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A prognostic assessment of the occurrence of damage to the brachial arteries and veins requires in-depth knowl-
edge of their anatomical and topographic features in normal conditions and alterations. When predicting the risk
of developing hemodynamic disorders in patients with humeral diaphysis fractures, the biomechanical effect of the
muscle component is practically not taken into account. Methods of transport immobilization of the injured ex-
tremity play a significant role in the prevention of vascular damage. The purpose of the study was to identify the
alternative topographical and anatomical features of the location of humeral vessels with subsequent planning of
prognostic and diagnostic measures to prevent their damage depending on the type of displacement of bone frag-
ments in humerus fractures. The findings of the study revealed individual and gender features of the location of the
brachial artery, as well as brachial and basilar veins. Their spatial positional relationship with the groups of muscles
of the proximal humerus have been differentiated. The age-related relationship between the level of the fracture and
the type of displacement was revealed. The risk of damage to the vessels of the proximal part of the humerus is high
in the adduction type of fracture of the humeral diaphysis. In-depth knowledge of clinical anatomy and the interre-
lationships of various types of soft tissue structures of the humeral diaphysis will prevent the possibility of direct or
indirect damage to the brachial vessels, shorten the period of patients’ incapacity and reduce the degree of disability.
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Connection of the publication with planned
research works. The paper has been written within
the scientific research work, made at the Department,
“Development of the advanced scientifically based
principles of stratification, monitoring and prognosis
of the course of surgical diseases and injuries”, state
registration Ne 0120U101176.

Introduction. The publications report that vascular
complications in skeletal bone fractures occur in 1.5% of
cases. They can be caused both by direct traumatization
by bone fragments and by long-term compression by
soft tissue structures, which leads to hemodynamic
disorders and the occurrence of arterial and venous
thrombotic complications. The number of scientific
works devoted to the occurrence of post-traumatic
venous or arterial thrombosis of the upper extremity is
quite small [1, 2, 3, 4].

Prognostic assessment of the occurrence of damage
to the brachial arteries and veins requires in-depth
knowledge of their anatomical and topographic features
in normal condition and alterations. Magnetic resonance
imaging greatly facilitates the study of individual
anatomical features of a large number of patients in
vivo. This type of instrumental study is atraumatic and
available diagnostic method. It enables obtaining multi-
section and multi-plane scans of the humerus, evaluate
the positional relationship and anthropometric features
of the osseous and soft tissue structures [5, 6].

When predicting the risk for the development
of hemodynamic disorders in patients with humeral
diaphysis fractures, the biomechanical effect of the
muscle component is practically not taken into account.
The muscle group of the proximal humerus has the
greatest impact on the displacement of bone fragments
in diaphyseal fractures [7].

Methods of transport immobilization of the injured
extremity play a significant role in the prevention of
vascular damage. The optimal choice of the method
of primary immobilization minimizes the pathological

mobility of bone fragments and prevents their critical
displacement [8].

Purpose. Study of alternative topographical and
anatomical features of the location of the brachial vessels
with subsequent planning of prognostic and diagnostic
measures to prevent their damage depending on the
type of displacement of bone fragments in humerus
fractures.

Object and research methods. The topographical
and anatomical features of the location of the brachial
vessels have been studied based on the data of
magnetic resonance imaging (MRI) of patients made for
indications not related to the presence of pathological
disorders of the wvascular, muscular, and osseous
components of the humerus. The object of the study
was 32 patients aged 18 to 68 years. The average age
of the subjects was 46.5 years with the average age of
men and women of 46 years and 47 years, respectively.
According to the gender distribution, men (53% (17))
prevailed over women (47% (15)).

Scanning was performed using the MRI system with
induction of a magnetic field of 3 Tesla in the axial,
frontal and sagittal planes with the involvement of Pd,
T1 and T2 modes. The analysis and study of the MRI
scans were performed using the Dell imaging system
and the involvement of Sante Dicom Viewer 3.0 official
license software.

