].

According to the results of literature analysis, we
can affirm that C value changes significantly during res-
piration (table 1).

Table 1
Respiratory chest circumference changes
Studies Carv, cm Cave, cm
Wade O.L. [21] (male, age 24-36 years, weight 73+£9.2 kg, height 1.2+0.4 cm 7.4£1.8 cm
1.75+0.08 m; C at rest 90.5£8.0 cm; the level of the xiphoid) (TV 0.81 (VC 4.86+0.84 1)
Ando T. et al. [2] (age 24.5+2.4 years, height 1.66+0.08 m, weight 4.6+2.1 (without bio-
56.548.3 kg, the level of the xiphisternum) - feedback)
5.3£2.2 (with)
Olsen MLF. et al. [14] (age 33+13.9 years; body
; o ) I-5.5+1.5
mass index within normal range, conventional | I - the level of the - -65:20
instruction for deep breathing) fourth costae T
Olsen MLF. et al. [14] (age 38+11.1 years; body | II - the level of the
. e ; . A 1-6.942.5
mass index within normal range, new instruction xiphoid -
. I1-7.4£23
for deep breathing)
Carlson B. [3] (age 22.543.6) 8.48+0.64 (VC 98.7 %)

The study of Wade O.L. [21] also analyzed Cuic
value (5.9£1.5 cm, with IC 3.17+0.45 1) and Cgry value
(1.5£0.6 cm, with ERV 1.6840.52 1) near the level of the
xiphoid. The correlation of these values is consistent with
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the results of other studies [1]. Besides, the study of
Herxheimer H. [12] presents evidence that C can increase
up to 4 mm when inhaling every 100 cm? of air, though it
was the maximal value, whereas the average dynamic
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comprised 2.4-3.5 mm per 100 cm® of inhaled air. The
study of Ando T. et al. [2] shows that thoracic excursion
was increased by 17% when using the biofeedback sys-
tem. Changing patient's instructions can also affect the
increase of C with deep inhalation [14]. This proves im-
portant since we have Cond. 2 and the need for pulmo-
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nary function recovery after surgery and stimulation of
the patient to deep breathing.

Taking into account the above-mentioned infor-
mation and Cond. 2, we can conclude that when using
inelastic SEF, Crsr=Cuuxy equality is undeniable, as
shown in Figure 1(a).

Fig. 1. The model of interaction of ster-
num external fixation (inelastic) and the
sternum in the horizontal plane:

a) maximal inhalation;

b) in condition before normal inhalation;

c) onset of the cough;

d) exhalation of expiratory reserve volume
during a cough.

wee |- sternum external fixation;
Jwww |- the chest

According to formula 2: Csgr = Cyux = Cp +
Cuic.

Thus, when the patient begins to exhale after
maximal inhalation, the difference between Cgsr and C
starts to increase and reaches Cyc at the end of normal
exhalation (Figure 1 (b)). It means that inelastic SEF
provides a large degree of freedom, but this is necessary
to restore external respiration function after surgery.

If the patient exhales ERV, the difference be-
tween Csgr and C will become even greater and comprise
Cyyc taking into account formulas 3 and 4.

Thus, Cuic value is the exact extent of the dehis-
cence, which inelastic SEF will not be able to counteract.

Taking into account the results of the studies,
Cyyc comprises 6.5 cm in average, and Cyc comprises
about 80% of Cuyc [1, 21]. Accordingly, Cuic and the
possible extent of dehiscence comprise about 5 cm,
which is unacceptable taking into account the purpose of
using SEF.

It should be noted that Cc and Carc decrease
with age, as well as the pulmonary function decreases
after surgery. Taking into account these two conditions,
we reduce Cyic by 70% from 5 cm to 1.5 cm. However,
this extent of dehiscence is also unacceptable, since ine-
lastic SEF will start functioning only after clinically sig-
nificant dehiscence, which will require surgery. At the
same time, the amount of young people undergoing car-
diac surgery is increasing and pulmonary function is
recovered during the use of SEF (3 months after surgery,
sometimes even more), which makes our theoretical
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reduction of Cuc by 70% too large. This fact is not in
favor of justifying the model of SEF mechanical func-
tioning.

