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OnepaTtuBHOe NnevyeHue NOCTTpaBMaTUYECKOM
HecTabuNbHOCTU NJIeYeBOro CycTaBa y CMOPTCMEHOB.
ApTpockonuyeckas onepauus Jlatapxe

WAK cB0OOAHBIM KOCTHBIA ayTOTpaHCNNAHTAT?

A.K. Opneukwui, [1.0. Tumuenko, H.A. Topaees, B.A. Xapukos, [1.0. Bacunbes, .C. Kocos

HaumoHanbHbIA MeAVLIMHCKMIA UCCNeLoBaTeNbCKUIA LEHTP TpaBMatosiorum 1 optoneauy uM. H.H. Mproposa, Mockea, Poccuiickas ®Oenepauvs

AHHOTALIMA

BeepeHue. OnepaTuBHOe fieYeHMe NOCTTPABMATUYECKOH HeCTabUIBHOCTM NIEYEBOr0 CycTaBa NojpasyMeBaeT MCMoJb30Ba-
HWe Pa3/IMYHbIX XMPYPru4eckux TeXHUK: onepaumu Jlatapxe, baHkapTa, a Take npuMeHeHWe CBOBOHOMO KOCTHOMO ayTo-
TpaHcnnaHTaTa. Y Kamjoro u3 npeAnoxeHHbIX METOA0B eCTb CBOM NpeMMyLLiecTBa M HeA0CTaTKW, BCIeACTBUE Yero B Mo-
cnegtve 10 neT pasBMBalOTCA METOAWKU NACTUKM CYCTaBHOW NOBEPXHOCTM IONATKY.

Lienb. KomMnnekcHas oueHKa pe3ynbTatoB BUoMexaHUYecKux UcCieloBaHMiA MeYeBoro CycTaBa B NoC/e0nepaLyoHHoM ne-
puofie nocsie apTPOCKOMMYECKOW onepauuu JlaTapye W apTPOCKOMMYECKOW CTabunu3auum ¢ UCMosb30BaHWEM CBODOAHOMO
KOCTHOrO TpaHcnnaHTaTa y npoecCMoHanbHbIX COPTCMEHOB.

Martepuans u Metoabl. 3a nepuog ¢ 2017 no 2022 rop, B KnuHuke cnopTueHOK, baneTHo! U LMPKOBOI TpaBMbl uM. 3.C. Mu-
poHoBoii (PrBY «HMUL, TO um. H.H. MpuopoBsa») 6bino BbINoaHeHo 27 apTPOCKONUYECKMX onepauuii y NaLMeHToB ¢ NOCTTpaB-
MaTU4ecKOoW HecTabuNbHOCTBIO NJ1eYeBOro CycTaBa.

Pesynbtathl. o pesynbTataM CpaBHUTENBHOTO MCCNEfOBaHWA OMOMEXaHUKW MIeYeBOro cycTaBa B MOCNeonepaLroHHOM
nepuoge y 27 cnopTcMeHoB, NPOBEAEHHOT0 HaMM B HAay4YHOM 0ThesNle MeauumHcKon peabunutaumm HMULL TO M. H.H. Mpu-
opoBa nog, pykoeofcTteoM U.C. KocoBa, 6bi10 BbISBAEHO, YTO NPUMEHEHWE apTPOCKONMYECKOW onepaumm Jlatapxe CHUMXaeT
CMI0BblE XapaKTEPUCTUKY NNEYEBOr0 CYCTaBa, a TaKXKe HapyLUaeT NponpUOLENTUBHYH YYBCTBUTENIBHOCTL M, KaK CNeACTBYUE,
TOHKYI0 KOOPAMHALMIO IBUMEHWIA.

3aknioyenune. Bbibop MeTOAMKM XMPYPruyecKoro JieYeHWs NMOCTTPaBMAaTUMYECKOM HeCcTabunbHOCTM MeyYeBOro CycTaBa
Yy CMOPTCMEHOB 3aBMCUT OT cneundmku cnopta. [lpuMeHeHne cBobojHOrO KOCTHOrO 6510Ka NO3BONSET COXPAHUTL TOHKUE
KOOPLMHMPOBaHHbIE [ABUMEHMS, YTO BAXHO B TMMHACTUKE, CMHXPOHHOM MylaBaHUW U T.A., TaKKe CBODOAHbINA ayTOTpaH-
CM/IaHTaT He CHUXAEET CWIOBbLIE XapaKTepUCTUKKM nocne onepauun. Onepauuio JlaTape MOXHO WUCMOAb30BaTh MpU KO-
MaHAHbIX Buaax cnopTa (backetbon, Boneiibon u 1.4.) 63 noTepu CNOPTMBHOMO pesynbTata.

KnioueBble cfioBa: nocTTpaBMaTyeckas HecTabWUNbHOCTb; apTPOCKOMMA nuieda; onepauua JlaTapxe; CBOGOAHBIN
KOCTHBbI BJI0K.
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Surgical treatment of post-traumatic instability
of the shoulder joint in athletes. Arthroscopic Latarjet
procedure or free bone autograft?

Anatoliy K. Orletskiy, Dmitriy 0. Timchenko, Nikolay A. Gordeev, Vladislav A. Zharikov,
Dmitriy 0. Vasiliev, Igor S. Kosov

Priorov National Medical Research Center, Moscow, Russian Federation

ABSTRACT

BACKGROUND: Surgical therapy for post-traumatic shoulder includes a variety of procedures, such as the Latarjet operation,
Bankart, and the use of free bone autograft. Each of the offered approaches has advantages and disadvantages. As a result,
techniques for plastic surgery of the articular surface of the scapula have been developed in the last 10 yr.

OBJECTIVE: To comprehensively evaluate the outcomes of biomechanical studies of the shoulder joint in the postoperative
period after arthroscopic Latarjet operation and arthroscopic stabilization using a free bone graft in professional athletes.
MATERIALS AND METHODS: From 2017 to 2022, the Clinic for Sports, Ballet, and Circus Trauma, named after Z.S. Mironova
(N.N. Priorov National Medical Research Center for Traumatology and Orthopedics), performed 27 arthroscopic procedures on
patients with post-traumatic shoulder joint instability.

RESULT: According to the results of a comparative study of the biomechanics of the shoulder joint in the postoperative period
in 27 athletes, conducted by us in the scientific department of medical rehabilitation of the N.N. Priorov, under the guidance of
.S. Kosov, it was revealed that the use of arthroscopic Latarjet operation reduces the strength characteristics of the shoulder
joint and violates proprioceptive sensitivity, resulting to fine coordination of movements.

CONCLUSIONS: The surgical treatment of post-traumatic shoulder joint instability in athletes is determined by the sport. A free
bone block allows you to maintain fine coordinated movements, which is vital in gymnastics, synchronized swimming, and
other sports, and a free autograft does not reduce strength characteristics after surgery. The Latarjet operation can be used in
team sports (basketball and volleyball) without affecting the outcome of the game.

Keywords: post-traumatic instability; shoulder arthroscopy; Latarjet operation; free bone block.
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OPUTHATTBHBIE VICCTIE JOBAHNA

INTRODUCTION

According to Waterman et al. (2016), shoulder instability
occurs in up to 24 per 1000 athletes and is an urgent problem at
the present stage. The shoulder joint has the greatest functional
significance in the following high-performance sports [1-3]:

+ Contact sports: wrestling, sambo, boxing, and mixed

martial arts

+ Team disciplines: basketball, volleyball, and handball

» Gymnastics (both sports and artistic)

» Track and field athletics: hammer, javelin, discus, and

shot put

To date, many surgical techniques have been proposed
for the treatment of posttraumatic shoulder instability. Each
treatment method has its advantages and disadvantages. The
most common surgical techniques at the present stage are
as follows [4-6]:

+ Bankart arthroscopic soft tissue surgery

- Latarjet-Bristow open surgery

» Latarjet-Bristow arthroscopic surgery

+ Open surgery using a free bone autograft

» Arthroscopic stabilization using a bone autograft

Posttraumatic instability of the shoulder joint with bone
mass loss of the scapula articular socket is considered the
most difficult in terms of prognosis and treatment results. As
a result, operative techniques of glenoid bone grafting have
actively developed in the last decade [7-9].

This study aimed to comprehensively evaluate the results
of the biomechanical studies of the shoulder joint in the
postoperative period following arthroscopic Latarjet surgery
and arthroscopic stabilization using free bone autograft in
professional athletes.

MATERIALS AND METHODS
Study design

A descriptive observational study was conducted.

Inclusion criteria

The study included professional and amateur athletes
with a scapular articular surface bone mass deficit of more
than 20%, recurrent shoulder instability, and bone mass loss
of the humeral head of more than 3x3 cm.

Terms and conditions of the event

The study was conducted at the biomechanics laboratory
of the Priorov Central Institute for Trauma and Orthopedics.

Duration of the study
The study was conducted from 2017 to 2022.

Description of the medical intervention

Patients with posttraumatic shoulder instability underwent
Latarjet arthroscopic surgery and arthroscopic stabilization of
the shoulder joint using free bone autograft.

T.30,Ne 3, 2023
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Ethics Committee

The study was approved by the local ethics committee on
December 26, 2022 (Protocol #1).

RESULTS

Study participants

The study included professional and amateur athletes
with posttraumatic shoulder instability accompanied by >20%
bone mass loss of the scapular socket, and participants were
divided into two groups according to the type of surgical
intervention performed [10-14]:

- Latarjet arthroscopic surgery

« Arthroscopic stabilization using a free bone autograft

From 2017 to 2022, 27 arthroscopic surgeries were
performed on patients with posttraumatic shoulder
instability at the Z.S. Mironova Clinic of Sports, Ballet and
Circus Trauma (Priorov Central Institute for Trauma and
Orthopedics). Latarjet arthroscopic surgery was performed
in 19 (70.4%) patients. In 8 (29.6%) patients, patients
underwent arthroscopic stabilization using bone autograft.
The mean age of the patients was 29.4 + 1.4 years, and there
were 23 (86.9%) male and 4 (13.1%) female participants.
The predominant were power sports, namely, judo (n = 12,
46.1%), sambo and mixed martial arts (n = 9, 33.3%), and
rhythmic gymnastics, basketball, and javelin throwing (n = 6,
22.2%) 12, 3, 15, 16].

To date, according to Known et al., surgical treatment
is indicated for all patients of active age with posttraumatic
pathologies of the shoulder joint in the absence of
contraindications [5, 17-20].

Arthroscopic stabilization using a free bone graft is
one of the possible treatment options for patients with
posttraumatic shoulder instability [21-24]. This technique
involves the collection of an autograft from the iliac crest and
its transposition into the anterolateral aspect of the articular
surface of the scapula to fill the bone defect [5, 25, 26].

The dynamic observation and examination of our patients
in the biomechanics laboratory at the Priorov Central Institute
for Trauma and Orthopedics within 1.5 years following the
surgical intervention revealed the following differences in
the functional indices of the shoulder joint in those who
underwent arthroscopic Latarjet surgery:

« Longer recovery time during the pretraining period

+ Complaints of loss of athletic performance skills, i.e.,

muscle strength, endurance, and reaction speed (as
measured by the visual analog pain scale, USES, and
UCLA scale).

Shoulder biomechanics

The “hanging” shoulder joint is stabilized by passive
(capsuloligamentous apparatus) and active (periarticular
muscles) stabilizers. A special distinguishing feature is
the need to compensate for the gravitational component
[27-30].
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Biokinematic chain “scapula—shoulder-forearm”

Moments of force:

+ Anti-gravity

« Driving

« Internal rotation torque

In this biokinetic chain, the biceps brachii forms a force
vector directed from the attachment site of the common
tendon on the tuberosity of the radius to the attachment site
of the short-head tendon on the clavicular process of the
scapula [16, 31, 32].

In this case, the resultant forces acting from bottom to top
and from outside to inside are responsible for the antigravity,
driving, and torque intra-rotational moments (Fig. 1).

Receptor function of joint stabilizer muscles

The activity of the joint stabilizer muscles is regulated
reflexively (Fig. 2):

» Tendon Golgi organs (receptors of the muscle tension

regulation system)

» Muscle spindles (receptors of the muscle length

regulation system)

The activity of the joint stabilizer muscles is regulated
reflexively. The normal anatomical position of the muscle
attachment points is one of the components of the normal
physiological system of the biocontrol of the tonic activity of
stabilizer muscles [19, 20].

Intact muscle fixation points provide physiologic length

The operative convergence of the muscle fixation points
(during the transposition of the short head of the biceps
in Latarjet surgery) may contribute to impaired reflex
reactions and imbalance in active—dynamic stabilization of
the shoulder joint, which negatively affects the recovery of
sports performance (Fig. 3).

Humeral hardware test

To qualitatively and quantitatively assess the kinesiologic
profile of shoulder dislocation, the original humeral
instrumentation test was used (Figure 4). The stages of
patient testing were as follows:

+ Goniogram of the m. deltoideus in the lead
Spectrogram of the m. trapezius
Spectrogram of the m. deltoideus
Spectrogram of the m. biceps
Electromyogram of the m. deltoideus

A pocket EMG device uses digital goniometers to
estimate the angles of withdrawal and record the voluntary
bioelectrical activity of the deltoid, trapezius, and biceps
muscles of the shoulder joint in concentric (withdrawal),
isometric (retention), and eccentric (adduction) phases
(Figs. 5-11).

Electromyography evaluation included the following:

» Shape and amplitude of the signal

+ Digital spectral analysis of recordings, i.e.,

determination of the functional type of the muscles

Vol. 30 (3) 2023

NN. Priorov Journal of Traumatology and Orthopedics

Fig. 1. Biokinematic chain “scapula—shoulder—forearm”.

'/m Muscle spindles

# The Golgi tendon organ

Fig. 2. The activity of joint stabilizing muscles is regulated
reflexively.
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Fig. 3. Intact points of muscle fixation, ensuring its physiological
length.

under study (slow and fast functional fibers) and their
characteristics (Figs. 8 and 9).
After a comprehensive analysis of the kinesiologic profile
of the operated upper limb, the results were compared with
those of the contralateral limb.
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Fig. 4. Demonstration of scapulohumeral testing using the device.

Main results of the study and Orthopedics under the direction of Kosov, were as
The results of the comparative study of the postoperative  follows:

biomechanics of the shoulder joint in 27 athletes, which + In patients who underwent arthroscopic Latarjet

was conducted in the Scientific Department of Medical surgery, the strength characteristics of the operated

Rehabilitation at the Priorov Central Institute for Trauma limb decreased by 14.9% because of the severing
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Fig. 5. An example of a protocol for processing the obtained data: @ — electromyography of m. deltoideus, b — goniogram (lead).
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Fig. 8. Digital spectral analysis: a — shoulder abduction in the
test: 1 — electromyography of m. hiceps (average amplitude
42 W), 2 — spectral density; b — forearm flexion: 1 — elec-
tromyography of m. biceps (average amplitude 237 pV), 2 —
spectral density [8].

Fig. 7. Shoulder test, normal indicators: @ — spectrogram of
m. deltoideus, b — spectrogram of m. trapezius, c — spectrogram
of m. biceps [11, 21, 22].

of the beak-like process of the scapula, which led
to a decrease in athletic performance (weightlifters,
athletes engaged in martial arts, boxing, etc.).

+ The proprioceptive function of the shoulder joint

decreased by 18.7%, which caused impairments in the
fine coordination of movements, which is extremely
important in sports such as rhythmic gymnastics,
figure skating, and ballet.

DAl https://doi.org/10.17816/VT0321282

+ Arthroscopic stabilization using a free bone block
did not affect shoulder proprioception; however,
postoperatively, it preserves fine muscle coordination,
which is very important in gymnastics, figure skating,
ballet, etc.

« Free hone block surgery is more sparing than Latarjet
surgery because the tendons of the short head of
the m. biceps, m. subscapularis, and m. teres minor
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Fig. 9. 1 — electromyography of m. deltoideus (529 uV), 2 — electromyography of m. trapezius (481 pV), 3 — electromyography of

m. biceps (42 pV), &4 — goniogram [9].

remain intact, which leads to a reduction in functional
recovery by 3—4 weeks.

Clinical case study 1

Patient D (30 years old) was diagnosed with recurrent
instability of the left shoulder joint (Master of Sports,
International Sambo Class). In 2022, arthroscopic Latarjet
surgery of the left shoulder joint was performed (Fig. 10).

Preoperative computed tomography and radiography
were performed 6 months after the intervention. A study was
also performed 7 months after the surgical treatment. The
results of the clinical evaluation were good, no recurrences
occurred, and the external shoulder rotation was slightly
limited (Fig. 11).

In this patient, the spectral power of the left operated arm
was reduced, which was most pronounced in the isometric
phase (holding) (Fig. 12).

Maximum changes, such as spectrum narrowing, were
also observed on the left side in the isometric phase. In the
concentric and eccentric phases, slight differences from the
right side were noted (Fig. 13).

Changes in the spectral power of the biceps on the
affected side indicated its greater involvement in the motor
pattern of shoulder extension and increased motor activity
than on the opposite side (Fig. 14). The goniometric data
indicated a failure of the isometric phase of the platysma by
10°. Interestingly, at the beginning of the eccentric phase,
the angle of withdrawal increased by 5°. The aforementioned
changes were attributed to the deficit of proprioceptive
sensitivity and impairment of the biocontrol system of muscle
activity.

Clinical case study 2

Patient N (27 years old) was diagnosed with recurrent
instability of the left shoulder joint (honored master of
sports in artistic gymnastics). In 2022, the patient underwent
arthroscopic stabilization using a free bone autograft of the
right humerus (Fig. 15).

The position of the bone autograft and results of the
muscle functional status test performed 6 months after
surgery to assess spectral power in the left arm are
presented in Figs. 16—18.

Fig. 10. Bone defect of the glenoid on preoperative computed tomography, control radiography 6 months after surgery.

DAl https://doi.org/10.17816/VT0321282
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2]

Fig. 11. Spectrograms of m. deltoideus: a — left hand, b — right hand.

2]

Fig. 12. Spectrograms of m. trapezius: @ — left hand, b — right hand.

Fig. 13. Spectrograms of m. biceps: @ — left hand, b — right hand.
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Fig. 16. Spectrograms of m. deltoideus: @ — left hand, b — right hand.
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Fig. 17. Spectrograms of m. trapezius: a — left hand, b — right hand.

Fig. 18. Spectrograms of m. biceps: a — left hand, b — right hand.

Regarding the results of the examinations performed 6
months after surgery on the m. deltoideus, the goniometry
data indicated adequate positional retention of the shoulder
joint in the isometric phase and proprioceptive control
(Fig. 19).

DISCUSSION

The results of the comparative analysis of the qualitative
and quantitative kinesiological profiles of the shoulder joint
in professionals and amateur athletes revealed that the
specifics of sports should be considered when using different
variants of arthroscopic stabilization. A free graft should be
used in the stabilization of the shoulder joint of patients

DAl https://doi.org/10.17816/VT0321282

who need preservation of fine coordination of movements
(gymnastics, ballet, figure skating, etc.) and those engaged
in power sports (boxing, sambo, and wrestling), where a
decrease in muscle strength indices will negatively affect the
results during competitions. Team sports with the playing
position of the upper limb above the head allow for Latarjet
arthroscopic surgery without significant loss of athletic
performance postoperatively.

CONCLUSION

Stabilization using a free bone block allows graft
harvesting considering the bony defect of the articular
surface of the scapula. A free bone block has fewer
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Fig. 19. Goniograms, plateau: @ — left hand, b — right hand.

effects on the biokinematic aspects and proprioception of
the shoulder joint, which does not affect the fine motor
skills of the upper limb. In high-performance sports, a
free graft is recommended for athletes of rhythmic and
artistic gymnastics and synchronized swimming, which
require finely coordinated movements of the upper limb
for performing sports elements. Arthroscopic stabilization
with a free bone block is also used in revision interventions
following Latarjet surgery.
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Modern aspects in the treatment of intra-

articular fractures and fractures of the proximal
interphalangeal joints of the three-phalangeal fingers
of the hand, as well as their consequences

Igor 0. Golubev, Maksim V. Merkulov, Vasily D. Kusnetsov, Oleg M. Bushuev,
llya A. Kutepov, Grigoriy G. Baliura

Priorov National Medical Research Center of Traumatology and Orthopedics, Moscow, Russian Federation

ABSTRACT

BACKGROUND: Proximalinterphalangeal joint intra-articular fractures are a prevalent problem in traumatology and orthopedics.
Damage typically develops at the base of the middle phalanx due to a collision with the head of the proximal phalanx. As a
result, the finger’s function declines significantly, which inevitably impacts the function of the entire brush. Compared with
long-standing injuries, treating patients with this pathology in the acute period of injury is more likely to result in limb function
restoration. Suppose an intra-articular fracture is underestimated or missed in the early stages. In that case, the doctor may
eventually encounter chronic pain syndrome, joint and/or stiffness, and more time-consuming treatment procedures. There are
many methods of treatment for both “acute” and long-standing injuries, each with advantages and disadvantages.
OBJECTIVE: To describe, in our opinion, the most effective modalities of therapy for patients with these injuries in the early
stages (up to 4 weeks from the time of injury) and long-term periods (more than 4 weeks).

MATERIALS AND METHODS: The Suzuki external fixation spoke device (pins and rubber traction system [PRTS]) was used
to treat 26 patients with fractures and dislocations of the base of the middle phalanx of the three-phalangeal fingers of the
hand in the acute period of injury. Arthroplasty of the base of the middle phalanx with a hook bone graft (hemihamate) with
its modifications was used in the treatment of 23 patients with inadequately fused intra-articular fractures of the base of the
middle phalanx of the three-phalangeal fingers of the hand. All patients underwent physical examinations, X-rays, and/or CT
scans to diagnose and confirm or clarify the nature of the damage. All patients developed passive/active movements early in
the operated section during the postoperative period.

RESULTS: The patient estimated the VAS pain syndrome at 4—6 points on the scale; however, after 6—8 weeks, this indicator
was 0-1 points. After 6—8 weeks, the amplitude of movements in the proximal interphalangeal joint of the fingers from the
average of 30-50° after 6—8 weeks, was reached the average of 15-95°. There was a 15-20° extensor contracture in two
patients.

CONCLUSION: The treatment of patients with intra-articular fractures and fracture-dislocations in the proximal interphalangeal
joint of the three-phalangeal fingers of the hand, as well as their consequences, is a complex current problem in traumatology
and orthopedics with no one-word universal solution. To select treatment strategies, a comprehensive evaluation of the patient,
correct verification and interpretation of the existing damage, and a thorough understanding of the anatomy of the fingers and
the hand are required.

Keywords: hemihamate; proximal interphalangeal joint; fracture dislocation; Suzuki; pins and rubber traction system; intra-
articular fractures.
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OPUTHATTBHBIE VICCTIE JOBAHNA

BACKGROUND

The human hand is a composite organ characterized
by a particular complexity of differentiated movements.
Any trauma with a violation to the anatomical structure
of the hand leads to changes in its biomechanics, limiting
the patient’s ability to work [1]. Hand injuries account for
30% of all injuries to the musculoskeletal system [2].
Treatment of phalangeal fractures and metacarpal fractures
is challenging [3]. The proximal interphalangeal (PIP) joint
is the most commonly injured joint in the hand. Injuries
to PIP joints are challenging to treat owing to the joint's
tendency for early stiffness and late detection of injuries,
as they are often ignored or underestimated during initial
patient presentation. Errors in diagnosing and treating these
injuries occur in 28%-70% of cases, and unsatisfactory
outcomes reach 16%-30% [3]. The main objective of treating
patients with fracture dislocations of the interphalangeal
joints of fingers are stabilization and early development
of active movements [4]. When treating individuals with
complex fracture dislocations, distant sequelae, such as
pain syndrome and stiffness, and limitation of movement
are often observed. The Eaton classification, proposed by
Eaton and Malerich in 1980 [6], is prevalent in categorizing
the subtypes of this type of lesions, as well as in selecting
the method of treatment [5]. There are many treatment
methods, but none guarantee a consistently good result
[7]. The choice of treatment method depends on the degree
of stability of the anatomical structures of the injured
joint, the size of the bone fragment and the direction of its
displacement, and the presence of concomitant damage to
soft tissues that mainly are joint stabilizers [4].

The study aimed to describe treatment methods and
consequences of intra-articular fractures and fracture
dislocations of the PIP joints of the triphalangeal fingers of
the hand.

MATERIALS AND METHODS
Study design

This was an observational, single-center, prospective,
continuous, controlled, randomized, and simple-blind study.
Patients were treated based on clinical indications using the
necessary surgical methods to achieve the best treatment
outcome.

Eligibility criteria

The study included patients with intra-articular fractures,
fracture dislocations of the palmar and dorsal edges of the
base of the middle phalanx, as well as with the consequences
of these injuries during the chronic trauma period.

Terms and conditions of the event

The study involved patients treated in the 3rd
Traumatology and Orthopedics Department of Microsurgery
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and Hand Trauma at the Priorov Central Institute for Trauma
and Orthopedics (Moscow).
There were no specific inclusion factors.

Duration of the study

If the time interval from the moment of injury to seeking
medical attention up to 4 weeks, it is considered as acute
period. If the interval was longer than 4 weeks, the injuries
were considered stale (consequences of acute trauma). The
preoperative period averaged 1 day. The early postoperative
period of inpatient observation usually lasted 4-5 days.
Control examinations in outpatient mode were performed at
4, 6, and 8 weeks and at 4, 6, 8, 12, and 18 months.

Description of the medical intervention

In the preoperative period, all patients were
comprehensively examined. Trauma history was collected.
Clinical examination with determination of amplitudes of
passive/active movements in the joints of the limb using
a goniometer, palpation, and determination of the severity
of pain syndrome using the visual analog scale (VAS)
was performed. Radiation examination methods, such
as radiography and/or computed tomography (CT), were
used. If concomitant somatic pathology were present, an
anesthesiologist and specialist physicians were consulted.

The volume of anesthesia was determined based on the
patient’s age, number of previous surgeries if any, presence
of concomitant pathology, and history of allergies and other
somatic diseases. A combination of conduction anesthesia
and sedation was preferred. Under the control of ultrasound
navigation, an axillary block was performed on the side of
the operated limb with ropivacaine 0.375%-0.5% solution in
a single dosage not exceeding 2 mg/kg. Sedation was carried
out due to intravenous propofol administration: induction of
1-2 mg/kg (bolus) and maintenance of constant infusion of
2-5 mg/kg/hour.

All patients received complex antibacterial, analgesic, and
symptomatic therapy as indicated in the postoperative period.
During hospitalization, daily dressings of postoperative
wounds with antiseptic solutions were performed.

The course of surgery and postoperative rehabilitation
tactics is described in detail in the text for each specific
technique.

A method of hemiarthroplasty from the hook bone

of the hand for injury to the palmar edge of the base

of the middle phalanx

The hand was placed on an extension table in the supine
position, and a pneumatic cuff was applied. The surgical
field was treated three times with antiseptic solutions. A
trapezoidal incision was made along the palmar surface
in the projection of the PIP joints of the injured finger with
skin flap withdrawal. Access to the flexor tendon canal was
realized. The latter was U-shapedly dissected in the gap
between the annular ligaments A2 and A4, and the canal
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flap was bent. The tendons of the superficial and deep
flexors are isolated and withdrawn. The palmar plate was
distally cut from the scar tissue, along with a fragment
of the improperly fused palmar edge of the base of the
middle phalanx. The collateral ligaments were proximally
cut from the head of the proximal phalanx. Dislocation of
the PIP joints to the rear was performed, and scar tissue
was excised. The area of damage to the articular surface
of the palmar edge of the base of the middle phalanx was
detected, and an economical resection of the damaged part
of the phalanx was performed. Measurements of the middle
phalanx defect were made. A separate linear skin incision
was made along the dorsal surface of the hand in the area
of the IV-V carpal—carpal (CMC) joint. The joint capsule
was longitudinally dissected. The articulation of the hook
bone with the bases of the IV-V metacarpal bones was
identified. A tangential osteotomy of the dorsal surface of

the metacarpal bases was performed using a chisel. Based
on the size of the middle phalanx defect, a graft from the
hook bone was marked and isolated. The graft was fixed
to the phalanx with a bone holder, alternately drilled in the
dorsal direction, and affixed with two 1.5 mm screws to the
dorsal edge of the middle phalanx. The phalanx dislocation
was repositioned and checked using an electron optical
transducer (EOT). The positions of the phalanges and
screws are confirmed to be correct. The capsule in the
area of the CMC joint was sutured with passive drainage.
The distal edge of the palmar plate and the proximal ends
of the collateral ligaments are sutured together, harboring
the screws. The flexor tendon capsule flap is passed under
the tendons and sutured from the cutoff site. The skin flap
is sutured with knotted sutures. An aseptic dressing is
applied. Fixation in a posterior plaster cast bandage in the
position of flexion in PIP joints at 30° (Figs. 1-8).

Fig. 3. a — skin incision with flap formation, b — the flexor tendons sheath is dissected, c — flexor tendons are withdrawn, the palmar

plate is visualized.

DOl https://doiorg/10.17816/V10321379
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Fig. 4. a — dislocation of the proximal interphalangeal joint after cutting off the palmar plate and collateral ligaments (“shotgunning”),
b — marking of the resection zone, c — approach to the V-V carpometacarpal joints.

Fig. 5. Isolated bone autograft of the hamate. Fig. 6. X-ray control after fixation of the graft with screws.

Fig. 7. Intraoperative picture after fixation of the graft with screws.  Fig. 8. The result in 2 months after the operation.

Modification of the hemiarthroplasty method in the results of multislice spiral CT are stored in DICOM format
treatment of patients with damage to the palmar and transferred to Dolphin Imaging to form DICOM files. A
edge of the base of the middle phalanx of the solid three-dimensional (3D) model of the STL phalanx of the
triphalangeal fingers of the hand patient’s damaged finger and the necessary bone autograft is

In the preoperative period, multislice spiral CT was used  formed, showing the affected bone anatomical structures and
to determine the spatial visualization of the affected bony  anomalies of the damaged phalanx made of biocompatible
anatomical structures of the fingers and the features of and non-toxic polymer material. Acrylonitrile butadiene
malunion fractures of the palmar edge of the base of the  styrene, polyethylene terephthalate with glycol, or polylactide
middle phalanx of the patient’s triphalangeal fingers. The is used as biocompatible and non-toxic polymeric material.

DOl https://doi.org/10.17816/ V10321379
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Virtual planning of the stages of surgical treatment is
performed using the 3D model of the phalanx of the damaged
finger and the bone autograft model. Intraoperatively, the
same stages of hemiarthroplasty are performed only with
the use of an individual fitting template, which allows the
most accurate resection of the damaged part of the phalanx
and the allocation of the hook bone autograft. This makes
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NN. Priorov Journal of Traumatology and Orthopedics

it possible to improve the treatment result, speed up the
operation, and make it more comfortable for the operating
surgeon.

There is a patent for invention No. 2785748, “Method
of surgical treatment of fracture dislocations of the palmar
edge of the base of the middle phalanx of the triphalangeal
fingers,” dated 12.12.2022 (Figs. 9-13).

Fig. 11. Created solid-state individual fitting template made of poly-
acrylate.

,
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X
.
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L1 l

Fig. 13. Comparison of the template with the selected bone au-
tograft.

DOl https://doiorg/10.17816/V10321379

Fig. 10. Digital visualization of the resection zone and the future
autograft of the hamate.

Fig. 12. Fitting the template during the operation. IV — 4% meta-
carpal bone, V — 5™ metacarpal bone, H — hamate bone.

Method of treatment of patients with damage

to the dorsal edge of the base of the middle phalanx

accompanied by failure of the central bundle of the

tendon of the common extensor tendon of the

triphalangeal fingers of the hand

In the preoperative period, a computed tomographic
study of the patient’s injured hand and contralateral foot
is performed. Spatial visualization of the injured middle
phalanx and middle phalanx of the second toe is performed.
A solid polyacrylate template is created, corresponding to
the dimensions of the future resection of the area of the
damaged base of the middle phalanx, comparable with the
dimensions of the future bone autograft from the dorsal edge
of the base of the middle phalanx of the second toe.

In the supine position, the hand was placed on an
extension table, and a pneumatic cuff was applied. An
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arc-shaped incision was made along the dorsal surface in
the projection of the PIP joint of the injured finger of the hand,
involving the removal of a skin flap. Blunt and sharp access
to the extensor tendon and joint capsule was achieved.
The lateral legs of the extensor tendon were isolated and
withdrawn. The joint capsule was dissected transversely.
Dislocation of the PIP joint to the rear was performed, and
scar tissue was excised. The damaged area to the articular
surface of the dorsal edge of the base of the middle phalanx
was identified, and a sparing resection of the damaged
portion of the phalanx was performed using a pre-created
3D template. A pre-created individual polyacrylate template
was attached to visualize the necessary parameters of the
future graft from the middle phalanx of the second toe of
the left foot. A separate linear skin incision was made along
the dorsal surface of the PIP joint area of the Il toe of the
contralateral foot. The central bundle of the tendon of the
long extensor tendon of the toe was isolated. The phalanx
was marked according to the dimensions of the middle
phalanx defect using a 3D template. An osteotomy of the
outlined section of the middle phalanx of the second finger
was performed using an oscillatory saw. Using a chisel, a
fragment was isolated from the wound, cutting off the central
bundle of the long extensor tendon 4 cm from the attachment
site. The graft was fixed to the phalanx with a bone holder
and alternately drilled in the palmar direction. Two 1.5 mm
screws were inserted to fix the graft with the palmar edge of

Fig. 16. Created solid-state template made of polyacrylate.

T.30,Ne 3, 2023
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the middle phalanx. The phalanx dislocation was corrected.
EOT control was performed, and the position of the phalanges
and screws was correct. Arthrodesis of the PIP joint of the
second toe with spokes was performed. A layer-by-layer
suture of the wound of the Il toe of the left foot and rubber
drainage were performed. The suture of the tendon end of
the graft with the central bundle of the common extensor
bundle of the wrist finger was performed using U-shaped
sutures, along with adaptation sutures of the tendon edges.
The skin flap was sutured with knotted sutures. An aseptic
dressing was applied. Fixation in a palm plaster bandage in
the position of flexion in the PIP joint was at 30°.

There is a patent application for invention No. 2022133417,
“Method of surgical treatment of malpositioned fracture
dislocations of the dorsal edge of the base of the middle
phalanx of the triphalangeal fingers of the hand using an
autograft from the middle phalanx of the second toe of the
patient’s contralateral foot,” dated 20.12.2022 (Figs. 14-23).

Thanks to these templates, it was possible to accurately
assess the defect of the base of the middle phalanx
intraoperatively, resect the malalignment zone, and mark
and isolate the bone autograft.

Full immobilization with a bandage is performed within
2 weeks after surgery. Radiologic and/or tomographic control
of the operated limb segment are performed on days 2 and 3
post-surgery. In weeks 3 and 4, patients are recommended to
develop passive/active movements 3-5 times a day.

Fig. 17. Digital modeling.
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Fig. 20. The relationship of the graft and the phalanx model. Fig. 21. X-ray control after osteosynthesis of the graft and
arthrodesis of the proximal interphalangeal joint of the toe.

Fig. 23. Appearance and function 2 months after the operation.

DOl https://doiorg/10.17816/V10321379
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On follow-up examinations, an increase in the amplitude
of passive/active movements in the joint was assessed.

Methods of recording outcomes

Clinical examination methods were used to record
treatment outcomes, including interview, palpation,
determination of the amplitude of joint movements using a
goniometer, and assessment of pain syndrome severity using
VAS. Additionally, radiation examination methods, such as
radiography and/or CT, were employed.

Ethical review
[t was not conducted.

RESULTS

Treatment of patients with fracture dislocation
of the base of the middle phalanx of the
triphalangeal fingers in the acute period

of trauma

During 2021-2022, 26 patients (23 men and 3 women)
with fracture dislocation of the middle phalanx base of

T.30,Ne 3, 2023

BecTHwK TpaBMaTonoriv 1 opToneami uM. HH. Mproposa

triphalangeal fingers of hand in the acute period of trauma
sought care. The average age was 31 years (16—46 years).
The mechanism of injury was axial direction of force (impact)
with rear deviation. All patients underwent preoperative
diagnosis: radiography and clinical assessment of the
amplitude of motion in the joint. Avulsive (detached) fractures
of the palmar edge of the middle phalanx base with its dorsal
subluxation were determined by radiologic signs. According
to the Eaton classification, the patients were categorized as
group llla. In all cases, the amplitude of movements in PIP
joints was sharply limited by pain syndrome. Pain syndrome
at the moment of attempted flexion in the joint was from 6
to 8 points on VAS. It was decided to treat all these patients
with fixation of the injured finger in the Suzuki distraction-
reposition external fixation apparatus (Figs. 24-29). This
apparatus was described by Y. Suzuki in 1994 and represents
t system of intraoperatively modeled three Kirschner spokes
connected by rubber ties [8].

Intraoperatively, a 1.2 mm Kirschner spoke was inserted
through the head of the proximal phalanx along the axis of
rotation in the PIP joint (axial), with the ends of the spoke
bent at 90°. A similar spoke is passed through the head of
the middle phalanx along the axis of rotation in the distal

Fig. 24. Appearance before surgery.

Fig. 25. X-ray picture before surgery.
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Fig. 26. X-ray control after surgery. Suzuki pins and rubber traction
system.

295


https://doi.org/10.17816/VTO�

296

ORIGINAL STUDY ARTICLES

Vol. 30 (3) 2023

NN. Priorov Journal of Traumatology and Orthopedics

Fig. 27. Appearance after surgery. Suzuki pins and rubber traction
system.

Fig. 28. Development of active movements in Suzuki pins and
rubber traction system.

Fig. 29. The results of treatment after 3 months from the date of surgery.

interphalangeal joint; the ends of the spoke are also bent
at 90°. Opposite bends (loops) are created at the ends of
the curved shoulders of the spokes, ensuring a distance
of 2.5 cm between them. Next, the third (repositioning)
spoke is passed through the base of the middle phalanx as
proximal as possible to the fracture zone; it is displaced to
the rear relative to the phalanx axis and should pass under
the shoulders of the axial spoke. Elastic rings, each 1 mm
thick and cut from the rubber injection unit of an intravenous
infusion system, are stretched over the bends of the first two
predissected spokes. The degree of tension (distraction) of
the spoke system (indicated by the number of elastic rings)
is determined intraoperatively radiologically, based on size of
the interarticular gap. Repositioning component of the system
is accomplished by passing the middle phalanx base spoke
displaced to the rear under the axial spoke. The last guided
spoke is bent around the axial spoke to prevent displacement
from under it but not to limit sliding between them.

Fixation in this system was carried out for 4 weeks. On
day 1, the patient is trained to develop movements in the
PIP joint passively. On day 2, the patient begins to perform

DOl https://doi.org/10.17816/ V10321379

active movements in the joint, and a radiologic control study
is conducted to determine the degree of distraction and the
need for its correction. It is acceptable to increase the joint
gap to 4-5 mm, but the most desirable is 2-3 mm. During the
outpatient phase of treatment, the patient is recommended to
develop passive/active movements three to five times a day.

On follow-up examinations, an increase in the amplitude
of passive/active movements in the joint and regression of
pain syndrome are evaluated.

At the follow-up examination at the time approaching
4 weeks, in one patient, there were signs of superficial
inflammation at the axial spoke sites, which did not affect
the process and outcome of treatment.

Treatment of patients with malunion

of intra-articular fracture of the base

of the middle phalanx of the triphalangeal
fingers in the delayed period

In 2021-2022, 23 patients with malunion fractures of
the palmar edge of the base of the middle phalanx of the
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triphalangeal fingers were surgically treated using the
hemiarthroplasty method and its modifications. Three
patients with damage to the dorsal edge of the base of
the middle phalanx accompanied by damage to the central
bundle of the common extensor tendon were treated with
autograft arthroplasty from the base of the middle phalanx of
the second toe. All patients were men; the average age was
51 years (36 to 68 years).