The clinical group involved 36 patients with closed
fractures of the humeral diaphysis with displacement of
bone fragments. The age of the patients ranged from
23 to 85 years. According to the gender distribution,
women (66.7% (24)) prevailed over men (33.3% (12)).
The average age among female patients was 59 years,
among male patients — 47 years.

In all patients, the cause of the fracture of the
humeral diaphysis was a low-energy injury, namely as a
result of a fall from own height. Injuries were received
during a fall on an outstretched arm, the area of the
elbow joint, a mechanical obstacle, and on the side.
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All injured individuals were present to the clinic by
emergency medical teams. At the pre-hospital stage
of medical care, 35 patients underwent transport
immobilization.

At the preoperative stage, all patients with humerus
fractures underwent a general clinical and laboratory
examination, radiography of the damaged segment in
standard two-plane projections.

At the stages of preoperative planning, 47.2% (17)
patients underwent spiral computed tomography of the
damaged area of the humerus and the anatomical 3D
modeling technique was applied to develop a fracture
reposition scheme to prevent iatrogenic intraoperative
injury to the soft tissue structures of the specified area
and to assess the relative location of the vascular and
bone components.

In the statistical analysis of anatomotopographic
and anthropometric data of the brachial vessels, the
displacement vector of bone fragments in humeral
diaphysis fractures, methods of non-parametric
statistics have been used,
namely, determination of the
median, interquartile range,

Table 1 — The average anthropometric data for the
humerus, brachial artery, brachial and basilar veins
in the proximal portion of the humeral diaphysis

AD of the AD of the AD of the AD of the
humerus, brachial vein, |brachial artery,| basilar vein,
cm. cm. cm. cm.
men |women| man |[women| men |women| man |women
3,2 3,0 0,36 0,32 0,56 0,46 0,58 | 0,48

air splints (8 cases), standard Kramer’s wire splints (21
cases), fixing bandages (7 cases).

58% (21) of patients were diagnosed with diaphyseal
fractures of the proximal portion of the humerus with
displacement of fragments by adduction type. In 42%
(15) patients, the abduction type of displacement of
bone fragments of the humeral diaphysis was found.

The adduction type of displacement of bone
fragments was characteristic of patients aged 23 to
58 years. Among them, women prevailed (36% (13)).
Abduction type of displacement of bone fragments was

Table 2 — The average anthropometric data for the brachial artery, brachial
and basilar veins to the proximal humeral diaphysis ratio

minimum and maximum | Distance from | Distance from | Distance from | Distance from | Distance from | Distance from
values. Statistical processing | AAHtoBRV, | AAH to BRA, AAH to BV, MCL BRY, MCL BRA, MCL BV,

of the resulting data was cm. cm. cm. cm. cm. cm.
carried out using the “Excel” | _men |women| man |women| men |women| man |women| men |women| man |women
software from the Microsoft | 2,38 | 2,22 | 3,25 | 3,15 | 4,12 | 3,98 | 0,86 | 0,82 | 1,72 | 1,66 | 2,54 | 2,52

Office 2019 package.

Research results and their discussion. In the
patients of the anatomotopographic group, it was found
that the average diameter (AD) of the proximal humeral
diaphysis was 3.1 cm. The distance from the anatomical
axis of the humerus (AAH) to the brachial vein (BRV) was
on the average of 2.3 cm. The distance from the outer
edge of the medial cortical layer (MCL) of the diaphysis
to the brachial vein was on the average of 0.84 cm. The
average diameter of the brachial vein was 0.34 cm. The
distance from the anatomical axis of the humerus to the
brachial artery (BRA) was on the average of 3.2 cm. The
distance from the outer edge of the medial cortical layer
of the diaphysis to the brachial artery was 1.69 cm. The
average diameter of the brachial artery was 0.51 cm.
The distance from the anatomical axis of the humerus to
the basilar vein (BV) was 4.05 cm. The distance from the
outer edge of the medial cortical layer of the diaphysis
to the basilar vein was 2.53 cm. The average diameter of
the basilar vein was 0.53 cm.