Since coughing is also an element of PT after
cardiac surgery, which affects sternal closure, let us con-
sider the impact of SEF during a cough.

The analysis of the force pressing the sternum
during a cough revealed that this force comprises 555.3 N
(56 kg) with a normal cough, and 1666 N (168 kg) — with
a maximal cough [4]. Similar studies [7, 15, 20] showed
that according to the Laplace law, the force pressing the
sternum ranges from 160 N to 400 N when breathing, and
from 550 N to 1650 N — when coughing.

We can also measure the pressure that occurs
during a cough (Pcougr). A normal cough reaches 100
mmHg, producing a force of 56 kg on the sternum,
whereas maximal coughing can generate a pressure of
300 mmHg, producing a force of 168 kg [4].

Classically cough is considered to involve three
phases: (I) an inspiration, (II) a compressive phase, where
the muscles of expiration contract against a closed glottis
and (III) an expulsive phase where the glottis suddenly
opens and air is rapidly expelled [18]. Coughing may
occur with initial inhalation of both IC or lower values
[18], but this will not affect our model significantly.

Inelastic SEF functioning during a cough:

1. A cough is preceded by inhalation (phase I)
— CgsF=Cwmax with inhalation of IC (Figure 1 (a)) or
Cser<C with inhalation of air volume less than IC.
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2. Then phase II takes place, i.e. air in the
lungs is compressed (C values decrease, the difference
between Cgsr and C increases), the pressure in the lungs
increases, which leads to the onset of the forces pressing
the sternum [4, 7, 15, 20]. However, the protective effect
of SEF cannot take place, because Cszr<C (Figure 1 (c)).
Only in case the extent of dehiscence corresponds to the
difference between Csgr and C, SEF will have its restrict-
ing effect.

3. Then the air is exhaled (phase III) and C
keeps decreasing to the level of Cy or less, approaching
Cun value (Figure 1 (d)). However, the protective effect
of SEF cannot take place, since the difference between
Cesr and C has increased. Accordingly, the theoretically
possible extent of dehiscence has also increased. There-
fore, only wire-based sternal closure restrains sternum
edge displacement.

Thus, only in case Cgsr=Cp or preferably
Cesr=Cun, we can talk about the restricting effect of
inelastic SEF. We can take as an example a barrel with
iron rings that prevent it from expanding and emerging of
dehiscence between the boards. However, this is not
practically possible and is inconsistent with physiology of
respiration.

When analyzing the functioning of elastic SEF,
we should add the following conditions:

» Cgsr is a variable value here, because SEF can stretch
during a breath;

» there is a pressure that affects the sternum at the state
of rest (Psgr) and depends on the extent SEF was
tightened when put on a patient;

» this pressure increases slightly in direct proportion of
the depth of inhalation to Psgrmax value at maximum
deep inhalation.

Taking into account Cond. 2, inspiratory muscle
force should be sufficient to increase SEF circumference
by Cyrv and Cyic. This force should be much less than the
maximal force that develops when achieving maximum
inspiratory pressures (MIP), since we have Cond. 2, as
well as the problem of patient’s comfort (constant res-
piratory muscle fatigue and damaging effect of SEF pres-
sure on soft tissues covering the sternum will not stimu-
late the patient to use SEF properly). In particular, there
is evidence that fatigue develops at 40% of maximum
pressures that respiratory muscles can produce [8]. MIP
value slightly decreases in patients following cardiac
surgery and comprises about 70 cmH2O in the early
postoperative period [6, 13, 16], or it can increase as
compared to preoperative values when using respiratory
PT techniques and comprise about 95 cmH20 [16]. To
calculate working inspiratory pressure (/P), produced by
inspiratory muscles, we will take 30% of MIP value at
the level of 80cmH20, i.e. 24cmH20 or 17.6 mmHg.
This pressure/force must be enough to increase C by Cry
and Cyic. Accordingly IP>Psgrmax.