All patients underwent preoperative diagnostics:
radiography, computed tomographic study, and clinical
evaluation of the range of motion in the joint. According to
the radiological and tomographic signs, the fractures of the
palmar edge of the base of the middle phalanx with its dorsal
subluxation, and in three cases fractures of the dorsal edge
of the base of the middle phalanx with palmar subluxation,
accompanied by failure of the central bundle of the tendon of
the common extensor tendon of the finger, were determined
as malunion fractures. According to the Eaton classification,
they are categorized as groups llla and lllb. In all cases, the
amplitude of movements in PIP joints was sharply limited;
flexion was up to 30°. Pain syndrome at the moment of
attempted flexion in the joint was assessed by patients
ranging from three to four points on VAS.

During preoperative preparation stage, customized 3D
templates made of polymer material from the polyacrylate
group (MED610) were created for each patient, repeating the
exact anatomical landmarks and dimensions of the normal
section of the damaged edge of the base of the middle
phalanx of the finger, recreated from the same phalanx of
the contralateral hand, and, in case of damage to the rear
edge, recreated from the middle phalanx of the second toe
of the contralateral foot.

At 6-8 weeks after surgery, all patients had an increase
in the amplitude of movements in PIP joints up to 80-95°. The
VAS pain syndrome was reduced to 0-1 points. The patients
denied pain syndrome in the donor hand area at 6 weeks.
Consolidation of the fragment of the palmar edge of the base
of the middle phalanx was noted on control radiographs.

The primary outcome of the study

The main criteria of the treatment outcome were the
assessment of the total amplitude of movements in the
operated joint and the degree of pain syndrome severity
assessed by VAS.

Subgroup analysis

Patients were divided into two groups based on the age
of injury before surgical treatment. Group 1 included patients
in the acute period of trauma up to 4 weeks old. Group 2
included patients with long-standing intra-articular injuries
(consequences of acute trauma) exceeding 4 weeks.

Undesirable events

In four patients treated in the acute period of trauma
with the Suzuki distraction and repositioning apparatus, a

T.30,Ne 3, 2023
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superficial inflammatory process was noted at the sites of
the apparatus spokes passage. In one patient, excessive
distraction in the PIP joint under the conditions of the
apparatus was obtained.

DISCUSSION

In the acute period of trauma, good treatment results
were obtained using the method of finger fixation in the
Suzuki spoke distraction-reposition apparatus. There was
a b-fold decrease in VAS pain syndrome intensity and a
3.7-fold increase in the total amplitude of movements in
the PIP joint by 4-6 months after treatment with the Suzuki
apparatus compared with conservative methods of therapy
(p < 0.01).

When treating patients with long-standing trauma by
hemiarthroplasty, a 6-fold decrease in VAS pain intensity
and a 3-fold increase in the total amplitude of movements
in the PIP joint by 12 months after hemiarthroplasty were
achieved (p < 0.01).

The proposed tactic, improving the method of
hemiarthroplasty, allows the most accurate planning and
intraoperative isolation of the hook bone-cartilage autograft.
This ensures its accurate juxtaposition in the recipient
area, thus improving the indices of the total amplitude of
movements of PIP joints in the distant postoperative period,
as well as reducing the time of the operating session.

The developed treatment method of patients with
damage to the dorsal edge of the middle phalanx and the
central bundle of the common extensor tendon enables the
reconstruction of the middle phalanx base and performance
of extensor tendon plasty as a single procedure.

CONCLUSION

Treatment of patients with intra-articular fractures and
fracture dislocations in the PIP joint of the triphalangeal
fingers, as well as their consequences, is a complex and
urgent problem in traumatology and orthopedics that does
not have an unambiguous universal solution. The choice of
treatment tactics requires a multifactorial examination of
the patient and correct verification and interpretation of the
existing injury, which is possible with a deep understanding
of the anatomy of the fingers and hand as a whole. When
treating patients with intra-articular fractures and fracture
dislocations of the middle phalanx base in the acute period of
trauma, excellent and good results were obtained using the
Suzuki distraction-reposition apparatus. In treating patients
with the consequences of intra-articular injuries, good results
were obtained using the method of hemiarthroplasty with the
bone-cartilage autograft from the hook bone. A treatment
method for patients with a defect of the dorsal edge of the
middle phalanx base, accompanied by damage to the central
bundle of the tendon of the common extensor tendon of the
fingers, is presented.
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Brnap, aBTopoB. Bce aBTOpbl MOLTBEPKAAKOT COOTBETCTBME CBOEMO
aBTOPCTBA MeXayHapoaHsIM KputepusamM ICMJE (Bce aBTOpbI BHECTM
CYLLLECTBEHHBIN BKMAf B pa3paboTKy KOHLENLUWM 1 MOAroTOBKY CTa-
ThiA, MPOYIM W 0fcbpUIM dUHaNbHYK Bepcuio Neper, nybavKaLuen).
Hanbonblumin BKNaf pacnpefenéH cnedytolymM obpasom: B[, KyaHe-
LI0B — KypaLus,, XMpypriyeckoe JieYeHre naumeHTa, 063op nutepa-
Typbl, COOp W aHanM3 IMTepaTypHbIX MCTOYHVKOB, MOATOTOBKA W Ha-
nncanme Tekcta cratbu; W.0. [onybes, M.B. Mepkynos, 0.M. Byuyes,
W.A. Kytenos, I'I". baniopa — Kypaums, Xvpyprideckoe neyeHme na-
LieHTa, 0630p MTepaTypl, chop ¥ aHanu3 NMTepaTypHbIX MCTOYHMKOB.
UcTouHuK dmHaHcmpoBaHus. He ykasaH.

KoHdnukT mHTepecoB. ABTOpLI AEKNApUPYIOT OTCYTCTBUE SBHbIX
W NOTeHUMAnNbHbIX KOHQIMKTOB MHTEPECOB, CBA3aHHbIX C NybnMKa-
LMer HacToALLEN CTaTby.

WHdopMupoBaHHoe cornacue Ha nybnuKaumio. ABTOpbI NoNyYMImn
MMCbMEHHOE COryacue MaLMeHToB Ha NybIVKaLMIo MeaMLUMHCKMX
JaHHbIX 1 poTorpaduii.
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AHHOTALMA

06ocHoBaHWe. JHAONPOTE3NPOBaHWE Ta306eapeHHOr0 CycTaBa He TOMbKO BbIMOMHSAETCA NOXUIIOMY HAaCeNeHUHO, HO W YCMeLHO
NPOBOAMTCS MOJOAbIM NIOAAM, NPOAOIIKAIOLLMM paboTaTb M BECTU aKTUBHBIN 06pa3 usHu. PocTy uncna onepaumi cnocobeTay-
10T MOBbILLIEHWE PacnPOCTPaHEHHOCT 0CTe0apTPO3a, MMNoAVHAMUS, BeAYLLIAA K YBEMYEHMI0 MHAEKCa MacChl TeNna W, COoTBeT-
CTBEHHO, Harpy3Ku Ha CYCTaBbl HUXHIUX KOHEYHOCTeN. YBennyeHne 06bEMa 3HA0NPOTE3MPOBaHNI Ta30beApeHHOro CycTaBa, pac-
LUMpeHWe NOKa3aHU, CHUXEHWe CPeAHero Bo3pacTa NaLWeHTOB, KOTOPbIM BbIMOHAETCS BMELLATeNbCTBO, W CBA3aHHBINA C 3TUM
pocT TpeboBaHUM K onepauuv NPUBOAAT K HE0BXOAMMOCTM COBEpLUEHCTBOBATL CMOCOBbI XMpypruyeckoro neyeHns. B ctpanax
CHI npsmoii nepeaHWin BOCTYN NPUMEHAETCS PELKO, XOTS, HA HaLL B3NIAA, OH SBMAETCA MaNoTpPaBMaTUYHbIM.

Llenb nccneposanus. lposectn Tonorpado-aHaTOMUYECKOE M KOMMbIOTEPHO-TOMOrpadmyecKoe 060CHOBaHME NpenUMYyLLECTB
UCMoNb30BaHUA NPSMOro NepeAHero A0CTYNa Mpy BbIMOIHEHNM SHA0MPOTE3MPOBaHNSA Ta30bepeHHOro cycTasa.
Martepuanbl u MeTopbl. Hactosiee uccnefoBaHne BKIKYa0 ABa 3Tana. [lepsblif: @) NOCN0NHOE aHaTOMM4ecKoe npena-
pupoBaHWe 0bnactu Ta3obeapeHHOro cyctaBa Ha 5 CEKLMOHHbIX KOMMMEKCAX C LieNblo YCTaHOBAEHMS TOYHBIX aHAaTOMO-TO-
norpaduyeckux ces3ei CTPYKTYp nepedHen obnactv begpa v NpoeKTMPOBaHMs BbINONHEHUA [0CTYnoB; 6) sHAonpoTe3npo-
BaHue Ta3zobeapeHHoro cyctaBa Ha 10 buoMaHeKkeHax ¢ NpUMeHeHWeM [BYX JOCTYNOB: 5 onepauuin — npsMbIM NepesHUM
AOCTYMOM U 5 — npaMbIM 6oKoBLIM. BTopoit atan: aHanu3 [ocTynoB K TasobefpeHHOMY CYCTaBY C TOUKU 3PEHUS KPUTEPUEB,
paspaboTaHHbix A.10. CasoH-fipolueBuyeM AnA OLEHKU OnepaTUBHbLIX JOCTYMOB.

Pesynbtatbl. [laHHoe uccnenoBaHue NoATBEPAMIO, YTO MPAMON NePeAHU [OCTYN SBNAETCA ManoTpaBMaTUYHbLIM, ero uc-
nonb30BaHMe CoXpaHsieT MArkue TKaHW. OfHaKo NpuMeHeHWe NpAMOro nepeaHero foctyna TpebyeT AONOAHUTENBHON MNOA-
FOTOBKM XUPYProB-3HA0NPOTE3UCTOB. C LieNIblo CHUMKEHMA PUCKOB BO3HUKHOBEHWUA OCMOXHEHWN, a TaKXkKe NS 3aKpenneHus
XMPYPrMYeckuX HaBbIKOB B Hayane KpuBoW 0byyeHWs aBTOPbl COBETYHOT BbINOAHUTL NepBble 10—20 sHA0NpOTE3MPOBaHMIA
Ha buomaHekeHax. [lpu npsMoM nepegHeM AocTyne K TasobefdpeHHoMy cyctaBy rnybuHa pabl Ha 20-25% MeHblue, yeM
npu goctyne no XapauHry — 101 u 136 MM COOTBETCTBEHHO.

3akntoyenue. 1. [TpAMoi nepeaHuUiA AOCTYN ABNSETCA ManoTpaBMaTUYHLIM, MOCKONLKY MOAXOL, K CycTaBy OCYLLEeCTBASeTCA
N0 MeXMbILLEYHOMY MPOMEXKYTKY, YTO N03B0ONSET U3bexaTb NOBPEXAEHNA MATKUX TKaHei, cocyaos 1 Hepeos. 2. o cBouM
XapaKTepucTMKaM NpAMOiA NepefHU AOCTYN SBNAETCA ONTUMaNbHbIM AN1S BbINOMHEHUS SHA0NPOTE3MPOBaHUs Ta3obeapeH-
Horo cyctaBa. 3. CoxpaHeHue LefloCTHOCTH MBbILLIL, NPY BbINOIHEHUW NPSMOTO NepefiHero J0CTyna No3BOMIAET HaYaTb PaHHIOKW
aKTMBU3aLMIO U peabunuTaumio naumueHToB. 4. [puMeHeHMe NpAMOro nepefHero AOCTyNa accouMMpoBaHO C YNyuylieHUeM
(YHKLMOHAMbHbBIX pe3ynbTaToB Ta3obeApeHHOro cycTaBa B paHHeM NocneomnepaLMoHHOM nepuoje.

KntoueBble cnoBa: Ta3obefipeHHbIN CycTaB; TOTaNbHOE 3HA0NPOTE3UPOBAHME; NPAMONA NepeSHUIA AOCTYN; NpsAMoi HOKOBOIA
AOCTYN; 3afHUIA A0CTYN; Tonorpaduyeckas aHaToOMmUs; MyNbTUCTIMPabHaA KOMMbIOTEPHas ToMorpagus.
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ABSTRACT

BACKGROUND: Hip arthroplasty is effectively performed for the elderly population and young people who continue to work and
have an active lifestyle. An increase in the number of operations is facilitated by an increase in the prevalence of osteoarthritis
and physical inactivity, leading to an increase in BMI and, accordingly, the load on the joints of the lower extremities. The
increased volume of hip arthroplasty, the expansion of indications, the decrease in the average age of patients undergoing the
intervention, and the related increase in surgical needs point to the need to improve surgical treatment approaches. In the CIS
countries, the direct anterior approach is rarely used; in our opinion, it is less traumatic.

OBJECTIVE: To conduct a topographic-anatomical and computed tomographic study to support the advantages of using a direct
anterior approach when performing hip arthroplasty.

MATERIALS AND METHODS: The present study included two stages: First, (a) layer-by-layer anatomical preparation of the hip
joint area on five sectional complexes to establish accurate anatomical and topographic relationships of the structures of the
anterior thigh region and design accesses and (b) hip arthroplasty on 10 biomannequins using two approaches: five operations
(direct anterior approach) and five operations (direct lateral approach), and second, evaluation of access to the hip joint in terms
of criteria developed by A.Yu. Sazon-Yaroshevich to assess online access.

RESULTS: This study confirmed that the direct anterior approach is less traumatic; its use preserves soft tissues. However, the
use of a direct anterior approach requires additional training of endoprosthetic surgeons. The authors recommend executing
the first 10—20 endoprostheses on biomanikins to link the risk of problems and to solidify surgical skills at the beginning of the
learning curve. The depth of the wound is 20—25% less with the direct anterior approach to the hip joint than with the Harding
approach — 101 and 136 mm, respectively.

CONCLUSION: Because the approach to the joint is carried out along the intermuscular gap, no soft tissues, blood vessels, or
nerves are damaged during the direct anterior approach. According to its characteristics, the direct anterior approach is optimal
for performing hip arthroplasty. Maintaining muscles during the performance of the direct anterior approach allows you to
begin early activation and rehabilitation of patients. The adoption of a direct anterior approach is related to improved hip joint
functional results in the early postoperative period.

Keywords: hip joint; total arthroplasty; direct anterior approach; direct lateral approach; posterior approach; topographic
anatomy; multispiral computed tomography.
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BBEJEHUE

B coBpeMeHHOM Mupe 3HAONpOTE3MPOBaHME Ta3obe-
ApeHHoro cyctasa (3TC) He TONBKO BbIMOHAETCA NOXKMIOMY
HaceNieH!o, HO U YCMELLHO MPOBOAMTCA MOMOALIM J0AAM,
KOTOpble MPOAO/KalT paboTaTh M BECTW aKTMBHBINA 06pas
#u3Hu. KpoMe Toro, yactota BbIMOSIHSIEMbIX 3HLONPOTE3M-
POBaHUiA HEYKIOHHO pacTeT: TaK, B CLUA k 2030 ropy Konuye-
CTBO YKa3aHHbIX onepauuii yBenuumtcsa Ha 71% n pocturHet
635 000 npoueayp B roa [1]. B Poccuitckoit ®epepaumu, co-
rnacHo ot4éty HMULL TO um. H.H. Mpuoposa, B 2018 romy
Obinio BhinonHeHo 116 597 apTponnacTuK, U3 HUX Ha OO
TasobeapeHHoro cyctaBa npuwnock 70 316 cnyyaes [2].
A yxe B 2019 rogy umcno apTponnactvK YBENMYMNOChb
Ha 20% [3]. Pocty umcna onepaumii cnocobCcTBYHOT NOBbILLE-
HWe pacnpoCTPaHEHHOCTM B MONYAALMM 0CTE0ApTPO3a, M3-
MeHeHue 0bpa3a MMU3HW, BeAyllee K YBENMUEHMI0 MHLEKCa
Macchl Tefla M, COOTBETCTBEHHO, Harpy3KW Ha CyCTaBbl HUK-
HUX KOHeyHocTei. KpoMe Toro, cornacHo psay uccnefoBaHuii
1 HabmloeHnaM aBTOPOB CTaTby, YBENMYEHWE YMCNA Nauu-
€HTOB C aCeNTMYECKUM HEKPO3OM FOJIOBKM HeipeHHOM KOCTH
HanpsMylo accoLMMPOBAHO C PacrpoCcTPaHEHUEM HOBOM KO-
POHaBUPYCHON UHGEKUMM [4—6].

YBenuuyeHue 0bbEMa nposoaumblx ITC, paclumperue no-
Ka3aHWi, CHUMXEHWe CpefHero Bo3pacTa MalMeHToB, KOTO-
PpbIM BbINOHAETCA apTpONIacTUKa Ta3obeapeHHOro cycTasa,
M CBSA3aHHBIA C 3TUM POCT TpeboBaHMI K onepaumumn (Takux
KaK paHHAs BbINUCKa, bonee HU3KOe MCMoNb30BaHWe aHanb-
FeTUKOB, 3KOHOMMYHOCTb, paHHee QYHKUMOHaNbHOe BOC-
CTaHoBneHWe 1 bonee KOpoTKas UMMOBKUAM3aLMA) NPUBOAAT
K HeobXoAMMOCTH COBEpLUEHCTBOBATL MMEIOLLMECS HA AaH-
Hbli i MOMEHT CMoCobbl XMpYPruieckoro neveHus BoNbHbIX.

Kak n3BecTHO, Npu BbLIMOSIHEHUM TOTANIbHOIO 3HAOMPO-
Te3upoBaHWa Ta300eApeHHOro cyctaBa Haubonee 4acto
Ucnonb3yloTca NpsMon 6okoBoi (Mo XapauHry), nepeaHui
bokoBoit (no YotcoHy—[oHcy) v 3agHuin foctynel [7]. B EB-
pone u CLUA 3a nocnegnue 20 net ocobyi nonynspHocTb
npuobpén npsamoii nepeanuii goctyn (MNA) [8]. OgHako
B cTpaHax CHI MN[, npumeHseTca [0CTaTOMHO peAKo, XOTA,
Ha Hall B3rnAf, OH ABMAETCA HaWMeHee TPABMAaTWUYHBIM,
YTO COrfacyeTcs C MHOrOUUCIEHHBIMUA UCCNEA0BaHUAMM 3a-
pybeXHbIX aBTOPOB.

Kawnplii 13 ykasaHHbIx criocoboB obnapgaet psgoM npe-
MMYLLECTB W HEJO0CTATKOB. TaK, COrNacHo JaHHbIM nuTepa-
Typbl [7], NpUMeHeHWe 3afHero goctyna ces3aHo ¢ bonee
BbICOKMM PMCKOM MOC/IE0NepaLMOHHOr0 BbiBKXa, MOCKOJBKY
BO BPeMs OMepaLmy MOBPEeXLAeTCa 3afHSA Kancyna CycTaBa,
TOrAa Kak ucrnonb3oBaHWe npsaMoro 60KoBoro AocTyna acco-
LMMPOBAHO C MOBbILLEHHLIM PUCKOM MOBPEXAEHNS BEPXHENO
AroAMYHOT0 HepBa, NocieonepaLMoHHoN cnabocTn oTBoOAS-
LU rpynmbl MblLWL, U XpoMoTbl. U3-3a anutensHoro nepes-
Hero oTBefieHMs BbIN0 BbICKA3aHO NPeAMNoNoKEHNE O TOM,
YTO NepeaHebOKOBOM AOCTYN NOBPEXAAET BEPXHUIA Aroamy-
HbIn HepB. Mcnonb3osanwe [M[L accouumnpoBaHo C pUCKOM
NOBPEXAEHWA NaTepanbHOro KOXHOro Hepsa beppa.
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CornacHo psgy uccnefoBaHui, npu npuMeHeHun N[
C KpuBOM 00y4yeHus Bobiwe 50 cnyyaeB puUckM mocneonepa-
LIMOHHbIX OC/IOKHEHW KaK MUHUMYM COMOCTaBMMbI C TaKo-
BbIMKA MPU UCMOMb30BaHWUM KITACCUYECKWX XMPYPrUYeCKUX
poctynoB [9]. Mpu 3TOM Takue WHTpPAoNepaLMOHHbIE MOKa-
3aTeNu, KaK [UIMTENIbHOCTb OMepaummn U KpoBonoTeps, a TaK-
e TaKue MocneonepaumoHHble MOKa3aTeNu, Kak paHHAs
peabunutaums, AIUTENBHOCTb HAXOXAEHWA B CTaLMOHape,
(yHKUMS Ta30bepEHHOr0 CYCTaBa, BbIPaXEeHHOCTb 60neBo-
ro CMHAPOMA, PUCK NOC/IE0NEPALIMOHHONO BbIBUXa, BO MHOTUX
uccnefoBaHusx 6 nyywwe npu ucnonb3oBanuu MM, yem
MpU NPUMEHEHUN KITACCUYECKUX A0CTYNOB, Ha (OHe 0fMHa-
KoBbIX NoKa3sanuit [10-13].

[pn 3TOM OCHOBHBLIM OCNIOXHEHWEM npu npoBegeHnn 3TC
¢ BbinosiHeHueM (T[] cuutaeTcsa noBpexaeHUe naTepasbHoro
KoxHoro HepBa befipa. OaHaKo psf, XUpYproB roBopsT 0 TOM,
4TO BBULY TSIKENOW TEXHUYECKOMN COCTaBNAIOLLEN HAYaNbHbIE
3Tanbl KpUBOW 06yyeHMs accoLMMPOBaHbI C BbICOKUM PUCKOM
OCNIOXKHEHMI, YTO CKa3blBAeTCA Ha OTCYTCTBMM Y XMPYproB
MHTepeca yunTbes BbinonHeHuio MM/ aaxe npu Hanuuum ero
[OKa3aHHbIX npenMyLlecTs [14, 15].

CornacHo onbITy 3apybexHbIX Komner, NpeofofieHune
Hauyana KpuBoW 00y4eHMs Moj, PYKOBOACTBOM HACTaBHMU-
Ka KPaTHO CHMMAET PUCKM MHTPA- U NOCeonepaLmoHHbIX
ocnoxHeHun [16, 17].

BobiwewnsnoxkeHHoe nobyauno aBTopoB CTaTby NpOBECTM
uccnefoBaHue, Lenblo KoToporo byayT Tonorpado-aHaro-
MWyeckoe 060CHOBaHWe npeumyLLecTB ucnonb3oBanus M4,
KOMMblOTEpHO-TOMOrpaduyeckas Bu3yanusaums, oTpaboTka
TEXHWKM Ha KaflaBepHOM MaTepuane W NpeLyioXeHue 3Toro
cnocoba B KauecTBe NNaTGopMbl A 0TTaUMBaHUS XMpPYprut-
YECKMX HaBbIKOB.

Lenb uccneposanus: nposect Tonorpado-aHaToMu-
YyecKoe M KOMMbIOTEpHO-TOMorpaduyeckoe 060CHOBaHWe
MPEeNMYLLECTB UCMOfIb30BaHMS NPAMOro NepefHero AocTyna
MpW BbINOJIHEHWM 3HA0MNPOTE3UPOBaHNSA Ta30beApeHHOro Cy-
cTaBa.

MATEPUAJIbI U METO/IbI

[In3aiH uccnepgoBaHus

Ha nepeoM 3Tane nNpoBoAnNOChH AOKIMHMYECKOE 3KCne-
PUMeHTalibHOEe UccnenoBaHue Ha DUoNOrMyecKnx 0bbeKTax,
Ha BTOPOM — KOropTHOE KIIMHMYeCKoe UccnenoBaHue.

Ycnosusa npoBegeHun

lepBbIit 3Tan UccnefoBaHMA NPoBeLEH Ha ba3e Kaaasep-
ueHTpa r. EkatepuHbypra, BTopoi atan — Ha 6a3e otaene-
HWA NyyeBoii guarHocTUKK H0cynoBCcKon BoMbHMULbI.

KPMTepMM cooTBeTCTBMA

Kpumepuu eksitoyeHus 0ns y4acmus 8o 8mopoM amane
uccnedosarus: BospacT (18—79 net); non (KeHCKMM — ¢ Le-
JIbl0 CHUXKEHMS BapUabenbHOCTM BbIOOPKK); OTCYTCTBUE Npej-
LLECTBYIOLLMX BMeLLaTebCTB Ha Ta3006e/ipeHHOM CycTaBe.
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Kpumepuu ucksoyeHus u3 y4yacmus 80 8mopoM mane
uccnedogaHus: NpeLIecTBYloLLee XUPYPruYecKoe JieyeHmne
M0 NOBOAY KOKCApTPO3a; FHOWHAsA MHDEKLMS MATKUX TKaHel
B 06/1acT1 NopaXEHHOro cycTasa; Hanuume pybLoB B nNpes-
nonaraemMon 06nacT onepaTMBHOrO BMeLUaTeNbCTBA, 3a-
TParuBatoLLMX KOCTHbIE KOMMOHEHTbI MOPAXEHHOM0 CYCTaBa;
0CTpbIi1 TpOMBODNEBUT NOBEPXHOCTHLIX BEH; TPOMDO3 rny6bo-
KMX BEH HWXHWUX KOHEYHOCTEN.

MeToab! OLEHKM LieneBbiX NoKa3aTeneun

Hacroswee uccnenosanme Broyano gga rana. Ha nep-
BOM, 3KCMEPUMEHTANTBHOM, 3Tane Mbl OCYLLECTBASM:

* MOC/OMHOE aHaTOMMYECKOe NpenapupoBaHmne obnactu
Ta3obeipeHHOro cycTaBa B KajaBep-LeHTpe T. Eka-
TepuHbypra Ha 5 CeKUMOHHBIX KOMMeKcax Ta3obe-
[PEHHbIX CYCTAaBOB C LENbI0 YCTAHOBJIEHWS TOYHBIX
aHaToMo-Tonorpadmyeckux CBA3ei CTPYKTYp nepeg-
Hel obnactn beapa U NPOEKTMPOBaHWA BbINOJIHEHUS
A0CTYyNoB (Ha 3Tane MOArOTOBKM KafaBepHbl MaTe-
pvan npoBepANCA Ha HanmuMe MHGeKUMiA (cudmnmc,
renatut B u C, BUY), nocne yero BbinonHsanock 6anb-
3aMupoBaHuWe uccnepyemon 061acTi Ans COXpaHeHus
MPUMM3HEHHON OKPacKM W 3NacTUYECKUX CBOWCTB
aHaTOMWYECKMX CTPYKTYp Npy MOLENMPOBaHUM onepa-
TMBHbIX BMELLATENbCTB; HEMOCPECTBEHHO MEPes no-
C/I0WHBIM @aHAaTOMUYECKUM MpenapyupoBaHUeM COCyAbl
HaKauMBanMCh ryallb-3KeaTMHOM JJ1S COXpaHeHuSs UX
06bEMa M NpUAaHNS ecTECTBEHHOIO LBETa);

+ 3TC Ha 10 boMaHeKeHax C NpUMeHEHNEM ABYX LOCTY-
MoB: Npu 5 onepaumax — NpsMOro NepegHero 1 npu
5 — npsamoro 6okoBoro. lpu 3TOM BO BCex cnyyasx
onepaums NpoBoAMnach Ha NpaBoM Ta3obefpeHHOM
CyCTaBe C Lie/Iblo TOYHOr0 CPaBHEHWUS Pe3yNbTaToB 3H-
[0MpOTe3MPOBaHMsA C TOUYKW 3PEHUS aHaTOMUYECKOM
LLeNIOCTHOCTU MSATKUX TKaHew.

Ha BTopoM 3Tane uccnefioBaHms BCe onepaTUBHbIE LOCTYMb

K Ta3obeapeHHOMy cycTaBy bbUT MpoaHanU3vpoBaHbl C TOYKH
3peHus Kputepues, paspabotanHbix A.H0. CasoH-ApoweBnyeM
L5 OLEHKM 0nepaTUBHbIX A0CTYNOB (0Cb ONepaLroHHOro Aei-
CTBUS,, Yron OTKOHEHWS OCK OMepaLMOHHOr0 LEerCTBUS, Yron
OrnepaLMoHHOro AeicTBuS, MybuHa paHbl). [ns storo ucnosnb-
30Ba/UCb AaHHbIe MyTbTUCMMPabHOM KOMMBHOTEPHOI TOMOrpa-
um (MCKT), BbinonHeHHon 30 naumeHTaM npu 3abosieBaHMsAX
Ta30be/ipeHHOro cycTaBa u Tasa. Yalue Bcero 3o bbim naum-
eHTbI ¢ AedopMUpYIOLLMM KoKcapTpo3oM. MCKT BbinonHsnack
Ha CnMpanbHOM KoMnbloTepHoM Tomorpade LightSpeed VCT.
WccnepoBakme ocyLLecTBAIsNOCh MO CTaHAAPTHOW NporpamMme
A5 TasobepeHHOro cycTaBa C ToMLWMHON cpe3oB 0,6 MM.

JTnyeckan JKCnepTU3a

Bce MaHunynsAumm, BbINONHEHHbIE B UCCEL0BaHMM C yya-
CTMEM Jllofiel, COOTBETCTBOBANM CTaHAApTaM JIOKaNbHOro
3TMYECKOro KOMUTETA, @ Takke XeNbCUHKCKOM [eKnapauum
1964 r. n bonee No3gHMM NONpaBKaM K Heil UK CONoCTaBu-
MbIM 3TUYECKMM CTaH[LapTaM. [lns uccnefoBaHus 3Toro Tuna
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dopManbHOro cornacusi NOKanbHOro 3TMHECKOro KOMUTeTa
He Tpebyetcs.

PE3Y/IbTATbI

Tonorpado-aHaToMuyecKoe 060CHOBaHME NPAMOro
nepefHero A0CTyna K Ta3obepeHHOMy CycTaBy

Kak u3BecTHo, Ha nepefHeil NOBepXHOCTM Ta3obenpeH-
HOro CycTaBa pacnofaralTcs COCYAMUCTO-HepBHble 0b6pa3o-
BaHWA, MPUXoasLmMe clofia U3 NoabpIOLLIMHHONO 3Taxa Tasa
uepe3 MBILLEYHYIO M COCYAMCTYI0 NaKyHbl. Yepes MblLeyHyo
naKyHy (Mcxoas U3 e€ HasBaHus) Ha beapo onyckaetcs npe-
X[e BCEro nofB3[0LWHO-NOACHUYHAA MbILILLA, KOTOPas Mpu-
KpennseTcs K Manomy BepTeny befpeHHoN KOCTU. A TaKxe
yepe3 MbILLEYHYH JlaKyHy Ha beapo BbIXOAAT GeapeHHbIN
HepB U NnaTepaibHbIA KOXHbIA HepB beapa (puc. 1).

Puc. 1. Aatomusa nepepHeit obnactv beapa (3gech u B puc. 2-8:
®oTo cenaHo Npy UCMo/b30BaHWM KafiaBepHOro MaTepuana, npe-
noctasnenHoro «Ekb_Cadaver_Lab» npu AHO N0 «HayuHo-06pa-
30BaTeNbHbIA MeAUUMHCKUIA LieHTp», T. EkatepuHOypr): 1 — naxo-
Bas cBa3ka (lig. inguinale), 2 — beapeHHas apTepus (a. femoralis),
3 — 6enpeHHas BeHa (v. femoralis), 4 — NoAB3[OLWIHO-MNOACHWY-
Has Mblwya (m. iliopsoas), 5 — 6GeapeHHbiit Heps (n. femoralis),
6 — nopTHsXHas MblwLa (m. sartorius), 7 — BofbLUas NOAKOX-
Has BeHa (v. saphena magna), 8 — npsmas MbiluLa begpa (m. rec-
tus femoris).

Fig. 1. Anatomy of the anterior region of the thigh (here and in
Fig. 2-8: the photo was taken using cadaver material provided by
Ekb_Cadaver_Lab at the Scientific and Educational Medical Center,
Yekaterinburg): 1 — inguinal ligament (lig. inguinale), 2 — femoral
artery (a. femoralis), 3 — femoral vein (v. femoralis), 4 — ilio-
psoas muscle (m. iliopsoas), 5 — femoral nerve (n. femoralis),
6 — sartorius muscle (m. sartorius), 7 — great saphenous vein
(v. saphena magna), 8 — rectus femoris (m. rectus femoris).
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JlaTepanbHbll KOXHbI HepB bBedpa BbIXOAMT Ha be-
[P0 Yepes CaMblid naTepasibHbIil OTAEN MBILLEYHON NaKyHbI
1 pacnonaraetcs cybdacumanbHo BLOSb NaTepabHOM0 Kpas
MOPTHSIKHOM MBIl (MOPTHAMXHASA MbILLA HAYMHAETCS
OT NepeHeN BepXHEN NOAB3LOLIHON OCTU W HaXo4MTCA No-
BEPXHOCTHO B C0bCTBEHHOM (acumanbHoM ¢yTnape, obpa-
30BaHHOM COBCTBEHHOM (LMpoKoM) dacumen beapa). Hixe
MaXxoBOW CBA3KM Ha 2—3 CM naTepabHbIi KOXHbIN HepB be-
[pa y natepasbHOro Kpasi NOPTHSKHOM MblLULbl Npoboaaet
CODCTBEHHYIO (LUMPOKYI0) (acumio U BbIXOAMT B CNOW Noj-
KOXKHOW XXMPOBOW KNETYaTKN — WAET BHU3 MO NepefHenare-
pasibHOM NOBEPXHOCTH Beapa, 0CYLLEeCTBASAS YYBCTBUTENbHYIO
MHHepBauMio (puc. 2).

BenpeHHbIN HepB BbIXOAMT Ha DeApo Yepes MbILLEYHYIO
NaKyHy No nepeaHen NOBEPXHOCTU NOAB3AO0LIHO-MOACHUYHOM
MBbILLLLbI M CPa3y pacnafaeTcs Ha CBOM KOHEUHbIE BETBU: Mbl-
LUeYHble NOpLMM K NepefiHel rpynmne Mbilut, bespa (YeTbipex-
rnaBas W NOPTHAXKHAS MbILLLbI), NEpPeHNE KOXHble BETBU
K nepefHen noeepxHocTv befpa (4yBCTBUTENbHAA UHHEPBA-
M) M NOAKOKHBIN HepB (HanpaBnseTcs K beapeHHbIM co-
cynaM U aanee B NPUBOAALLMIA KaHan) (puc. 3). Ytobbl foiTy
[0 CBOMX 30H MHHepBaLuu, BeTBU beJpeHHOro HepBa Mpo-
bopalT dacumio NofB3L0WHO-NOACHUYHOW MbIlWLbl (ray-
Bokuin nucTok cobctBeHHoM dacuum begpa, nepexofALmi
B N0JB30LLHO-TpebeHYaTyro hacLmio) — MblLLeYHbIe BETBY
LOCTUraloT YeTbIPEXTNIaBOM U MOPTHAXHON MBILUL, NPSMbIM
NyTEM; NepeHNe KOXHbIE BETBU NMP0B0AAI0T NOBEPXHOCTHBIN
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JIMCTOK cOBCTBEHHOM (LMpOKoi) dacumm befpa U BbixoasT
B C/I0/ MOJKOXHOM XMPOBOW KNETYATKMW; NOAKOXHLINA HepB
BbIXOLUT Ha MepefHI0l0 NOBEPXHOCTb befipeHHON apTepuw
U BEHbI M OMyCKaeTcA C HUMU No nepejHeid boposge beppa
B NPUBOLALLMA KaHan.

BenpeHHas apTepus 1 BeHbl BbIXOAAT Ha befipo yepes co-
CYAMCTYIO NaKyHY KaK NPOAOIIKEHUE HAPYXHbIX NOAB3LOL-
HbIX COCyAO0B, NMpuYéM DeapeHHas BeHa pacnonaraetcs
MeavanbHee apTepun. beapeHHble cocyabl pacnonaratTtcs
CHavana B noAB3noLHo-rpebeHyaTon bopo3ae, 3ateM uayT
BHUM3 B NepefHen bopo3ae beapa B HanpaBneHUM NpUBOLS-
LLLero KaHana, rae K HUM NoaxoamT NOAKOXKHbIN HEpB o ne-
pefHei noBepxHocTU. Ha pacctosHum 3—-4 cM aucTanbHee
MaxoBOW CBA3KKM OT BeapeHHOW apTepun oTXoauT rnyboKas
apTepus befpa, Kotopas OTAAET CBOM BETBU: MefMaibHas
apTepus, orvbatoLas beapeHHyio KOCTb; NaTepanbHas apTe-
pus, orubaroLian befpeHHyto KOCTb, NpobojatoLme apTepumn
(puc. 4).

TonbKo natepanbHas apTepusi, orubatowas begpeHHyo
KOCTb, YXOOMT NatepainbHo, NPOX0AsA MOJ, NPAMOA MbLLLIeH
bepnpa, manee eé BocxofsALLas BETBb MPOXOAUT NOA NPAMON
U NOPTHSKHOM MBILLLLAMK M PacnpoCTPaHSEeTCs No NepefHe-
natepasnbHoi NOBEpPXHOCTW KBEPXY B AroAuYHYto 06nacTb, rae
aHacTOMO3MpYeT C BepXHeli AroauyHoii aptepuet (puc. 5).
Cnepyet 0TMeTUTb, YTO NaTepasnbHas apTepus, orubatowias
BeapeHHYI0 KOCTb, MPOXOAMT N03aau BeTBeW beapeHHOro He-
pBa NPaKTUYECKU B MOMNEPEYHOM HanpaBneHUM.

Puc. 2. Anatomus nepepHeit obnactm 6egpa: 1 — naxoBas
cBaska (lig. inguinale), 2 — naTepanbHbIii KOXHbIA HepB beppa
(lateral femoral cutaneous nerve), 3 — 6onbLuas NoJKOXHasA BeHa
(v. saphena magna).

Fig. 2. Anatomy of the anterior thigh: 1 — inguinal ligament
(lig. inguinale), 2 — lateral cutaneous nerve of the thigh (lateral
femoral cutaneous nerve), 3 — great saphenous vein (v. saphena
magna).
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Puc. 3. Cocyamcto-HepBHbIM My4yoK nepefHen obnactu bepgpa:
1 — pa3BeTBneHue benpeHHoro Hepea, 2 — beapeHHas apTepus
(a. femoralis), 3 — beppeHHas BeHa (v. femoralis).

Fig. 3. The neurovascular bundle of the anterior region of the

thigh: 1 — branching of the femoral nerve, 2 — femoral artery
(a. femoralis), 3 — femoral vein (v. femoralis).
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Puc. 4. AHaTomus beppeHHoi apTepumn: 1 — beapeHHas apTe-
pus (a. femoralis), 2 — rnybokas apTepus beapa (a. femoralis
profunda), 3 — navepanbHas apTepus, orubatowas beapeHHyio
KocTb (a. circumflexa femoris lateralis).

Fig. 4. Anatomy of the femoral artery: 1 — femoral artery
(a. femoralis), 2 — deep femoral artery (a. femoralis profunda),
3 — lateral artery that circumflexes the femur (a. circumflexa
femoris lateralis).

Takum 0bpa3oM, beapeHHbIV TPeYroNbHUK (orpaHuyeH
MOPTHAMXHOW MbILLLIEI CHapYM, NaxoBOW CBA3KOW CBepXy
W AJMHHO NPUBOLSALLEN MbILILLEN MeAMaNbHO) ABNSETCS CO-
CpefoTOYEHNEM 3HAUMTEBHOTO KONMYEeCTBA COCYANCTO-He-
BpasibHbIX CTPYKTYP, YEPe3 KOTOopble He CTOWT MyiaHMpoBaTh
onepaTuBHLIA [OCTYN K Ta3obeapeHHoMy cycTasy. Hambo-
nee ynobHo ocyLlecTBAATb ONepaTUBHBIA AOCTYN KHapYku
OT NOPTHAXKHOW MBILLLBI M NPAMOIA MBI beapa, KoTopble
Kak Obl OTrPaHU4MBAIOT 30HY OMepaTUBHOMO BMeELLATENbCTBA
oT BeTBeW beapeHHOro Hepsa M BeTBeW rnMyboKon apTepumn
benpa.