In the proximal humeral diaphysis, the brachial
artery, brachial and basilar veins were located in the
planes of projections of the insertion sites of the greater
pectoral muscle, teres major muscle and the broadest
muscle of the back on the medial surface. From the
lateral side —in the projection of the insertion site of the
deltoid muscle.

The detailed average anthropometric data for the
humerus, brachial artery, brachial and basilar veins
in the proximal portion of the humeral diaphysis are
shown in table 1.

The detailed average anthropometric data for the
brachial artery, brachial and basilar veins to the proximal
humeral diaphysis ratio are shown in table 2.

The analysis of the data of the clinical study group
has established that transport immobilization at the pre-
hospital stage was carried out with the use of inflatable

characteristic of elderly patients aged 62 to 85 years.
Female patients also predominated among them (30.5%
(11)).

The detailed gender-age characteristics of the
clinical group depending on the type of displacement
of bone fragments in humeral diaphysis fractures are
shown in table 3.

In the adduction type of displacement of bone
fragments, the leading role was played by the greater
pectoral muscle, teres major muscle and the broadest
muscle of the back, displacing the proximal bone
fragment inwards. The fracture line was located below
the insertion site of the abovementioned muscles and
above the insertion site of the deltoid muscle.

In the abduction type of displacement of bone
fragments, the key role was played by the deltoid muscle,
deflecting the proximal bone fragment outwards. This is
due to the passage of the fracture line below the site of
attachment of the deltoid muscle and its biomechanical
vector action.

The probability of traumatization of the brachial
artery, brachial and basilar veins in the area of the
proximal portion of the brachial segment by bone
fragments in the abduction type of displacement is not
biomechanically determined, since the bone fragments
will have a laterally directed deflection vector.

In the adduction type of displacement, the risk of
damage to the deep vessels in the proximal humerus
is quite high, since the dominant action of the greater

Table 3 — Gender-age characteristics
of the clinical group

Type of displacement |Men,| Women, npq‘\éir:g: wgr\sar:iee
of bone fragments |[n (%)| n (%) 8e 8¢
years years
Adduction 22,3 36 39 44
Abduction 11,2 30,5 67 76
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pectoral muscle, teres major muscle and broadest
muscle of the back creates a potentially dangerous
medial biomechanical vector of displacement of bone
fragments.

Damage to the blood vessels of the humerus with
disintegration of its walls was not observed in the
clinical group of the study. Due to severe edema and
the inability to clinically determine vascular damage,
ultrasound examination was performed in 11 cases,
according to which, in 4 cases, thrombosis of the
brachial vessels was diagnosed. In 3 of these cases, the
adduction fracture of the humerus was established.
After pathogenetic treatment, the above complication
was eliminated during preoperative preparation.

All 36 patients underwent metal osteosynthesis with
positive functional results.

Conclusions. Based on the analysis of clinical and
instrumental methods of study, a clear correlative
relationship was established between the type of

of traumatizing the brachial artery, brachial and basilar
veins. This risk increases in the adduction type of
displacement, which is characteristic of patients of
working age from 28 to 58 years.

Hemodiscirculatory processes can occur both
during the initial impact of the traumatic factor and at
the stages of transportation to the hospital, primary
repositioning, violation of the technique of operative or
conservative treatment, which provoked the deviation
of the axis of the proximal bone fragment inwards.

In-depth knowledge of clinical anatomy and the
interrelationships of various types of soft tissue
structures of the humeral diaphysis will prevent the
possibility of direct or indirect damage to the brachial
vessels, shorten the period of incapacity for work of
patients and reduce the degree of disability.

The prospects of further research. Further study
of anatomical features of the vessels of the humeral
diaphysis revealed by the magnetic resonance imaging

displacement of bone fragments leading to the threat  and in clinical.
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ACMEKTU NPOrHO3YBAHHA CYAUHHUX NMOPYLUEHDb NPU

NEPE/IOMAX NNEYOBOI KICTKM

Naxoscbkuii B. 1., ToHuapos A. B., Kosanbos O. C.