Proceeding from these data, we can conclude
that when using elastic SEF, almost all the pressure that
occurs during a cough will affect wire-based sternal clo-
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sure. Under the best of circumstances, when the patient
attaches elastic SEF with or without help using reasona-
bly large force, only a small amount of the forces expand-
ing the sternum during a cough (less than Psgr
max/ Peougn™100%=17.6mmHg/100mmHg*100%=17.6%
with a normal cough; less than
17.6mmHg/300mmHg*100%=5.9% with a strong cough)
will be compensated by elastic SEF stretched by Cuc.
However, Cuc value is not acceptable for the extent of
the dehiscence. Therefore, clinically significant dehis-
cence will be possible.

In case the dehiscence has C,7y size, the restrict-
ing effect of inelastic SEF will approach 0 since Cyry is
much smaller than Cyc.

Analyzing SEF functioning model, we can take a
slightly different approach and answer the question:
"How much force or pressure is necessary for SEF to let
chest circumference increase or cause dehiscence the size
of 5 mm, for example?"

Answers:

-none for inelastic SEF, since according to
Cond. 2 — Cgsr = Cuax, and Cypp>5mm and Cyic>5mm
[12,21];

- for elastic SEF such force or pressure will be
less than those generated by inspiratory muscles during
normal inhalation, since Cs7>5mm, i.e. too small to hold
56-168 kg.

Therefore, we come to the same conclusion that
all the pressure will affect wire-based sternal closure. The
restrictive effect of SEF will take place only in case of a
very large dehiscence.

When considering the possibility of anteroposte-
rior stabilization of the thorax with the help of SEF, we
find the same inconsistencies as in the study of sternal
dehiscence in the lateral direction, but in a slightly differ-
ent interpretation (Fig. 2). Accordingly, if breathing and
C increase are possible, then the variation of anteroposte-
rior movement is possible as well (Fig. 2 (b)). To perform
the movement shown in Fig. 2 (c), no conditions in terms
of SEF are required at all. It is shown that SEF cannot
perform anteroposterior stabilization. This is the task of
surgical closure or metal osteosynthesis. Therefore, when
a patient falls or is hit, an anteroposterior displacement, if
any, will take place with or without SEF.

Discussion. Taking into account that this is a
theoretical and quite simple model, as it is aimed only to
form a basic idea of SEF functioning, we tried to stay
impartial in terms of the considered issue. For this pur-
pose, we slightly exaggerated the reduction of Csc by
70%, which should have been in favor of confirming the
effect of inelastic SEF, but this did not happen. The anal-
ysis conducted in this study neither confirms the theoreti-
cal impact of SEF as sternal precaution after sternotomy
nor attaches strategic significance to the use of SEF in the
management of patients following median sternotomy or
in activation of cardiac surgery patients by physical ther-
apists.
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Fig. 2. The model of interaction of ster-
num external fixation and the sternum
at anteroposterior stabilization:

a) maximal inhalation;

b) movement of one part of the sternum
forwards after normal exhalation;

-]

¢) movement of one part of the sternum
backwards after normal exhalation.

—
wawes - the chest

- sternum external fixation;

For SEF to start significantly counteracting ster-
nal dehiscence, C increase during normal and deep
breathing must be impossible. However, this contradicts
Cond.2. The fact that the sternum is covered with soft
tissues also reduces SEF effectiveness, as the existence of
a soft and movable layer between the fixing parts and
fixing means is a negative factor. At the same time, the
amount of soft tissue is quite large: muscles, which are
joined with the bones of the sternum, shoulder blade and
humerus; subcutaneous fat, which increases with exces-
sive body weight.

On the other hand, dehiscence is a rare case
among patients who do not use SEF [9, 5]. This confirms
the priority of the sternal closure stability after sternoto-
my and the factors affecting it: the strength of bone tis-
sue, the diameter of the wire, used during sternotomy,
and the number of sutures (5-9 in general).

The study did not confirm protective properties
of SEF, presented in the literature, namely to protect the
sternum from dehiscence during a cough [19];
anteroposterior stabilization of the thorax, to prevent
intrinsic movement of the two sternum halves [5, 9, 10].

At the same time, these studies do not
substantiate protective properties of SEF in terms of
biomechanics, being of more descriptive or advertising
nature. A possible reason for these differences may be
authors' interest in exaggerating SEF efficacy. This can
be confirmed by the existence of duplicate articles [9,
22], as well as statistical differences in favor of SEF use,
which are not quantitatively large and are achieved by
comparing the samples with a large number of patients
[10, 11].