TeXHUKa BbINONHEHUA NPAMOro NepefHero
AOCTYNa C KOXHbIM pa3pe3oM «OUKUHU»

MonepeyHblii paspe3 KoKW NPOU3BOAMTCS N0 NepegHen
noBepxHOCTU Befpa aucTanbHee nepefHel BepxXHeW noj-
B3[,0LLHOM OCTM Ha 3 CM U NlaTepanbHee Takke Ha 3 cM (4To
COOTBETCTBYET LIEHTPY OCU BpALLEHWsA rof0BKU HeapeHHol
KOCTH), Bcero AnMHa paspesa coctaBnseT 9 cM, u3s Hux 1/3
paspe3a HaxoauTCA MeauanbHee NOPTHSKHON MblLLLbI Beapa
W 2/3 — natepanbHee 3ToM Mbiwubl. CobecTBeHHas dacums
bepnpa pacceKaeTcs NPOAONLHO M0 NlaTepanbHOMY Kpaio nop-
THSXKHOW MblLbl. [lanee Tyno pasgBUraeTcsi MeXMbiey-
Hblii MPOMEXYTOK MeX[y HanpsrateneM LIMpOKoi dacuum
U CPedHen AroAMYHOM MbILLLEN NaTepanbHO M MOPTHSMXHOW
MbILLLIEN U NPSAMOIA Mblwlel begpa MeananbHO — TaKUM
06pa3oM OCyLLEeCTBIAETCA BbIXOL, Ha NEPELHION NOBEPXHOCTb
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Puc. 5. Anatomus nepepHeit obnactu 6eppa, rnybokue cnou:
1 — natepanbHas apTepusi, orubaiowan OeapeHHY KOCTb
(a. circumflexa femoris lateralis), 2 — nopTHAXHas MblWLa
(m. sartorius), 3 — npsMas Mbiwya beapa (m. rectus femoris).

Fig. 5. Anatomy of the anterior region of the thigh, deep layers:
1 — lateral artery that circumflexes the femur (a. circumflexa
femoris lateralis), 2 — tailor muscle (m. sartorius), 3 — rectus
femoris (m. rectus femoris).

Ta30b6epeHHOro cycTaBa. B BblEONUCAHHOM MeXMbl-
WEYHOM MPOMEXYTKe BCTPEYaeTCs TOMbKO JlaTepanbHas
apTepus benpa, orubaiowas befpeHHyl0 KOCTb, KOTOpYiO
cnefyet Koarynuposatb. [0CKONbKY Npy TOTanbHOM 3HAO-
NpOoTE3MPOBaHMM Ta300epEHHOr0 CycTaBa rofloBKa W LUei-
Ka befpeHHON KOCTW YLansaTCA, Koarynauus BOCXOASLLEN
BETBW JlaTepaibHOM apTepuu, orubatoLLieii beapeHHyo KOCTb,
He UMeeT HUKaKuX nocneacTeui. [lanee oTHOCUTENbHO Kan-
cynbl Ta306€peHHOro CycTaBa yCTaHaBNMBAKTCA 3aALLMTHUKM
W OCYLLECTBSETCA OMEpPaTUBHOE BMELLATENbCTBO Ha CaMoOM
CyCTaBe: pacceyeHure Karcynbl, 0CTEOTOMMS LLeiKKu befpeH-
HOW KOCTM, yoaneHue ronoBku beapeHHoi koctu, 0bpaboTka
BEPTNYKHOM BMNaAWHbI U NPOKCUMANIbHOTO KOHLa beapeHHOM
KOCTM, YCTaHOBKA 3HA0MPOTE3a, YLLMBaHME paHbl. 10 MHeHUI
aBTOPOB, Haubonee CNOXHOW YacTblo OMepauuu SBnseTCA
aneBauus bepeHHON KOCTH.

CrpaTeruto noabEéMa MOXKHO pasfienvTb Ha [Be OTAeSb-
Hble YacTW: MaHEBp 3neBauuM beapa M penns Kancynbl. Bo-
npoc B TOM, KakoW OyaeT Haubonee onTuMasbHas nochne-
[0BaTenbHOCTb Ans besonacHoro obHaxeHus GeapeHHOM
KOCTU. Msirkue TKaHW SBRSKOTCA BaXKHbIMU OrpaHUYEHNAMH
Ana Mobunmsaummn befpeHHoi Koctu. B cnyyae ecnm npokeu-
ManbHbli 0TAen 6eApeHHO KOCTU He MOJKET ObITb aKKYpaTHO
WU3BNIEYEH W3 Ta3a, CyLLECTBYET MOBBILLEHHBIA PUCK Nepesio-
MOB, MOCKOJIbKY JMDO MPUMEHAIOTCA CUNOBbIE MaHUMyNs-
LMK, DO BepTeNn MOXET OCTaTbCs 33 KPaeM BEPTIYKHOM
BrauHbl. B pe3ynbTate MoryT BO3HUKHYTb NPOKCUMasbHble
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Unu cnupanbHble nepenomsl. KpoMe Toro, goctyn K beapeH-
HOI KOCTU MOJKET BbITb HealeKBaTHbIM U MPUBOAMTD K MOBbI-
LUEHHOMY PUCKY HEMPaBUITbHOrO PAcNONOKEHUS KOMIOHEHTa
unm nepdopaumn beapeHHoi KocTu. M03TOMy Mbl CYMTaEM
bonee NOrMYHLIM HUBENMPOBATH OrPAHUYEHUSA B BULE MATKUX
TKaHen nepej NOABLEMHLIM MaHEBpoM. KpoMe Toro, aneBa-
uMs bepeHHON KOCTU NOApPa3yMEBAET He TONbKO NepesHee,
HO 1 naTepanbHoe CMeLLeHMe KOHuMKa bonbluoro BepTena
3a npefenbl 3afHEro Kpas BepT/YKHOW BnaguHbl. loatomy
Mbl NpejJiaraeM CnefyloLLlyio nNocnefoBaTenbHOCTb: CHava-
Na XMpypr NpoBOAMT CTyMeH4aToe 0CBOOOKAEHWE MATKUX
TKaHen C NocieayoLMM MNaBHbIM CMeLLeHneM bespeHHol
KOCTU B NaTepafibHOM W Knepeau HanpaeneHuu. 370 cBe-
LET K MUHUMYMY CUNbI, AENACTBYIOLLME HA DeApeHHYI0 KOCTb,
1 NO3BOJIUT NepeBecTU beApeHHY0 KOCTb B NpaBMiIbHOE No-
NoXeHue 6e3 NNLIHEro AaBNieHMs Ha TKaHWU. Takum obpasom,
MUHUMUW3WPYETCS PUCK CUNOBLIX MAHEBPOB M MOCNEAYIOLLMX
nepenoMmoB.

Kancynaktomus (aBTopbl COBETYIOT [aHHbIW cnocob
Ha HayaslbHOM YPOBHE KpWBOW 0by4aeMocTy B LensX yiyd-
LWeHMsA BM3yanu3aummn aueTabynspHoi BnafuHbl) uiv Kan-
CY/I0TOMUSA BBIMONHAETCA 1S BU3yanu3auuu Lwenkv bepapa.
ABTOpbI NPEANOYUTAIOT BLINOMHATD KANCyNOTOMUIO C Noche-
JYIOLLMM COXPAHEHWEM W BOCCTAHOBJIEHWEM KarCysbl.

BbigeneHne Kancynbl 0CyLecTBASETCA C MOMOLLbIO
34 peTpaKTOpoB C Lenbl0 MaKCUMasbHO BU3Yanu3upo-
BaTb nepefHiol0 Kancyny. Bo Bpems npoueaypbl peTpakTo-
Pbl JOMKHBI 0CTaBaThCs B CTAOMABHOM MONOXEHUH, YT
CBECTU K MUHWUMYMY MOBPEXAEHUE MATKUX TKaHel. BbicBo-
boxaeHVe Kancymbl HAYMHAETCA C NepeSHeN KancynoToMun
1 popmMmrpoBaHms L-0bpa3Horo locKyTa: Kancyna pacceKaet-
€S 0T roNoBKYK befipeHHO KocTu o 6onbLLOro BepTena, Aanee
oT bosbLLIOro BepTenia paspe3s NPOAOIIKALTCA N0 NepeaHeil
MOBEPXHOCTW LUEMKKU [0 Manoro Beptena. [pu 3TOM Heob-
XOAMMO CNenTb 3a TeM, YTobbl Kancyna nog, noAB3A0LLHO-
MOSICHUYHOW MBILLLLEN OCTaBanacb HenoBpeXAeHHoW. Criow
Kancyrnbl SBNAETCA CBOEr0 pofa 3aliuToi OT UHCTPYMEHTOB
BO BpeMs NpenapupoBaHus KocTu. [Mocne 3TOro BbINOMHS-
€TCA 0CTEOTOMMS LUENKN GeApeHHON KOCTU U U3BNEYEHME
FOMIOBKM BKPYUYMBAEMbIM LUTOMOPOM, Jlafiee OCYLLEeCTBASOT
HWXKHIOK M BEPXHIOW KancynoToMun. [Ins HKHEN Kancy-
notoMun (UNK 0cBODOXAEHMSA S106KOBO-DEAPEHHON CBSI3KM)
uncunatepanbHY0 HOry KNagyT MoBepxX KOHTpfiaTepasibHou
Hory, 4Tobbl 0becneynTb HeBOMbLUYIO BHELLHIO POTALMIO.
B pesynbrare B none 3peHns xvpypra nonaaatoT Manbli Bep-
Ten u NobKoBo-beapeHHas cBA3Ka. [11a BepxHel KancynoTo-
MWW HOTY OCTaBJISIIOT B HEWTPANbHOM MOJIOXEHWM, @ KOCTHBIN
KpHo4oK HagesatoT Ha Calcar, 4tobbl BbITAHYTH DEApEHHY
KOCTb B BOKOBOM U MepefHEM HanpasieHnn. 310 No3BoNseT
XMpYpry YETKO YyBCTBOBATb, 4TO 0CBODOMX/EHME 3aBEPLLEHO.
Korpa beapeHHas KocTb NpaBuibHO 0CBOOOXAEHA, KOHUMK
bonbLuoro BepTesia MOXKeET BbITb MOJHAT 3a Kpaill BepTITyK-
HOM BnaguHbl 6e3 runepakcTeHsun. OTANYMTENBHON UHTpa-
OMepaLMOHHOW HaX0AKOM ABMAETCA KaNCyNbHbIA «nepeBep-
HYTbI 3HaK». 3afiHe-BEpXHASA Kancyna nepeBopayMBaeTCs
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yepe3 KOH4MK 6onbluoro BepTena, Koraa beapeHHy KocTb
TAHYT B NaTepabHOM W NepefHeM HarnpasfieHuu. 370 SBHOe
YKasaHue Ha A0CTaTOYHbIN KancyNbHbIi penms.

Takum obpasoM, AaHHOe uccnefoBaHWe NOATBEPAMIIO,
yto [MN[ nencTeuTenbHO ABNAETCA MaN0TPaBMaTUYHBIM, ero
UCMO/b30BaHME MaKCUMabHO COXPaHAET MArKue TKaku. 0a-
Hako npuMeHenue N[ TpebyeT AonoaHMTENBHON NOATOTOB-
KW XUpYyproB-3HLOMPOTE3NUCTOB. C LIeNbI0 CHUMXEHWSA PUCKOB
BO3HUKHOBEHMS UHTPa- 1 NOCE0MNEPALIMOHHBIX OCIIOXKHEHHUH,
a TaKKe ANs 3aKpenneHns XUpPYPruyeckux HaBbIKOB B Ha-
yane KpuBoi 06ydyenns npu ocywectenenuu ML aBTops
COBETYIOT BbINONHMTL nepBble 10—20 aHgonpoTesupoBaHui
Ha bromaHeKeHax.

Tonorpadusa aroguyHou obnactu

Tonorpadus ArofuyHoM 06nacTM [OCTAaTOMHO CNOXKHA,
MBbILLLbI pacronaraloTcs B 3 cnost: nepeblii cioil — bonbluas
ArOAMYHas Mblwua (puc. 6), BTOpOI CNOi — CBEpXy BHU3
MOYT CPefHss ArofyMyHas MbILLLA, TPyLUeBUAHAs MbILILA,
BEpXHAS 6NM3HeL0Bas MbILLLA, BHYTPEHHSAS 3anupatenbHas
MBILLLLA, HUXHASA 61M3HEL0Bas MbILLLIA M KBafipaTHas MbiLL-
ua beapa (puc. 7), TpeTuin cnoit — Maras AroAuYHas MblllLa
W HapyHas 3anupaTenibHas Mbiwua (puc. 8). Yepes Hag-
1 NOArpyLUEBUOHbIE OTBEPCTMA ArOAMYHAsA 0bnacTb CBA3aHa
C NoABPIOLLMHHBIM 3TaXOM Tasa. Yepes HaarpyLeBUaHoe OT-
BEPCTUE B AroAMYHYH 061aCTb BbIXOAUT BEPXHUIA Ar0ANYHBINA
COCYAMCTO-HEPBHbIA My4OK, KOTOPbIWA Janee pacnpocTpaHs-
eTCA B MEXMbILIEYHOM NPOMEXYTKE MEXAY CpefHel Aro-
AWYHOW MBILLLLEN U Manoi AroAUYHON MbILLLIe/ c3aay Hane-
PER, NPOXOASA NEepNeHAMKYNAPHO XOAY BOJIOKOH 3TUX MbILLIL,
MPUMEPHO Ha cepefiHe MeX [y MecToM MX Hayana oT Ta3o-
BOI KOCTM M MECTOM WX NpUKpenneHus K beapeHHoN KocTy
(BEPXHUIA ArOAMYHbIA HEPB UHHEPBUPYET CPEAHION U Majlyio
Ar0AMYHbIE MbILLLbI, HANPAraTeb LWUMPOKO dacuum benpa).

Puc. 6. Anatomusa srogmyHoi obnactu: 1 — bonbluas AroauyHas
MbilwLa (m. gluteus maximus), 2 — noAB3ao0LLIHO-60nbLLIEbEpLO-
BbIi TPaKT (tractus ilio-tibialis).

Fig. 6. Anatomy of the gluteal region: 1 — gluteus maximus
(m. gluteus maximus), 2 — ilio-tibial tract (tractus ilio-tibialis).
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Puc. 7. AHatoMus sroguyHoii obnactu: 1 — cpefHsas AroguyHas
Mbiua (m. gluteus medius), 2 — rpywesuaHas Mbilua (m. piri-
formis), 3 — cepanuwHbIi HepB (n. ischiadicus), 4 — MblILIEYHbIN
MNacT, COCTOSALLMIA U3 BepXHeW BM3HELI0BOM, BHYTPEHHEN 3anupa-
TENbHOM U HWXKHEN 6in3HeLoBom MbiLL, (mm. gemmeli sup. et inf.,
m. obturatorius internus), 5 — kBagpatHas MbiwLa (m. quadratus),
6 — 6onbLuoii BepTen (trochanter major).

Fig. 7. Anatomy of the gluteal region: 1 — gluteus medius (m. glu-
teus medius), 2 — piriformis (m. piriformis), 3 — sciatic nerve
(n. ischiadicus), 4 — muscle layer, consisting of the upper twin,
internal obturator and lower twin muscles (mm. gemmeli sup. et
inf., m. obturatorius internus), 5 — square muscle (m. quadratus),
6 — large trochanter (trochanter major).

Puc. 8. AHatomusa sropmyHoi obnactu: 1 — Manas AroguyHas
Mbiwua (m. gluteus minimus), 2 — Kancyna Ta3obeApeHHoOro cy-
CTaBa.

Fig. 8. Anatomy of the gluteal region: 1 — small gluteal muscle
(m. gluteus minimus), 2 — capsule of the hip joint.

Yepes noarpyluesuaHoe oTBepcTMe B AroguyHylo obnactb
BbIXOAAT CeAANULLHBIA HEPB, 3afHUIA KOXKHbIV HepB beapa,
HWKHUA ATOAMYHBIA COCYAMCTO-HEPBHBIN MY4OK, MOSIOBOW
COCYAMCTO-HepBHbIM My4yoK. loarpyleBnaHoe oTBEpCTME
npoeumpyeTcs Ha 4 cM MeJyanbHee U Ha 3 CM BblilLe 3aaHelk
NoOBEPXHOCTW Ta300eJpPEHHOr0 CycTaBa, U MPaKTUYECKU BCE
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BbILLENEPEYMUCIIEHHbIE COCYANCTO-HEPBHbIE 00pa30BaHMs Aa-
nee NpOX0JAT no3aay Ta3obeapeHHOro cycTaBa, OTAENSACh
OT HEro JIULWb CI0EM BHYTPEHHE 3anupaTteflbHoN MbILULb
€ 613HeL0BLIMY MbILLILLAMM W KBaPaTHOM MblLLen beapa.

Mpu 3apHem goctyne (no cyT, 3agHe-boKoBOM) Npoums-
BOAMTCS pacceyeHne BOMbLLOM ArOAMYHON MbILLLbI MO XO4Y
6 BOJIOKOH, OTCEYEHME KOMMIEKCa HapyKHbIX poTaTopoB be-
Apa eAuHbIM JIOCKYTOM C Kancynoii Ta3o0bepeHHOro cycTaBa
(BepxHsA bnM3HeL0Bas MblLLLA, BHYTPEHHSS 3anupaTesibHas
MBILLLA, HUXHASA 67M3HEL0Bas MbllLL, KBapaTHas MblLU-
ua 6eppa). 310 no3sonseT ubexarb NOBPEXAEHUSA cefa-
JMLLHOTO HepBa (HepB OTZLENEH OT Kancynbl CycTaBa BTOPbIM
C/10eM MbILLIL, ArOAMYHOI 0611acTy), 0|HAKO NpU 3TOM YBEU-
UMBAKITCA CPOKM 3aXKMBNEHWSA PaHbl U OTOABUIAIOTCA CPOKU
Havana peabunuraumm.

BokoBoi foctyn no XapauHry noapasyMeBaeT pacceye-
HWe cpeaHeit M Manom SroAUYHBIX MbILLIL, N0 X04Y UX BOJIOKOH
Mo BepxHesiaTepasbHOi MOBEPXHOCTY Ta306eApeHHOro cycTa-
Ba C 0TCEYEHMEM NepeaHeN NOpLMM 3TUX MbILLL, OT 60/bLLIoro
BepTena beapeHHON KOCTK, YTO, Ha HaLl B3rnag, Takxe byaet
YBENMYMBATL CPOKW aKTMBM3aLMU U peabunutaumum naumeH-
TOB NOC/e TOTaNbHOro 3HACMPOTE3MPOBaHMSA Ta30bepeHHo-
ro cycTasa.

Mpu TOTanbHOM 3HAOMPOTE3MPOBAHUM Ta306eApeHHOro
CycTaBa [LHOM OMepaLyoHHON paHbl SBMIAETCA BEPTIYKHAA
BnaguHa. BeptnyxHas BnagmHa OTKIIOHEHa KHU3Y W Knepe-
OV, YTO TaKKe criefyeT yuuTbiBaTh NpK Beibope onepatue-
HOro focTyna K TasobefpeHHoMy cycTaBy. lpocTpaHcTBeH-
Has OpUeHTaLMs BEPTITYXKHOW BMaAMHbI XapaKTepusyeTtcs
Yr7I0M BEPTUKANIBHOTO HAaKJ10Ha BMaauHbl (yron eé oTKIoHe-
HWUS KHU3Y OTHOCUTENBHO PPOHTANbHOM MIOCKOCTH) U YoM
(pOHTaNbHON MHKIMHALWW WUNK aHTeBepcuu (yron eé oT-
K/IOHEHMSA Knepeau OTHOCUTENIbHO CaruTTaNbHOW MOCKO-
CcTK). Y B3pOC0ro YesioBeKa UCTUHHBIN Yro/ BEPTUKATbHOIO
HaK/OHa BepT/YKHOW BnaamHbl coctasnsieT 50-52°, yron
(pOHTaNbHOM MHKAMHauMM — 18—25°. Ecnn Mbl npoBeiéM
NepneHaMKYNAp OT MIOCKOCTM BXOAA B BEPTNYKHYI0 Bra-
OVHY Ha MyNbTUNIAHAPHBIX U TPEXMEPHBIX PEKOHCTPYKLIMSX
n3obpaxeHun Ha paboueit ctaHumn MCKT, ocb atoro nep-
NeHAMKynapa byAeT NpoeuMpoBaTbcA Ha BEpPXHUE OTAENbI
LWweiikv 6eppa Knepeaun oT bonblioro Beptena. TakuMm 06-
pa3oM, Npu NpsMOM nepeaHeM JoCTyne K Ta3obeapeHHOMY
CycTaBy, KOra MoAX0[, OCYLLECTBNAETCSA MO0 MEMXMbILLey-
HOMY MPOMEXYTKY MeXy HanpsaraTeneM LUMpOKOoN dacuum
Genpa u cpefHen ArofMYHOM MbILILEN NaTepanbHo U nop-
THAXKHOW MbILILIEN W NPAMOIA MblwLen befpa MeauancHo
B BEPTUKANbHOM HarnpaBfeHWW, Mbl NOJTy4aeM HauyuLLniA
0630p BEpTNIYKHOI BnaguHbl. 3T0 0bneryaeT Kak 0bpaboTky
CaMoW BepTNYXKHOI BNafuHbl, TaK M NPaBUNbHYI0 YCTAHOBKY
YalKKM 3HponpoTesa Bo BnaguHe. KpoMe Toro, u3 nepes-
Hero goctyna ynobHee mpoBOAMTL W OCTEOTOMMIO LLEIKY
beapa B HeobX0AMMOI NNOCKOCTH, MOCKONbKY OCb Onepa-
LMOHHOro AeWCTBUA NpU TakoM JocTyne byneT onTuManb-
HOW, @ Yrojl HaK/OHEHWS OCU OMepaLMOHHOI0 AeNCcTBUS
npubnuxaetca K 90°.
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Puc. 9. CHUMKM MynbTUCIIMPanbHOi KOMNbIOTEPHOI TOMOrpadum, aKcuanbHble CPe3bl: @ — KOCTHBINA PEXUM, b — MAMKOTKaHHbIA XM,
1 — n3MepeHue rybuHbI paHbl NpY NepefHeM A0CTyMNe, 2 — U3MepeHue rayouHbl paHbl Npu JOCTyne no XapauHry.

Fig. 9. Images of multislice computed tomography, axial sections: @ — bone mode, b — soft tissue mode, 1 — measurement of the
wound depth in the anterior approach, 2 — measurement of the wound depth in the Harding approach.

Mpyn BbINOSHEHUW 3aAHET0 ONEpaTUBHOMO JOCTYNa K Ta-
300epeHHOMY CycTaBy Yrofl HaKNOHEHUS 0CW ONepaLMoHHO-
ro fencTBUSA He ByaeT npesbiwath 60°, NOCKOMBLKY NpY TaKoM
AOCTYyre XUPYPr BbIXOAWUT Ha 3afHue 0TAeNbl Ta306eapeHHo-
ro CycraBa, a camMa BepT/Iy)KHas BMajuHa pasBEpHyTa Kne-
peau Ha 18-25°

Mpu nepesHeM AocTyne K Ta3obepeHHOMY cycTaBy riy-
BuHa paHbl Ha 20-25% MeHbLUe, 4eM Npu AocTyne no Xap-
anHry — 101 1 136 MM cooTBeTCTBEHHO (pUC. 9).

ObCYXOEHWUE

3JTC aBnsetcs eAMHCTBEHHBIM CMOCOBOM JieueHns npu Ta-
K1X 3aD0NIeBaHMAX, KaK NO3JHME CTaflMW KOKCApTPO3a, acenTu-
YECKUIA HEKPO3 roNIoBKM BeapeHHOM KOCTW, AMCNIACTUYECKMI
KoKkcapTpo3 u ap. o Mepe pacnpocTpaHeHns 3HA0NPOTE3UPO-
BaHWS CHUXAETCA CpeaHMiA BO3pacT 0nepupyeMbIX NaLVEHTOB,
YTO HEMWHYEMO MPUBOAMT K pocTy TpeboBaHMiA U OXMAAHWIA
CO CTOPOHbI BOSBbHBIX; TaK, Bo/ee BaXKHLIMU CTAHOBATCA YBe-
JIM4eHNe CPOKa CIyKObl 3HAONPOTE3a U Pe3yNbTaToB (YHKLM-
OHaJbHOrO COCTOAHMA Ta300eAPEHHOr0 CyCTaBa, BOCCTAHOB/E-
HWe MOXO/KM 1 B LIeJIOM MaKCMMaJbHO ObICTPOE BO3BPaLLEHWe
K aKTMBHOMY 00pa3sy Mu3HW. be3ycnoBHo, Knaccuyeckue Ao-
CTynbl, ucnonb3yeMble npu 3TC, NOKa3bIBAKT OTMYHBIE pe-
3ynbTaTthl B Te4eHWe BonbLIOro KonnyecTa BpeMeHn. Kpome
TOr0, TPAAMLIMOHHDBIE NOLAXO0ALI B 3HA0MPOTE3MPOBAHNM UMEKT
BosbLuUMin 06BEM NOKa3aHMI, U NO3TOMY TPYAHO MPEACTaBUTb,
YTO HapaBHE C HUMU MOKET NPUMEHSATLCA KaKoM-nbo apyromn
A0CTyn. BBUAy 0TCYTCTBUA KPYMHBIX UCCNIeA0BAHNN CYUTAETCS,
YTO PUCKM M OCNOMKHEHMS MOCNE NPUMEHEHWS! MaNlOMHBa3WB-
HbIX A0CTYNOB M3Yy4eHbl He [0 KoHua [18].

DOI: https://doiorg/1017816/VT0430270

Bo3MoxHo, HebOMbLIOE HapyLIeHWe MOXOAKU W OCaHKM
He BCErAa UMeeT 3HaueHue S JIUL, MOXWUIOro BO3pacTa,
HO yKa3aHHble MOKa3aTeNiu MOryT CTaTb KIIMHUYECKMN BaXHbI-
MW LTS MOJTOABIX M aKTUBHBIX NaLMEHTOB, BEAYLLWX MOABUH-
Hblli 06pa3 U3HU Ha MPOTSHEHUW MHorux net. Hecmotps
Ha ycnex 3HAO0NPOTE3MPOBaHMA C TOYKM 3peHUs 0bneryeHus
6onu v ynyyleHusa GusnYecKoi GyHKLMK, Y HEKOTOPbIX Na-
LIMEHTOB HOpManbHas NOXOMKA He A0CTUraeTca U Yepes 1 roa
u 6onee nocne onepaumu.

B nocnephue pecstunetus B ctpaHax Eeponbl u CLUA
ocoboi nonynspHocTblo cTan nonb3oBatecs MM [19, 20].
Tak, cornacHo exerofHoMy roJulaHACKOMY OTYETY, pacnpo-
ctpanenue MMA B Huoepnanpax B 2010 rony coctasnsno 5%
oT 06LLLero yncna npUMeHseMbIX JocTynos, a yxe B 2020 roay
3HayeHWe [aHHOro nokasatens Beipocno Ao 49% [21]. Cro-
POHHMKM 3TOr0 MeToia NPOBOAAT UCCEl0BaHNSA, B KOTOPbIX
NOATBEPIKAATCA TE3UChI 0 TOM, YTO B NepBbie 3—6 MecsALeB
npuMeHenme [N, xapaKkTepu3yeTcs YCKOPEHHOW nocneone-
PaLMOHHON peabunuTaumeit, CONPOBOKAAETCA MEHbLLEN Bbl-
PaXeHHOCTb0 60NEBOrO CUHAPOMA, NPUBOANT K YAYULIEHMIO
nokasartenei wkan HHS, WOMAC, Tecta «BcTaHb 1 namn»
[22-24]. laHHble daKTbl HanpaMYHo cBA3aHbl ¢ TeM, yto MMM
ABNSETCS HaUMEHee TPaBMaTUYHLIM METO/OM.

OnHako nuTepaTypHble [JaHHble CBUAETENbCTBYOT
0 KpYTOil KpuBOM 06Y4eHMS M CBA3AHHOM C HEW BbICO-
KAM PUCKOM OCNOXKHEHWWA Ha HayanbHOM 3Tane KpPUBOW.
CornacHo psapy uccnepoBanuid, nepsble 20 cnydaes 3TC
¢ npumeHennem NN ponkHbl 6bITb BEINOAHEHBI MO, pY-
KOBOACTBOM OMbITHOro xupypra [25]. Mpu onbite ot 50
Ao 100 cnyyaeB xupypr cuutaetcsa yyawmmcsa. A npu Bbl-
nonHeHun bonee 100 cnyyaes 3TC ¢ npumenenuem MM
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PUCK BO3HUKHOBEHMS OCNOXHEHMIA COMOCTaBUM C JIl06bIM
xupyprudeckum pgoctynoM. CormacHo uccnefoBaHuio Ku-
TalcKkux Konner Z. Xu C COaBT., OMbIT XUpypra, cocTaBns-
towmn cebiwe 2000 cnyyaes, 3HAYUTENBHO PACLUMPUT BO3-
MOXHOCTU npuMeHenus MM v no3BoauT Ucnonb3oBaTb
€ro Mpu onepaTMBHOM JleYeHUW aucnnasum 3-4-i cTene-
HW no Knaccudmkaumm Crowe, npu peBU3MOHHBIX Cyvasx
M B LEIOM YBESMUUT CMUCOK MoKasaHwi [26, 27]. Takxke
YKa3aHHble aBTOpbI B APYroM UCCNe0BaHMM YCMELLHO Npo-
BOAMIM NOLBEPTENbHY0 0CTEOTOMMIO C NpuMeHeHneM [M1],
W NOYYUNM OTAIUYHBIE pesynbTathl [28].

C y4étoM TOro, 4to Cpeau XUpYproB-3HLOMPOTE3NCTOB
ctpaH CHI npumenenue MMNJ, npaktuyecku He pacnpocTpa-
HEHo, B TOM YuCTe BBULY KPYTOM KPUBOI 0BYy4eHWsi, aBTopbl
AaHHON CTaTbK NOCNEe NPaKTUYECKON OLEHKU NPEUMYLLLECTB UC-
nonb3oBaHua [MN[] HaxoaaT uenecoobpasHbIM NoNyApU3aLMio
YKa3aHHOro A0CTyna U npoBefieHue AaHHOTO WUCCNeA0BaHuS,
Liefbl0 KOTOPOro ABMSKOTCA aHaToMo-Tonorpadmyeckoe 060-
CHOBaHWe ManoTpaBMaTUYHOCTM YKa3aHHOro MeToAa, MOMCK
npuemniemMoro cnocoba oTTauMBaHNs XUPYPrUYECKUX HABLIKOB
W, TaKUM 06pa3oM, CHXKEHME PUCKA OCIIOHHEHUN.

B HayyHoM coobLLecTBe 0 CHX NMOP HET €MHOM0 MHEHUA
KacaTeslbHO HayyHol 000CHOBaHHOCTM MPEUMYLLECTB WC-
nonb3osaHus [N, CywectsyloT npoTMBOpeUMBLIE CBEAEHMS
0 ToM, AeucTteutenbHo nm MMN[ ABnseTca WapAwMM B OT-
HOLUEHUM MArKUX TKaHel M acCoLMMpOBaH C HU3KUM PUCKOM
nocneonepauuorHoro BbiBuxa [29-32]. CornacHo nocnepn-
HUM MCCNe0BaHUAM, NauMeHTbl, KoTopbiM ITC BbIMOMHANOCH
¢ npuMeHenueM [MN[, MeHblle HyXAaloTcAa B ONMOUAHOM
aHanbreavm o CpaBHEHMIO € MaMm, KoTopbiM 3TC BbINONHS-
10Cb C MCMO/b30BaHWEM ApYrux AocTynoB. MyHKLMOHambHOE
cocTosHWe Ta3obeaperHoro cyctasa nocne 3TC ¢ npuMeHe-
Huem N[ nyywe B paHHeM mocneonepaLMoHHOM nepuoge
(0-6 Mec), onHaKo Yepe3 6—12 MecsiLeB pe3ynbTathl CTaHO-
BATCS CONOCTABUMBIMM C TaKOBBIMW NPM UCMONIb30BaHUN ApY-
rmx poctynos [33]. ABTOpPbI AaHHOMO MCCNEA0BaAHMSA CYMTAIOT,
YTO MOJIOZOMY MALMEHTY BaXKHO BEPHYTLCA K aKTMBHOMY 06-
pa3y MM3HM KaK MOXHO ObicTpee, MO3TOMY LOCTWXKEHWE [0-
CTaTo4HOro onbiTa NpuMeHenms MML BnocneacTsumM No3soamT
PacLUMpPUTL XMpYPrdecKkme BO3MOXHOCTM Bpada M nogobparb
ONTUManbHbIA [OCTYN MHAMBWLYANbHO KaXAOMY MaLueH-
Ty COOTBETCTBEHHO MOKa3aHWUAM. TeM He MeHee CTOPOHHUKM
ytBepxAaatot, uto [M[ cBA3aH C yiyyWweHUeM paHHUX QyHK-
LMOHaNBHbIX PE3ybTaToB, HO 3TO HWKOrAA He OblNo HayyHo
obocHoBaHo. B pesynbTate B HacTosiLLee BpeMs BEAETCS MHOIO
CMopoB 0 TOM, SIBNSIETCS I NepeaHUiA AocTyn Be30nacHbIM,
BOCMPOM3BOAMMBIM W MOBBLILLAET /I OH 3 EKTUBHOCTb XMPYP-
MYECKOro fieyeHus. TaK, B UCCel0BaHMM C UCMONb30BaHUEM
MPT-Bu3yanu3aumv TKaHeit nocne npoBeAEHHBIX IHLONPOTE-
31poBaHuiA NpuUwnn K BbiBoAy, yTo [ cBA3aH ¢ MeHbLuen
TpaBMaTU3auMein MSAMKUX TKaHEN MO CPaBHEHWIO C MPAMbIM
DOKOBLIM M 3aiHUM A0CTynamm [34].

TakuM 06pa3oM, HECMOTPSA Ha MMEILLYHCA Ha LaHHbIN
MOMeHT nHdopMaumio o MM, bonbwmnHCTBO BONpoCoB ocTa-
l0TCS HEOCBELLEHHBIMU.
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3AKJTIOHEHUE

BbinonHueB AaHHoe MccnefoBaHWe, aBTOPbl MPULIK
K CnefiyloLLuM BbIBOLLAM:

*  MpAMON NepeaHuiA LOCTYN ABNSETCA HaMeHee TpaBMa-
TUYHbIM, NOCKOJIbKY NOAX0A K Ta306epeHHOMY CyCTaBy
OCYLLECTBNIAETCS CTPOrO MO aHaTOMUYECKOMY MEXMbl-
LUEYHOMY MPOMEXYTKY, YTO MO3BONSAET M3beKaTb no-
BPEIKAEHMA MATKUX TKaHe#, COCYA0B WU HEPBOB;

+ M0 CBOWM XapaKTepucTMKaM (0Cb OMepaLMOHHOro
AENCTBUS, Yro/l HaKTOHEHNS! 0CY OMepaLMOHHOT0 AeN-
CTBMS, Yro/ ONepaunoHHOro AeNCTBUS) NepeaHuii 4o-
CTyn siBnseTcs Haubonee ONTUMANbHLIM AA BbINOJI-
HEHUS XMPYPrUYECKUX MaHUMYNALMIA NPU TOTaNIbHOM
3H[,0NPOTE3UPOBaHNM Ta306ePEHHOr0 CyCTaBa;

* COXpaHeHWe LieIOCTHOCTM BCEX MbILLL MpYW BbINOJIHE-
HUM NepefHero A0CTyna K Ta3obenpeHHOMy cycTaBy
MO3BOJISIET HAYaTb PaHHIOK aKTUBM3aLMIO U peabunu-
TaLUMIo NaLMEHTOB NOC/Ee ero TOTaNbHOro 3HAOMpPoTe-
3UpOBaHus;

* TpWUMeHeHMe MpAMOro MepeaHero [OoCTyna accoum-
MPOBaHO C YNyylleHUeM (QYHKLUMOHANbHBIX pe3ynibTa-
TOB Ta306e/IpeHHOro CycTaBa B paHHeM nocnieonepa-
LIMOHHOM Nepuoje.

J0MO/THUTE/IbHO

Bknap aBTopos. Bce aBTopbl NOATBEPXKAAIOT COOTBETCTBYE CBOETO
aBTOPCTBA MeXIyHapoaHbIM Kputepmsam ICMJE (ce aBTopbl BHEC/N
CyLLECTBEHHbI BKTaf B pa3paboTKy KOHLEeNUMW, NpoBefeHune mc-
Ce10BaHWsA 1 NOArOTOBKY CTaTbW, MPOYAM U 0[06pUAM BUHAMBHYIO
BEpCvI0 Nepef, NybivKaLmen).

UcTounuk duHancmpoBaHus. ABTOpbI 3asBNISOT 06 OTCYTCTBUM
BHELLHEro (VHaHCVMPOBaHWA NMpW MPOBEAEHWMW WCCeA0BaHMS
¥ NOAroTOBKe MybnmKaumv.

KoHdpnukT nHTepecoB. ABTOpPbI 4eKIapypyloT OTCYTCTBME ABHBIX
1 NOTEHLMANbHBIX KOH(JIMKTOB MHTEPECOB, CBA3AHHBIX C NPOBEAEH-
HbIM MCCIelOBaHWEM W MyBMKaLMeN HaCTOALLIEN CTaTbu.
WHdopmupoBaHHoe cornacue Ha ny6aukaumio. ABTopb! Noay4MM
MMUCbMEHHOE COrflacue NaLMEeHTOB Ha NyBIMKaLMIO MX MEAULIHCKUX
[aHHbIX 1 GoTorpaduit (aata nognucanms: 01.05.2023).
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AHanus cpeHecpoyYHbIX pesynbTaToB KOppeKLUM
BaNbryCHOM pedopMalMu nepsoro nanbua CTonbl

A.B. Cxpebuios?, B.K. Hukutuna?, B.T. Mpouko'?, C.K. Tamoes?,
B.B. Ckpebuos?, [I.C. Axywes?

! Poccuiickuii yHMBepeuTeT apyBbl Hapoaos, Mocksa, Poccuiickas Qepepauns;

2['opoacKas KiMHMyecKas 6onbHua uM. C.C. H0anHa, Mocksa, Poccuitckas Qepepaums;

3 DeaepanbHblit Hay4HO-KIMHUYECKMI LIEHTP CNELManM3MpoBaHHbIX BUAO0B MEAMLMHCKOM NOMOLUM M MEAMLIMHCKVX TEXHOMOTUH,
MockBa, Poccuiickas Qepepaums

AHHOTALIMA

06o0cHoBaHuMe. BanbrycHas fedopMaums nepeoro nanbLa CTOMbI ABMSETCA 0JHOM U3 Haubonee 4acTo BCTpeyaeMbix fedop-
Maumii cTonbl. Ha CeroAHsWHMIA AeHb L1 KOPPEKLMM AaHHOW AedopMauuv NpeanoKeHo MHOXECTBO METOAMK, HO OJHOM
13 Hambonee YacTo UCMONb3yeMbIX SBNSIETCA 0cTeoToMMA Scarf nepBoi NOCHEBOI KOCTU, KOTOpas AOMOSHAETCS 0CTEOTOMM-
e Akin npokcuManbHoii anaHrv neporo nanbua. B aaHHoO! nybavkaummu NpuBoAMTCA aHanu3 cpeaHeCpPOYHbIX pe3ysbTaToB
KoppeKumu gedopMaumu Nepeoro nanbLa CTonbl.