Pe3stome. YWKOAKEHHA CYyAMH NPU Nepenomax KiCTOK ckenety BUHMKaTb y 1,5% Bunaakis. MpuymHoOO Lmx no-
pyWweHb MOXYTb BMCTYNaTW AK NPAMI TaK i onocepeakoBaHi GpakTopu BNAMBY KiCTKOBWUX BifNaMKiB Ha CYAWHHUI
KOMMOHEHT. Lle npu3BoanTb A0 reMogMHAMIYHUX NOPYLIEHb, BUHUKHEHHS apTepia/ibHUX Ta BEHO3HUX TPOMBOTUY-
HWUX yCKNagHeHb. MPOrHOCTUYHA OLiHKa BUHUKHEHHSA YLLKOAXKEHHA apTepili Ta BeH naeva notpebye rMnboKmx 3HaHb
iXx aHaTomo-TonorpadiyHMx 0cobAMBOCTEN B HOPMI Ta NPW BapiaHTHUX 3MiHax. MarHiTHo-pe3oHaHcHa Tomorpadis
3HAYHO NOJErLWYE BUBYEHHS iHAMBIAYaIbHUX aHATOMIYHMX 0COBIMBOCTENM BEIMKOI KiNbKOCTi NaujieHTiB. MNig yac npo-
rHO3YBAHHS PU3NKY PO3BUTKY reMOAMHAMIYHWUX PO3/1aAiB y NALLIEHTIB 3 nepenomamm giadizy naeyoBoi KiCTKM Npak-
TUYHO BiZCYTHE ypaxyBaHHA BiomexaHiYHOI 4ii M’A30BOro KOMMNOHEHTY. 3HA4YHY PO/b Y NONEPEArKEHI NOLKOAKEHHS
CYAMH BiAirpatoTb MeToaM TPAHCNOPTHOT iMMOBini3aLii yLIKOAXKEHOI KiHLiBKY.

Mema docnidxceHHA. [locniaKeHHA BapiaHTHUX Tonorpado-aHaTOMiYHUX 0cobAnBOCTEl po3TallyBaHHA CyAMH
nieya 3 No4ANbLUIOK PO3POOKOK NAAHY MPOrHOCTUYHUX Ta AiarHOCTUYHMUX 3aX04iB NonepeayKeHHsA iX YLWKOAKEHHSA
B 3a/1€XKHOCTI Bif, TUMY 3MiLLLEHHA KiICTKOBUX Big1AaMKiB NpY Nepenomax naeyoBoi KiCTKK.

06’ekm i MemoOu docnionceHHsA. byno nposeaeHo gocniakeHHa 32 MPT-ckaHM, fKi 6y BUKOHAHO MaLieHTam
BiKom Bizg, 18 0,0 68 POKIB 3 NPUYMH, HE MOB’A3aHMX i3 3 HAABHICTIO MATO/IONYHUX NOPYLLEHb CYyAMHHOro, M’'30BOro Ta
KiICTKOBOrO KOMMOHEHTIB NJ1e4oBOro cermeHTy. [1o KAiHiYHOI rpynu yBilwno 36 nauieHTiB Bikom Big 23 Ao 85 pokis
i3 3aKpMTUMM Nepesomamu giadizapHoi 4iNAHKKM NNeYoBoi KicTKK. Mpu 06pobLi AaHNMX BUKOPUCTOBYBAIUCA METOAMU
HenapameTPUYHOI CTaTUCTUKMU.