Conclusions:

1. The literature data, measuring the impact of
SEF on the development of complications, do not present
a proper report of the functioning mechanism or mechan-
ical model of interaction between the sternum and SEF.
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2. The first stage of theoretical model
development included selecting the criteria based on the
sternum anatomy, physiology of respiration, results of
scientific research, which enabled to define key aspects
of the theoretical model. The second stage included
studying interaction of non-elastic SEF and sternum
during a deep breath and a cough acting as main elements
of inspiratory muscle training after cardiac surgeries;
performing a similar algorithm of studying elastic type of
SEF, which enabled to investigate and analyze preventive
potential of SEF in relation to sternal dehiscence in the
lateral direction. The third stage included the analysis of
SEF restricting potential for anteroposterior stabilisation
of the sternum.

3. The theoretical model analyzed in this study
confirms either the insignificant role of SEF or its com-
plete absence in the prevention of complications after
sternotomy. The restricting effect of inelastic SEF will be
possible only in case of a large dehiscence, when its size
is bigger than the chest circumference increase during
normal and deep breathing. The restricting effect of elas-
tic SEF will be possible in case the force of compression
is greater than the force expanding the sternum during a
cough, which will completely restrict inhaling and disable
its practical use.

4. The results obtained emphasize the necessity
to reconsider the views on prescribing SEF for all
patients after sternotomy.
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Pe3rome. MeTta — po3poOuTH Ta MpoaHalizyBaTH
TEOPETHYHY MOJENb il 3ac0o0iB 30BHINIHBOT (ikcarrii
TpyAUHHA SIK 3aMo01’KHOTO 3axX0/1y Tics
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MeToau: TeopeTHYHE MOJEIIOBAHHS Ha OCHOBI
JIAaHUX JITEepaTypu.

PesynbraTn. Ha nepmoMy etami po3poOku Oy-
JIO TIPUHHATO PSJ YMOB, KOTpi 0a3yBaJMCs Ha aHATOMIT
IpyQHOT KIiTKH, (izioyorii JuxaHHs, pe3yibTaTtax Hay-
KOBHX JIOCJIJDKEHb, IO JO3BOJIHIIO C(HOPMYBATH KITFOUOBI
MIOJIOXKEHHsI TeopeTuuHoi Mojeni. Ha npyromy erami
PO3IJIIHYTO MOJeNb B3aemoil HeemactuuHoro SEF Ta
TPYJHOT KJIITKMA IpU TIIMOOKOMY [HMXaHHI Ta Kaluli sK
OCHOBHHUX €JIEMEHTIB pecHipaTopHoi ¢i3uyHOl Teparii
MiCNsl  KapJioXipypriyHMX BTpydYaHb; BHUKOHAHO aHa-
JIOTIYHUH aJNTOPUTM MJIsl €JacCTHYHOTO THITy 3aco0iB
30BHINIHBOT (hiKcallil rpyauHH, IO TO3BOJIHIIO JOCIIIATH
Ta TPOaHATI3yBaTH MPOGUIAKTHYHI MOXKIHMBOCTI MO0
PO3XO/KEHHSI YaCTHH TPYAMHH Y O1YHOMY HarpsiMKy. Ha
TPEThOMY €Talli Oy MpoaHai30BaHi OOMEXKYIoUl MOX-
JUBOCTI 3aco0iB 30BHINIHBOI (ikcamii it mepeaHbo-
3amHbOi cTabimizamii rpyauad. OCKUTBKA BHKOPUCTAHHS
3ac00iB 30BHIIIHBOI (hiKcallil TPYIMHA HE Ma€ 3aBa)kaTH
BiTHOBJICHHIO JIeTeHeBO1 byHKii Ticis
KapAioXipypriyHUX BTpPydYaHb 1 HE MOXXE OOMEKUTH
301IBIIEHHS] OKPYXKHOCTI TPYJHOI KIIITKH IPU BIMXY, TO




«Art of Medicine»