Lienb. AHanu3 cpeHeCpPOYHbIX pe3yNbTaToB KOPPEKLMW BanbryCHOrO OTKJIOHEHWS MepBOro NasnblLia CTOMbI MY UCNoJb30Ba-
HuM octeoToMum Scarf u koMbuHaumu octeoToMmii Scarf n Akin 1 cpaBHeHMe UX C pe3ynbTaTaMu, ONMCaHHBIMU B IUTEpaTYpe.
Metoabl. [laHHoe uccnepoBaHue sBnseTca 0bcepBaLMOHHBIM 0JHOMOMEHTHBLIM. B uccnepoBaHue bbinu BroYeHbl 129 na-
umeHToB (147 cTom), KOTOpbIM ObiNa BhINOSHEHa KOpPeKLMs AedopMauuii nepefHero otaena CTonbl B NepUoj C siHBaps
no nekabpb 2017 ropa. MiccnepoBannch KIMHUYECKWE, PEHTIEHONOMMYECKWE NOKa3aTenn ¢ noMowbto wkan AOFAS, FFl, Bu-
3yanbHo-aHanorosoi wkanbl BALL 1 BonpocoB, Kacalowwmxcs Cy6beKTUBHOM OLIEHKM NauuMeHTaMu NpoBeAEHHOMO JIEYeHNS.
Pesynbratbl. PesynbTathl UccnefoBaHUA 0TODpasviM yBennyeHWe nokasateneit wkanbl AOFAS ¢ 59,0 (16-88, SD=18,6)
[0 onepaTuBHOro BMeLuatesbcTea Ao 85,0 (53-100, SD=13,3) (p <0,001) yepes 5 neT nocne npoBeaéHHON Koppekuuu. Mo-
Kasatenm BALL cHmsunmes ¢ 5,7 (0-10, SD=2,2) ao 2,4 (0-5, SD=1,4) (p <0,001). Mokasatenu wkanbl FFl TakxKe U3MeHMIUCL
c 40,9 (10-78, SD=18,1) po 11,3 (019, SD=5,0) (p <0,001) nocne xupypruyeckoro neyeHus. CornacHo npoBefEHHOMY aH-
KeTupoBaHuio, 96,7% naumeHTOB cornacuimnch bbl Ha NOBTOpHOE NpoBefeHue onepauuu, 96,9% npoonepupoBaHHbIX NOCO-
BeToBanM bbl JaHHOE XUPYpruyeckoe BMELLATeNbCTBO POACTBEHHMKAM, a 94,6% Obinv [OBONBHBI 3CTETUYECKUM pe3yibTa-
ToM onepauun. 95,4% nauneHToB BbinW yO0BNETBOPEHBI NPOBELEHHBIM NIEYEHWEM C TOUKM 3pEHUS UCUYE3HOBEHUA HoneBoro
cuHopoMa u auckomdopta. 98,4% NpoKOHCYNbTUPOBAHHBIX NALMEHTOB ObIKM A0BOMbHBI QYHKLUMOHAMBHBIMU pe3ynbTaTaMu
MPOBELIEHHOr0 XMPYPruyecKoro BMeLLaTenscTBa. PeHTreHonorudeckue nokasartenu yrnoe HVA, IMA 1 nonoxeHue cecamo-
BMOHBIX KocTel no wkane Hardy and Clapham Takke cBUMAETENLCTBYIOT O XOPOLUMX CPEAHECPOYHbIX pe3ynbTaTax C MUHM-
MaJlbHbIM YMCOM peunanBoB. OrpaHnyeHne NOABUKHOCTU B NEPBOM MitocHedanaHroBoM cycTaBe 0TMeYanoch B 68 ciyyasx
(46,3%). B 4 cnyyasx (2,7%) uMeno MecTo OCNOXHEHWE B BUAE MOBEPXHOCTHOrO BOCManeHUs MATKUX TKaHen. B 1 cnyyae
0TMeyanocb ATPOreHHoe BapyCHOe OTKIIOHEHWe NepBoro nanbLia cronbl. B 34 ciyyasx (23,1%) y nauneHToB 6bino BbINGAHEHO
yaanenue Metannogukcatopos. B 17 cnyyasx (11,6%) ynanenue bbino nponssefieHo B Teuenue 1 rofa.

3aknouenue. OcteotoMusa Scarf, Kak 0TAeNbHO, TaK M B codeTaHum ¢ octeoToMmel Akin, sBnsetcs 3ddeKTUBHLIM CNOCoOoM
KOppeKuuu BanbrycHon aedopMauum nepeoro nanbLa CTonbl.

KnioueBble cnosa: hallux valgus; octeotomus Scarf; octeotomus Akin; BanbrycHas fedbopMauus nepsoro nasbla.
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Analysis of medium-term outcomes
after surgical correction hallux valgus deformity
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ABSTRACT

BACKGROUND: One of the most prevalent foot abnormalities is valgus deformity of the first toe. Many procedures have been
proposed to correct this deformity, but one of the most Scarf osteotomy of the first metatarsal bone, which is complemented
by the Akin osteotomy of the proximal phalanx of the first finger, is one of the most widely used. This publication analyzes the
mid-term effect of repairing the deformity of the first toe using the methods described above.

AIMS: To evaluate the mid-term outcomes of hallux valgus correction using Scarf osteotomy and the combination of Scarf and
Akin osteotomies to the literature.

MATERIALS AND METHODS: This is a cross-sectional, observational study. From January to December 2017, 129 patients
(147 ft.) received forefoot deformity. Clinical and radiographic parameters were studied using the AOFAS, FFI, and VAS scales
and questions related to the subjective assessment of patients by the treatment.

RESULTS: The study's findings revealed an increase in AOFAS scores from 59.0 (16—88, SD=18.6) before surgery to 85.0
(53-100, SD=13.3; p <0.001) 5 yr later. The VAS scores fell from 5.7 (0-10, SD=2.2) to 2.4 (0-5, SD=1.4; p <0.001). After
surgery, the FFl scale score decreased from 40.9 (10-78, SD=18.1) to 11.3 (0-19, SD=5.0; p <0.001). According to the survey,
96.7% of patients would agree to a second operation, 96.9% of those who had surgery would recommend it to their relatives,
and 94.6% were satisfied with the aesthetic result of the operation. Most patients (95.4%) were satisfied with the treatment in
terms of the disappearance of pain and discomfort. The functional results of the surgical surgery were satisfactory to 98.4% of
the patients who were consulted. Radiographic HVA, IMA angle, and Hardy and Clapham sesamoid position scores all indicated
favorable mid-term outcomes with no deformity recurrence. In 46.3% of patients (68 patients), there was limited mobility in the
first metatarsophalangeal joint. A complication in superficial soft tissue irritation occurred in four patients (2.7%). latrogenic
varus deviation of one toe was observed in one patient. Metal fixators were removed from patients in 34 patients (23.1%). The
removal was completed within a year in 17 cases (11.6%).

CONCLUSIONS: Scarf osteotomy, alone or in combination with Akin osteotomy, is a successful treatment for hallux valgus.

Keywords: hallux valgus; Scarf osteotomy; Akin osteotomy; valgus deformity of the great toe.
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OB0CHOBAHUE

Hallux valgus siBnsieTca ofHoii U3 Haubonee yacTbix fe-
(opMaunit nepeHero oTAena CTonbl U NpeAcTaBnseT coboil
nateparnbHyl0 JeBUALMI0 OCHOBHOM (hanlaHrv Nepeoro nanbua
C MeaManbHbIM OTKNOHEHWEM MepBOM NCHeBOW Koctu [1]
(puc. 1). CornacHo faHHbIM IMTEpaTYpbI, BaNbryCHOE OTKII0-
HeHWe NepBoro Masbua cTonbl BcTpevaetca Y 3-4% ot Beeil
nonynsuwm [2, 3]. PesynbTathl Apyrux aBTOpPOB CBULETENb-
CTBYIOT 0 TOM, YTO AaHHas fedopMaumsa oTMeyaetca y 23—
44% Bcex N010BO3peNbIX KeHLWMH [4]. OCHOBHBIMM anoba-
MW NaLMEHTOB ABNSKITCA KOCMETUYECKUA AedeKT, boneBoil
CMHAPOM U YXYALIEHWE KayecTBa XM3HW B LenoM [5]. B Ha-
cTosiLiee BpeMs octeoToMus Scarf sBnsietcs Hambonee Ya-
CTO NPUMEHAEMOMN XMPYPrUYECKOW TEXHUKOW AN KOPPEKLIMHK
BaJIbIYCHOr0 OTK/OHEHWUA NepBOro nanbua cronbl. [laHHas
METOAMKA MCMOJb3YeTCS Kak U30JIMPOBAHHO, TaK W Npu Npu-
MeHeHun octeoToMun Akin. OgHaKO Ha CErofHsLHMIA AeHb
ToNbKO octeotomus Akin ucnonb3yetca pegko [6]. B 6onb-
LUMHCTBE C/Ty4aeB KaK KPaTKOCpOYHble, Tak U bonee mnu-
TeNbHble pe3ynbTathl MOKa3anu CPaBHUMY0 3QPEKTUBHOCTb
NpUMeHeHNs KOMBbMHaLMK AaHHbIX MeToauK [7, 8]. Mpu aTom
YETKUX PEKOMeHJaLMIA K npumeHeHuo octeoToMun Akin
HeT [9, 10]. Ucxonsa us atoro, B 4,aHHOM UccnefoBaHUM Hamu
BbII0 NPUHATO peLUeHne He pa3AeNiAaTb NALMEHTOB C NpoBe-
AEéHHbIMK ocTeoToMmusamMm Scarf u Scarf B koMbuHaumm ¢ Akin
Ha pasHble rpynnbi.

Lienb uccnepoBanus — aHanu3 cpeHECPOYHbIX pe3yrb-
TaTOB KOPPEKLMW BaMbryCHOrO OTKJIOHEHUS NEPBOro NnasbLa
CTOMbI NPX UCMONb30BaHUK ocTeoToMuK Scarf n KoMBUHaLMK
octeoToMuit Scarf u Akin 1 cpaBHeHMe MX C pe3ynbTaTamy,
OMUCaHHBIMKM B NIUTEpATYpe.

MATEPWUAJIbI U METObI

[ln3aitH uccnepgoBaHua

HPOBED,BHO 06C€pBaLI,VIOHH09 0JHOMOMEHTHOE uccneno-
BaHue.

T.30,Ne 3, 2023

B

J

\
W @Y

Puc. 1. BanbrycHas gedopMaumsa nepeoro nanbua obeux cron.
Fig. 1. Valgus deformity of the first ray of both feet.
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KpMTepMM cooTBeTCTBUA

Kpumepuu exoqeHus:

« B03pacT ot 18 ner;

* BanbrycHas gedopMaums nepBoro nanbLa cTonsl (yron
HVA >16 u <45 rpagycos, M1-M2 >10 rpapaycos);

* MOAMNMCh NaLUMEHTOM MHGOPMUPOBAHHOIO COrnacus Ha
y4acTue B UCCNeL0BaHuM.

Kpumepuu ucknoqeHus:

« TSKENble AedopMauun nepepHero otaena Cronbl,
Tpebylolwme [ONOMHUTENBHBLIX XMPYPIUYECKUX BMe-
LaTenbCTB;

* apTPOAE3bl CMEXHbIX CYCTaBOB;

* HalMyme OXUpeHus;

+ HanuuMe paHee NepeHECEHHbIX BMELLATENIbCTB Ha
nepegHeM OTAENe CTOMbl;

 BO3pacT Mnagwe 18 net, TaK KaK lOBEHUNbHAA fe-
¢opmaumsa hallux valgus Bblaensetcs B 0TAeNbHYH
naTonoruio;

* OTCYTCTBME MOJIHOrO KOMMJIEKTA PEHTTEHOMIOMMYECKOr0
obcnenoBaHus;

* CONYTCTBYHLUME XPOHMYECKMe 3aboneBaHus (caxap-
Hbl auabet, 3aboneBaHUs peBMaTosIOrMYECKOro npo-
buns);

¢ O0TKa3 nauueHTa OoT y4acTtua B UccnenoBaHuu.

Ycnosus npoeegeHuA

Wccneposahne nposefieHo B nepuof ¢ Aekabpsa 2022
no anpenb 2023 roaa, Koraa Obinn oCyLLeCTBIEHbI KOHCYSb-
TaTMBHbIE 0CMOTPbI 129 NauMeHTOB, KOTOPLIM BLIMOHWIU
147 onepaTMBHbIX BMELLATENBLCTB, HANpPaBfieHHbIX HA KOp-
PeKumio BanbrycHol AedopMauum nepeoro nanbua. Xvpyp-
rMyeckoe seyeHne bbino NpoBefieHO B MEPUOA C AHBApS
no nexabpb 2017 r. B [OpOACKOH KAMHMYECKON 6onbHMLE
uM. C.C. I0auHa [lenapTaMeHTa 34paBOOXpaHEHUs FOpPOAa
MockBbl.

OnucaHue MeAULUHCKOro BMeLlaTe/ibCTBa

Bce onepaumu BbINOAHANM N0, KOMOWMHUPOBAHHOW CMK-
HanbHO-3NMAypanbHoi aHecTe3uelr. [locne HanoxeHus
XryTa MapTeHca npuMeHsnM MeLuanbHo-60KOBOW JocTyn
B MNONOXEHMM NaLMeHTa NEXa Ha cnuHe. BeinoaHanm Kancy-
noTOMMIO MepBoro nntocHedanaHrosoro cycrasa. [pu noMo-
LM OCLMIIAITOPHOM Nkl BBINOAHANM GUrypHyio Z-0bpasHyio
OCTEOTOMMIO MEPBOiA MOCHEBOW KocTw. [locne KoppeKuuu
MOMNOXEHMA NpOMU3BOAMNAch GUKcauUs 2 CMOHTMO3HBIMMI
BuHTamu [epbepra. lpn MHTpaonepaLyoHHON HeA0CTaTOYHOM
KOpPPEeKLMM NOSOKEHUA NEPBOrO NabLia MK HeMpaBuibHOV
poTaumMM NepBoro nasbla BbINOMHANM ocTeoToMuto Akin.
MpodmnakTKy MHPEKLMOHHBIX OCNIOXHEHWUIA OCYLLLECTBNAN
C MOMOLLbK0 WHTPaoMepaLMOHHOro BBeAEeHUs aHTUbaKTepu-
anbHbIX Npenaparos (Ledanocnoputbl | noKkonexus).

MocneonepaumoHHoe BefieHMe NaLMEHTOB OCYLLECTBIIA-
nocbk No eiHOMy NpoToKony. Ha BTopble CyTKU nocne onepa-
TMBHOTO BMELLIATENbCTBA NMaUMEHTa aKTMBU3UPOBANM B Cre-
LManu3upoBaHHOW 0ByBM C pasrpy3Kon nepefHero OTAena
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cTonbl (06yBb bapyka). [epeBsiska nocneonepaLMoHHbIX paH
BbINO/HSNAch Yepes 1 AeHb C MPUMEHEHNEM PacTBOPOB aH-
TUCeNTUKOB. B nocneonepaunoHHOM nepuoje naumeHT nepe-
ABurancs B 0bysu bapyka Ha npoTsxeHun 6 Hepienb.

OcHoBHOM ucxoA UccneaoBaHuA

B uccneposaHMM npoBefEH aHanu3 cpefHECPOUHbIX
pe3ynbTatoB. 3a rpaHuubl HabnwaeHus Hamu 6bian npu-
HATbI ClIefyIOLLME CPOKM: KPATKOCPOUHbIE HabnloaeHns —
ot 30 no 60 Mecsaues, cpeaHecpoyHble — 60—150 mMecaes,
AonrocpoyHble — bonee 150 Mecsues [11].

JlononHuTeNbHbIe UCXOAbI UCC/IeA0BaAHMUA

AHanu3z 8 nodzpynnax
JlononHuUTeNbHbINA aHanK3 B NOATPyNNax He NPOBOAMICS.

Memodel pecucmpauuu ucxodos

KoHTposibHble 0CMOTpbI MPOBOAMAMUCH COTPYLHUKAMM,
He NPUHMMAaBLUMMM y4acThe B fiedeHnu naumeHToB. OueHuBa-
JMCb TaKWe PEHTTEHONOTMYECKMe NapaMeTphbl, Kak nitocHeda-
naxrosbin yron HVA (aHrn. Hallux valgus angle), mexnntoc-
HeBbIn yron IMA (aHrn. Intermetatarsal angle), nonoxenus
cecamMoBMAHbIX KocTel no wkane Hardy and Clapham, a Tak-
e pesynbTaTbl aHKETUPOBAHUA MO BU3yaNbHO-aHaNoroBo
wkane BALL, wkanaM AOFAS (avrn. American Orthopaedic
Foot & Ankle Society) ans nepegHero otaena crorbl 1 FFI
(aHrn. Foot Function Index). MponsBoauncs onpoc naumeHToB
ANS OLiEHKN UX YA0BNETBOPEHHOCTU NPOBEAEHHBIM JIEYEHU-
€M — C TOYKM 3PeHus UCYE3HOBEHUA Bonmn 1 auckoMdopTa,
3CTETUKU W BHELLHEro BMAA CTOMbI B MOCIE0NepaLnoHHOM
nepuofe, GYHKUMOHAMbHBIX pe3ynbTaToB JieYeHus. Takxe
naumeHTaM ObiM 3afaHbl cnepytolme Bonpockl: «[locose-
TOBa/M JIM Bbl BbI JaHHOE NIEYEHUE BaLUMM POLCTBEHHUKaM?»
n «Cornacunmck nv bbl Bbl Ha NpoBefeHMe AaHHOIO BMeLLa-
TeNbCTBa CHOBa?»

3a HopMy 00BbEMa [BMMEHW B NEPBOM MtoCHedanaH-
roBOM CycTaBe npuHuMarcs 06beM asuwenuns 120 rpapycos
(onanasoH — 45 rpapmycoB crubaHus u 75 rpamycoB pasrut-
baHus) [12]. 3a yMepeHHOe OrpaHUYeHWe OBUKEHUA — OMa-
nasoH apuxeHud B npegenax 30-74 rpapycos. 3a rpyboe
HapyLeHWe aBuxeHns — 00bEM aBikeHus MeHee 30 rpa-
LYCOB.

JTnYecKan IKcnepTU3a

3TVI‘-IECKy}O JKCMepTU3y He nposoaunun. Bce nauueHTsl,
yyacTBoBaBLliMe B uUccnenosaHun, noanucann nUCbMeHHoe
MHd)OpMMpOBaHHOE ,U,OGpOBOﬂbHOE cornacme Ha MeguLUUH-
CKOe BMeLlaTeNIbCTBO U HyﬁﬂMKaLI,VII-D pe3ynbTtatoB uccneno-
BaHKA.

CraTUCTHYeCKUM aHanus3

MonyyeHHble B NpoLecce BbIMONHEHUS PaboTbl KIMHM-
Yeckue pe3ynbTaThl aHaNM3MpoBanM MOCPeACTBOM Npo-
rpaMMHoN cucteMbl Jamovi 2.2.5 lpoBoaunack npoBepKa
HOPManbHOCTM pacnpefesieHns Npu MOMOLUM KpUTepUs
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Lannpo-Yunka. OueHKa BHYTPUrpYNMnoBoM AUHAMUKM KONK-
YeCTBEHHbIX MPU3HAKOB NPOBOAMNACL NPWU MOMOLLM KpuTe-
pus BunkokcoHa v napHoro kputepusi CTelogeHTa. Kputepuii
BunkokcoHa ucnonb3oBanca npu aHanuse nokasateneit HVA,
IMA, BALL, wkane AOFAS. MapHbin Kputepuit CTblopeHTa
NPUMEHANCA 1A aHanu3a pesynbratoB wkanbl FFI (kpute-
pui Wanupo-Yunka, p=0,199). Ucnonb3oBanca Koadduum-
eHT paHrosoi Koppensuuu CnupmeHa. Pasnnumsa npunuMani
33 CTaTUCTMYECKM 3HaumMble npu p <0,05. Pa3Mep BbIbOpKM
Nau1eHTOB NpeABapUTENIbHO HE PaccyMUThIBanNCA.

PE3Y/IbTATbI

06beKTbl (y4aCTHUKM) Uccne0BaHUA

B wuccnepoBanue BKMoYeHbl 129 nauMeHTOB, U3 HUX
120 (93%) *eHwwmH 1 9 (7%) MyxumH. BospacT naumeHToB
B rpynne HabnoaeHus BapbupoBan ot 29 ao 73 net. CpepHuii
Bo3pacT coctasun 49,2 roga. Bce 18 nBycTopoHHMX onepa-
TMBHBIX BMELUATENIbCTB MO KOPPEeKUMM BanbrycHoi gedop-
MaLluu NepBoro nasnbLa cTonbl 6bi NPOBEAEHBI Y KEHLLMH.

OcHoBHble pe3ynbTaTtbl UCCiieaoBaHuA

CornacHo npoBefEHHOMY aHKeTMpoBaHuio, 96,7% nauu-
EHTOB COrnacunmuck bbl Ha NOBTOPHOE NPOBEAEHNE ONepaLmK,
96,9% npooneprpoBaHHbIX NOcoBETOBaNM bbl faHHOe XMpyp-
rMYecKoe BMeLLATeNbCTBO POACTBEHHUMKAM, a 94,6% bbinu
[0BOJIbHbI 3CTETUYECKUM pe3yNbTaToM onepaunu. bonbluas
YacTb NauMeHTOB, @ UMeHHO 95,4%, Bbin yo0BNETBOPEHI
NPOBEAEHHBIM JIEYEHUEM C TOYKM 3peHNs UCHe3HOBEHUSA bo-
NeBOro cuHApoMa u auckoMdopta. 98,4% npoKoHCynbTUPO-
BaHHbIX NaUMEHTOB ObINM [OBONbHBI PYHKLMOHANLHBIMM pe-
3y/nbTaTaMu NPOBEAEHHOTO XMPYPrMYECcKoro BMeLLaTeNbCTBa.

Mokasarenu wwkansl AOFAS Bospocim ¢ 59,0 (16-88,
SD=18,6) no onepatneHoro BMeLatenscTaa Ao 85,0 (53-100,
SD=13,3) (p <0,001) cnycTs 5 neT nocne nNpoBeLEHHOrO Jie-
UEHWS, HaMpaB/IEHHOr0 Ha KOPPEKLMIO BaNlbIryCHOM0 OTKIIOHE-
HWSA NepBOro NasbLa CToMbl.

Mokasarenu BALL cHusmnucs ¢ 5,7 (0-10, SD=2,2) po 2,4
(0-5, SD=1,4) (p <0,001).

Pesynbtathl TectupoBaHus no uHaekcy FFl Takxe mo-
Kasanu cHuxenue ¢ 40,9 (10-78, SD=18,1) go 11,3 (0-19,
SD=5,0) (p <0,001) nocne Xxupypruyeckoro BMeLLaTe bCTBa.

PeHTreHonormyeckue pesynbTathl UCCIe0BaHMSA Npoje-
MOHCTPMPOBA/M 3HAUMMYKD KOPPEKLMIO NoKasaTenen Mex-
MCHEBOro Yrna, nocHedanaHroBoro yrna v nonoxeHus
cecaMoBUAHbIX KocTen no wkane Hardy and Clapham.

CpenHee 3HayeHne HVA o onepatvBHOro BMeLLaTesb-
cTBa coctaenano 29 rpapycos (17-44, SD=7,4), cpa3sy nocne
0MepaTMBHOrO BMeLLATEbCTBA aHanM3 Moc/ieonepaLmoHHbIX
PEHTreHorpaMM Mo3BOAMI OMPeAeNUTb CPpefHee 3HaueHue
HVA paBHbIM 9 rpagycaM (2-14, SD=2,4) (p <0,001), Ha Mo-
MEHT KOHCYNbTaTUBHOI0 NpUEMa Yepe3 5 NIeT cpefHee 3Haye-
Hue HVA 6bino pasHo 10 rpagycam (0-20, SD=3,8) (p=0,588).
MexnniocHeBbIn yron IMA B rpynne nauueHTOB L0 XUpYpru-
YecKoit KoppeKumuu Obin paBeH 14 rpapycam (10-17, SD=2,4),
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Tabnuua 1. MonoxeHue cecamoBuaHbIX KocTel no wkane Hardy and Clapham
Table 1. Position of sesamoid bones according to the Hardy and Clapham scale

Monoxenue [Jlo onepatusHoro Cpasy nocne onepatuBHoro | Ha MOMeHT KOHCYNbTaTMBHOrO NpUéMa,
cecaMoBUIHBIX KOCTeN BMeLLaTenbcTsa, cron (%) BMelLaTenbcTBa, cron (%) cron (%)
I 0(0,0) 70 (47,6) 42 (28,6)
I 0(0,0) 63 (42,9) 84 (57,1)
M 15(10,2) 14.(9,9) 21 (14,3)
v 92 (62,6) 0(0,0) 0(0,0)
Vv 34(23,1) 0(0,0) 0(0,0
Vi 6 (4,1) 0(0,0 0(0,0)
ViI 0(0,0) 0(0,0) 0(0,0)

Ccpasy nocne onepaTMBHOTO BMeLLATENbCTBA — 7 rpafycaMm
(4-10, SD=1,7) (p <0,001), Ha MOMEHT KOHCY/IbTaTUBHOIO
npuéMa — 7 rpapycam (1-22, SD=3,53) (p=0,085).

AHanu3 nonoxeHus cecaMoBMAHBIX KOCTEW MO LUKane
Hardy and Clapham fo 1 nocne onepaTMBHOIO BMeLLaTe b~
CTBa MOKasan 3HauuMble M3MeHeHus B Bbibopke (p <0,001).
Mpy aHanu3e MOMOXEHUS CECAMOBUIHbLIX KOCTEW Ha PEHT-
reHorpaMMax, BbINOJIHEHHbIX Cpasy NoC/e XMpPYPruyecKou
KOPPEKLMM M HaKaHyHe KOHTPOJIbHOTO 0CMOTpa yepes 5 net
nocne MpoBefEHHOM0 JieyeHus, 0bHapyKeHbl cnabble pas-
JINYMSA NMONOXKEHMSA CECAMOBUAHBIX KOCTEW, YTo oTobpaxaet
YCTOMYMBOCTL €ro Koppekuuu (Tabn. 1).

LlononHutenbHble pe3ynbTatbl UCCNlef0BaHUA

HexcenamensHole s8neHus

Hamu He Bbino 0TMeYEHO Cy4aeB 0CTEOHEKPO3a rofI0BOK
nepBbIX NJIOCHEBBIX KOCTEN.

Ha KoHTponbHoM ocMoTpe B 68 crydasx (46,3%) oTMeua-
JI0Cb OrpaHWyeHne NOABUMXHOCTM NEPBOro MAtocHedanaHro-
Boro cyctasa. B 51 cnyuyae (34,7%) Habniofanoch yMepeHHoe
orpaHuyeHmne fBMeHWiA, Ha 9 ctonax (6%) oTMeyanock rpyboe
orpaHuyeHmre aBueHuii (06bEM aBmeHuiA <30 rpamycos).

lpoaHanu3upoBaB UcTopumn H0NE3HN NALMEHTOB, Mbl 06-
HapyXuu, uto B 4 cryyasnx (2,7%) UMeno MecTo 0CNIOXHeHUe
B BUE NOBEPXHOCTHOrO BOCMANEHNS MAMKUX TKaHew. Mauu-
€HTaM DbIIM Ha3HayeHbl aHTMBaKTepWanbHbIe NpenapaTbl —
LedanocnopuHbl 2-ro NOKOJIEHMS, eXeHeBHble NepeBA3KHU
C aHTMcenTuKamu. llocne npoBeEHHOTO KOHCEPBATUBHOMO
nleyeHms ABNEHNs BocraneHus bbiin KynpoBaHbl.

fiTporeHHoe BapycHoOe OTKJIOHEHWE NepBOro NanbLa CTo-
nbl Habnmioganock B 1 cnyyae. OfHaKo faHHas AedopMa-
LMa He conpoBoxpaanach 6oneBbiM CMHAPOMOM, Xanobamu
Ha 3aTpyAHeHus B nopbope 00yBM M HapyLleHWe KayecTBa
YKU3HU B LIENOM.

CnyyaeB NepUMMMMNNAHTHBIX NEpPeNOMOB  BbISIBIEHO
He 6bino. TakKe He NoTpeboBanoch NpoBEAEHNS PEBU3NOH-
HbIX 0MepaTVUBHbLIX BMELLATE/bCTB.

B 17 cnyuasx (11,6%) B TeyeHne nepeoro roaa notpebo-
BasioCb yoaneHWe BMHTOB BBUAY WX Murpauuu. Ha mMoMeHT
ocMoTpa B 34 cnyyasx (23,1%) 6bino BbINOMHEHO YaaneHue
MeTannogukcatopos. locne NpoBeAEHHOr0 KOHTPOJILHOIO

DOI: https://doiorg/1017816/VT0430259

ocMoTpa 5 maumeHtam — 5 cton (3,4%) — 6bino 3anna-
HUPOBAHO XWUPYPruYecKoe BMELLATENLCTBO ANA YAANeHMS
MeTannoguxcaTopos (puc. 2).

ObCYXOEHWUE

PestoMe ocHoBHOro pe3ynbTata uccienosaHuA

CpeaHecpoyHble PEHTTEHONOTMYECKUE U KIIMHUYECKME pe-
3yNbTaTbl NPOBEAEHHOIO JIEYEHWUs! NaLMEHTOB, KOTOPbIM Obla
BbINOSIHEHa ocTeoToMMA Scarf, Kak U30IMpOBaHHO, TaK 1 B CO-
BOKYNHOCTU C ocTeoTomueit AKin, noKasanu BbICOKyl0 3@-
(EKTMBHOCTb KOpPEKLMW BanbrycHoit fedopMaumm nepeoro
nanbua ctonbl. [laHHble pesynbTaTbl COMPOBOXAANMCH MUHM-
MasbHbIM KOJIMYECTBOM OC/OXKHEHWUA W PeLIMAM1BOB.

06CY)‘KJJ,EHM9 OCHOBHOI 0 pe3ynbTaTta
uccnepnosaHuA

AHanu3 peHTreHoNOrMYeCKUX M KIIMHUYECKUX pe3ynbTaToB
NPOBEAEHHOIO JIEYEHNS CBUAETENLCTBYET 06 3P PeKTUBHOCTH

Puc. 2. PentreHorpamMma cTon yepe3 5 fIeT nocse onepaTMBHOMO
BMeLUaTesbCcTBa. YAanéHHble MeTannoduKcaTopbl NepBoi Mitoc-
HEBOWN KOCTM 0beunx cTor.

Fig. 2. Radiographs of feet 5 years after the surgical treatment.
Screws removed from the 15! metatarsal bones of both feet.

319


https://doi.org/10.17816/VTO�

320

ORIGINAL STUDY ARTICLES

MeTo/ia 0cTeoToMuM Scarf — KaK M30/IMpoBaHHO, TaK U B Co-
yeTaHun ¢ octeoTommen Akin. OgHoi U3 3apay 3Toro uc-
CnefioBaHMsa ObINo paccMOTPeTb Hanuuue peuuausa y na-
LMEHTOB MOCNIE XMPYPru4ecKoro BMeLLaTenscTea. Peuuams
BaNbrycHoi fedopMauumn Nepeoro nanbLa cTomnbl ABASETCS
CEPbE3HBIM OCNOXHEHUEM MPOBESEHHOMO XWUPYPrUYECKOro
BMeLLaTenbcTBa [13]. YactoTa peunanBoB, COrnacHo AaHHbIM
NTEpaTypbl, MPWU UCNOSIb30BAHUM TPALULIMOHHON METOAMKM
octeotommum Scarf coctasnset ot 11 go 33% [14, 15]. Pe-
UMAMB BanbrycHon AedopMaumm Yalle Bcero Habnopaetcs
B cpokm ot 1,5 go 2,8 ropa.

B nutepatype He cylecTByeT eAMHOTO MHEHUS O TOM,
YTO CuMTaTb PeLMAMBOM BanbrycHoi AedopMauuu nNepeoro
nansua. UMetoTca aaHHble Kak o 15, Tak u o 20 rpagycax
aedopmaumn B nepBoM ntocHedanaHroBoM cycrase [16,
17]. MNpun 3TOM TaKKe He MMEETCS OLHO3HAYHOrO MHEHMS,
npenctasnser nm 6esbonesas Qopma peunpamBa Banb-
rycHon pedopMaumn naTosorvi U ABNsSeTca Jin 310 abco-
JIOTHBIM MOKa3aHWeM K MOBTOPHOMY OMepaTMBHOMY BMe-
watenbcTBy. Fuhrmann c coaet. ans 6e36onesoit hopMbl
peuuavBa BasbrycHoM AedopMauuv Nepeoro nanbua cTombl
Obin mpennioxeH TepMuMH «revalgisation» («peBanbrusa-
uua») [18]. B HalleM Uccief0BaHUM 3@ NOHATUE «PELMONBY
Bbln NpUHAT peHTreHonornyeckuin nokasarens HVA bonee
20 rpapycos. llpu aHanuse peHTreHoNOrMYecKUX CHUMKOB,
CAEeNaHHbIX HeNnocpeACTBEHHO Nepef KOHCY/IbTaTMBHBIM NpHU-
€MoM, B 7 cnyyasx (4,8%) onpenensnuck nokasatesm HVA,
COOTBETCTBYIOLLME MOHATMIO «peumamB». pu 3ToM GoseBoil
CMHIpOM Habnwpanca y 6 naumeHToB (4%). [aHHble noKa-
3aTe/IM COOTBETCTBYIOT pe3yNibTaTaM, ONMUCaHHbIM B JUTepa-
Type [9, 19]. B egnHCTBEHHOM Cnyyae peLManB KIIMHUYECKM
He MpOABNANCA M He Bbi3blBan Y NALMEHTOB AMCKOMAOpTa
unu 6oneBbIX OLYLLEHWA. TaKXKe UMEKTCS [aHHble 0 TOM,
YTO KOHTPY3HTHOCTb CYCTaBHbIX MOBEPXHOCTEM, @ He MoKa-
3aTeflb BanbrycHonm AedopMauuu MepBoro naabua CTombl
ABNSAETCS onpefensowmM HaKTopoM B BO3HUKHOBEHUM pe-
umamea [14]. ELe ofHoi 0COBEHHOCTBH) pEHTIEHONOMMYECKON
OLEHKW BanbrycHol AedopMaumu nepBoro manbLa CTombl
ABNAETCA 3HAYNMOE MEXIKCNEPTHOE PacXOXAEHUe Pesysib-
TaToB NpMW pPeHTreHonornyeckoM aHanuse [20]. HecmoTpa Ha
UMetoLmecs NybMKauumM 0 BbICOKUX KaK MpejonepaumoH-
HbIX, TaK M NOCTONEPALIMOHHBIX PUCKAX, Pe3y/bTaTbl HaLlero
aHanu3a CBMAETENbCTBYIOT O BbICOKOM YPOBHE KOPPEKLMH
NP1 MUCMONb30BaHUM METOAMKM ocTeoToMum Scarf, Kak oT-
LeNbHO, TaK U B COBOKYMNHOCTH ¢ ocTeoToMmei Akin [4].

ELié ogHMM ocnoxHeHneM nocne BanbrycHon aedopma-
LiW NepBOro Nasblia CTONbI ABASETCA OrpaHUYeHUe NOABUK-
HOCTM B NepBOM NlocHedanaHrosoM cyctase [21]. B HawweM
UccnefoBaHUM CHUXKEHWe 06bEMa ABMKEHWN Habnoganoch
npu obcnepoBakum 68 cton (46,2%). Takoke ycTaHOB/EHa Bbl-
COKas Koppensuus Mexay BO3pacToM W orpaHuyeHueM no-
ABVXHOCTY B NepBOM NlocHedanaHrosom cyctase (p <0,001;
rho=0,726). OgHako B OONBLUMHCTBE C/y4aeB NaLUEHTHI
He NpeAbABNANM }Kanob Ha CHUKeHWe 00beMa ABUKEHWI
M BbiMM YLOBNETBOPEHbl MPOBEAEHHBIM XMPYPrUYECKUM
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BMeLLaTensCcTBOM. 310 noaTBepxaaerca 98,4% naumeHTos,
KOTOpbIX YCTpauBaeT QYHKLMOHANbHLIA pe3ynbTaT npose-
OEHHBIX 0MepaTUBHBIX BMELLATENICTB Ha MOMEHT KOHTPOJIb-
Horo ocMoTpa. C yBenuyeHMeM KONMYECTBA BbIMOHAEMBIX
XMpYPru4ecKMx BMeLLATeNbCTB Ha NepefHeM 0Thene CTombl
BOMpPOC TYrOMOABUXHOCTU B NEpBOM NiocHedanaHroBoM
CycTaBe CTaHOBUTCA aKTyaNbHbIM, M LJaHHOMY BOMpOCY B No-
cefiHee BpeMs B UTepaType yaenseTcs 60/bLIoe BHUMaH1e
[22]. MpuMepoM anbTepHaTMBbI KI1ACCUYECKOMN XMPYPrtyecKoil
METOOMKM MOXET MOC/YXWUTb ManoWHBA3UBHAsA XMPYPrus.
Cuutaetcs, UTO MaflOMHBa3MBHas XUPYPrus CHUKAET ya-
CTOTY OC/IOXHEHMIA 33 CYET BEepexKHOro OTHOLIEHUS K MAr-
KUM TKaHAM W YMeHbLUeHUs 0bpa3oBakusa pybLoB B obnacu
OMepaTMBHOTO0 BMELLIATENbCTBA B MOC/E0NepaLMoHHOM ne-
puoge [23]. OnHaKo faHHas MEeToAMKa MMEET KaK MOMOoXU-
TeNbHblE, TaK U OTpULITENbHbIE Pe3yNbTaTbl U NPUHUMAETCA
He BCeMu xupypramu [24, 25]. Takxe pnis npefoTBpaLLeHus
TYronoABMMHOCTW B MEPBOM MOCHedanaHroBoM cycrase
HEMaJIOBaXXHOW AIBJIAETCA MOC/eonepauMoHHas peabunu-
Tauus. Peabunurtaums nocne onepaTuBHbIX BMeLLATeNbCTB
Ha nepefHeM OTAENe CTOMbl BKIOYAET LUIMPOKUN MepeyeHb
Mep, MPUMEHEHWe KOTOpbIX 0BecneynBaeT BOCCTaHOBJIEHME
00bEMa ABMKEHUIA, DYHKLMM CyCTaBa U NPOGUNAKTUKY TYro-
noasuxHocTu [26]. OTaensHo obcykaaeTca Ucnonb3oBaHue
0byBW AN pasrpy3kv nepegHero oTAenia cTonbl. 3T0 MO-
3BONSAET aKTUBM3MPOBATb NaLMEHTA B MAKCUMabHO paHHUe
CPOKY U CHUKQET PUCK NMepenioMoB M CMeLLeHns hparMeHToB
[27]. TonbKo 4 nauueHTa, BKIOYEHHbIE B Halle UCCrefoBa-
HWe, NpoOWM peabunUTaLMOHHBIN Kypc B CMeLManvsvpo-
BaHHOM LieHTpe. [1p1 3TOM UX DYHKUMOHANbHBIE pe3ynbTathl
ABNAKOTCA YA0BNETBOPUTENbHBIMKA. OfHAKO [aHHOW rpynnbl
HEeA0CTaTouYHO, YTOObl MOXHO OblNo caenath CTaTUCTUYECKU
3HauMMBble BbIBOAbI. B 0cTanbHbIX Cyyasx nocieonepaLmoH-
Hblif Nep1OA NPOBOAMIICS COrNAcHO HaLMM PEKOMeHLALMAM
U noj HabniofeHeM Bpaya-TpaBMaToiora B TPaBMMYHKTE
Mo MecTy }UTeNbCTBa, e He BCEra UMeeTcsl BO3MOXHOCTb
nonyyatb (Gu3noTepaneBTUYecKoe NeuyeHue. [aHHoe Ha-
npaBneHue HYXAAeTcA B LUIMPOKOM BHELPEHUN B MPaKTUKY
CMEeLManMCcToB, 3aHUMAlOLLMXCSA XUPYPrveii CTOMbl, KaK 0fMuH
W3 INaBHbIX MOMOLLHWKOB [181 LOCTUMEHMS XOPOLLMX noche-
ONepaLMOoHHBIX pe3ynbTaTos.