Pe3ynemamu. MMicna 06pobKkn Ta BMBYEHHA pe3y/abTaTiB AOCNIAMKEHb aHaToMo-TonorpadiyHoi rpynu BuAB-
NIeHO iHAMBIAyanbHI Ta reHAepHi 0cobAMBOCTI po3TallyBaHHA M1e4yoBOi apTepii, NaeyYoBoi Ta 6a3UMNAPHOI BEH.
OundepeHLiioBaHo iX NPOCTOpOBe B3aEMOPO3TALLYBAHHA 3 rpynaMm m’A3iB MPOKCMMANbHOIO BiAAiNYy NAe4YoBOro
cermeHTy. Mpu AocnigxKeHHi KNiHiYHOT rpynn npoBeaeHo audepeHLUiaLito 3acTOCOBaHMX METOAIB TPaHCMNOPTHOT
immobinisauii Ha AoWwnWTaNbHOMY eTani, NPOBeAEHO aHasi3 BEKTOPY Ta XapaKTepy 3MilL,eHHA KiCTKOBMX Bigs1aMKiB
npu nepenomax Aiadisy nnevyoBoi KiCTKN. BUABNEHO BiKOBMIM B3aEMO3B’'A30K MiX piBHEM nepesiomy Ta TUMOM
3MILLEHHA. PU3MK YLLIKOANKEHHA CYANH NPOKCMMA/IbHOTO BiA 4Ny NAedYa € BUCOKMM NpU aaayKLiMHOMY TURi nepeso-
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My giadisapHoi AinsaHKW. MornnbaeHHA 3HaHb KNiHIYHOI aHAaTOMIi Ta B3aEMO3B’A3KIB PiSHUX TUMIB M AKOTKAHUHHMUX
CTPYKTYP 3 AiadizapHoto AiNAHKOI NAEYO0BOI KiCTKM A03BOAUTL NONEpeanUTN BUHUKHEHHA MOKAMBOCTI NPAMOTO YK
onocepesKoOBaHOIO YWKOAMKEHHA CyAUH NaeYa, CKOPOTUTU TEPMiH Nepiogy Henpawe3gaTHOCTI NALLIEHTIB Ta 3HU3UTHU
piBeHb iHBaniAN3aLii.

KntouoBi cnoBa: nepenomu nievyoBoi KiCTKM, CyAnHN naeya, Aiadis n1evyoBoi KicTKM.

ASPECTS OF PREDICTION OF VASCULAR DISORDERS IN HUMERUS FRACTURES

Liakhovskyi V. I., Honcharov A. V., Kovaliov O. S.

Abstract. Vascular damage in skeletal bone fractures occurs in 1.5% of cases. The cause of the disorders can be
both direct and indirect factors affecting the bone fragments on the vascular component. This leads to hemodynamic
disorders and the occurrence of arterial and venous thrombotic complications. A prognostic assessment of the
occurrence of damage to the brachial arteries and veins requires in-depth knowledge of their anatomical and
topographic features in normal conditions and alterations. Magnetic resonance imaging greatly facilitates the study
of individual anatomical features of a large number of patients. When predicting the risk of developing hemodynamic
disorders in patients with humeral diaphysis fractures, the biomechanical effect of the muscle component is
practically not taken into account. Methods of transport immobilization of the injured extremity play a significant
role in the prevention of vascular damage.

Purpose. Study of the alternative topographical and anatomical features of the location of humeral vessels with
subsequent planning of prognostic and diagnostic measures to prevent their damage depending on the type of
displacement of bone fragments in humerus fractures.

Object and Methods. 32 MRI scans, performed in patients aged 18 to 68 years for reasons not related to the
presence of pathological disorders of the vascular, muscular and osseous components of the humeral segment,
have been studied. The clinical group included 36 patients aged 23 to 85 years with closed fractures of the humeral
diaphysis. The data was processed by the methods of non-parametric statistics.

Results. The findings of the study of the anatomotopographical group revealed individual and gender features
of the location of the brachial artery, as well as brachial and basilar veins. Their spatial positional relationship with
the groups of muscles of the proximal humerus have been differentiated. During the study of the clinical group,
differentiation of the applied methods of transport immobilization at the pre-hospital stage has been made, and
the analysis of the vector and nature of the displacement of bone fragments in humeral diaphysis fractures has
been carried out. The age-related relationship between the level of the fracture and the type of displacement was
revealed. The risk of damage to the vessels of the proximal part of the humerus is high in the adduction type of
fracture of the humeral diaphysis. In-depth knowledge of clinical anatomy and the interrelationships of various
types of soft tissue structures of the humeral diaphysis will prevent the possibility of direct or indirect damage to the
brachial vessels, shorten the period of patients’ incapacity and reduce the degree of disability.

Key words: humerus fractures, brachial vessels, stepped therapy, humeral diaphysis.
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