Wi pu 30UIBIIEHH] OKPYXHOCTI TPyIHOI KITITKH 33 paxy-
HOK JIETiCIeHIIIT KpaiB TpyiMHHM 3aci0 30BHINIHBOI Qikca-
Iii TPYJMHU HE 3MOXKE HAJICKHUM YHHOM BiJliTpaTd POJIb
3ano0ikHoro 3axo0y. OOMeKyBanbHa Jisl HEETACTHYHUX
3aco0iB 30BHINIHKOI Qikcallii rpyauHu Oyae MOXKIUBOO
JIMILE 32 YMOBH Jy’K€ BEJIMKOI JETiCIeHIi], Ko i po3-
Mip Oyne OUIBIIMM, HIX HPUPICT OKPYKHOCTI I'pyIHOT
KJITKH NP 3BHYAiHOMY Ta INTMOOKOMY auxaHHi. Jlume
KOJIU OKPY)KHICTb HEEJIacCTHYHOro 3aco0y 30BHIIIHBOT
¢ikcanii TpyIMHHU BiJNOBiIATUME OKPYXXHOCTI TPYAHOI
KJITKH ICIsl TIOBHOTO BUAMXY, Oylle MOXJIHMBOIO 00-
MeXKyroua Jis Uil po3BUTKY nericueHii. [IpoTe us ymo-
Ba HE BIMOBIIA€ MPAKTHII Ta HEOOX1THOCTI BiHOBJICHHS
¢ynkuii nereniB. OOMeXyBanbHa i €JaCTUYHUX 3a-
co0iB 30BHINIHKOI (ikcamii rpyauHU Oyle MOXKIUBOIO
MpY 3HAYHIA CHJII CTHCKaHHS, KOTpa Oinblia, HiX cuia
pO3TATY TPYOWHHU TpU Kamuli, mo OyJe MOBHICTIO 00-
MEXyBaTH BIUX 1 POOUTH MpaKTUYHE BHKOPUCTAHHS
HEMOXXJIMBUM. BHKOpHcTaHHS 3ac00iB 30BHIIIHBOT (ik-
cauii rpyuHU Mae 6yTu OiOMeXaHiYHO OOIPYHTOBaHHM.