B nocneonepau1oHHOM nepuroe, COrnacHo peHTreHoso-
TMYECKOW Kiaccu@uKaLmMu 0CTeoapTpo3a MesKUX CycTaBoB
CTOMbI, B HalLeM WUCCef0BaHUM 0TMEeYaeTcs Nporpeccupo-
BaHWe PEHTIeHOIONMYECKUX MPU3HAKOB 0cTeoapTposa [28].
B npenonepaunoHHoM nepvofe B 4 cnyyasx (2,7%), BKio-
YEHHBIX B UCCe0BaHMe, 0TMEYaCA 0CTe0apTpo3, CoOTBET-
cTBytOMA 1-i CcTagum akTMBHOCTM npouecca. B 61 cnyuae
(41,5%) Habniopanucb ABNEHUS 0cTeoapTposa 2-# CTaguu.
B 70 cnyyasx (47,6%) oTMeYanuch peHTreHoNorMyecKue Npu-
3HaKu ocTeoapTpo3a 3-n ctaguu. B 12 (8,2%) cnyvasx Ha-
6nofanuck n3MeHeHus B 1-M niocHedanaHrosoM cycrase,
COOTBETCTBYHOLIME 4-1 CTapgmu ocTeoapTposa. B nocneone-
PaUMOHHOM Nepuofie 0TMeYanuch CreaytoLLmMe NoKasaTenu:
1-a ctapua — 2 cnyyan (1,4%), 2-a ctagua — 53 cnyyan
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(36%), 3-a crapus — 81 cnyvaii (55,1%), 4-a ctagma —
11 cnyyaes (7,5%). Mpu 3ToM bonesHeHHOCTb 0TMeYanach
B 22 cnyyasx (14,9%) nocne onepaTMBHOrO BMeLIATENbCTBA.
Y ocTanbHbIX NaLUMEHTOB C PEHTTEHONOTUYECKUMU MPU3Ha-
Kamu 0CTeoapTpo3a Mocsie onepaTMBHOr0 BMeLLaTesbCTBa
K/IMHWYECKOW CUMNTOMATUKK He Habmoganock. lporpeccu-
pOBaHue 0CTE0apTpO3a NePBOro NiCHedanaHroBoro cycTa-
Ba 0TMeYaeTCs He ToMbKO nocne octeotomun Scarf. UMetotcs
TaKkkKe nybamKaumm 06 ocTeoapTpo3se CYCTaBOB CTOMbI NOCHE
APYrMX XWUPYPrUYeCKUX BMeLLaTeNbCTB A1 KOppeKumn fe-
dopmMaumi ctonbl [29].

CornacHo npoBefi€HHOMY aHanusy, B 23,1% crydaes bbino
BbIMOJIHEHO ypaneHue MeTannodukcatopos. B 17 (11,6%)
C/yyasx B TEYEHWe NepBoro rofia noTpeboBanock yaaneHue
BMHTOB BBMAY MX MUrpaumu. Ha MoMeHT ocMoTpa B 34 cny-
yasx (23,1%) 6bin0 BbINONHEHO YyAANeHWe WMMAHTAToB.
Mocne NpoBEAEHHOTO KOHTPOJILHOrO OCMOTPA 5 NauMeHTaM
(3,4%) bbiNo 3anNaHMpPOBaHO XMpYPrYecKoe BMeLLaTeNbCTBO
ANS yOaneHus UMNIaHTaToB. YAaneHne UMMNAHTaToB HECET
B cebe BO3MOKHbIE MEpUONEPALMOHHBIE PUCKM W AoMoN-
HUTeNbHbIE pacxofbl. B nutepatype onucaHa 6e3BuHTOBas
duKcauma GUrypHom oCTeO0TOMUM MITIOCHEBOM KOCTW, KOTO-
pasi, COrnacHo UCCNeA0BaHNUAM, NMoKa3ana XxopoLuue pesynb-
Tatbl [30, 31]. HecMoTps Ha xopolume pesynbTarhl, JaHHas
METOAMKA MOKa He ABASAETCA LUMPOKO PacnpoCTpaHEHHOM.
OCHOBHOW MPUYMHON MOMCKA anbTepHaTUB (UKCALMM BUH-
TaMu, MOMMMO BO3MOXHbIX OCIOHEHWUN, TaKXkKe ABNSAIOTCA
3KOHOMMYecKMe acnekTbl [32].

B Hawen Bblbopke nauueHTOB YacToTa yAaneHus Me-
TannoQuKcaTopoB BbILLe, YeM B uTepatype [33]. Bo MHorux
nyBnMKaLMAX, 0CBELLAOLLMX pe3yNbTaTbl MPOBEAEHHOIO fe-
UeHusl, KaK CPefHecpoyHble, Tak U OTAANEHHbIE, MUTpaLyms
MEeTanf0KOHCTPYKLMIA He YNOMMHAETCA KaK OCMOXHEHMe no-
C/e Xupypruyeckoro BMeluatenscTea [13, 33]. B nutepartype
OMUCaHbl CX0XUWe pe3ynbTaTbl YAaNeHWUsl BUHTOB, O[HAKO
OHMW BCTPEYalTCs B A0ArOCPOYHLIX HabnopeHusx [8]. Beuay
HapyLUEHWA KauyecTBa XWU3HU MALMEHTOB pe3ynbTathl faH-
HOro UCCNEAO0BaHNS PEKOMEHLYIOT NaHOBOE yAaNeHe Me-
TannoQuKCaTopoB y NaLMEHTOB MOCNE XMUPYPrUYECKUX BMe-
LIaTesbCTB Ha CTOME W roNIeHOCTONHOM cycTaBe [34]. OpHako
AaHHas runoTesa TpebyeT fanbHeMLLero M3yyeHus.

OrpaHMHEHMﬂ uccnenosaHua

MepenHe3aaHss peHTreHorpadms He 0TobpaxaeT UCTUH-
HYI0 POTaLMI0 NPOKCMMANbHOM (anaHr nepeon NOCHEBOM
KOCTW, 4TO He MO3BOJISIET [JOCTOBEPHO OMpefenuTb MoKa-
3aHus ans octeotomum Akin. Buay Toro, 4to eamHCTBEH-
HbIM BO3MOXHBIM CMOCOBOM M3MEpUTL UCTUHHYHKD POTaLMIo
OCHOBHOM (anaHru Mepeoro nanbla ABMAETCA KOMMbHO-
TepHasi ToMorpadms CTON C HarpysKoi, OQHUM U3 YCNOBMIA
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MpeAonepaLmMoHHOro NiaHUPOBaHUS MOXKET ABNATLCS NPef-
orepaLMoHHoe NpoBefieHNe AaHHOTO uccnepoBaHus. Kom-
MbloTepHas ToMorpacms CTon ¢ Harpyskoi B ByaylieM no-
3BOSMT CHOPMY/IMPOBaTL MOKasaHusa Ans octeoToMun Akin
Ha OCHOBAHWM He TONIbKO Ba/bryCHOr0 OTKIIOHEHUS NepBoro
nasnbLa, HO M POTALMOHHOTO KOMMOHEHTa AedopMaLmm.

3AKJIO4YEHUE

Ha ocHoBaHWW NpoBeLEHHOMO aHanM3a MOXHO YTBEpPH-
AaTb, 4To ocTeoToMuA Scarf, Kak U30MPOBaHHO, TaK W B CO-
BOKYNHOCTM C ocTeoToMueit Akin, sBnsietcs 3heKTUBHbIM
METOAOM KOppeKUMM BanbrycHoW Aedopmaumu nepso-
ro nanbua ctonsl. [laHHas MeToAMKa NO3BONSET J0OUTHCS
(M3MONIOrMYHOr0 MONIOXKEHWS aHATOMMYECKOW OCK NepBo-
ro nanbla cTonbl C YA0BMETBOPUTENBHBIMU pe3ynbTaTamMu
B CpeSHECPOYHOM nepuoje.

JOMO/IHUTE/IbHO

Brnap, aBTopoB. Bce aBTopbl N0ATBEPXKAAIOT COOTBETCTBME CBOETO
aBTOPCTBa MeXIyHapoaHbIM Kputepmsm ICMJE (ce aBTopbl BHEC/U
CYLLLECTBEHHBIM BKMaf, B pa3paboTKy KOHLENLWKW, NPOBeLeHe WC-
Cle0BaHUs U NOArOTOBKY CTaTby, MPOYNM M 0406punv GuHanbHyto
Bepcuio nepes nybnaukaumen). Hambonblumin BKNaa pacnpenenéH
cnenytowmm obpasom: A.B. Ckpebuos, B.K. HukutuHa, B.B. Ckpeb-
uos, [1.C. fiKyLueB — HanucaHue TeKcTa U peaKTUpoBaHue CTaTby;
B.I'. Mpouko, C.K. TaMoeB — xupypryeckoe feyeHne naLmeHToB,
HanuCcaHve TeKCTa U PeaKTUPOBaHUE CTaTby.

WUcTouHuk cduHaHcMpoBaHUA. ABTOpbI 3asBMAIT 06 OTCYTCTBUK
BHELHero (UHAHCMpOBaHWA MNpU MPOBELEHWUM UCCNeLoBaHMS
W MOArOTOBKE NybSMKaLmK.

KoHbnuKT uHTepecoB. ABTOpbI AEKIAPUPYIOT OTCYTCTBME ABHBIX
W NOTEHLMANBHbIX KOHMIMKTOB MHTEPECOB, CBA3aHHBIX C NPOBEAEH-
HbIM MCCNeJoBaHMEM W NybAMKaLMeN HACTOALLEN CTaTby.

ADDITIONAL INFO

Author contribution. All authors made a substantial contribution
to the conception of the work, acquisition, analysis, interpretation
of data for the work, drafting and revising the work, final approval
of the version to be published and agree to be accountable for all
aspects of the work. A.V. Skrebtsov, V.K. Nikitina, V.V. Skrebtsov,
D.S. Yakushev — writing the text and editing the article; V.G. Protsko,
S.K. Tamoev — surgical treatment of patients, writing the text and
editing the article.

Funding source. This study was not supported by any external
sources of funding.

Competing interests. The authors declare that they have no
competing interests.

of Foot and Ankle Research. 2010. Vol. 3, N 1.
doi: 10.1186/1757-1146-3-21

P. 21.

321


https://doi.org/10.17816/VTO�
https://doi.org/10.1186/1757-1146-3-21

322

ORIGINAL STUDY ARTICLES

2. Dufour AB., Casey V.A, Golightly Y.M. Hannan M.T.
Characteristics associated with hallux valgus in a population-based
foot study of older adults // Arthritis care & research. 2014. Vol. 66,
N 12. P. 1880-1886. doi: 10.1002/ACR 22391

3. Smyth N.A,, Aiyer AA. Introduction: Why Are There so Many
Different Surgeries for Hallux Valgus? // Foot and ankle clinics. 2018.
Vol. 23, Ne 2. P. 171-182. doi: 10.1016/J.FCL.2018.01.001

4. Coughlin M.J., Jones C.P. Hallux valgus: demographics, etiology,
and radiographic assessment // Foot & ankle international. 2007.
Vol. 28, Ne 7. P. 759-777. doi: 10.3113/FAI.2007.0759

5. Easley ME, Trnka H.J. Current concepts review: hallux valgus
part 1: pathomechanics, clinical assessment, and nonoperative
management // Foot & ankle international. 2007. Vol. 28, N2 5.
P. 654—659. doi: 10.3113/FAI.2007.0654

6. Kaufmann G., Hofmann M., Ulmer H., Putzer D., Hofer P.,
Dammerer D. Outcomes after scarf osteotomy with and without
Akin osteotomy a retrospective comparative study // Journal of
orthopaedic surgery and research. 2019. Vol. 14, N° 1. P. 193.
doi: 10.1186/513018-019-1241-7

7. KerrH.L., Jackson R., Kothari P. Scarf-Akin osteatomy correction
for hallux valgus: short-term results from a district general
hospital // The Journal of foot and ankle surgery. 2010. Vol. 49, N° 1.
P. 16-19. doi: 10.1053/J.JFAS.2009.07.024

8. Kilmartin T.E, O'Kane C. Combined rotation scarf and Akin
osteotomies for hallux valgus: a patient focussed 9 year follow up
of 50 patients // Journal of foot and ankle research. 2010. N2 3. P. 2.
doi: 10.1186/1757-1146-3-2

9. OkudaR, Kinoshita M., Yasuda T., Jotoku T., Shima H., Takamura M.
Hallux valgus angle as a predictor of recurrence following proximal
metatarsal osteatomy // Journal of orthopaedic science. 2011. Vol. 16,
N 6. P. 760-764. doi: 10.1007/S00776-011-0136-1

10. Park J.Y., Jung H.G., Kim T.H., Kang M.S. Intraoperative
incidence of hallux valgus interphalangeus following basilar first
metatarsal osteotomy and distal soft tissue realignment // Foot &
ankle international. 2011. Vol. 32, N° 11. P. 1058-1062.
doi: 10.3113/FAI.2011.1058

11. Ahmad S.S., Hoos L. Perka C. Stéckle U., Braun KF,
Konrads C. Follow-up definitions in clinical orthopaedic research: a
systematic review // Bone Jt Open. 2021. Vol. 2, N 5. P. 344-350.
doi: 10.1302/2633-1462.25.BJ0-2021-0007 .R1

12. Buckup K., Buckup J. Clinical Tests for the Musculoskeletal
System. 3 edition. Thieme, 2016.

13. Faroug R., Bagshaw 0., Conway L., Ballester J.S. Increased
recurrence in Scarf osteotomy for mild & moderate hallux valgus
with Meary's line disruption // Foot and ankle surgery. 2019. Vol. 25,
N 5. P. 608-611. doi: 10.1016/J.FAS.2018.06.002

14. Castioni D., Fanelli D., Gasparini G., lannd B., Galasso O.
Scarf osteotomy for the treatment of moderate to severe
hallux valgus: Analysis of predictors for midterm outcomes and
recurrence // Foot and ankle surgery. 2020. Vol. 26, N° 4. P. 439—444.
doi: 10.1016/J.FAS.2019.05.013

15. Deveci A, Firat A, Yilmaz S., et al. Short-term clinical and
radiologic results of the scarf osteotomy: what factors contribute to
recurrence? // The Journal of foot and ankle surgery. 2013. Vol. 52,
N 6. P. 771-775. doi: 10.1053/J.JFAS.2013.04.003

16. Jeuken R M., Schotanus M.G.M., Kort N.P., Deenik A., Jong B,
Hendrickx R.P.M. Long-term Follow-up of a Randomized Controlled
Trial Comparing Scarf to Chevron Osteotomy in Hallux Valgus

Vol. 30 (3) 2023

00l https://daiorg/10.17816/VT0430259

NN. Priorov Journal of Traumatology and Orthopedics

Correction // Foot & ankle international. 2016. Vol. 37, Ne 7. P. 687-
695. doi: 10.1177/1071100716639574

17. Bock P,, Kluger R., Kristen K.H., Mittlbock M., Schuh R., Trnka H.J.
The Scarf Osteotomy with Minimally Invasive Lateral Release for
Treatment of Hallux Valgus Deformity: Intermediate and Long-Term
Results // The Journal of bone and joint surgery American volume.
2015. Vol. 97, Ne 15. P. 1238-1245. doi: 10.2106/JBJS.N.00971

18. Fuhrmann R.A,, Zollinger-Kies H., Kundert H.P. Mid-term results
of Scarf osteotomy in hallux valgus // International orthopaedics.
2010. Vol. 34, N° 7. P. 981-989. doi: 10.1007/500264-010-0958-Z
19. Adam S.P., Choung S.C., Gu Y., O'Malley M.J. Outcomes after scarf
osteotomy for treatment of adult hallux valgus deformity // Clinical
orthopaedics and related research. 2011. Vol. 469, N2 3. P. 854-859.
doi: 10.1007/511999-010-1510-6

20. Farber D.C, DeOrio JK. Steel MW. Goniometric versus
computerized angle measurement in assessing hallux
valgus // Foot & ankle international. 2005. Vol. 26, N° 3. P. 234-238.
doi: 10.1177/107110070502600309

21. Frigg A., Zaugg S., Maquieira G., Pellegrino A. Stiffness and
Range of Motion After Minimally Invasive Chevron-Akin and Open
Scarf-Akin Procedures // Foot & ankle international. 2019. Vol. 40,
N° 5. P. 515-525. doi: 10.1177/1071100718818577

22. Arbab D., Wingenfeld C., Frank D., Bouillon B., Kdnig D.P. Distal
soft-tissue procedure in hallux valgus deformity // Operative
Orthopadie und Traumatologie. 2016. Vol. 28, N® 2. P. 128-137.
doi: 10.1007/500064-015-0406-8

23. Altenberger S., Kriegelstein S., Gottschalk 0., et al. The
minimally invasive Chevron and Akin osteotomy (MICA) // Operative
Orthopadie und Traumatologie. 2018. Vol. 30, Ne 3. P. 148-160.
doi: 10.1007/S00064-018-0541-0

24, Neufeld SK., Dean D., Hussaini S. Outcomes and Surgical
Strategies of Minimally Invasive Chevron/Akin Procedures // Foot &
ankle international. 2021. Vol. 42, N® 6. P. 676—688.
doi: 10.1177/1071100720982967

25. Hawson S.T. Physical therapy post-hallux abducto valgus
correction // Clinics in podiatric medicine and surgery. 2014. Vol. 31,
N° 2. P. 309-322. doi: 10.1016/J.CPM.2014.01.002

26. Ling SKK, Wu YM, Li C, Lui TH., Yung P.S.H. Randomised
control trial on the optimal duration of non-weight-bearing walking
after hallux valgus surgery // Journal of orthopaedic translation.
2020. N° 23. P. 61-66. doi: 10.1016/J.J0T.2020.04.009

27. Menz H.B., Munteanu S.E., Landorf K.B., Zammit G.V., Cicuttini F.M.
Radiographic evaluation of foot osteoarthritis: sensitivity of
radiographic variables and relationship to symptoms // Osteoarthritis
and cartilage. 2009. Vol. 17, N® 3. P. 298-303.
doi: 10.1016/J.J0CA.2008.07.011

28. Faour-Martin 0., Martin-Ferrero M.A., Valverde Garcia JA.,
Vega-Castrillo A, de La Red-Gallego M.A. Long-term results of
the retrocapital metatarsal percutaneous osteotomy for hallux
valgus // International Orthopaedics. 2013. Vol. 37, N° 9. P. 1799-
1803. doi: 10.1007/s00264-013-1934-1

29. Liszka H., Gadek A. Results of Scarf Osteotomy Without Implant
Fixation in the Treatment of Hallux Valgus // Foot Ankle Int. 2018.
Vol. 39, Ne 11. P. 1320-1327. doi: 10.1177/1071100718786498

30. Albert A, Zribi M., Christophe A., Leemrijse T. Fifth
metatarsal scarf osteotomy without implant fixation // Orthop
Traumatol Surg Res. 2021. Vol. 107, Ne 6. P. 102960.
doi: 10.1016/j.0tsr.2021.102960



https://doi.org/10.17816/VTO�
https://doi.org/10.1002/ACR.22391
https://doi.org/10.1016/J.FCL.2018.01.001
https://doi.org/10.3113/FAI.2007.0759
https://doi.org/10.3113/FAI.2007.0654
https://doi.org/10.1186/S13018-019-1241-7
https://doi.org/10.1053/J.JFAS.2009.07.024
https://doi.org/10.1186/1757-1146-3-2
https://doi.org/10.1007/S00776-011-0136-1
https://doi.org/10.3113/FAI.2011.1058
https://doi.org/10.1302/2633-1462.25.BJO-2021-0007.R1
https://doi.org/10.1016/J.FAS.2018.06.002
https://doi.org/10.1016/J.FAS.2019.05.013
https://doi.org/10.1053/J.JFAS.2013.04.003
https://doi.org/10.1177/1071100716639574
https://doi.org/10.2106/JBJS.N.00971
https://doi.org/10.1007/S00264-010-0958-Z
https://doi.org/10.1007/S11999-010-1510-6
https://doi.org/10.1177/107110070502600309
https://doi.org/10.1177/1071100718818577
https://doi.org/10.1007/S00064-015-0406-8
https://doi.org/10.1007/S00064-018-0541-0
https://doi.org/10.1177/1071100720982967
https://doi.org/10.1016/J.CPM.2014.01.002
https://doi.org/10.1016/J.JOT.2020.04.009
https://doi.org/10.1016/J.JOCA.2008.07.011
https://doi.org/10.1007/s00264-013-1934-1
https://doi.org/10.1177/1071100718786498
https://doi.org/10.1016/j.otsr.2021.102960

OPUTHATTBHBIE VICCTIE JOBAHNA

31. Molloy A, Heyes G. Cost-Effectiveness of Surgical Techniques
in Hallux Valgus // Foot Ankle Clin. 2020. Vol. 25, N° 1. P. 19-29.
doi: 10.1016/}.fc.2019.10.005

32. Jager M., Schmidt M., Wild A,, et al. Z-osteotomy in hallux valgus:
clinical and radiological outcome after Scarf osteotomy // Orthop Rev
(Pavia). 2009. Vol. 1, N° 1. P. e4. doi: 10.4081/0r.2009.e4

REFERENCES

1. Nix S, Smith M, Vicenzino B. Prevalence of hallux valgus in the
general population: A systematic review and meta-analysis. Journal of
Foot and Ankle Research. 2010;3(1):21. doi: 10.1186/1757-1146-3-21
2. Dufour AB, Casey VA, Golightly YM, Hannan MT. Characteristics
associated with hallux valgus in a population-based foot study of
older adults. Arthritis care & research. 2014;66(12):1880-1886.
doi: 10.1002/ACR.22391

3. Smyth NA, Aiyer AA. Introduction: Why Are There so Many
Different Surgeries for Hallux Valgus? Foot and ankle clinics.
2018;23(2):171-182. doi: 10.1016/J.FCL.2018.01.001

4. Coughlin MJ, Jones CP. Hallux valgus: demographics,
etiology, and radiographic assessment. Foot & ankle international.
2007;28(7):759-777. doi: 10.3113/FAI.2007.0759

5. Easley ME, Trnka HJ. Current concepts review: hallux valgus
part 1: pathomechanics, clinical assessment, and nonoperative
management. Foot & ankle international. 2007;28(5):654—659.
doi: 10.3113/FAI.2007.0654

6. Kaufmann G, Hofmann M, Ulmer H, Putzer D, Hofer P, Dammerer D.
Outcomes after scarf osteotomy with and without Akin osteotomy a
retrospective comparative study. Journal of orthopaedic surgery and
research. 2019;14(1):193. doi: 10.1186/513018-019-1241-7

7. Kerr HL, Jackson R, Kothari P. Scarf-Akin osteotomy correction
for hallux valgus: short-term results from a district general
hospital. The Journal of foot and ankle surgery. 2010;49(1):16-19.
doi: 10.1053/J.JFAS.2009.07.024

8. Kilmartin TE, O'Kane C. Combined rotation scarf and Akin
osteotomies for hallux valgus: a patient focussed 9 year follow
up of 50 patients. Journal of foot and ankle research. 2010;(3):2.
doi: 10.1186/1757-1146-3-2

9. Okuda R, Kinoshita M, Yasuda T, Jotoku T, Shima H, Takamura M.
Hallux valgus angle as a predictor of recurrence following
proximal metatarsal osteotomy. Journal of orthopaedic science.
2011;16(6):760—764. doi: 10.1007/S00776-011-0136-1

10. Park JY, Jung HG, Kim TH, Kang MS. Intraoperative incidence
of hallux valgus interphalangeus following basilar first metatarsal
osteotomy and distal soft tissue realignment. Foot & ankle
international. 2011;32(11):1058—1062. doi: 10.3113/FAI.2011.1058
11. Ahmad SS, Hoos L, Perka C, Stéckle U, Braun KF,
Konrads C. Follow-up definitions in clinical orthopaedic
research: a systematic review. Bone Jt Open. 2021;2(5):344-350.
doi: 10.1302/2633-1462.25.8J0-2021-0007.R1

12. Buckup K, Buckup J. Clinical Tests for the Musculoskeletal
System. 3" edition. Thieme; 2016.

13. Faroug R, Bagshaw 0, Conway L, Ballester JS. Increased
recurrence in Scarf osteotomy for mild & moderate hallux valgus
with Meary's line disruption. Foot and ankle surgery. 2019;25(5):608-
611. doi: 10.1016/J.FAS.2018.06.002

14. Castioni D, Fanelli D, Gasparini G, lanno B, Galasso 0. Scarf
osteotomy for the treatment of moderate to severe hallux valgus:

T.30,Ne 3, 2023

00l https://daiorg/10.17816/VT0430259

BecTHwK TpaBMaTonoriv 1 opToneami uM. HH. Mproposa

33. Lipscombe S., Molloy A, Sirikonda S., Hennessy M.S. Scarf osteatomy
for the correction of hallux valgus: midterm clinical outcome // J Foot Ankle
Surg. 2008. Vol. 47, N2 4. P. 273-277. doi: 10.1053/j jfas.2008.02.021
34. Williams A.A., Witten D.M., Duester R., Chou L.B. The benefits of
implant removal from the foot and ankle // J Bone Joint Surg Am.
2012. Vol. 94, N° 14. P. 1316-1320. doi: 10.2106/JBJS.J.01756

Analysis of predictors for midterm outcomes and recurrence. Foot and
ankle surgery. 2020;26(4):439-444. doi: 10.1016/J.FAS.2019.05.013
15. Deveci A, Firat A, Yilmaz S, et al. Short-term clinical and
radiologic results of the scarf osteotomy: what factors contribute to
recurrence? The Journal of foot and ankle surgery. 2013;52(6).771—
775. doi: 10.1053/J.JFAS.2013.04.003

16. Jeuken RM, Schotanus MGM, Kort NP, Deenik A, Jong B,
Hendrickx RPM. Long-term Follow-up of a Randomized Controlled
Trial Comparing Scarf to Chevron Osteotomy in Hallux Valgus
Correction. Foot & ankle international. 2016;37(7):687-695.
doi: 10.1177/1071100716639574

17. Bock P, Kluger R, Kristen KH, Mittlbock M, Schuh R, Trnka HJ.
The Scarf Osteotomy with Minimally Invasive Lateral Release for
Treatment of Hallux Valgus Deformity: Intermediate and Long-Term
Results. The Journal of bone and joint surgery American volume.
2015;97(15):1238—1245. doi: 10.2106/JBJS.N.00971

18. Fuhrmann RA, Zollinger-Kies H, Kundert HP. Mid-term results
of Scarf osteotomy in hallux valgus. International orthopaedics.
2010;34(7):981-989. doi: 10.1007/500264-010-0958-Z

19. Adam SP, Choung SC, Gu Y, O'Malley MJ. Outcomes after
scarf osteotomy for treatment of adult hallux valgus deformity.
Clinical orthopaedics and related research. 2011;469(3):854-859.
doi: 10.1007/511999-010-1510-6

20. Farber DC, DeQrio JK, Steel MW. Goniometric versus computerized
angle measurement in assessing hallux valgus. Foot & ankle
international. 2005;26(3):234-238. doi: 10.1177/107110070502600309
21. Frigg A, Zaugg S, Maguieira G, Pellegrino A. Stiffness and Range
of Motion After Minimally Invasive Chevron-Akin and Open Scarf-
Akin Procedures. Foot & ankle international. 2019;40(5):515-525.
doi: 10.1177/1071100718818577

22. Arbab D, Wingenfeld C, Frank D, Bouillon B, Kdnig DP. Distal soft-
tissue procedure in hallux valgus deformity. Operative Orthopadie und
Traumatologie. 2016;28(2):128-137. doi: 10.1007/500064-015-0406-8
23. Altenberger S, Kriegelstein S, Gottschalk 0, et al. The
minimally invasive Chevron and Akin osteotomy (MICA).
Operative Orthopadie und Traumatologie. 2018;30(3):148-160.
doi: 10.1007/500064-018-0541-0

24, Neufeld SK, Dean D, Hussaini S. Outcomes and Surgical Strategies
of Minimally Invasive Chevron/Akin Procedures. Foot & ankle
international. 2021;42(6):676—688. doi: 10.1177/1071100720982967
25. Hawson ST. Physical therapy post-hallux abducto valgus
correction. Clinics in podiatric medicine and surgery. 2014;31(2):309—
322. doi: 10.1016/J.CPM.2014.01.002

26. Ling SKK, Wu YM, Li C, Lui TH, Yung PSH. Randomised control trial
on the optimal duration of non-weight-bearing walking after hallux
valgus surgery. Journal of orthopaedic translation. 2020;(23):61-66.
doi: 10.1016/J.J0T.2020.04.009

27. Menz HB, Munteanu SE, Landorf KB, Zammit GV, Cicuttini FM.
Radiographic evaluation of foot osteoarthritis: sensitivity of

323


https://doi.org/10.17816/VTO�
https://doi.org/10.1186/1757-1146-3-21
https://doi.org/10.1002/ACR.22391
https://doi.org/10.1016/J.FCL.2018.01.001
https://doi.org/10.3113/FAI.2007.0759
https://doi.org/10.3113/FAI.2007.0654
https://doi.org/10.1186/S13018-019-1241-7
https://doi.org/10.1053/J.JFAS.2009.07.024
https://doi.org/10.1186/1757-1146-3-2
https://doi.org/10.1007/S00776-011-0136-1
https://doi.org/10.3113/FAI.2011.1058
https://doi.org/10.1302/2633-1462.25.BJO-2021-0007.R1
https://doi.org/10.1016/J.FAS.2018.06.002
https://doi.org/10.1016/J.FAS.2019.05.013
https://doi.org/10.1053/J.JFAS.2013.04.003
https://doi.org/10.1177/1071100716639574
https://doi.org/10.2106/JBJS.N.00971
https://doi.org/10.1007/S00264-010-0958-Z
https://doi.org/10.1007/S11999-010-1510-6
https://doi.org/10.1177/107110070502600309
https://doi.org/10.1177/1071100718818577
https://doi.org/10.1007/S00064-015-0406-8
https://doi.org/10.1007/S00064-018-0541-0
https://doi.org/10.1177/1071100720982967
https://doi.org/10.1016/J.CPM.2014.01.002
https://doi.org/10.1016/J.JOT.2020.04.009
https://doi.org/10.1016/j.fcl.2019.10.005
https://doi.org/10.4081/or.2009.e4
https://doi.org/10.1053/j.jfas.2008.02.021
https://doi.org/10.2106/JBJS.J.01756

324

ORIGINAL STUDY ARTICLES

radiographic variables and relationship to symptoms. Osteoarthritis
and cartilage. 2009;17(3):298-303. doi: 10.1016/J.J0CA.2008.07.011
28. Faour-Martin 0, Martin-Ferrero MA, Valverde Garcia JA,
Vega-Castrillo A, de La Red-Gallego MA. Long-term results of
the retrocapital metatarsal percutaneous osteotomy for hallux
valgus. International  Orthopaedics. 2013;37(9):1799-1803.
doi: 10.1007/500264-013-1934-1

29. Liszka H, Gadek A. Results of Scarf Osteotomy Without
Implant Fixation in the Treatment of Hallux Valgus. Foot Ankle Int.
2018;39(11):1320-1327. doi: 10.1177/1071100718786498

30. Albert A, Zribi M, Christophe A, Leemrijse T. Fifth metatarsal
scarf osteotomy without implant fixation. Orthop Traumatol Surg Res.
2021;107(6):102960. doi: 10.1016/j.0tsr.2021.102960

0b ABTOPAX

* Ckpebuos Anekcanap Bnagumuposuy,

BpaY TpaBMaTosior-opTones;

appec: Poceus, 115446, MockBa, KonoMeHcKuii npoe3sg, 4;
ORCID: 0000-0002-1418-3368;

eLibrary SPIN: 3682-4569;

e-mail: Skrebtsovalex@mail.ru

HukutuHa Buktopus KoHcTaHTUHOBHa,
Bpay TpaBMaToJI0r-opTones;

ORCID: 0000-0002-0064-3175;

eLibrary SPIN: 9868-0332;

e-mail: venikitina@gmail.com

Mpouko Buktop MeHHagbeBuy, O.M.H., npodeccop kadeapsl,
Bpay TpaBMatosior-opTones;

ORCID: 0000-0002-5077-2186;

eLibrary SPIN: 4628-7919;

e-mail: 89035586679@mail.ru

TamoeB CaproH KoHcTaHTUHOBMY, K.M.H.,
Bpay TpaBMaTosor-opTones;

ORCID: 0000-0001-8748-0059;

eLibrary SPIN: 2986-1390;

e-mail: Sargonik@mail.ru

Ckpebuos Bnagumup Bnagumuposuy, KM.H.;
ORCID: 0000-0003-0833-6628;

eLibrary SPIN: 6002-7102;

e-mail: Skrebtsov@mail.ru

Akywes [leuc Cepreesuy,

Bpay TpaBMatosior-opTones;

ORCID: 0000-0002-6268-9734;

eLibrary SPIN: 3242-0683;

e-mail: Orthoped.1@mail.ru

* ABTOp, 0TBETCTBEHHbIN 3a Nepenucky / Corresponding author

Vol. 30 (3) 2023

00l https://daiorg/10.17816/VT0430259

NN. Priorov Journal of Traumatology and Orthopedics

31. Molloy A, Heyes G. Cost-Effectiveness of Surgical
Techniques in Hallux Valgus. Foot Ankle Clin. 2020;25(1):19-29.
doi: 10.1016/}.fcl.2019.10.005

32. Jager M, Schmidt M, Wild A, et al. Z-osteotomy in hallux valgus:
clinical and radiological outcome after Scarf osteotomy. Orthop Rev
(Pavia). 2009;1(1):4. doi: 10.4081/0r.2009.e4

33. Lipscombe S, Molloy A, Sirikonda S, Hennessy MS.
Scarf osteotomy for the correction of hallux valgus: midterm
clinical outcome. J Foot Ankle Surg. 2008;47(4):273-277.
doi: 10.1053/}.jfas.2008.02.021

34. Williams AA, Witten DM, Duester R, Chou LB. The benefits of
implant removal from the foot and ankle. J Bone Joint Surg Am.
2012;94(14):1316-1320. doi: 10.2106/JBJS.J.01756

AUTHORS’ INFO

* Alexander V. Skrebtsov,

traumatologist-orthopedist;

address: 4 Kolomenskiy passage, 115446, Moscow, Russia;
ORCID: 0000-0002-1418-3368;

eLibrary SPIN: 3682-4569;

e-mail: Skrebtsovalex@mail.ru

Victoria K. Nikitina,
traumatologist-orthopedist;
ORCID: 0000-0002-0064-3175;
eLibrary SPIN: 9868-0332;
e-mail: venikitina@gmail.com

Viktor G. Protsko, MD, Dr. Sci. (Med.), Professor
of the Department, traumatologist-orthopedist;
ORCID: 0000-0002-5077-2186;

eLibrary SPIN: 4628-7919;

e-mail: 89035586679@mail.ru

Sargon K. Tamoev, MD, Cand. Sci. (Med.);
traumatologist-orthopedist;

ORCID: 0000-0001-8748-0059;

eLibrary SPIN: 2986-1390;

e-mail: Sargonik@mail.ru

Vladimir V. Skrebtsov, MD, Cand. Sci. (Med.);
ORCID: 0000-0003-0833-6628;

eLibrary SPIN: 6002-7102;

e-mail: Skrebtsov@mail.ru

Denis S. Yakushev,
traumatologist-orthopedist;
ORCID: 0000-0002-6268-9734;
eLibrary SPIN: 3242-0683;
e-mail: Orthoped.1@mail.ru



https://doi.org/10.17816/VTO�
https://doi.org/10.1016/J.JOCA.2008.07.011
https://doi.org/10.1007/s00264-013-1934-1
https://doi.org/10.1177/1071100718786498
https://doi.org/10.1016/j.otsr.2021.102960
https://doi.org/10.1016/j.fcl.2019.10.005
https://doi.org/10.4081/or.2009.e4
https://doi.org/10.1053/j.jfas.2008.02.021
https://doi.org/10.2106/JBJS.J.01756
https://orcid.org/0000-0002-1418-3368
https://www.elibrary.ru/author_profile.asp?spin=3682-4569
mailto:Skrebtsovalex@mail.ru
https://orcid.org/0000-0002-0064-3175
https://www.elibrary.ru/author_profile.asp?spin=9868-0332
mailto:vcnikitina@gmail.com
https://orcid.org/0000-0002-5077-2186
https://www.elibrary.ru/author_profile.asp?spin=4628-7919
mailto:89035586679@mail.ru
https://orcid.org/0000-0001-8748-0059
https://www.elibrary.ru/author_profile.asp?spin=2986-1390
mailto:Sargonik@mail.ru
https://orcid.org/0000-0003-0833-6628
https://www.elibrary.ru/author_profile.asp?spin=6002-7102
mailto:Skrebtsov@mail.ru
https://orcid.org/0000-0002-6268-9734
https://www.elibrary.ru/author_profile.asp?spin=3242-0683
mailto:Orthoped.1@mail.ru
https://orcid.org/0000-0002-1418-3368
https://www.elibrary.ru/author_profile.asp?spin=3682-4569
mailto:Skrebtsovalex@mail.ru
https://orcid.org/0000-0002-0064-3175
https://www.elibrary.ru/author_profile.asp?spin=9868-0332
mailto:vcnikitina@gmail.com
https://orcid.org/0000-0002-5077-2186
https://www.elibrary.ru/author_profile.asp?spin=4628-7919
mailto:89035586679@mail.ru
https://orcid.org/0000-0001-8748-0059
https://www.elibrary.ru/author_profile.asp?spin=2986-1390
mailto:Sargonik@mail.ru
https://orcid.org/0000-0003-0833-6628
https://www.elibrary.ru/author_profile.asp?spin=6002-7102
mailto:Skrebtsov@mail.ru
https://orcid.org/0000-0002-6268-9734
https://www.elibrary.ru/author_profile.asp?spin=3242-0683
mailto:Orthoped.1@mail.ru

OPUMHATTBHBIE MCCIEJOBAHA T.30,N\° 3,2023 BecTHvK Tpasmatonoriv v opToneaui uM. HH. Mpuoposa -
5

DOI: https://doi.org/10.17816/vt0568156

CKPMHMHFOBOE OGCHEAOBHHME IUeHHoro oTaena
NOo3BOHOYHMUKA Yy NaLlUeHTos ¢ CUHAPOMOM ,U,GYHa

A.A. Kynewos', A.B. lyéun?, B.A. Llapos', M.C. Betpuna', W.H. NucsHckmii', C.H. Makapos'

" HaumoHanbHbIi MeaMUMHCKMIA MCCNeloBaTeNbCKUIA LiIeHTp TpaBMaTonori u optoneaui uM. H.H. Mpuoposa,
MockBa, Poccuiickas Depepauus;

2 CaHKT-MeTepbyprcKui rocyAapCTBeHHbIN YHUBEPCUTET, KIMHUKA BLICOKMX MEAMLIMHCKUX TexHonorwii uM. HW. Muporosa,
Cankr-TNetepbypr, Poccuitckas Oepepaums

AHHOTALIMA

06ocHoBaHue. Cpeay Bcero MHOroobpasus opToneaMYecKuUX NaTosoruii, XapaKTepHbIX Ans NaLMeHTOB C CMHAPOMOM [layHa,
NaTonorvs WeMHOro OTAeNa NO3BOHOYHMKA, Ha HaLL B3rNAL, ABAETCA Haubonee 3HaYMMON. PasnnuHble BapuaHTbl aTnaHTo-
aKCManbHbIX AWUCNOKALMIA MOTYT NPUBOAMTD K BbIPaXEHHOMY HEBPONIOrMYECKOMY AeULMTY 1, B CBOK 0YepPefb, 3HAUUTENBHO
CHU3MTb KA4eCTBO JKW3HW 3TOW MPynMbl NaLUEHTOB.

Lienb. AHanu3 pe3ynbTaToB CKPUHMHIOBOrO 06CeA0BaHNUA NaLMEHTOB ¢ cMHAPOMOM [layHa Ha nMpeAMeT Hanuums NaTosoruu
LIEMHOrO OTAENA MO3BOHOYHMKA.

Martepuans! u MeTogbl. [TpoaHanM3npoBaHbl GYHKLMOHANbHBIE PEHTTEHOrPaMMbl LLIEHHOT0 0TAENa NO3BOHOYHMKA B HOKOBOIA
npoekumn y 60 nauneHToB ¢ cMHApoMoM [layHa B paMKax CKPUHWHroBoro obcnepoBanus Ha 6ase HMULL TO um. H.H. Mpu-
opoBa ¢ Mas 2021 no sHBapb 2023 roga.

Pesynbrartbl. 113 60 nauueHToB, npowenLumx obcnesosaxue, y 9 bbina 0bHapyxeHa naTonorus KpaH1oeepTebpasnbHoii 0bna-
ctu. 3yboBuaHas KocTb no3BoHKa C2 npucyTcTBOBana y 3 naumMeHToB. PasnnuHble BapuaHTbl pPOTaLMOHHbIX aT/jlaHToOaKCUab-
HbIX CMELLEHUA OMpeaensInCh Y 5 maumeHToB, My 1 naumeHTKy bbina BbISBIEHA TMMNOMNIA3WsA MbILLEIKOB 3aTbII0YHOM KOCTH
B COYeTaHWM ¢ 6a3nnapHoi MHBarMHaumen 3yba no3soHka C2.

3aksnoueHne. HecTabunbHOCTb BepXHEro LUEHOrO OTZieNa NO3BOHOYHUKA — MOTEHLMaNbHO caMoe OMacHOe MposiBieHNe
opToneauyecKon naronorum npu cuHapoMe [layHa. CnegoBatesibHO, NPOXOXAEHWE CKPUHUHIOBOrO 06Cej0BaHNSA C BbINON-
HeHneM YHKUMOHANbHBIX PEHTFEeHOrPaMM LLEIHOro OTAEeNa NO3BOHOYHWMKA B DOKOBOI NPOEKLMW ABNSETCA PeKOMEHA0BaH-
HbIM 4151 JAHHOW rPyNMbl NaLMEHTOB.

KnioueBble cnoBa: cuHapoM [layHa; WweiiHbIin 0TAeN NO3BOHOYHUKA; aTNaHToaKCKanbHasa LUCoKaLms; 3yboBULHas KOCTb;
KpaHuoBepTebpanbHas 06nacTb.
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ABSTRACT

BACKGROUND: Among all the variety of orthopedic pathologies typical for patients with Down syndrome, pathology of the
cervical spine, in our opinion, is the most important. Various types of atlantoaxial dislocations can cause significant neurological
deficits and decrease patients’ quality of life.

OBJECTIVE: To analyze the results of screening examination of patients with Down syndrome for the presence of cervical spine
pathology.

MATERIALS AND METHODS: As part of the screening examination, functional radiographs of the cervical spine in the lateral
projection of 60 patients with Down syndrome were evaluated. Priorov NMIC will operate from May 2021 to January 2023.
RESULTS: Nine of the 60 patients tested exhibited craniovertebral pathology. Three patients have Os odontoideum of the C2
vertebra. In five patients, different types of rotational atlantoaxial displacements were found, and one patient had hypoplasia of
the occipital condyles associated with basilar invagination of the C2 vertebral dentition.

CONCLUSION: The instability of the upper cervical spine is potentially the most dangerous manifestation of orthopedic pathology
in Down syndrome. A screening examination with functional cervical spine lateral projection radiographs is recommended for
this group of patients.
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INTRODUCTION

Children with Down syndrome are a special group of
patients for physicians of any profile. They are usually
characterized by the presence of several associated clinical
conditions that can have a wide range of manifestations. From
the point of view of an orthopedic trauma surgeon, these
patients also deserve close attention because a significant
proportion has orthopedic pathologies [1].

Most orthopedic disorders are associated with muscle
hypotonia, joint hypermobility, weakness of the ligamentous
apparatus, and decreased bone mineral density [2, 3].
Manifestations of orthopedic pathologies such as scoliosis,
hip instability, displacement of the femoral head epiphysis,
patellar instability, and foot deformity are the most common
in patients with Down syndrome [4].

Along with these diseases, one-third of patients with
chromosome 21 trisomy have some pathologies of the
craniovertebral junction [4]. In 1961, Spitzer et al. described
atlanto-occipital dislocation and hypoplasia of the atlas
in Down syndrome [5]. Later, many researchers proved
that atlanto-occipital and atlantoaxial hypermobility and
vertebral developmental anomalies of the cervical spine are
predisposing factors of atlanto-occipital and atlantoaxial
instability, respectively [6, 7].

The instability of the craniovertebral junction in patients
with Down syndrome may be caused by weakness of the
transverse ligament of the atlantus, decreased muscle tone,
excessive joint mobility, hypoplasia of the dentate process,
and the presence of a dentate bone [4].

In our opinion, dentition is the most critical in the
manifestations of craniovertebral pathologies, as it is often
accompanied by cervical myelopathy. The corresponding
clinical manifestations presenting as severe neurologic deficits
can be life-threatening. With this background, we conduct a
screening study of the craniovertebral region in patients with
Down syndrome at the Priorov Central Institute for Trauma
and Orthopedics. This paper describes the algorithm of the
screening examination of the cervical spine in children with
Down syndrome and its results. A clinical case of the surgical
treatment of a patient with severe atlantoaxial dislocation and
pronounced neurologic deficit is also described.

This study aimed to analyze the results of the screening
examinations of patients with Down syndrome to detect
cervical spine pathologies.

MATERIALS AND METHODS
Study design

A clinical single-center observational open cohort study
was performed.

Terms and conditions of the event

The cervical spine screening examination in children
with Down syndrome was conducted from May 2021 to
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January 2023 at the Priorov Central Institute for Trauma and
Orthopedics.

Eligibility criteria
During this period, 60 patients with Down syndrome aged
4-17 years were examined. The average patient age was
10.06 years. There were 28 boys and 32 girls.
Inclusion criteria:
+ Genetically confirmed Down syndrome regardless of
form
+ Age 4-17 years
« Ability to independently maintain an upright body
position
« Functional radiographs of the spine in lateral projection
Exclusion criteria:
+ Patients with genetic syndromes other than Down
syndrome or nonsyndromic cases
+ Age <4 and >17 years

Methods for assessing targets

All patients with Down syndrome were examined
according to a strict algorithm using clinical and radiation
examination methods. In the first stage, patients underwent
clinical examination, with a description of complaints, if any.
Active and passive movements in the cervical spine and
extremities were assessed, head position was evaluated,
and neurologic status was assessed.

In the absence of signs of neurologic deficit, functional
radiographs of the cervical spine were obtained in lateral
projection in maximum flexion, extension, and neutral positions.
This method of radial diagnosis allows us to fully assess the
presence of instability in the craniovertebral junction and
indirectly judge the magnitude of spinal canal stenosis and
developmental anomalies of the cervical spine [8, 9] (Fig. 1).

Patients with an initial neurologic deficit or suspected
craniovertebral pathologies requiring further surgical
intervention underwent computed tomography (CT) and
magnetic resonance imaging (MRI) of the cervical spine.
These modalities were conducted to examine craniovertebral
relationships and bone pathologies in more detail and assess
the degree of spinal canal stenosis and presence of myelopathy.

All patients were given recommendations on orthopedic
regimens following clinical and radiologic examinations.
Patients with craniovertebral pathologies requiring surgical
treatment were offered variants of surgical decompression-
stabilizing operations.

Statistical analysis

The sample size was not precalculated. Descriptive
statistics of qualitative are presented as absolute (n) and
relative (%) frequencies.

Ethical review

All procedures performed in the study involving human
subjects conformed to the standards of the local ethics
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Fig. 1. Functional radiography of the cervical spine in lateral projection: @ — in flexion position, b — in neutral position, c — in extension
position.

committee and the 1964 Declaration of Helsinki and its later
amendments or comparable ethical standards. All patients
(or their representatives) provided informed consent.

RESULTS

Most of the patients (n = 47) were admitted without
musculoskeletal complaints to exclude craniovertebral
pathologies and receive recommendations on the possibility
of practicing active sports.

Of the 60 children with Down syndrome, 9 (15%) had
craniovertebral pathologies, of which 2 had no complaints
on presentation for the screening examination. Moreover, five
patients were found to have different types of atlantoaxial
rotational dislocations. Two patients had atlantoaxial
rotational dislocations without torticollis, with a full range
of motion in the cervical spine and no risk for spinal cord
compression, corresponding to type | according to the
Fielding—Hawkins classification. These patients were
recommended further dynamic follow-up with the correction
of the orthopedic regimen by limiting axial loads on the
cervical spine. In the remaining three patients, atlantoaxial
dislocations corresponded to types Il and Ill with torticollis,
significant restriction of the cervical spine rotation, and spinal
canal stenosis at the C1-C2 level. These patients underwent
surgery with correction of the C1 vertebral subluxation in a
halo apparatus and further stabilization of C1-C2 with a screw
system according to the Harms technique. No complications
were noted. In the postoperative period, the head position
was neutral in all patients.

Three patients with dentition of the second cervical
vertebra were identified. All patients with dentition had
a pronounced neurologic deficit (1 and 2 patients with
Frankel A and C, respectively). These patients underwent
decompressive-stabilizing surgeries with intraoperative
restoration of craniovertebral relations using halo-
traction and dorsal stabilization using a metal structure.
Occipitospondylosis C0-C2 was performed in two patients
using a customized occipital plate and guides for screw
insertion into the C2 vertebra. In one patient, C1-C2

DAl https://doiorg/10.17816/VT0568156

fixation with screws according to the Harms technique was
performed using a 3D model of the craniovertebral region
with visualization of the vessels and spinal cord and guides
for inserting the screws into the C1 and C2. No complications
were noted. In the postoperative period, all patients showed
positive dynamics, i.e., a decrease in the degree of neurologic
deficit (Frankel A to B, Frankel C to D and E).

In one patient, radiography, CT, and MRI of the cervical
spine revealed hypoplasia of the occipital condyles combined
with basilar invagination of the tooth of the second cervical
vertebra. The patient had an initial neurologic deficit
(Frankel C). Surgical treatment was proposed but was
rejected by the patient’s parents.

Clinical example

A 14-year-old female teen was admitted for a cervical
spine screening examination in individuals with Down
syndrome. She complained of progressive weakness in the
upper and lower extremities and forced head position with
rotation to the right for the past 3 months. Results of the CT
and MRI of the cervical spine led to the following diagnosis:
Down syndrome, rotational atlantoaxial blockage, left-sided
chronic transligamentous subluxation of the C1 vertebra with
spinal canal stenosis (Fielding—Hawkins type II), cervical
myelopathy, and deep tetraparesis (Frankel C) (Fig. 2).

CT revealed gross violations of craniovertebral
relationships: the Cruveilhier joint gap (atlantodental interval
[ADI]) was 1.06 cm, and the space available for the spinal
cord at the C1 level (SAC C1) was 5.17 mm. These changes
indicate gross stenosis of the spinal canal. A bone block
developed in the left lateral atlantoaxial joint (Fig. 3)

Given the gross atlantoaxial dislocation with spinal
canal stenosis, spinal cord compression, and bone block
formation in the left lateral atlantoaxial joint, correction of
C1 subluxation under intraoperative halo-traction with the
release of the left lateral atlantoaxial joint was decided. To
improve the quality of preoperative planning and reduce the
risks of a. vertebralis injury during the release of the lateral
atlantoaxial joint, the patient underwent CT and myelo- and
angiography of the cervical spine (Fig. 4). A customized 3D
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Fig. 2. Instrumental methods of examination: @ — MRI picture of transligamentous subluxation with spinal canal stenosis and myelopathy
at the level of C1-C2, b — 3D CT reconstruction, ¢ — CT scan of the cervical spine, sagittal slice with visualization of disturbed cranio-
vertebral relations. MRl — magnetic resonance imaging, CT — computed tomography.

model of the craniovertebral region was made, showing the
vertebral arteries and spinal cord based on CT myelography
and CT angiography (Fig. 5).

The surgical treatment included the release of the left
lateral atlantoaxial joint from the dorsal access, correction
of C1 vertebral subluxation with intraoperative halo-traction,
indirect decompression of the spinal cord at the C1-C2 level,
and dorsal fixation of C1-C2 with a metal structure using the
Harms method.

Fig. 4. CT myelography and angiography: a — sagittal slice of CT myelography, b — 3D reconstruction of CT angiography. CT — computed
tomography.

Fig. 5. 3D model of the patient’s cervical spine with visualization of the a. vertebralis and spinal cord: ¢ — anterior view, b — lateral

view, ¢ — posterior view with the cervical vertebral arches removed.

DO https://doi.org/ 10.17816/VT0568156
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Fig. 6. Postoperative radiology examination: @ — CT sagittal slice, b — 3D reconstruction of cervical CT, ¢ — MRI sagittal slice with
elimination of spinal canal stenosis and residual myelopathy. CT — computed tomography, MRl — magnetic resonance imaging.

The subluxation of the C1 vertebra was fully repaired
with restoration of all craniovertebral ratios: the ADI and SAC
were 2.82 mm and 1.72 c¢m, respectively. The spinal canal
stenosis at the C1-C2 level was eliminated, and the fixation
elements were appropriately implanted (Fig. 6).

In the early postoperative period, the patient demonstrated
increased muscle strength in the upper extremities,
indicating positive dynamics in the neurological status. The
wound healed with primary tension. No complications were
observed. On day 7, the patient was discharged for outpatient
follow-up in satisfactory condition.

During the 6-month follow-up, the patient had fewer
signs of cervical myelopathy and tetraparesis, indicating
clear positive dynamics in her neurological status. The patient
began to walk independently. The strength of the upper limb
muscles was fully restored. Mild spastic lower paraparesis
4 b. (Frankel C before surgery and Frankel E 6 months after
surgery) remained.

DISCUSSION

Some patients with Down syndrome may have
craniovertebral pathologies that may be asymptomatic for
a long time or even for life [8]. Thus, we partly recommend
screening for all patients with Down syndrome, as
unstable malformations of the craniocervical junction are
often incidental radiologic findings or manifest neurologic
symptoms. Thus, even asymptomatic potentially unstable
malformations, such as aplasia of the dentition and
dentoalveolar malformation, may require prophylactic
instrumental stabilization [10].

Pain syndrome and neck deformity, according to the
current literature, occur in 40% of confirmed cases of
upper cervical spine pathologies. Patients most commonly
present with neck and occiput pain, which may significantly
worsen with axial load [11, 12]. A forced head position with
a right or left tilt is also a common sign. This symptom
usually indicates the presence of some forms of rotational
atlantoaxial dislocation [13].

DAl https://doiorg/10.17816/VT0568156

Neurologic deficits are quite common in patients with
craniovertebral pathologies, and its presence generally
depends on a specific nosology. Neurologic deficit occurs in
80% of patients with dentoalveolar bone. However, rotational
atlantoaxial dislocations, particularly when combined
with anteroposterior dislocations, are also associated
with spinal canal stenosis and, consequently, myelopathy.
Myelopathy development at the level of the cervical spine
initially manifests as weakness in the upper extremities, and
with prolonged spinal cord compression gait disturbances
and weakness in the lower extremities occur. In the most
unfavorable situations, deep tetraparesis or tetraplegia with
complete loss of active movements develops [8, 14].

Based on the above, orthopedic trauma physicians should
pay close attention to the complaints of parents of children
with Down syndrome, such as changes in the behavior of
the child. Unreasonable general weakness, gait disturbances,
frequent stumbles, and falls can be formidable precursors to
cervical myelopathy.

Parents and orthopedic trauma physicians should also
observe for visible abnormalities such as forced head
posture, restricted movements of the cervical spine, and pain
in this area.

Thus, in our opinion, screening examination of patients
with Down syndrome for cervical spine pathologies may be
important in the practice of a trauma orthopedic surgeon, as
it reliably verifies the absence or presence of cervical spine
pathologies in these patients.

Functional cervical spine radiography in the lateral
projection may be sufficient to visualize pronounced
atlantoaxial displacements. Moreover, if the child has a
clear neurologic deficit on clinical examination, functional
radiography of the cervical spine may be risky as it may
exacerbate the neurologic deficit. Thus, this method should
be abandoned in favor of CT and MRI of the cervical spine.

CONCLUSION

Approximately 20% of the total number of patients with
Down syndrome present some forms of musculoskeletal
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abnormalities [1]. Undoubtedly, the instability of the upper
cervical spine is potentially the most life-threatening
orthopedic manifestation of Down syndrome, which can cause
various life-threatening neurologic symptoms. Approximately
1.3%-3% of patients with Down syndrome have a dentate
bone, which may cause upper cervical spine instability [4,
15, 16].

In addition, children with Down syndrome often have
various dislocations caused by alterations in the ligamentous
apparatus stabilizing the atlantoaxial complex [17]. Therefore,
these patients should undergo a comprehensive screening
examination, including functional radiography of the cervical
spine. If any pathology of the craniocervical junction is
detected, CT and MRI should be performed to assess possible
spinal cord compression and determine further treatment
[13, 17].
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MeAULMHCKUIA CUMYNATOP ANS NOATOTOBKM
PeHTreH-nabopaHToB: 3IKCNepuMeHTanbHas pabora

W.B. Mapkun', K.C. Anexcanapos', H.B. Bapnamosa', .K. Motanos', E.A. ¥yp6uH',
A.H. Matbiumn', A.B. Unpwmk?, E.C. LenkaHosa'

! BoeHHbIl MHHOBALMOHHBIN TexHononme «3PAx», Anana, Poccuitckas ®enepaums;
Z BoeHHo-MeauMUMHCKas akanemus uM. C.M. Kuposa, CankT-Metepbypr, Poccuitckan Mepepaumsa

AHHOTALMA

O6ocHoBaHMe. TpaBMbl rofIeHOCTONA Pa3nMYHOI NPUPOAbLI — YLIMOLI, PAcTAMEHMS, pa3pbiBbl, BLIBUXM U NOABLIBUXM, Nepe-
nombl — coctasnsioT 20—-30% oT BCeX BO3MOMHbIX TpaBM OMOPHO-[BUraTesIbHOro annaparta. Haubonee yacTto BcTpeyato-
LUMMKCA TPaBMaMM FOJIEHOCTONA ABMIAKTCA PaspblB U PacTsiKeHue CBA30K. CNOXHOCTb NeYeHUs NepenioMoB JaHHOM NOKa-
nu3aunm obycnoBsieHa HeOOXOAMMOCTBH) TOYHOW PEMO3ULMN CYCTaBHOW MOBEPXHOCTM U CTAbMIBbHOM UKCALMW OT/IOMKOB.
AKTyanbHol 3afadeil ABNAETCA NPaKTUYECKas NOLATrOTOBKA PeHTreH-N1abopaHToB. BHeapeHue B yuebHbIN npouecc NoAroTos-
KM MEMLIMHCKMX KaJpoB Ha BCeX 3Tanax 00ydatoLLmx CUMYNAILMOHHBIX KYPCOB CNOCOBCTBYET CHUMEHMIO OLUIMOOK, YMeHbLLe-
HUI0 OC/OXKHEHUIA 1 NOBLILLIEHMI0 KaYecTBa OKa3aHWA MeaMLMHCKOW NOMOLLM HaceneHuio.

Lienb. PaspaboTka v U3roToBNEHUE CUMYNATOPA, UMUTUPYIOLLEr0 KOCTHYH) CTPYKTYPY M MSIFKWE TKaHM YesioBeKa W JatoLLero
BO3MOXHOCTb BCECTOPOHHE MOATOTOBUTL M 00Y4MTb PEHTreH-ab0paHToB AMs BbINOSHEHUA PEHTIEHOIOMMYECKUX UCCNeA0Ba-
HWI rONEHOCTOMHOrO CycTaBa U CTOMbI.

Matepuanbl u MeTogbl. B npouecce co3naHus TpeHaXEpa BhINOSIHEHbI CleAylowMe 3Tanbl: NosydeHne obpasLoB KocTeid
royIeHOCTONa, M3roToBeHne GopMbI AJ1S OT/IMBKM M cOopKa TpeHaxeépa. [ng co3aaHns 0bpasLoB KOCTel MCMoNb30Bannch
pe3y/bTaTbl KOMMbLIOTEPHON M MarHMTHO-pe30HAHCHOI TOMorpadum, Ha OCHOBE KOTOPbIX MosyyeHa umdposas 3D-Mopenb
KOCTEM CTOMbl U FONIEHOCTOMHOrO CycTaBa. MeTOLOM afAUTUBHLIX TEXHOMOMMA U3rOTOBNEHbI aHAaTOMUYECKU TOYHBIE KOMMK
KOCTe#A CTOMbl W FOIEHOCTOMHOO CycTaBa YenoBeka. Ha cnepytoweM 3atane paspabotaHa TpéxmepHas uudposas Mogenb
M U3roToBNieHa GopMa [J1s OT/IMBKM roTOBOrO M3aenus. BHyTpu dopMbl pasMelLianmnch 00pasLibl KOCTel, cobpaHHble B eau-
Hyt0 CTpYKTYpy. [lanee npoBoAMiock No3TanHoe 3anoiHeHne GpopMbl MArKUM renenofobHeIM MatepuanoM. B aaHHoM cnyyae
BblbpaH CaMOBY/IKAHW3MPYIOLLMIACA COCTAaB Ha OCHOBE CUJIMKOHOBOTO KayuyyKa, KOTOPbIA Nocnie 3aTBepAeBaHus UMUTUPYET
MATKME TKaHW YesloBeKa.

PesynbTtatbl. B xoze paboTbl M3roToBNEH OMbITHBINA 00pa3eL, MeAULMHCKOTO CUMYNSTOPA, UMUTUPYHOLLMIA KOCTHYHO CTPYKTYpY
W MSITKWE TKaHWU YenoBeKa W No3BOSISIOLLMN PeHTreH-N1abopaHTaM nojlyyaTb NPaKTUYECKWE HaBbIKK NpY BbINOSHEHUU PEHTTE-
HOBCKMX CHUMKOB rOfIEHOCTOMHOrO CYCTaBa M CTOMbl.

3akutoyeHme. N3roToBNEHHbIN CUMYNATOP MOXKET LUMPOKO NPUMEHSTLCS B NPOLIECCE NOATOTOBKM U 00y4eHUs peHTreH-Nabo-
paHTOB b/1arofaps CBOEi BbICOKOI aHaTOMUYECKOI TOYHOCTU, NPOCTOTE UCMOJIb30BaHMSA W XOpOLLEMY NOTeHUMany Ans Mac-
COBOTO MPOU3BO/CTBA.

KnioueBble cnoBa: MeaULMHCKWIA CUMYNATOP; afAUTUBHBIE TEXHOOTWMW; FOIEHOCTOMHBIN CYCTaB; CTOMNA; PEHTTEHOMOMUS;
TPEHaXEp.
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Medical simulator for the training of radiologists:
experimental work

llya V. Markin', Konstantin S. Alexandrov', Natalya V. Varlamova', Petr K. Potapov',
Evgeniy A. Zhurbin', Anton N. Matytsin', Alexandr V. Shirshin?, Elena S. Shchelkanova'

! Military Innovation Technopolis «ERA», Anapa, Russian Federation;
2 Kirov Military Medical Academy, Saint Petershurg, Russian Federation

ABSTRACT

BACKGROUND: Ankle injuries of various nature — bruises, sprains, tears, dislocations and subluxations, and fractures —
account for 20—30% of all musculoskeletal system injuries. The most common ankle injuries are a tear and sprain. The difficulty
in treating fractures in this location is due to the need for accurate repositioning of the articular surface and stable fixation
of fragments. The actual task is to train roentgenologists in the field. The inclusion of medical personnel in the educational
process at all levels of training simulation courses aids in the reduction of errors, reduction of problems, and the improvement
of the quality of medical treatment provided to the public.

OBJECTIVE: This study aims to develop and create a simulator that simulates human bone structure and soft tissues and allows
roentgenologists to get through training and instruction radiological examinations of an ankle joint and a foot.

MATERIALS AND METHODS: The following stages of the simulator’'s development have been completed: acquiring ankle
bone samples, creating a mold for casting, and constructing the simulator. The results of computer and magnetic resonance
imaging were used to construct bone samples, from which a computerized 3D model of the bones of the foot and ankle joint
was obtained. Using additive technologies, anatomically correct reproductions of human foot and ankle bones were made. At
the next stage, a three-dimensional digital model was developed, and a mold for casting the finished product was made. Bone
samples collected in a single structure were placed inside the mold. Next, a step-by-step filling of the form with a soft gel-like
material was performed. In this case, a self-vulcanizing silicone rubber composition is selected, which, after solidification,
imitates human soft tissues.

RESULTS: During the course of the study, a prototype medical simulator was created that models human bone structure and
soft tissues and allows roentgenologists to practice performing ankle joint and foot roentgenography.

CONCLUSION: Because of its high anatomical accuracy, ease of use, and mass production potential, the developed simulator
can be widely employed in the teaching of roentgenologists.

Keywords: medical simulator; additive technologies; ankle joint; foot; roentgenology; simulator.

To cite this article:
Markin IV, Alexandrov KS, Varlamava NV, Potapov PK, Zhurbin EA, Matytsin AN, Shirshin AV, Shchelkanova ES. Medical simulator for the training of radiolo-
gists: experimental work. N.N. Priorov Journal of Traumatology and Orthopedics. 2023;30(3):335-346. DOI: https://doi.org/10.17816/vto321307

Received: 13.04.2023 Accepted: 11.09.2023 Published: 19.09.2023
&5
ECO®VECTOR Allrights reserved

© Eco-Vector, 2023


https://doi.org/10.17816/vto321307
https://doi.org/10.17816/vto321307
https://eco-vector.com/en/for_authors.php#06

OPUTHATTBHBIE VICCTIE JOBAHNA

OB0CHOBAHUE

TpaBMbl rofieHocTona pasfMyHOM NpUpoOabl — YLU-
Obl, pacTsxKeHWs, pa3pbiBbl, BBIBUXM W MOABBIBUXM, Mepe-
nombl — coctaenaT 20-30% oT Bcex BO3MOXHbIX TPaBM
OMOpHO-ABuratenbHoro annaparta [1-4]. Hambonee uacto
BCTpEYalLLMMUCA TpaBMaMM FoNIeHOCTONa ABNSIOTCS pa3pbiB
W pacTsKeHWe CBA30K, B HEKOTOPbIX CAy4asx COMpOBOXAA-
IOLLMECS MEPESTOMOM KOCTEN [5] M OTEKOM MSArKUX TKaHEi.

Koctn 1 cBsisku ronenn 06pasyioT KobLO, COeaMHSIo-
wee bonbwebepLosyto, ManobepLoByto, TapaHHYK W NATOY-
Hyto KocTu. lepenoMsl, HapyLlaloLwme LeocTHOCTb KOoJbLa
B OJHOM MecCTe, KaK MpaBu/o, NpUBOAAT K BO3HUKHOBEHMIO
NOBPEXAEHMIA B fpyroM MecTe. CNOXHOCTb NeYeHus nepe-
NIOMOB J,aHHOM NOKanU3aummu 0bycnoBneHa HeobxoaMMOCTbI0
TOYHOM PEno3uLMU CYCTABHOW MOBEPXHOCTM M CTabuUnbHOM
(MKCaLMM 0TIOMKOB.

He MeHee aKTyanbHOI 3agayen SABNSETCA NPaKTUYECKas
MoAroToBKa peHTreH-nabopaHToB. BHepmpeHue B yuebHbIN
npoLecc NoAroTOBKM MeAULMHCKMX KaflpoB Ha BCEX 3Tanax
06yyJaloLwMX CUMYNALMOHHBIX KYPCOB CMOCOOCTBYET CHUME-
HUIO YMCIa OLUMBOK, YMEHBLUEHMIO KONIMYECTBA OC/OMHEHUIA
M NOBBILUEHWI0 KAYecTBa OKa3aHUA MEOMLIMHCKON MOMOLLM
HaceneHuto [6]. BknoueHne B 0bpasoBatenbHble Nporpam-
Mbl TPEHWHIOB C MPUMEHEHUEM CUMYNATOPOB U 3NIEKTPOHHBIX
obyyatoLmx nporpamMm LenecoobpasHo Npu NoAroTOBKE Me-
OVLMHCKOro nepcoHana [7-9].

3a BpeMs npodeccMoHanbHoi NepenoAroToBKY Mo cne-
LMANbHOCTN «PEHTIEHONOMMSA» 3a4acTylo He BCe Creumani-
CTbl CPeAHero 3BeHa OBMafeBalT [OCTAaTOYHbIMU MpaK-
TMYECKUMW HaBbIKaMKU [N BbIMOSIHEHWA B [anbHeliLleli
K/IMHUYECKOM NPaKTUKE Ka4eCTBEHHBIX PEHTTEHONOTUYECKUX
UCCnea0BaHuiA, B TOM YUCe NpU NOBPEXAEHUSX U 3abone-
BaHWUAX rOJIEHOCTOMHOrO CycTaBa U cTonbl. [ns 0byyeHus
MW MOBBILIEHNUS KBaNW@UKaLuWW cneuuanucToB Tpebyet-
ca bonee cepb€3Has MpaKTMYecKas MOArOTOBKA, KOTOpas
ManonpoayKTMBHA 6e3 Ka4eCTBEHHBIX Y4eOHbIX TPEHAKEPOB
u mogenen [10, 11].

0BbyyeHWe MeAMLMHCKOro NepcoHana ¢ UCMosb30BaHNEM
MaHEeKeHOB ¥ TPeHaXEPOB nog HabmoeHeM NpenojaBare-
Nsi NpefocTaBseT BO3MOXHOCTb [ienaTb ownbky B besonac-
HO cpefie, YTO YNyyLLaeT KayecTBO OCBOEHWI NPaKTUYECKMX
HaBbIKOB [12].

B HacTosLiee Bpems cyLlecTBYeT MeAMLIMHCKUIA haHToM
X-Ray Phantom Foot Erler Zimmer (Erler Zimmer, l'epManus),
MCNONb3YHLLMIACA NpY 00y4eHWUM peHTTeH-N1abopaHToB U Bpa-
Yeli-peHTreHooroB paboTe ¢ PeHTrEHOBCKMMM anmapaTtaMmy.
Matepuan daHTOMa, UMUTUPYIOLLMIA MATKUE TKaHW, He 06-
napaeT rmbKocTblo, YTO He no3BonseT usrubatb uspgenve
AN UMUTaLMKU Pa3fYHbIX MOMOXEHWUA HUKHEH KOHEYHOCTH
[13]. B Ka4ecTBe KOCTHOM CTPYKTYpbl UCMOJb3YIOTCA HaTy-
paibHbIE Yen0BeYecKMe KOCTH, YTO MOXET Bbi3BaTh Npobe-
Mbl MOparnbHO-3TUYecKoro xapakTepa. K Tomy ke uspenue
XapaKTepu3yeTca BbICOKOW LeHoi — nopaaka 400 Teicay
pybnen. BHeluHui BUA haHTOMa npeacTaBneH Ha puc. 1.
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Puc. 1. MeaMUMHCKWIA peHTreHOBCKUIA PaHTOM HUMHEN KOHEYHOCTM
¢upmbl Erler Zimmer.

Fig. 1. Medical X-ray phantom of the lower limb from Erler Zimmer.

B pe3ynbTate aHanu3a 0TEYECTBEHHBIX W 3apybexHbIX
NMTEPATYPHbIX UCTOYHUKOB BbISBNIEHO, YTO CYLLECTBYIOLIME
MeLULMHCKUE PEHTTEeHONOrMYeCKMe CUMYNATOpbl Mpej-
HasHayeHbl ANA KanuMbpoBKM M HacTporku obopynoBaHus,
B TO BPEMS KaK 0byyatoLLme cUMyNSTopbl 1S PEHTTEHOOM0B
MPUCYTCTBYIOT Ha PbIHKE B MafioM KOJIMYECTBE U, KaK NpaBu-
N0, XapaKTepu3ylTca BbICOKOW cToMMocTbto [13, 14]. Ove-
BWAHA aKTyaslbHOCTb pa3paboTku, CO3[aHUs U BHELPEHMS
TpeHaxépa Ang oTpaboTKM NpaKTUYECKUX HABLIKOB PEHT-
reH-nabopaHToB NMpM BbIMOSHEHWUM PEHTTEHONOMMYECKUX UC-
Crief0BaHuiA FoNIEHOCTOMHOrO CYCTaBa W CTOMbI.

Lenb nccneposaHus — paspaboTka TexHONOMumM u co3-
[aHvie NPOCTON B U3rOTOBNEHWUM U NPUMEHEHUN MOJENN Me-
OMLVHCKOrO CUMYJNIATOPA, UMUTUPYIOLLEro KOCTU U MSArKue
TKaHU HWKHEW TPeTW BepLoBbIX KOCTEN W CTOMbI YENOBEKa.
KocTHas cucteMa cuMmynaTopa AOMKHA ObiTb BbINONHEHA
U3 PEHTTeHOKOHTPACTHOrO MaTepuana C Lenbio NoAroToBKMU
u obydyeHns peHTreH-nabopaHToB NpoBeAEHMIO UCCNefoBa-
HWI CTOMbI M FOSIEHOCTOMHOMO CYCTaBa B Pa3fUYHbIX MPOEK-
LmsX.

MATEPUAJ1bl U METO/bI

[In3aitH uccnepgosaHusa

BeinonHeHa akcnepuMeHTanbHasa paboTta no co3gaHuio
OnbITHOro 06pasLa MeULMHCKOro CUMYNATOpa LS NOAro-
TOBKM peHTreH-1abopaHToB K NpoBeAEHNI0 PEHTTEHOBCKUX
UccnefoBaHUi AUCTaNbHBIX OTAESI0B HUMHUX KOHEYHOCTEMN.
PaspaboTka cuMynaTopa OCHOBLIBAeTCS Ha pesysbTaTax
onybnMKOBaHHOM 3KcnepuMeHTanbHo paboTel «MeauumnH-
CKWW CMMYNATOp ANs NOArOTOBKW Bpaqen-TpaBMaTosoros:
3KCNepuMeHTanbHas pabota» [15] u aBnseTcsa eé npoaon-
XeHueM. OnbIT, NOMYYeHHbIW NpU CO3[AHWUW TPeHaXEpa
HanoxeHnus KCT, pa3BuT M paclumpeH Npu BbINOSHEHWN
AaHHOM paboTbl.

Ycnosus npoeegeHuA

Pabota npoBoaunack B BOEHHOM WHHOBALWMOHHOM TEXHO-
nonmce «3PA» (r. AHana) B nepuop ¢ okTs6ps 2022 no siH-
Bapb 2023 .
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MeToAb! OLEHKM LieneBbiX NoKa3aTenewn

lMpouecc U3roToBNieHUs CUMyNATOpa Ans MOArOTOBKM
PeHTreH-11abopaHToB K BbIMOHEHWI0 PEHTTEHOBCKUX McChe-
A0BaHWUW rONIEHOCTOMHOO CYCTaBa W CTOMbl Pa3feNiéH Ha He-
CKOJIbKO OCHOBHbIX 3TaroB:

« 3D-MopennpoBaHMe KOCTEN HUMHEW TPETU ToJSieHn U
CTONbI, NOAJIOMKKN AN aHaTOMUYECKU BEPHON COOpKY
KocTeii cTonbl M hopMbl ANs OTAUBKMY;

¢ W3rOTOBNEHME aHAaTOMMYECKM TOYHBIX KOMMUIA KOCTeW
HWXKHEW TPETW rofeHn U CTOMbI;

*  M3roTOBIEHWE MOAJIONKKM ANS aHAaTOMUYECKU BEPHOM
cOOpKY KOCTEN HUKHEl TPETU FONEHN U CTOMbI;

- cbopKa Bcel KOCTHOW CUCTEMbl C WUCMONIb30BaHUEM
NOAMOXKMY;

* W3roToBNIEHUE (OPMbI 4151 OTIIUBKY;

* MO3TarnHas 3anvBKa CUIIMKOHOBOIO COCTaBa M 3KCMo-
3uuma ¢ nocnepylolleii 0bpaboTkoii roToBoro nsge-
nms.

B KauecTBe MCXO[HBIX AaHHBIX MCMOMb30Banach Cepus
KOMMbIOTEPHBIX TOMOrPaMM [OUCTaNbHOMO OTAENA HUMKHUX
KoHeuHocTeit B ¢opMate DICOM, uccnepnoBaHue BbinosiHe-
Ho B BoeHHo-MeamumHCKoM akagemun nMenn C.M. Kuposa.
CHMMKM obpabatbiBanuck B nporpamme 3D Slicer ¢ uenbto
nonyyenns 3D-Moneneii KocTeid U BHYTPEHHEN NOBEPXHOCTU
dopMbl ans otimeku. B nporpamme SolidWorks 2018 Ha oc-
HOBE MOJTy4eHHbIX AAHHBIX CO3[aBanach TpEXMepHas umbpo-
Bas Moenb GopMbl Ans oTamBKH. [lanee dainbl 3arpyanmcb
B mporpaMMHoe obecneyenue ideaMaker, roe npousBoau-
nacb reHepaums ynpasnswowux KoMaHa ana 3D-npuntepa
Ha ocHoBe co3faHHbIX 3D-Mopenelt (cnancuur). Ona neya-
TM Mogfeneii KocTel U GopMbl Al OTAMBKM UCMOMb30Bancs
npuHTep Raise 3D Pro2 Plus (Raise3D Pioneering Flexible
Manufacturing, Kutait), ocHoBaHHbII Ha TexHOMOrMM neyatn
FDM (ot aHrn. fused deposition modeling — Mopenuposa-
HWe MEeTOAOM MOCOHOro Hannaenenusl). B kauecTBe Ma-
Tepuana ans neyatu KOCTeM NpUMEHSNCA NONUNaKTUA (no-
NIMMepu30BaHHas MosloYHast KucnoTa; aHr. PoliLactide Acid,
PLA) (BestFilament, Poccus). Matepuan ans neyatu Koctei
BblbpaH Mcxons M3 bonee BLICOKOr0 3HAYeHUs MexaHuye-
CKOW MPOYHOCTH, YEM Yy aKpUNOHWUTpUN-byTagmneH-cTUpona
(aurn. Acrylonitrile Butadiene Styrene, ABS): npoyHocTb
Ha u3rb — 55,3 Mlla, npoyHocTb Ha pa3speie — 57,8 Mla,
MOZy/b YNPYrocT Npu pactsikenmn — 3,3 Ma. 311 nokasa-
TENM No3BoASOT eMy C 6oNbLLIEN AOCTOBEPHOCTBI0 UMUTUPO-
BaTb HaTypasbHble KOCTU YeJIOBEKA MO CPABHEHUIO C iPYryMu
LOCTYNHbIMK Ansa 3D-neyatu BULAMM NNACTUKOB.