BucHoBkn. Po3rnsHyTa TeopeTHMYHa MOJENb
MIATBEP/PKYE JIUIE Ty)Ke HE3HaYHY POJIb BUKOPHUCTAHHS
3aco0iB 30BHINHBOI (ikcamii rpyauHu abo Bzaram il
BIJICYTHICTh y NpOGIIaKTHIII AETiCHEHIIT KpaiB ITpyAuHH
IICJIsI CTEPHOTOMIT Y OOKOBOMY Ta IEpeIHbO-3aHBOMY
HaIpsIMKaXx ITCIIsl CTEPHOTOMIT.
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Pesyabratel. Ha mnepBom stame pa3paboTku
OBUTO TIPUHSTO PsiJl YCIOBUM, KOTOPBIC 0a3MPOBAIKCH Ha
AHATOMHUM TPYAHOW KICTKH, (PU3MOJIOTHUH IbIXaHHUS, Pe-
3yJbTaTaX HAYYHBIX MCCJIECJOBAaHUNA, YTO IO3BOJIAIIO
c(hopMUpOBaTh KIIOYEBBIE ITOJIOKEHHUS TEOPETHYECKOM
Mozenu. Ha BTopoM aTame paccMOTpeHa MOAEh B3auMO-
JIEHCTBHSI HEITACTHYHOIO CPEJICTBA BHEIIHEH (HKcauu
TPYIUHBI U TPYIHOW KJICTKU MPH TIIYOOKOM IBIXaHHH U
Kallule KaK OCHOBHBIX AJIEMCHTOB PECIHPATOPHON (pu3u-
YECKOM Tepanuu Tociie KapIUOXUPYPTUYECKUX BMela-
TENLCTB; BBIMTOJHEHO AHAJIOTUYHBIA aJrOPUTM ISl dJia-
CTUYHOTO THIIA CPEACTB BHEIIHEH (DMKCAlMU TPyIUHBI,
YTO IO3BOJIMJIO HCCIIEA0BATh M IPOAHAIM3UPOBATH MPO-
(UITaKTHYECKUE BO3MOXXHOCTA OTHOCHUTEIIFHO JAMTHCIICH-
IIMU TOJIOBUH T'PYAUHBI B OOKOBOM HAIPABJICHHUHU ITOCIIE
crepHoToMud. Ha TpeThem srtame ObLIM IpOAHATM3HPO-
BaHbl OTPAHUYMBAIOIINE BOBMOKHOCTH CPEJICTB BHEIITHEH
(bukcayu s nepeHe-3aaHei CTaOUIM3aluu TPy TUHBL.
[TocKOJIBKY MCITOIB30BAHUE CPEICTB BHEIIHEH (PUKCAIIUU
TPYJAUHBI HE MOXKET MEIIATh BOCCTAHOBJIEHUIO JIETOYHOM
(GYHKIMHU TTOCTIC KapIUOXUPYPTUUCCKUX BMEIIATEIBCTB U
HE MOXET OTPaHUYUTh yBEIMUEHUE OKPYKHOCTH TPY-
HOM KJIETKU MPHU BIOXE, TAK U MPHU YBEIUUYEHUH OKPYXK-
HOCTH TPYJHOM KIIETKH 3a CUET JIETMCIIEHIIMU KPaeB Ipy-
JIUHBI CPEACTBO BHEIHEH (DUKCAIIMU TPYIUHBI HE CMOXKET
JIOJDKHBIM 00pa3oM ChIrpaTh MPOQHIAKTUYECKYIO POJIb.
OrpaHuuuBaioiiee JAeHCTBUE HEIIACTUYHBIX CPENCTB
BHEIIHEH (MKCAlUU TPYIUHBI OYJEeT BO3MOXHO TOJBKO
IIPH YCJIOBHUU OYCHBL OOJBINOW JCTHCICHIMH, KOTJa e
pasMmep OyaeT Ooblie, 4YeM HMPUPOCT OKPY>KHOCTH TPY-
HOW KJICTKH TIPH OOBIYHOM M TNTyOOKOM JBIXaHHWH. TOJb-
KO KOTJa OKpPYXHOCTh HE3JIaCTUYHOTO CPEACTBA BHEIII-
Hell (uKcalmu rpyIuHbI OyIeT paBHAa OKPYKHOCTHU Ipy/I-
HOM KJIETKH IIOCJI€ MOJHOTO BBIAOXA, OrpaHMYMBAOIIEE
JEHUCTBHE IS PA3BUTHUS JICTHCIEHIMH OyIET BO3MOXKHO.
OnHako 3TO YyCJIOBHE HE COOTBETICTBYET NPAKTHKE U
HEOOXOJAMMOCTH BOCCTAaHOBJCHHSA (YHKIIUU JICTKHX.
OrpaHuuuBaiomiee JeWCTBUE DIIACTUYHBIX  CPENCTB
BHEIIHEH (DUKCAIMU TPYAUHBI OyIeT BO3MOXKHO IPHU
3HAUUTEIBHON CHJIE CXKATHSI TPYJHOM KJIKTKH, KOTOpas
0oJIbIIIe, YeM CHUJIa PACTSDKEHHS IPYAUHBI TP Kallljle, 9YTO
OyZeT MOJIHOCTHIO OIPAaHUYMBATH BJIOX U JICNATh HEBO3-
MOXHBIM TPAaKTHYECKOe NpuUMUHEHHUE. Vcmonb3oBaHue
CPEICTB BHEMHEH (HUKCAlMd TPYIWHBI JTOJDKHO OBITh
OMOMEXaHMYCCKH 0OOCHOBAHHBIM.

BoiBoabl. PaccMmoTpeHass TeopeTHueckas Mo-
JIeTb TIOJITBEPKIAET JIUIIh OYeHbh HE3HAUUTENIBbHYIO POJIb
HCIIOJIL30BAHUS CPEACTB BHEIIHEH (DUKCAIMHA TPYIHMHBI
WM €€ OTCYTCTBUE B MPO(HUIAKTHKE JCTHCIICHIINU KpacB
TPYIUHBI MOCJEC CTCPHOTOMHU B OOKOBOM U TIepEiHE-
3a/lHEM HaIpaBJIEHUAX IOCTIE CTEPHOTOMUHU.
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