B KauectBe MaTepuana pnis neyatu QopMmbl Ans oT-
NMBKM npuMeHsanacb Hutb M3 ABS pamametpoM 1,75 MM
(BestFilament, Poccus).

Ycnosus nevatn: dopMa Ans 0TAMBKM — TeMnepartypa
akcTpyaepa 230 °C, Temnepartypa ctona 100 °C, ckopocTb ne-
yatn 60 Mm/c, TonwwmHa cnos 0,2 MM, 3anonHeHue 75%; Ko-
CTM — Temnepartypa akcTpyaepa 205 °C, Temnepartypa cTona
60 °C, ckopoctb neyatn 40 mm/c, TonwmHa cnos 0,2 MM,
3anonHexue 75%. Boibop MaTepuana ¢opMbl ans oTIMBKY
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0bycnoBneH TeM, YTO [aHHbIA NAACTUK NIerko noanaercs
MexaHuyeckoi 0bpaboTKe, 06M1afaeT BbICOKOW NMPOYHOCTLH
Ha u3rnb — 41 Mlla, npegen ero NpoYHOCTM Ha paspbiB —
22 MIla, Moaynb ynpyroct npu pactsikenun — 1627 Mlla.

[ing aHaToMU4ecKn BepHOW COOpPKU KOCTHOM CUCTEMbI
CNPOEKTMpOBaHa M pacnevaTaHa creuuanbHas NoAJoKKa,
no3BosisiloLLas CoOMOCTM HeobXoauMble Yrilbl Mexay oT-
LEeNbHbIMUA KOCTAIMU U BEPHbIE pa3Mepbl CYCTaBHbIX Lue-
neii. Tpn pa3meLLeHnn KOCTEN CTOMbl B MPefHa3HaueHHbIX
ONS HUX HULIAX CKI1afblBAETCA aHaTOMUYECKU BepHas Mo-
AeJlb KOCTHOM CUCTEMBI CTOMbI.

MocTobpaboTka BLINONMHANACE MEXAaHUYECKUM METO-
LOM — OTAeNieHue fAeTaned OT MOAJIOKEK W MOALEepHU-
BAIOWMX KOHCTPYKUMIA, 0bpe3ka W WiudoBaHME MENKUX
nedekToB neyatn. Ha cnepylowien ctagum pacneyataHHble
MOLeNnn KocTeii obpabatbiBanuMcb XNOpUCTBIM METUNEHOM
(TY 2631-019-44493179-98 c u3m. 1, 2) pns QOCTUKEHMS
TNafKOCTU BHELUHUX MOBEPXHOCTEN M CKPEMAsUCL Mexay
cob0ii Npy NOMOLLM CUIIMKOHOBOTO repMeTuka («MoHomuT»,
Poccus), a yactv popMbl — ¢ nomoLblo bonTtos (M6) 1 cu-
JIMKOHOBOTO repMeTHKa.

Mocne cbopku GopMbl Ha BHYTPEHHIOK MOBEPXHOCTb Ha-
HOCWNCA Ba3esMH, BHYTPWU pa3MelLanuchb 06pasubl KocTei
1 NPOM3BOAMNACck NO3TaNHaA 3aMBKa OPMbI CUIIMKOHOBOVA
CMECbHH), UMUTUPYIOLLIEN MATKWE TKaHW.

3anuBKa CUIMKOHOBOIO COCTaBa NPOBOAMAACh B Nabopa-
TOPHBIX YCIOBMSX NpU KOMHaTHOW TeMnepartype (23-25 °C).
[IBYXKOMMOHEHTHBIN CUIMKOHOBLIM COCTaB MPOM3BOACTBA
SP-Polymer (Poccus), oTBepxaaeMblii KaTanu3aTopoM
Ha OCHOBE 010Ba, 00/1a71aeT HU3KOM BA3KOCTbH), KOPOTKUM
BPEMEHEM MOJHOr0 OPMOBaHUSA U AUTESNbHBIM CPOKOM 3KC-
nnyataumu. [0ns MakcuManbHO LOCTOBEPHON UMUTaLMKM MST-
KUX TKaHel YenoBeKa BblbpaH CUIMKOHOBBIN COCTaB C TBEP-
pocteio no LWopy A 30 eaunuu. Bonee MaArkue u TBEpAbIE
06pasubl cocTaBa NMPU3HaHbI HEYA0BNETBOPUTENBHO Mepe-
[AIOLLMMM MI0THOCTHBIE MOKa3aTeNn MArKKUX TKaHel. KoM-
MOHEeHT A nepeMeLunBanca 4o 0AHOPOAHOCTH, NEPEHOCKIICS
B J1ab0paTOpHbIA MEPHBIN CTaKaHUYMK W TOYHO [03MPOBAsICS
(mo 3-ro 3HaKa nocne 3ansToi) Npy NOMoLLM NabopaTopHbIX
BecoB. B Maccy KomnoHeHTa A (okono 150 1) npu nomoLuu
nabopaTopHOro [03aTopa BHOCM/ICA KOMMOHEHT b — Kara-
NIN3aTop OTBEPXKAEHNS HA OCHOBE 0/10Ba — B COOTHOLLEHMM
100:2. CMecb nepemeLLMBanach 40 0LHOPOAHOCTY U 3aIMBa-
nacb B NOATOTOBNEHHYI0 hopMy.

W3penue 3anuBanock noatanHo, nocnie 3aTBepAeBaHus
CMIMKOHOBOW CMecu cobupancs cnefylowmii apyc Gopmbl
¥ NpOBOAMNAch 3a/MBKa ouyepefHoi nopumu cMecn. Kax-
Obli Apyc 3atBepaeBan B TeyeHne 15-20 yacoB npu Tem-
nepatype 23-25 °C. [lna npepoTtBpalleHus paccnoeHus
U3[enus Ha MecTe CTblKa APYcoB (GOPMbI 3a/MBKa KaXaoro
fipyca cMecu oCyLLecTBAANach A0 YPOBHSA B 2—3 caHTUMeETpa
[0 BepxHero cpe3a fipyca dopMbl. C Lenblo ynyylleHus ag-
re3uu Mexgy CnosiM1 CUIIMKOHOBOW CMecU Mepef, 3a/MBKOl
04YepefHOro Cnosi NoBepXHOCTb NpefblAyLLero 3aTBepeB-
wero cnos npotupanack 70% pacTBOpOM YKCYCHOM KUCNOTLI.
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Takas obpaboTKa paspyLuaeT 06pa3ytoLLytoca Ha MOBEPXHO-
CTU CMECM OKCMAHYIO NNEHKY W YYULLAET CKIeMBaHUE MeXay
COAMU.

C uenbio TOYHOTO M aHaTOMMYECKW BEPHOIO pa3MeLLEHMS
KOCTHOM CTPYKTYpbI B TOJILLE MATKWX TKaHel UCMo/b30BaHbl
MPOBONIOYHBIE CTSKKM. TaKoM NOAXOA JAET BO3MOXKHOCTb 3a-
(MKCUPOBaTb MOZENIM KOCTEN B HY}KHOM MOJIOXEHWM Ha Bpe-
M 3aTBepAeBaHMsA CUIMKOHOBOro coctaea. [locne 3aTBep-
[EeBaHMsA COCTaBa KOCTHas CUCTeMa OKasblBanacb MPOYHO
M HafEXHO 3aQMKCUPOBAHHOM B MPABUSILHOM MOJIOMEHUN.
Mpy OKOHYaHWM paboTbl C TEKYLLMM ApYCOM (HOPMBI OTTSXKM
LEMOHTMPOBANCh U YCTaHaBAMBAMUCh Ha CIIeAYHLLMIA, Mpo-
Lomkas obecneynBaTb BepHOe pa3MeLLEHNEe KOCTHOM CUCTe-
Mbl. 06LLMiA BUA, NO3TANHOW 3aNMBKMU CUIMKOHOBOMO COCTaBa
npeAcTaBnieH Ha puc. 2.

lMocne 3aTBepAeBaHWA CMecu BbLINOMHANUCL pa3bopka
W OTLeneHWe roToBoro M3genus ot hopMbl.

[lanee c NoMoLLbl0 PEHTTEHOBCKOrO annapara npoBOAM-
NN peHTreHorpaduio U3roTOBNIEHHOMO MeAMULMHCKOr0 CUMY-
nATopa B NPAMONA, H0KOBOW M KOCOW NPOEKLMAX NPU TEX Xe
napameTpax UccnefoBaHus, C KOTOPbIMY BbIMONHSAIOTCA CTaH-
[apTHble PEHTTEHOBCKWE CHWUMKMW CTOMbI U FONIEHOCTOMNHOMO
CyCTaBa y NaLWeHTOB.

JTnyeckan JKCnepTnU3a

Cepus KOMMBIOTEPHBIX TOMOrpaMM NoJyyeHa B 06e3u-
YEHHOM BM[E, NO3TOMY COrNIacoBaHUA C 3TUHECKUM KOMUTE-
TOM He TpeboBanocs.

CTaTUCTMYECKUM aHanus3
He nposoauncs.

PE3YJIbTATbI

[N LOCTUXKEHWs NOCTaBNEHHOW Lenu Mpouecc Co3-
AaHWs cuMynaTopa pasbut Ha 4 3Tama, KaxAblii U3 Ko-
TOPbIX BKJIKOYAET HECKONbKO CTaauid. [puHuMnuanbHas
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TEXHOJOrMYecKas CxeMa U3roTOBAEHUS CUMYNATOpa npej-
CTaBJiEHa Ha puc. 3.

Cragua 1. U3roTtoBneHne aHaTOMUYECKU TOYHbIX
KONWUW KocTeu ronieHocTona

[ins ynpolueHus npoliecca nevatu u obecneyenus bonee
BbICOKOr0 Ka4ecTBa Mojly4aeMblX feTaneit Mofesb KOCTHOM
CUCTEMBI Pa3fenniam Ha 6 CErMeHTOB, KOTOpLIE MevaTanuch
pa3genbHo.

lMonyyeHHble Mogenu KOCTel coxpaHsnu B dopMare
STL (ot aHrn. Standard Triangulation Language — cTaH-
OAPTHBIA A3bIK TPUAHTYNALMM) WM 3arpyanu B cnaicep
ideaMaker ¢ uenblo npeobpa3oBaHus Mojenu B Habop
yNpaBASIoWMX UHCTPYKLMIA U NPOBEPKM LieNOCTHOCTU CNo-
€B MoJeNel NpU PacCMOTPEHUM MOCOAHOTO MeYaTaHus.
Mo okoHuaHun nposepku dann coxpaHsiv B QopMaTe
ynpaBnsiowmux UHCTPYKUmMn ansa 3D-npunTtepa G-code u 3a-
rpy>anu B NpUHTep.

Insa neyatn 3D-Mopmenn npuMeHsAnu
Raise 3D Pro2 Plus 1 TexHonorvio neyatn FDM.

Mocne cHATMS feTanu c mevaTu NpoBefeHbl yAaneHue
3/1EMEHTOB, NOAAEPKMBAOLLMX KOHCTPYKLUMIO, YCTPaHEHWE
MEJIKWX apTedaKToB U LLIEPOXOBATOCTEN, LWAMGDOBKa NoBepX-
HOCTen M 0bpaboTKa XopuCTbIM MeTueHoM. [laHHble Me-
TOAbI UCMOMb3YIOTCA [71A yAaNeHUs ¢ NoOBEpPXHOCTU Mofenu
KPYMHbIX HepoBHOCTel, 00pa3oBaBLUMXCA B XOAE Meyartw,
a TaKKe ona yaaneHus gedekToB neyatu W CrnaXuBaHus
TEKCTYpbl MOAENN.

npuHTEp

Crapua 2. N3rotoBneHue NoaNnoMKu
AJIA aHaTOMUYeCKU BepHOM CHOPKK KocTew CToNbI

C uenbio obecrneyeHnss aHaTOMMYECKW BEpHON COOPKM
KOCTHOM CUCTeMbI CTOMbI pa3paboTaHa 1 co3faHa NoAnoKKa
Ana cOOpKU MeAMUMHCKOrO cuMynsaTopa. M3penme cnpoek-
TMPOBaHO B Mporpamme Ans TPEXMEPHOro MOAENMPOBaHUA
ZBrush. Ha HWKHeii CTOpOHE MOLENN KOCTHOW CUCTEMb
CTOMbI CO3[aHa CMJIOWHAsA MOBEPXHOCTb, MOBTOPSAHLLAs

Puc. 2. MoatanHas 3a/MBKa CUIMKOHOBOIO COCTaBa C YCTaHOBJIEHHbIMU MPOBOJIOYHBIMU OTTSKKAMM.
Fig. 2. Step-by-step pouring of silicone compound with installed wire ties.

00I: https://daiorg/10.17816/VT0321307
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1) Co3paHue KOCTHOM CUCTEMBI

2) Co3paHue NOAMOKKN Ans COOpKM

3) Cbopka KOCTHO CUCTEMBI BOEIUHO

A

: -

v

4) CospaHue GpopMbl NS OTSIMBKM

5) Pa3MeLLieHre KOCTHOM cucTeMbl B hopMe,
nosTarnHas 3aiMBKa cocTaBa

iy

6) Pasbop ¢opMbl, rotoBoe Usgenue

A

Puc. 3. anIHLI,VII'IVIaJ'IbHaFI TexHoJiornyeckas cxeMa U3rotoesieHUA CUMynaTopa.

Fig. 3. Basic technological scheme of simulator manufacturing.

reoMeTpuyeckme QOpMbl HUMHEH MOBEPXHOCTU KOCTEW.
B nporpamMMe ZBrush pasmep nosmyyeHHOM CMNOLLHON Kpu-
BOJIMHEHOI NOBEPXHOCTU YBenUYeH Ha 5%. 3ateM npu no-
Mowm yHKUMM OyneBoii onepauuu BbIMOSHEH OTMEYaTOK
HWXHel noBepxHocTW cTonbl. MonyyeHHas Mogenb npej-
cTaBfifeT coboil NAacTUHy, MOBTOPSIOLLYI0 MO KOHTYpY cTOny
UYesIoBEKa, OrPaHUYEHHYIO C HUXKHEIN CTOPOHBI ONOPHOW MNJ1o-
CKOCTbIO, @ C BEpXHEW — YrnybneHnsaMm ansa pasmeLLeHns
KocTeii cTonbl. [pu yCTaHOBKE KOCTEM CTOMbl B NpeAHa3Ha-
UeHHble A7 HUX HULIM MOJTy4Mnach aHaTOMUYECKU BepHas
MOZ€e/b KOCTHOM CUCTEMBI CTOMbI.

N3penne nponssopmtcs Ha 3D-npuHTepe U3 dunameHTa
PLA.

DO https://doi.org/10.17816/ V10321307

Crapgua 3. C60pKa KOCTHOIN CUCTEMbI
C UCNONb30BaHUEM NOANOMKHU

Ha paHHOM cTagmu ocywectBnanack cbopka KOCTHOM
cucTeMbl B efHoe Lenoe. Coopka HauMHanach ¢ danaHr
nanbLes cTonbl. Mofenu KocTei ycTaHaBAMBanUCh B COOT-
BETCTBYIOLUMX MM YrNybneHWax Ha Noanoxke Ans cHopku.
lMocne pacnonoeHns cocefHUX KOCTeW WX Kpas CKpenns-
JINCb BPEMEHHOM MepeMBbIYKOM M3 NAACTUKa Npyu MOMOLLY
3D-pyukmn. [lns 3TMX BpeMEHHBIX CBSA3EM MCMO/b30BasICS
¢unamenT ABS. MMocne ocTbiBaHMA NnacTuKa 3aMKCMpo-
BaHHOE PaccTOSiHWE CYCTaBHOW LLENM 3anofiHAN0Ch CUNK-
KOHOBbIM repMeTUKOM. [0 NpoLIecTBUM BpeMEeHH, Heobxo-
AMMOro [/191 NOSIHOr0 0TBEPEBaHUA repMeTMKa, BpeMeHHas
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Puc. 4. 3D-Moaenb NoffioXKN ANs aHaTOMUYECKU BEpPHOW COOPKU KOCTEN CTOMbI.

Fig. 4. 3D substrate model for anatomically correct assembly of the foot bones.

nepeMblyKa M3 NnacTuka ypansnacb. TpéxMepHas Mofenb
MOAJIOKKM W Cnocob pasMeLLieHns B HeW KOCTel npencTas-
NeHbl Ha puc. 4.

B pesynbrate mocteneHHoi cbopKM KocTei nonyyeHa
LLesIoCcTHas KoCTHas cucteMa roneHoctona. KoctHas cucte-
Ma aHaTOMMYECKW BEpHA 3a CYET UCMOJIb30BaAHMS MOLITOKKH
ans cbopKu KocTen CTonbl, GUKCaLMM pasMepa CYCTaBHOM
e NAACTMKOBBIMU NEpPeMblYKaMu U 3amnosHEHWS 3TOi
LLENM CUIIMKOHOBBLIM repMeTUKOM. [0TOBas cUcTeMa CKpen-
NseTCcsA BOELMHO TOJIBKO NMPU NOMOLLY CUAIMKOHA B CYCTaBHbIX
Lensx, Yto 00YcnoBNMBaeT LOCTAaTOYHYH TMOKOCTb U Nnoj-
BMXHOCTb KOHCTPYKLMM.

Crapma 4. UsrotoBneHue ¢popMbl AN1A OTIUBKU

Ha paHHol cTtagmmn ocywecTBnsnu usrotoenexue dop-
Mbl ANA OT/MBKKM cuMynsTopa. MogenvpoBaHue M neyatb
(opMbI BbIMOHANUCL MO TOW e TEXHOMOMMM, YTO W CO3-
LaHue Mofenen Koctel. Beuay orpaHNyeHHOCTM nevaTHo-
ro npoctpaHcTBa npuHTepa (300x300x600 MM), a Takke
LN ynpoLieHns pasbopKku U U3BNeYEHUs rOTOBOr0 CUMY-
naTopa u3 GopMbl Mofenb pasfenunu Ha 8 cerMeHToB.
Macca rotoBon ¢opmel coctaBuna 800 r 6e3 yyéTa bon-
T0B. TpéxmepHas Mofenb cobpaHHoi hopMbl AN1S OTIIUBKM
npeAcTaBnieHa Ha puc. 5.

Puc. 5. OTavBoyHas opMa Ha 3Tane MoAenUpoBaHuS.
Fig. 5. Casting mould in the modelling phase.
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Cragusa 5. MNostanHas 3anuBKa
CUJIMKOHOBOI0 CoCTaBa

Ha naHHoM 3Tane npousBoamMnach 3anmMBKa MAMKOWA Ya-
CTU CUMYNATOPA — MMUTALMM MSTKUX TKaHel KOHEYHOCTW.
MepBbIM 3TanoM ocyliecTBnanM nogbop Haubonee ontu-
ManbHOro cocTaBa MaTepuana ans 3anumeku. Ha ocHoBaHum
npeablAyLLero onbiTa pa3paboTky 1 co34aHNA MeSULMHCKOr0
CUMyniSiTopa Npu HecTabunbHbIX NepesioMax Tasa BblbpaHbl
[Ba Bupa coctaBa. KputepueM onTuManbHoCTW BbICTynana
CXOMECTb OCHOBHbIX (DM3UKO-MeXaHUYECKUX XapaKTEPUCTUK
3aTBep/eBLLEro COCTaBa C COOTBETCTBYHLLMMU YCPEAHEHHBI-
MM XapaKTepUCTUKaMU MATKWX TKaHEMN YenioBeKa (ynpyrocTb,
NPOYHOCTb, TBEPAOCTb M T.4.). B pesynbrate cpaBHeHUs uc-
Mosb3yKLMXCA U JOCTYMHBIX K NPUOBpPeTEHMI0 NAACTUYHBIX
COCTaBOB BblbpaH CMIMKOHOBBIN Kay4yk (TOCT 13835-73) —
OBYXKOMIMOHEHTHBIN cocTas npoussoactea SP Polymer (Poc-
CcUA) C 0TBEpAMTENEM Ha ocHoBe osoBa. CocTaB OCHOBHOIO
KOMMOHEHTa: auMeTuncunokcaH — 35%, nonmpumetun-
cunokcaH — 30%, MenKoAMCnepCHbIi MOPOLLOK AMOKCMAA
KpemHus (aspocumn) — 35%.

B nuHelKe TOBapoB AaHHOMO MPOM3BOLAUTENSA NPUCYTCTBY-
10T 4 BMAA CUNIMKOHOBBIX COCTABOB, OT/INYAIOLLUMXCS LBETOM,
npo3payHocTbio W TBEpAOCTLI0 No LWopy A. WUcnonb3oBaHue
OKpaLLIeHHbIX BU0B CUIMKOHA He paccMaTpuBanoch, TaK Kak
HeobX0AMMO [OCTUYb HEKOTOPOW MpPO3PavHOCTM U3AENNs
LNs BULMMOCTM PacronoXeHUs KOCTeN CTOMbI.

HeoKpalLieHHble cocTaBbl NPUCYTCTBYIOT B BYX BUAAX —
c TBépaoctbio no Lopy A 10 u 30 eanHuu. BeibpaH cocTas
¢ nnotHocTblo 30 eAuMHML, TaK KaK cOCTaB C TBEPAOCTbH
10 eAMHUL NpU3HaH U3ULIHE MATKUM AN [OCTOBEPHOM
MMUTaLWM TKaHel opraHnusMma.

WcnonHeHne B CMIMKOHE UMEET paf, NPeMMyLLeCTB, Ta-
KMX KaK DOnbluMA CPOK CNysObl, OTCYTCTBUE HEMPUSATHOrO
3anaxa, MeHblUee Yucnio 000pya0BaHUA Npy NPOM3BOACTBE,
HO CTOMMOCTb UCMOSb3yeMOro MaTepuana bonee BbICOKas.

[lanee ocyLecTBnsAnach 3aMBKa MMUTaLMN MATKUX TKa-
Hen NyTEéM MOCErMEHTHOro MepeHeceHust coctaBa B dopMy
C pa3MeLLEHHO BHYTPM KOCTHOM CUCTEMOIA U NPOM3BOAMNACH
noctobpaboTka nonyyeHHoro u3genus.

Ha BHyTpeHHI00 NoBepXHOCTb QOpMbI HAaHOCKACA Base-
NUH Ans 0bnerdeHus nocnefyloLwero oTAeNeHUs CUMYNATO-
pa, MecTa CTbIKOBKY 3aroJiHEHbl CUIMKOHOBLIM FepMETUKOM
ONA NpefoTBPaLLEHUs BbITEKAHUSA CMECU.
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Puc. 6. 3anonHeHue $hopMbl CUMKOHOBbIM COCTaBOM.
Fig. 6. Filling the mould with silicone compound.

[na ocywecTBneHns 3anuMBKW B NOCNESHWA ApyC npo-
CBEP/IEHO OTBEPCTME B CaMOM BLICOKOM To4Ke GopMbl. Ye-
pe3 oTBepcTMe Mpy MOMOLUM LINpUua dopMa 3amosHAnach
CUJIMKOHOBBIM COCTaBOM [0 KOHUA. [lpouecc 3anonHeHus
nociiefiHero fpyca CWIMKOHOBOW CMecbio MpejcTaBfeH
Ha puc. 6.

Mocne Toro Kak 3a/MBOYHbINA COCTaB MPUHMMaN OfHO-
POJHYO CTPYKTYPY, YAANAIMUCh KPEMNJIEHUS, OCYLLECTBAANNCH
pa3bopKa GopMbl U OTLeNeHWe e€ 0T MaKeTa, a TakXKe nocT-
0bpabotka u3penusa. B pesynbrate bbin MosyyeH roToBbIA
MeOMLMHCKMIA CUMYNATOP TFO/IeHOCTONa A1 MOArOTOBKY
1 0by4eHus peHTreH-1abopaHToB €O CeayloWwyUMN napame-
TpaMu: CU/IMKOHOBOE MCMoIHeHWe — Macca msgenus 1,2 kr,
ANmHa 25,5 cM, wupuHa 10 cM, BbicoTa 23 cM. 06wwmi Bug,
roTOBOrO CUMYNATOpa NPeACTaB/EH Ha puc. 7.

Puc. 7. CumynsTop roneHocTona nocine CHATUS OTIMBOYHON QOPMBI.
Fig. 7. An ankle simulator after casting mould removal.

DO https://doi.org/10.17816/ V10321307

B npouecce MofenvpoBaHus U NpoM3BOACTBa MeANLIMH-
CKOro CUMYNATOPA BLIABNIEH PAA, 3aMeYaHiA U NOArOTOBEH
PeKOMeHAaLM ANS YAYYLLIeHUs KayecTBa roToBOro U3aenus
U NOBBILLIEHWS €r0 LONTOBEYHOCTM.

Beuay Toro, uto No Mepe 3anoNHeHWs AaBMeHWe Ha CTeH-
K1 1 aHO (opMbl yBENWUMBaETCA, He0bXOAMMO NEPECMOTPETL
KOHCTPYKLMIO 3a7IMBOYHO (OpMbI, NOBBLICUTL NIOTHOCTb 3a-
MOJIHEHMSA U KONIMYECTBO CNIOEB CTEHKM, 0COBEHHO 1715 NepBo-
ro sipyca, Ha KOTOPbIi NPUXOAMUTCA MaKCUMasbHas Harpy3Ka.
AHanornyHo — yKpenuTb U YBENUYUTH TONLMHY AHA OPMbI
BO u3bexaHue eé gedopmauun. Ins ynydiieHns nokasare-
NsA HaEXHOCTM M 6e3onacHocTM GopMbl CieyeT AOMONHUTL
KOM4ecTBO pEbep KEeCTKOCTM — BPeMS U3roTOB/EHUS YBe-
nnumMTCs NpUMepHo Ha 25-30%.

Mpy NpUMEHEHNUM TEXHONOMWM 3aNIMBKU CUIIMKOHOBOM CMe-
c1 B OPMY KPUTUYECKM BaXHbIM SIBNSETCSA HEMOJHOE pa3o-
BOE 3arnosiHeHue spycoB GopMbl. B npouecce usroToBneHus
BbISIB/IEHO, YTO OMTUMasbHOE 3anoiHeHKe sipyca — He bonee
75%, TaK KaK cMecu HeobX0AMMO OTCTOSATLCS W 3aTBEPLETD.
B npotvBHOM cnyyae M3-3a BbICOKOrO MMAPOCTAaTUHECKOTO
[aBneHns cMecu B hOpMe yBENMUMBAETCS BEPOSTHOCTb NPO-
TEKaHWs COCTaBa MeX[y CTbIKaMU APYCOB W YacTen (opMbl.

lNepen 3anuBKOW o4epefHOro sipyca NoBEpPXHOCTb 3a-
TBEpPAEBLUEr0 CUIMKOHOBOr0 coctaBa obpabatbiBanach
pacTBOpPOM YKCycHoW kucnoTbl (70%) ans ynydweHus aare-
3UM CNIOEB JPYr C APYroM M paspyLUeHUsi OKCUGHOro Cnos
Ha ero NoBEPXHOCTU.

B xopae nocteneHHoro HapalLMBaHUs Y1cia 3a5UTbIX SpY-
COB CUMYNATOPa 0bHapYXEHO, 4To hanaHry NanbLeB KOCTHOM
CUCTEMBI YNIUPAIOTCA B BEPXHIOK YacTb dopMbl. [Ins obecne-
YEHWUS NPaBULHOCTU Pa3MELLLEHUA KOCTHOW CUCTEMBI B TOJT-
LLLe MArKMX THaHeM HaneyataH AONOSHUTENbBHBIA ApYC GOpMbl
TONLMHON 7 MM, 4TO MO3BOJIMIIO YBEIMUUTD 0OLLYYI0 BbICOTY
(OpMbl M aHaTOMMYECKW BEPHO PacrofioXuUTb KOCTHYK CH-
CTEMY OTHOCUTE/TbHO MOBEPXHOCTU CUMYASATOPA.

Mo Mepe 3aTBepLeBaHMsA cocTaBa He0bXoAMMO ocyLLecT-
BNATb MOCTENEHHOE 0cnabneHue KPEenéxHbIX 3/1eMEHTOB
LNS CHAXEHWS PUCKA Pa3pyLUEHUs CTEHOK, TaK KaK CO Bpe-
MeHEM (DaHTOM pacLLMpAETCA M BO3HMKAET BbICOKas Harpyska
Ha (opMy.

Ha nocnepHeii ctagun 3anmBku onanybku 0bHapyxeHo,
4TO NOC/Ie OT/IMBKU W 3aTBEPLAEBAHMSA COCTaBa B MAMKUX TKa-
HAX CUMYNATOPA COXPaHWAMCb MENKWE My3bIpbKU BO3[YXa,
UTO HEKPUTWUYHO CHUKAET MJIOTHOCTb M aHAaTOMUYECKYIO CX0-
JKECTb MATKMX TKaHeM C TKaHAMM YenoBeka. [ins ycTpaHeHns
[AaHHow npobneMbl HeobxoanMMo [106aBUTL CTaamio BUOpaLK-
OHHo¥ 06paboTkM (NpocTyKUBaHWSA OpPMbI) AN1S YNPOLLEHMS
U1 YCKOPEHWS BbIX0Aa My3bIPbKOB Fasa U3 MA0THOM CPeabl.

OBCYXOEHWUE

Mocne 3aBepLueHua BCeX 3TarnoB C60pKVI NPOBOOWIIN PEHT-
FEHOFPGCI)VIIO MEeOUUNHCKOro cumynatopa NIeBOM CTOMbI U r0-
JIEHOCTONHOro CyctaBa (pVIC. 8) no aHanorum ¢ BbINONHEHUEM
0630prIX PEHTreHOBCKMUX CHUMKOB CTOMNbI U rOJIEHOCTOMNHOI0
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Puc. 8. PeHTreHorpaMmbl MeAMLMHCKOrO CUMYNATOPA NEBOM CTOMbI M FOSIEHOCTOMHOrO CYCTaBa B NPAMOi U BOKOBOW NPOEKLMAX.
Fig. 8. Medical simulator radiographs of the left foot and ankle joint in straight and lateral projections.

cycTaBa y nauueHToB. Ha nonyyeHHbIX LUMdPOBbIX peHTre-
HOBCKMX CHUMKaX OMpefenstoTCs KOCTHbIE U MATKOTKaHHble
CTPYKTYpbI CTOMbI U FOSIEHOCTOMHOIO CycTaBa, COOTBETCTBY-
loLume HOpManbHOM aHaToMuM YenoBeka. KoHTypbl KocTeii
MeAULMHCKOr0 CUMYNIATOpa PoBHble, Y€TKMe. CycTaBHble No-
BEPXHOCTW KOHIPY3HTHbI, PEHTTEHOBCKME CYCTaBHbIE LU
NpOCNEXMBAIOTCA.

OAHaKO PeHTreHoNorMyeckas KapTuHa MeauLMHCKOro
CUMYNATOPA BCE JKe OT/IMYAETCA OT CTaHAAPTHbIX CHUMKOB
CTOMbl M TOIEHOCTOMHOr0 cycTaBa. KocTu MeauLMHCKOro
CMMYNIATOPA OJHOPOAHbI, BbICOKOWM MOTHOCTW, TUMMYHAs
KOCTHas CTPyKTypa He MpOCNeXWBAEeTCs, OTCYTCTBYET AUG-
(epeHuMaLMs Ha KOPTUKaNbHYI0 U rybuaTyio KocTu. Msarkue
TKaHM TpEHaXepa TaKKe OT/INYAIOTCS OT BU3yasM3aLmum Msr-
KMX TKaHel Npu BbINOSHEHUM CTaHLAPTHOM peHTreHorpadum
rONIEHOCTOMHOrO CyCTaBa W CTOMbI: OTCYTCTBYET KaKas-1mbo
avddepeHUMaLms, TKaHW NpeACcTaBNeHbl 0AHOPOAHON CTPYK-
TYPOV C HU3KOW MIOTHOCTBIO. B ToALLE MAMKMX TKaHeW BU3Ya-
JIU3UPYIOTCS HE3HAYUTENbHBIE MO Pa3MepaM CKOMIEeHWs BO3-
[yxa B BUAE Ny3bIpbKOB, KOTOPbIE, BEPOATHO, 06pa3oBanmch
B MPOLIECCe 3aMBKU CUMYNATOPA CWUIIMKOHOM. Pe3ynbTarthl
PEHTreHONIOMMYECKOro UCCNeA0BaHNs CUMYNATOpa B BUAE
PEHTFEHOBCKMX CHUMKOB MpeACTaBNeHbl Ha puc. 8.

Takke HeCMOTPA Ha To, 4To Yy paspaboTaHHOro cumyns-
TOpa TaKTWU/bHOE BOCMPUATAE MMEET OTHOCUTENbHOE CXOf-
CTBO C MATKUMM TKaHSMM YeNOBEKa, U3fienne He Nno3sonseT
WMUTUPOBATb Pa3fINYHbIE MOSIOXKEHWUA NPU PEHTTeHorpadum.

HecMoTps Ha UMeloLLMeCs HeJ0CTaTKN U HEKOTOPOe He-
COOTBETCTBME B PEHTTEHONOTMYECKON KapTUHE CUMYNSATO-
Pa M HACTOALIMX PEHTFEHOBCKUX CHUMKOB CTOMbl, AaHHbIA
TPEHAXEP BCE e MO3BOSMUT MOBBLICUTb KA4YeCTBO 0Oy4eHus
peHTreH-nabopaHToB B nepuop, 1x NpodeccMoHanbHoi nepe-
MOArOTOBKM 3@ CYET OCBOEHUS NPAKTUYECKUX HABbIKOB MPO-
BEJlEHWS PEHTreHorpatuy B pasHbIX NMPOEKLMSAX Ha pasnuy-
HbIX PeX1Max annapara 1 ¢ U3MeHeH1eM ApYrix napamMeTpoB
PEHTIeHOMOMMYECKOro UCCNe0BaHuS.

[lns LeHOBOro CpaBHEHWS pa3paboTaHHOro CUMYNATOPa
C 3apybeHbIMM aHanoramMu NpoBeAEH OPUEHTUPOBOYHBIN
PaCcYET CTOMMOCTM OCHOBHBIX KOMMOHEHTOB W KOMMIEKTYIOLLNX

00I: https://daiorg/10.17816/VT0321307

cumynsTopa. Takum 06pa3oM, OpUEHTUPOBOYHAA CTOMMOCTb
BCEX OCHOBHbIX KOMMOHEHTOB M KOMMEKTYHOLLUMX CUMYNSTO-
poB MoxeT cocTaBuTb 5300 pybneii (B HaweM cy4ae).

CrnepnyeT TaKke 0TMETUTD, YTO OPMa Ans OT/IMBKU MO-
XKeT BbITb MHOTOpa3oBoM M UCMOb30BATLCA NpU NOBTOPHOM
3anuBKe CMIIMKOHOM. COOTBETCTBEHHO, U3roTOB/EHME MOCe-
LYHLLMX CUMYTISTOPOB C YYETOM UMEIOLLIENCA (OPMBbI 1A OT-
nuBku bypet obxoamntbes B 1300 pybnein. [lna cpaBHeHus:
LleHa paHee npeAcTaBieHHoro 3apybexHoro aHanora [13]
coctaenset 5117 espo.

MponsBoacTBo pa3paboTaHHOro cumynsaTopa ABAseTCA
TEXHOJIOTMYECKN NPOCTbIM, MO3TOMY U3rOTOB/IEHMEM AAHHOM
NPOAYKUMM MOTYT 3aHWMaTbCA NpEeLnpuATUSA, Brajetoiue
TexHonoruen 3D-neyatn. B cBA3M ¢ pa3BuUTUEM aaAMTUBHBIX
TexHonorui B Poccuiickon ®enepaumn U Ux BHeOpeHUEM
B MOBCEAHEBHYH AEATENbHOCTb MEAULMHCKUX OpraHM3aLui
NpeasIoXeHHYI0 TEXHONOr0 pa3paboTKu CUMYNATOPOB Liene-
coobpa3sHo UCMob30BaTb HEMOCPEACTBEHHO B MeAMULMHCKUX
yupexpaeHuax. W3rotoenenve uspennui Ha 6ase MeauumH-
CKMX Y4YpexAeHuii NO3BOAMT BOCMPOU3BOAUTL CUMYJIATOPHI
C Y4ETOM 0cOBEHHOCTEN M 3afiay, KOTOpble CTOAT Nepes Me-
OVLMHCKMM NEpPCoHanoMm.

HecoMHeHHbIM NAIOCOM peanu3aumu JaHHON TEXHONOMUM
fiBNsAeTCA Mcnonb3oBaHue focTynHblx FDM 3D-npuHTtepos
HayasbHOro YPOBHS.

B oTeuecTBeHHbIX peanusx NpoOM3BOACTBA W U3roTOBE-
HWA CUMYNATOPOB 0c0Boe MeCTo 3aHMMaeT UMNopTo3aMe-
LLIeHWe WUCXOAHBIX KOMMOHEHTOB M PacXofHbIX MaTepuaros.
B maHHol akcnepuMeHTanbHoi pabote paspaboTaH cumyns-
TOP NOJIHOCTBIO U3 OTEYECTBEHHBIX MaTepUasos.

Takum 06pa3oM, MeaVLMHCKUIA cuMynsaTop Lienecoobpas-
HO WUCMOMb30BaTb AN NPOBEAEHUA Y4EOHO-TPEHUPOBOYHBIX
PEHTreHONOrMYeCKUX UCCe0BaHUiA, TaK KaK OH Mo3BOSISeT
peHTreH-nabopaHTaM oTpabaTtbiBaTh HaBbIKM BbIMOIHEHMS
PEHTTEHOBCKUX CHUMKOB CTOMbI W FOJIEHOCTOMHOMO CYCTaBa,
NpaBuWIbHO NoAbMpaTh NapaMeTpbl UCCNeA0BaHNSA, HAKaMIK-
BaTb OMbIT MO3ULMOHMPOBAHUS NaLMEHTA U PEHTTEHOBCKOM
TPYOKM C LENblo MONYYEHWUS! KAYeCTBEHHbIX MPULLENbHBIX
PEHTrEeHOrpaMM OTLESbHBIX aHATOMUYECKMX CTPYKTYP.
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3AKJIKYEHUE

PaspaboTaH W M3roToBNEH MeAULMHCKUIA CUMYNATOP
ANA 0TpaboTKM HABBLIKOB BbIMONHEHUS PEHTTeHoNornye-
CKUX UCCNEeA0BaHWiA CTOMbI M FONIEHOCTOMHOMO CycTaBa
peHTreH-nabopaHTamu. MonyyeHHoe U3penne uMeeT psag
HenopaboTOK M KOHCTPYKTUBHBLIX HEA0CTAaTKOB, OJHAKO
OT/IMYAETCA HU3KOM CeDeCTOMMOCTBI0 M MOXET NpuMe-
HATbCA B NpoLecce NOArOTOBKM U 00y4eHUs peHTreH-na-
bopaHTOB.
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Bknap, aBTopoB. Bce aBTOpLI NOATBEPAAKOT COOTBETCTBME CBOEMO
aBTOPCTBA MeXAyHapoaHbIM kpuTepuaM ICMJE (Bce aBTOpbI BHEC-
I CYLLLECTBEHHbIN BKNaf B pa3paboTKy KOHLENLMM U NOArOTOBKY
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JleyeHue NauMeHTKU C XPOHUYECKOWU Kaysanruei
nocsie XMPypru4ecKoro yaaneHus HeBpOMbl
BTOPOro MEeXNJIIOCHEBOro NpPoMeXXyTKa

[.A. Bonbluakosa'?, A.A. KapaaHos', M.H. Maiicuros', A.B. Koponés'?

! EBponelickas KNMHMKa CNopTUBHOM TpasMatonorm u optoneamn ECSTO, Mockea, Poccuiickas ®epnepauus;
2 Poccuiickui yHuBepeuTeT apy6bl Hapoaos, Mocksa, Poccuiickas Qeaepauns

AHHOTALMA

O6ocHoBaHue. HeBpoMa MopToHa — pacnpocTpaHEHHas MaTonorus, 3aTparvBaiollas nepeaHuiA oTaen ctonbl. 3TMonaro-
rEeHeTUYeCKW JaHHoe 3aboneBaHWe MOXHO OTHECTU K ¢Mbpo3y HepBa, a He onyxonu. HecMoTpsi Ha MHOXXECTBO BapyaHTOB
NIeYEHNs HEBPOMbI, Haubonee pacnpoCTPaHEHHBIM XMPYPTUYECKUM METOZOM SIBNAETCSA TPaKLUMOHHas HespoTomus. [lo 35%
MaLMEeHTOB, MOJTYYMBLUNX HEBPOTOMMIO, UCTILITHLIBAIOT peLMAMBUpYloLMe 60N, B TPETU CIy4aeB BbISBNSIOT HEBPOMY KY/bTH,
BbI3BaHHYI0 pa3pacTaHueM BOJIOKHUCTOMN PyBLIOBOM TKaHW BOKPYI OCTaBLUMXCA 37IEMEHTOB HepBa. [N NieyeHns peLumansupy-
HOLLMX HEBPOM W OCTATOYHbIX D0MEl YalLlle MCMONb3YHoT KOHCEPBATUBHYIO TaKTUKY, OAHAKO HEKOTOPbIE MaLMEHTbI HYXAAoTCA
B XMPYPrUYecKoM NeyeHun. HecMoTps Ha Bo/bLUIOE KOIMYECTBO JIULL C LaHHOM NaTonorvei, ieveHne Takux NaLMeHToB npes-
CTaB/IAAET CNOXKHYI0 33ia4y A/ Bpayeil TpaBMaTosIoroB-opTone/oB.

OnucaHue KIMHKYECKOro cnyyas. peacTaBnieH yCreLHbIA onbIT KOMBMHALMM KOHCEPBATUBHOTO W ABYX3TAMHOTO XUpYpru-
YECKOro JIeYeHNs NaLMEHTKM C HEBPOMOI Ky/bTW BTOPOTO MeXKNasbLEeBOro NPOMEXYTKa W NepBUYHO HeBpoMon MopToHa.
MepBbIM 3TanoM BbINOMHEHbI TPAHCMO3ULMSA HepBa BTOPOTO MEXMNasbLeBoro NPOMEXKYTKA W pacceyeHne MeXniocHeBoi
CBSI3KM TPETHET0 MEXKMasbLEBOro NPOMEKYTKA. BTOpbIM 3TanoM — ncceyeHne YyBCTBUTENBHOMO NOAOLIBEHHOTO pybua, pe-
3eKUMS MOAOLIBEHHOTO HepBa TPETLEr0 MeXNabLeBoro NpoMexyTka, octeotoMust Weil BTopoii nntoCHEBO KOCTH.
3akntoyenue. MocnenoBatenibHoe MPUMEHEHWE KOMOMHALWMM KOHCEPBATUBHBIX M XMPYPTUYECKUX TEXHWK, afieKBaTHas pe-
BUM3WS NOAOLIBEHHOrO HEpBa, UCCEYEHWe YyBCTBUTENBHOMO pybua No3BONAKT J0OUTLCA YAOBIETBOPUTENBHOTO pe3ynbTaTa
NIeYEHMs, KyNMpoBaHMA 6ONIEBOTO CMHAPOMA, BO3MOXHOCTU HOCUTL HOPMarbHYt0 06YBb.

KnioueBble cnoBa: kaysanrus; HeBpoMa MopToHa; XpOHWMYECKUiA 6OMEBOM CUMHAPOM; MOAOLUBEHHbINA NaNbLEBON HEpB;
HeBpOMa Ky/NbTH HepBa.
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Treatment of a patient with chronic causalgia
after surgical removal of the neuroma in the second
interdigital space

Daria A. Bolshakova'?, Andrey A. Kardanov', Musa N. Maysigov', Andrey V. Korolev'?

! European Clinic of Sports Traumatology and Orthopedics ECSTO, Moscow, Russian Federation;
2 Russian University of Peoples’ Friendship, Moscow, Russian Federation

ABSTRACT

BACKGROUND: Morton's neuroma is a common pathology of the forefoot. Etiopathologically, this disease can be attributed
to nerve fibrosis, not a tumor. We now have various therapeutic options for neuromas, the most frequent of which is traction
neurectomy. Recurrent pain affects up to 35% of patients with traction neurectomy, and one-third have recurrent stump neuroma
produced by the proliferation of fibrous scar tissue around the remaining nerve elements. Conservative treatment methods are
more commonly used to treat recurrent neuromas and residual pain, but surgical therapy is required in some cases. Despite
the relatively high prevalence, the treatment of such patients is a challenging task for orthopedic traumatologists.

CLINICAL CASE DESCRIPTION: We show the effective treatment of a patient with stump neuroma and primary Morton’s
neuroma in two stages. The second interdigital space nerve was transposed, and the deep, transverse metatarsal ligament of
the third interdigital space was dissected in the first stage. The second stage consists of removing the sensitive scar, resecting
the plantar nerve of the third interdigital space, and performing a Weil osteotomy.

CONCLUSION: Consistent use of conservative surgical procedures, appropriate revision of the subcutaneous nerve, and
excision of a sensitive scar allows for a successful therapeutic outcome, pain alleviation, and the ability to wear normal shoes.

Keywords: causalgia; Morton's neuroma; chronic pain syndrome; plantar nerve; neuroma; case report.
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KIHHECKIAN CIY YA

OB0CHOBAHUE

HeBpoma MopToHa — 370 KOMNpeccuoHHas HeBponaTus,
Bbl3BaHHas NepuHeBpasbHbIM hrbpo3om obLLero NofoLLIBEH-
HOro MeXnasnbLEeBOro HepBa, KOTOPbIA BO3HUKAET B pe3yb-
TaTe CKaTWSA M NOCTOSHHOTO pa3fpaeHus HepBa NoJoLLIBEH-
HOM YacTbio NOMEPeYHO MEXMIOCHEBOI CBA3KM, TNaBHBLIM
06pa3oM B TpeTbeM MexnanbLeBoM npoMexyTke [1].

Mo paHHbIM Zanetti ¢ coaBT., pacnpoOCTPAHEHHOCTb He-
BpoMbl MopToHa BapbupyeT oT 30 go 33%. Ctonb BbICOKMIA
MnoKasaTesb B NONyNAUMM aBTOPbl 06BACHAIT 3HAYUTENbHO
4acToToM 6eCCUMMTOMHOrO YTOJLLEHNS HepBa [2-4]. YeHwwm-
Hbl CTpaaloT HeBpoMon MopToHa B 8—18 pas ualle MyxKuuH
[5-8].

KnuHnueckn HeBpoma MopToHa 06bI4HO BbI3bIBaeT 601b
B MepefiHen 4acTu CToMbl, KOTOpas MOXET MppaguupoBaThb
B NasbLibl HOT, @ MHOAA W B ThISIbHYH) CTOPOHY CTOMbI MU faXe
B rosieHb. 31a 6051b 06bIMHO YCUAMBAETCA NMPU HOLUEHWM He-
(u3nonoryHoi 06yBM 1 YacTo 0bnervaeTcs, eciim CHATL 00yBb
1 noMaccupoBaThb D0/e3HEHHYIO NepeaHIo YacTb cTonbl 8, 9].

CyLecTByeT psafg, KOHCEPBATMBHBIX METO/0B JIeYEHMUs Na-
LIMEHTOB C HeBpPOMOM MopToHa: Ucronb3oBaHWe opToneau-
YECKMX CTENeK W NpaBWibHO NoAobpaHHOKi GU3MoI0rUiHOM
00yBM, MHBEKLMM KOPTUKOCTEPOMAOB, MHBEKUMM 3TaHONa,
yAapHO-BOIHOBasA Tepanus, paanoyacToTHas abnaums, Kpuo-
abnaums, MHBEKLMM KancauumHa, HbEKLUM 60TYIMHUYECKO-
ro TOKCMHA, NasepHas Tepanus [10-14].

Xupyprudeckue MeTofbl eYeHWs MPUMEHSAIOTCA KaK ca-
MOCTOSTENbHO, TaK U Npu HeaddEKTUBHOCTV KOHCEPBATUBHOI
Tepanuu. o AaHHBIM IUTEpaTypbl MOXHO BbIAE/UTL pPasHble
noaxofbl K XMpYpru4ecKoi TaKTUKE: 0T Pe3eKLUM UMK TpaK-
LIMOHHON HEBPOTOMMM MOPAXKEHHOrO HepBa A0 YCTPaHEHMs
BroMexaHMYecKoi MPUUUHBI — YMEHbLUEHUS U3DbITOYHON
A/MHbI MIOCHEBOW KOCTM — WM COYeTaHue 3TUX MeTOA0B
[9, 15, 16].

HecMoTps Ha 6onbluoe KONMYECTBO MPenJIoXKEHHbIX
MeTO[I0B JIeYEHUS, 3a4acTyi0 OHW OKasbiBaloTcA besycneLu-
HbIMW. [pK NpoBeLLEHUM CTATUCTMYECKOrO aHanu3a, onucaH-
Horo Thomson ¢ c0aBT., 04HUM U3 CaMbIX YCMELLHbIX MeTo-
[0B 0Ka3aNnCb MHBEKLMM KOPTUKOCTEPOUAOB, NPUBOAALLME
K LLONIrOCPOYHOMY YAO0BNETBOPUTENbHOMY pe3ynbTaty B 50%
cnyyaes [14].

YacToTa HeyaauHbIX onepauymi y NauMeHToB C HEBPOMOI
MopToHa, no HekoTopbiM AaHHbIM, Aocturaet 30%. OcHoB-
HbIMW NpKUYMHaMKM 60U NOCE XMPYPrUYecKoro feYeHms AB-
NAOTCA: HEBEPHO OMPefeNEHHan NepBUYHAs JIOKanM3auus
HEBPOMbI U KaK CNeACTBUE — PEBM3MS HEBEPHOTO MEXNab-
LLeBOr0 NMpOMEXKYTKA, HEMOIHasa Pe3eKLys, CIOXHBIA permo-
HapHbIii 60NeBON CUHAPOM WM peLMaNB HEBPOMBI (HEBPOMa
KynbTu Hepaa) [10].

OMUCAHWUE KJTMHUYECKOIO CTYYAA

Mbi npeacrasnfgeM KJIMHUYECKUIA cnyqaﬁ Kay3anruu ne-
peaHero otaena CTonbl y NauneHTKN C AByMA HeBPOMaMmu

T.30,Ne 3, 2023

DOl https://doiorg/1017816/VT10528219

BecTHwK TpaBMaTonoriv 1 opToneami uM. HH. Mproposa

1 BJIMTENbHBIM aHaMHEe30M Be3ycrneLHoro KOHCEPBATUBHOMO
W XMPYPrUYECKOro JIeYeHMsI.

MaumenTka C. obpatmnack Kk HaMm B KmHKKy B 2018 rogy
C xanobamu Ha Xrydyw, cTpensiowyl 601b Bo BTOpOM
U TPETbEM MEXMaibLieBbIX MPOMEXYTKax NpaBoi CToMbl No-
CNle XMpYPruYeckoro fIeYeHusi, NPoBeAEHHOIO0 B CTOPOHHEV
KmHuKe. Co CNoB NauUMEHTKM M NO AaHHBIM MeLULMHCKOI
[OKyMeHTaLuu, 6o/b BO BTOPOM MeXNanbLEeBOM NPOMEXYT-
Ke ManudectvpoBana B 2018 rogy Ha ¢oHe MOBbILIEHHBIX
Harpy3oK Ha HOTM W HoWeHMs y3Koi obyeu. Mo JaHHBIM
YnbTpasByKoBoro uccneposanus (Y3W) BoisiBneHbl HeBpoMa
MopToHa 1 HeBpoMa Xay3epa. B asrycte 2018 roga B cto-
POHHEN KITMHUKE NaUMEHTKE Oblu BbINOHEHBI TPAKLMOHHAS
HEBP3KTOMMS BO BTOPOM MEXMaslbLieBOM MPOMEXYTKE, pac-
CEYEHME MEXMIIOCHEBOW CBA3KM B TPETHEM MEXNasbLIEBOM
MPOMEKYTKE C BbIPaXKEHHbIM OTpULATENLHBIM 3PHEKTOM
B paHHEM NOC/1e0nepaLmoHHOM Nepuoje: cTpensioLme bom
B MPOEKLMM XMPYPru4eckoro BMELLATeNIbCTBA, OHEMEHUE
BTOPOro MabLa, YyBCTBO MepeKaTbiBaHUA LIApUKA MOA KO-
eN B 30He HeBpoMbl. OnepupoBaBLUMM XMPYPrOM U HaMu
Bbina peKoMeHA0BaHa BbiXMUAATEIbHAsA TaKTUKa.

B 2020 roay naumeHTKe 6bino BbinosHeHo Y3W, Ha Ko-
TOPOM BbISIBNEHbI PYOLOBLIE U3MEHEHWUS! BO BTOPOM MEX-
NanbLEeBOM MPOMEXYTKE, HEBPUHOMA KY/bTW HepBa, He-
BpoMa MopToHa B TpeTbeM MeXNasbLEBOM MPOMEXYTKE.
MaumeHTKa npoxoauna KoHcepBaTUBHOE NeyeHue: brokaabl
C M’MAPOKOPTU3OHOM C BPEMEHHBIM MONOKMUTENbHBIM 3t deK-
ToM (He bonee Hepenw). YuuTtbiBas XpoOHUYECKUt BoneBoiA
CUHPOM, BPa4OM-HEBPOJIOrOM Bbinia Ha3HayeHa CUCTEMHas
Tepanua rabaneHTMHOM — 6e3 NonoXxuTeNbHOro agdeKTa.
Ha uccnepoBaHumM MeTogoM MarHUTHO-Pe30HAHCHOW TOMO-
rpadguu (MPT) B cenTsabpe 2020 roaa (puc. 1a) BbisBREHb
[Ba TMMNOUHTEHCMBHBLIX 00pa30BaHMs BO BTOPOM W TPETbEM
MeXnasbLeBbIX NpoMexyTkax. B pexkabpe 2020 ropa na-
LMEHTKe BbIMNOSHEHA PafMO4YacToOTHas TepPMOAECTPYKLMS
MOCTXMPYPrUYECKO KynbTU HEPBA M KOXHOIO HepBa NpaBou
CTOMbl BO BTOPOM MEXNasnbLEBOM MPOMEXYTKE C BPEMEH-
HbIM (He Gonee ABYX Hefenb) NONOKMTENbHBIM 3D(EKTOM.
[ins yTouHeHWs AMarHosa v onpejeneHus TaKTUKW fanbHel-
LLIEro SIeYeHWA NaUMEHTKA NOBTOPHO BbinoaHWMa Y3W npasoii
cTOMbl (MeAMLMHCKAA LOKYMEHTaLMs npefocTaBneHa). boinu
BbiSiBNIeHbl Y3-NpU3HaKKM TMN03X0reHHoro obpasoBaHus
B TPETbEM MEXMIIOCHEBOM NPOMEKYTKE, MPU3HAKKU NOCTO-
MepaLMOHHbIX U3MEHEHWA BO BTOPOM MEXMIIOCHEBOM Mpo-
MEXYTKE, NPU3HAKOB acUMMETPUM CTPOEHUA MOAOLIBEHHbIX
HEPBOB MeX[y NpaBOoW U NEBOW HUKHWUMM KOHEYHOCTAMM
He 0bHapyeHo.

B mapte 2021 rofa nauueHTKe b0 BbINOMHEHO BBEE-
He B NOPaXKEHHbIE MEXKJTIOCHEBbIE MPOMEXYTKM Npenapata
KceoMuH 50 e, ¢ YMepeHHbIM NOSIOXMUTESNbHBIM 3D GEKTOM.
B nekabpe 2021 roga maumeHTKe OCyLIecTBfiEHa pafmnoya-
CTOTHas pU30TOMMS Ky/bTU HEPBA W KOXHOIO HepBa NpaBoid
CTOMbl BO BTOPOM M TPETbEM MEXMAIbLEBbIX MPOMEKYTKAX
6e3 nonoxutencHoro adgdekTa. B KayecTBe KoHcepBaTUB-
HOW Tepanuu An1s obnerdeHns bonei naumeHTKa NpMHUMana
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Puc. 1. 3tanHble MarHUTHo-pe3oHaHcHble ToMorpadun MPT naumeHTkm C.: @ — cenTabpb 2020 r.: ABa rMNOMHTEHCUBHBIX 06pa3oBaHmMs
BO BTOPOM M TPETbEM MEKMaNbLIEBbIX NMPOMEXYTKax; b — ceHTabpb 2021 r.: ABa rMNOMHTEHCMBHBIX 00Pa30BaHMs BO BTOPOM U TPETbEM
MeXnanbLeBbix NpoMexyTKax. Mpu cpaBHerun ¢ MPT ot 2020 roga — yBeNMYeHWe UHTEHCMBHOCTM CUrHana (yMeHbLUeHWe MA0THOCTU
¢ubpo3sa).

Fig. 1. Staged magnetic resonance imaging MRI of patient S.: @ — september 2020: two hypointensive lesion in the second and third
interdigital spaces; b — september 2021: two hypointensive lesion in the second and third interdigital spaces. When compared with MRI
from 2020, an increase in signal intensity (decrease fibrosis density).

nmpuky (nperabanut) 150 Mr ¢ yMepeHHbIM NONOXKUTENBHBIM
3¢ dektoM. Ha MPT-uccnegosaHum (puc. 1b) oTMeyeHa cna-
bononoxuTtenbHas OWHaMUKa — YMEHbLUEHWE MIOTHOCTH
pybLOBOI TKaHM BO BTOPOM MEXMaNbLEBOM NPOMEXYTKE.

B anpene 2022 roga naumeHTKa NOBTOPHO Obina mpo-
KOHCY/IbTUpPOBaHa BPayoM TpaBMaToJIorOM-0pTONesoM Ha-
Wen KIMHUKW. 3aniaHMpoBaHO XMPYPrUYecKoe JieYeHue,
ANS KynUpoBaHusa 6oneBoro CMHAPOMA BbINOIHEHO BBEAEHME
npenapata KeHanor (tpuamumnHonoH) 40 mr (1 mn) Bo BTOpOIA
W TPETUIA MeXKNanbLeBble MPOMEXYTKN C YMEpPeHHbIM MoJio-
XutenbHbIM addekToM. B Mae 2022 roga naumeHTKe 6binio
BbIMOJIHEHO XMPYPrU4ecKoe BMELLATeNbCTBO B CNEAYHLLEM
06BbEME: peBU3NS BTOPOrO M TPETLETO NOJOLIBEHHBIX HEPBOB
npaBoii CTOMbI, penu3, TPAHCMO3WULMsA BTOPOro HepBa U Uc-
ceyeHue pybLoBom TkaHu. Onepaums BbINOAHANACh U3 NOLO-
LUBEHHOr0 A0CTYNa B NONOXeHWUM 6ONBHOM NEXA Ha XKUBOTE.

B xone pesu3anm bbinn 0bHapyeHbl BTOPOA NMOAOLIBEHHBIN
HEpB C MpU3HaKaMu OTpbIBa, BbIpaXKeHHbIN pybLoBO-Cna-
eYHbI npouecc. JucTanbHblA KOHeL KynbTW pe3eLupoBaH,
chopMMpOBaH U 3an0KeH B TOMLLY MOMEPEYHON OJIOBKY
M. adductor hallucis, ¢uKcupoBaH paccacbiBaloLLENCA HUTLIO
PDS 5/0 (puc. 2). Mo KenaHuio MauMeHTKW HeBpoMa B 00-
NacTv TPETbEr0 MeXMasbLEeBoro NpoMexyTKa He Obina yaa-
neHa, 0iHaKo bbinu NponsBeseHbl pennu3 Hepea, pacceyeHme
cnaek. B paHHeM nocneonepauMoHHOM nepuofe NauueHT-
Ka bbina ynosneTBOpeHa NpoBeEHHBIM JleYeHUeM, 0fHaKO
Bosb B TPeTbEM MeXNanbLEeBOM MPOMEKYTKE COXPaHUNACh.
[ns ynyywenuns peabunuraumm u yuntbiBas HeobxoaMMOCTb
MaUMEHTKM BbIATM Ha paboTy Obina BbINOMHEHA WHBLEKLUMA
NMAOKanHa Ha 14-e CYTKM C MOMEHTa onepauun B TpeTuii
MEXNabLieBbIA MPOMEXYTOK C YMEPEHHBIM NONOKUTENBHBIM
addekToM. locneonepaumoHHas paHa 3aXuna NepeBUYHbIM

Puc. 2. MNepBblii 3Tan XMpypruiecKoro IeYeHus:: @ — 3Tan PeBU3nUM BTOPOro NOSOLLIBEHHOMO HepBa: OTPbIB KyNbTH, BbIpaXeHHbIN CraeyHbIM
npouecc; b — KynbT HepBa NOC/e NOBTOPHOI pe3eKumu, 0CTPO ChOPMUPOBaH KOHELL HEpBa, B TOJILLY HEPBHOTO CTBOMA BBEAEH 2% pac-
TBOP JMAOKaWHa; ¢ — cOPMUPOBaAHHAA KyNbTS HEPBA 3aoXeHa B TONLLY nonepeyHoii ronosku M. adductor hallucis, 3adukcupoBata
paccacbliBatoLencs HuTbio PDS 5/0.

Fig. 2. The first stage of surgical treatment: @ — revision of the second plantar nerve: separation of the stump, pronounced adhesive

process; b — nerve stump after resection, the end of the nerve is acutely formed, a 2% lidocaine solution is injected into of the nerve
trunk; ¢ — the formed nerve stump is integrated in the transverse head of M. adductor hallucis, fixed by the absorbable thread PDS 5/0.
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Puc. 3. Bropoii 3tan xupypruyeckoro neYeHus: @ — BHELUHWIA BUA NOCNeonepaumoHHoro pybua, runeptpodupoBaHHbIe y4acTKu co-
€VHUTENBbHONM TKaHW; b — Manblit NOAOLIBEHHBIA JOCTYN ANS PEBU3MK TONBKO runepTpodmpoBaHHoro pybua; ¢ — ThibHbIA JOCTYN,
CTpenKoii NoKasaHa HeBpoMa MopToHa; d — BHeLWHWA BWA, NoJoLLIBEHHOro pybua yepe3 3 Mecsua nocne onepauum; e — Mosy4eHHbIA
HaMM pe3eLMpoBaHHBI Y4aCTOK TPETLEr0 MeXNabLeBOro HepBa, HanpaBeHHbI Ha TMCTONOMMYECKoe UCCie0BaHMe.

Fig. 3. The second stage of surgical treatment: a — the appearance of the postoperative scar, hypertrophied areas of connective tissue;
b — small plantar approach for revision the hypertrophied scar; ¢ — dorsal approach, the arrow shows Morton’s neuroma; d — the
appearance of the plantar scar 3 months after surgery; e — the resected section of the third interdigital nerve obtained by us, directed

at histological examination.

HaTsxeHueM 6e3 ocobeHHocTelr. Yepes aBa Mecsiua nocne
onepauuu nauueHTKa obpaTunach B CTOPOHHIO opTone-
JVYECKYI0 KNIMHUKY 33 pybexoM, rae en 6bino BbINMONHEHO
BBEJEHWE TIIOKOKOPTUKOCTEPOMAOB (MEeAMLMHCKAsA [OKY-
MeHTaUMs He NpefoCTaBneHa) C KPaTKOBPEMEHHBIM Yayy-
LUEHMEM, a 3aTeM PE3KMM YXYALIEHWEM Yepe3 [ABe Hefenu.
bbina BbinoniHeHa MPT, 0bHapy»eHbl Npu3HaKKM aereHepaummn
MOJKOXHO-KMPOBOI KIETYaTKW B 0611acTV NOLOLIBLI B 30HE
roJI0BOK BTOPOW W TPETbeW MCHEBLIX KocTel. [Mpu xoabbe
MaUMeHTKa Hayana 0TMeYaTb, YTO «X0AMT byATO Ha KOCTAX».
[ng oUeHKU M3MEHEHWN B OUHAMMKE NaUMEHTKA MOBTOPHO
BbinosHMNa MPT. poKoHCyNnbTUpOBaHa B Hallei KIWMHMKE,
PEKOMEHA0BAHO XMPYPrUYECKOe JeyeHue B CrefyloLieM
00BbEME: McceYeHne NocneonepaLMoHHoro pybua, yaaneHve
HeBpoMbl MopToHa, penu3 TpeTbero NOAOLBEHHOrO0 HEpBa,
octeotomuss Weil TpeTbeii nnoCHeBOW KOCTU NPaBOiA CTOMBI.
B sanBape 2023 roaa Obino BLINOSHEHO XMPYprudecKkoe ne-
yeHue (puc. 3). PaHHMIN nocneonepaLMoHHbIN Nepuos npo-
TeKkan 6e3 ocnoxHeHui, 6onb NOSHOCTLIO perpeccupoBana.

00l https://doiorg/1017816/VT0528219

Mepvop peabunuraumu B nocneonepauuoHHomn obysu bapyka
COCTaBUN 6 Hefenb, flanee NauMeHTKa CMOra XOAUTb B C00-
CTBEHHOW 00yBW. KNMHUYECKWiA pe3ynbTaT OLEHEH yepes 3
U 6 MecsiLeB Mocne onepauym: NocneonepaLmMoHHbIN pybel,
cocTosTeNbHbIM, 6€3 npusHakos runepTpoduu. OgHako co-
XpaHWIKCb 0cTaTouHble oM B 061acTH roloBoK NilCHEBbIX
KocTel npu Harpyske (no 3 6annoB no BKU3yasnbHO-aHanoro-
BoM WwKane BALL). InHamuka Gonesoro cuuapomMa no BALL
npeLcTaBNieHa Ha puc. 4.

OBCYXEHUE

HeynoeneTBopuTeNbHble pesynbTaThl KaK KOHCEpBATMB-
HOr0, TaK W XMPYPru4ecKoro IEYEHNs NaLMEHTOB C MeXnasb-
LIeBOW HEBPOMOI BCTPEYAIOTCA OTHOCUTENBHO YacTo.

Colo € coaBT. yKa3bIBaKOT, YTO MONOMKMUTESIbHbIE Pe3ysib-
TaTbl JIeYeHNs MAMKOM 00YBbIO M CTeNIbKaMu MOryT Habnto-
[aTbCA Y NaLumMeHToB ¢ HeBpoMamm o 5—6 MM [11]. Lnpokoe
pacnpocTpaHeHWe UMEHHO 3TOr0 KOHCEpPBAaTUBHOMO MeToAa
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Puc. 4. Tpadmk auHaMuku 60K, CyObeKTUBHO OLLEHEHHOI NALMEHTKOM Mo BU3yanbHO-aHanoroBom Lkane BALL, ¢ MoMeHTa aebtoTa 3a-
boneBaHuA A0 LWECTM MECALEB NOCSe (MHANBHOIO 3Tana XMpYPruvecKoro feYeHus.

Fig. 4. The graph of the pain assessed by the patient on a visual analog scale VAS, from the debut moment of the disease to six months

after the final stage of surgical treatment.

Mbl 06BACHSAEM TeM, 4TO OH eAMHCTBEHHBIN abcomioTHO bes-
onaceH.

HecMoTps Ha To, 4To B 3apybexHoW nuTepaType Bce
WHBEKLMOHHbIE MeTOfbl TPAAMLUMOHHO OTHOCAT K rpynne
«non-surgical» (Hexupypruyeckue), HOMBbLUMHCTBO M3 HUX
AO0CTaTOMHO MHBA3WBHbI U MOTYT NMPUBOAUTbL K CEPbE3HBIM
noboyHbIM 3ddexTaM. ATpodus NOAKOKHO-KMUPOBOW KieT-
YaTKW W NOLOLIBEHHON XWPOBOM MOAYLIEYKM, U3MEHEHME
LiBETa KOXW U pa3pyLLeHue CycTaBHOI Kancynbl, Npunerat-
LLel K MeCTy MHBbEKLMM, YTO BbI3bIBaeT AedopMaLyio nanb-
La CTonbl, ABMAKTCA HEKOTOPbIMU U3 3apErUCcTPMPOBAHHbIX
noboyHbIX 3QHEKTOB MHBEKUMIA KopTuKocTepouaos [17,
18]. B paHaOMM3MpOBaHHOM MCCeL0BaHUM, OMyONIMKOBaH-
HoM B 2017 ropy, He 6bINO BbISBNEHO CTATUCTUYECKM 3Ha-
YUMo pasHULbI MEX[Y MHBEKLMSIMUA MECTHOT0 aHecTeTUKa
W €ro e B CoYeTaHuu C KopTukocTeponaamm [19].

NHbekumsa cnnpta Obina Bnepsble npeanoxeHa Dockery
B 1999 rogy ans AOCTUXKEHWS XMMUYECKOro HeBpoaM3a no-
paxéHHoro Hepea [20]. B nuTepatype onucaHbl NpoTMBOpe-
uMBbIE pe3ynbTaThl MPUMEHEHUs AaHHOMO MeToda: oT 72,3 %
MOMNOXUTENbHBIX pe3ynbTatoB Ao 71% oTpuuatenbHbix [21,
22]. TaKoi pa3bpoc faHHbIX MOXHO 0OBACHUTL pasHbIMU Ne-
puofaMu HabnoaeHus.

WccnepoBanua ¢ 6OTYNIOTOKCMHOM M KancauumHOM npo-
BOAMIUCH B TEYEHME 04EHb KOPOTKOrO Nepuoja Habnoaexus
(3 1 1 MecsL, COOTBETCTBEHHO), NONOXKMTENbHbIE Pe3yNbTaThl
MHBEKLMIA C KancamumHOM cocTaBunm 46,3%, 6oTynoTokeu-
Hom — 70,6 % [5, 23].

B uccnepoBanum Chuter ¢ coast. 85% uccnenyembix oLe-
HWIK CBOW pe3ynibTaT pafMoyacToTHOM abnsiumm Kak yaoB-
NeTBOPUTENbHBIN Yepe3 6 MecsueB nocne neuyenus, 10%
YOANUIM HEBPOMY XMPYPrUYECKUM NyTEM [24].

DOl https://doiorg/1017816/VT10528219

HecMoTps Ha obnerdeHne KIIMHUYECKMX CUMNTOMOB, He-
YCMELHOCTb KOHCEPBATMBHOIO JIeYEHMS, N0 MHeHUto Mann
C COaBT., B [O/IOCPOYHON MEPCNEKTUBE COCTaBASIET OKOJIO
70-80% [71.

Ony6nvKkoBaHHble  pesynbTaTbl  YA0BNETBOPEHHO-
CTU XMPYPrUYECKUM JIeYEHWEM pa3HATCA M COCTABNANT
ot 50 po 85% [25-27].

OnucaHo MHOXECTBO Pa3fIMYHBIX XUPYPIUYECKUX METOAMK
YLaneHus HeBPOMbI, U3 HUX BELYLLMMU ABNAKTCA Pe3eKumus
MOPAaEHHOW YacTW HepBa, TPaKLUMOHHAA HEBPOTOMMSA, pac-
ceyeHne MeXnlcHeBoi casasku [17, 28].

YacroTa peunanBoB nocne NepBUYHOMO YAANEHUS MEX-
nanbLeBoi HeBpoMbl cocTaBnseT oT 14 o 21%. Mo gaHHbIM
Adnan c coaBr., peuranB CMMNTOMOB NOC/E MEXMNalbLEBOV
HEBP3KTOMMM 00YCNOBNEH HENPaBUbHBIM AMArHO30M, [py-
TUM MeXMNanbLeBbIM NPOMEXYTKOM, HEpa3fenéHHoNi no-
NepeyHoi MEXNIIOCHEBON CBA3KON, CIIMILKOM AMUCTaNbHbIM
nepeceyeHneM 06LLEro NOAOLIBEHHOMO NaNbLEBOr0 HepBa
1 HENOJIHbIM YAaNIeHNEM NEPBUYHON HEBPOMBI [29].

W3yyas ructonornyeckue npeanocbiikM K 06pasoBaHmio
HEBPOMBbI KyNbTU HEPBA, PSA aBTOPOB 3aKJIHOUMIIK, YTO NOCne
MOBPEXEHNS HEPBA WM €r0 pPe3eKUMM HeopraHU3oBaHHOE
npopacTaH1e aKCOHOB MOXET NPUBECTYU K 6one3HeHHOMy 06-
Pa30BaHUK0 HEBPOMBI KY/bTW U3-3a HapyLLEHWUA LENOCTHOCTH
1 NOBPEXEHWA B NepudepuyecKoit HepBHOM TKanm [1, 28].
lvcTonaTonornyeckue M3MeHeHUst B HepBe MOTYT MPOSABNATL-
c ¢mbpo3oM BHYTPU HepBa M BOKPYr HEro, COMpOBOKAal0-
LLIMMCSA Pa3pyLUEHNEM aKCOHOB U Nponndepaumen LWBaHHOB-
CKMX KIEeTOK W ¢mbpobnactos [17].

Mpu peBusum peumavempytolmx HeepoM Frush c coaBr.
BbisBUIM, 4TO 19% ABNAKTCA NEPBUYHBIMUA HEBPOMAMM,
22% — KynbTeBbIMM HeBpoMamy, 44% — KoMOUHaumell
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ABYX BMAOB HeBpoM M 15% — natonoruei, He CBSI3aHHOIA
C HeBpoMamum [25].

KoHcepBaTvBHOE neyeHWe PeLMOMBUPYIOLLMX HEBPOM
BO3MOXHO M oThenbHo obcywpaetca ¢ nauueHToM. Wc-
nonb3yloT MoaudUKaLmMM 06yBM, cneuuanbHble BKITAAbILM,
WHBEKUUM NIMAOKaMHA, B TOM YuC/e [ JOMNOSTHUTENIbHOM
anddepeHUManbHOM aMarHocTukm [27].

Xupypruyeckoe feyeHue BKIHYAET [EKOMMPECCUIO,
TbIIbHYK) PEBU3NI0 U PE3EKLMIO, NOAOLLIBEHHYH PEBU3MIO
W PeseKLMo, TPAHCMO3ULMI0 HEePBa B MEXMbILLEYHOe npo-
CTPAHCTBO WM BPIOLLIKO MBbILLLIBI, MCMOIb30BaHWE 3aLLUTHO
TKaHeBOW MaTpuLbl HEPBHOW TKaHM Ha Heps [1, 25, 27].

lpUMeHeHWe CTaHOApTHBIX HEXWpYprudeckux (rabameH-
TWH, NperabanuH) U xupyprudeckux (pagmoyactotHas abns-
LMs1) METO/L0B JIeYEHMS! B PaCCMaTpPMBAEMOM CyYae He Aano
CTOWKOro NONOXMTENbHOrO pesynbTata. 0fHaKo BpeMeHHbIN
MONOXUTENbHBIN 3QHEKT Habnaanca Npu UCNoNbL30BaHUMU
pernoHapHbIx 60Kaf ¢ NpMMeHeHWeM mpenapata KeHanor
1 pacTBOpOB SMAOKaNHA. HeBPUHOMBI KybTH — 3T0 YacToe
SIBNEHNe, BO3HMKAlOLLEe MOCNe NOBPEXAEHUS WNW pacce-
yeHus HepBa. [py HEYCMELLHOM NIEYEHUU C MOMOLLBI0 KOH-
CepBaTMBHbLIX METOZ0B CTOMT 00paTUTLCS K XUPYPruyecKoil
PEBU3UM HEBPUHOMBI KYbTH.

Mo HaweMy MHEHW0, UCMO/b30BaHWE MOAOLIBEHHOO
L0CTYNa npy PeBU3MOHHBLIX OMepaumsax ABNAETCS METOAOM
Bbibopa, obecrneunBaloWwmUM NyudLLyl0 BM3yanu3aLmio, BO3-
MOXHOCTb a[IeKBaTHOM PEBU3UW BCEX CTPYKTYP, OKPYKalo-
LUMX NOLOLIBEHHBIN HepB. 04HaK0 MUHYChI €ro NPUMEHEHMS
MpyW NepBUYHOM onepaumm — bonee TAHKENaa peabunutaums,
PUCK paHeBbIX OCNOXHEHWUA U YyBCTBUTENBLHOCTW pybua —
OrpaHUYMBAlOT MCMOJb30BaHWE [aHHOW TaKTUKM U TpebytoT
L0MNONTHUTENBHOMO 06CyXaeHns ¢ nauveHToM [1, 10].

3AKJIKYEHUE

HecMoTps Ha KaxyLLylocs NpOCTOTY AMArHOCTUKM U fe-
YeHMs MALMEHTOB C MEXNanbLieBOi HEBPOMOW, OTCYTCTBUE
e[MHOr0 AMArHOCTUYECKOro anroputMa, cnabas noarotos-
NIEHHOCTb BPayeit NepBUYHOr0 NPOGUNS NPUBOAST K 60nb-
LLIOMY KONIMYECTBY OCTIOKHEHUIA 1 HENPaBUIbHOMY NEYEHHIO,
BbICOKOM YacToTe peLmamBa HeBponaTtuieckux bonei. Ha ce-
FOLHALHUIA AeHb OTCYTCTBYET eAMHBIA MOAXOS, K NeYEHUI0
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peunamBMpyloLLend Kay3anaruu nepegHero otgena Cronbl.
06unme KoHCepBATMBHBIX U XMPYPrUYECKUX TEXHUK NPUBOAST
K HenocnefoBaTeflbHOMy JIe4eHUIo, HeYyLoBNETBOPUTENbHO-
My pesynbTaty. HefoctaTouHoe NOHUMaHWe 3TMonaToreHesa
HEBPOMbI Ky/bTW HepBa MOpoXAaeT GoMbLU0e KONMYECTBO
MPOMEXYTOUHbIX 3TanoB JIEYEHMS, KOTOPbIE HE Aal0T pe3ynb-
TaTa, @ 3a4acTyl NUWb YcyrybnsawT noBpexaeHue Hepea,
MCKUXONIOrMYecKoe COCTOsHWE MmaumeHTa. [locnepoBartenbHoe
NPUMEHEHME KaK MHBEKLMOHHBIX METOAMK, TaK U XMPYPruu,
afieKBaTHasn peBun3us W TPAHCMO3ULMSA NOLOLLIBEHHOMO HEPBA,
“cceyeHWe YyBCTBUTENBHOrO pybua mo3BonslT A0buTbCSA
YL,0BNETBOPUTENILHOMO pe3yNbTata JIeueHus!, KynupoBaHus
BoneBoro cMHApoMa, AaloT BO3MOXHOCTb HOCUTb HOpMaJib-
Hyto 06yBb.

AO0MNOJIHUTE/IbHO

Brnap aBTopoB. Bce aBTopbl NoATBEpIKAAIOT COOTBETCTBME CBOETO
aBTOPCTBA MeXOyHapoaHbIM kputepmam ICMJE (ce aBTopbl BHEC/N
CYLLLECTBEHHBIM BK/aZ B pa3paboTKy KOHLENLWKW, NpoBefeHe mc-
CNeaoBaHUs U NOArOTOBKY CTaTby, MPOYNM U 0400punv GuHanbHyto
BepCUIo nepep nybnmnKaumen).

UcTounuk dmHaHcupoBaHus. He ykasaH.

KoHbnuKT uHTepecoB. ABTOpLI AEKNApVPYIOT OTCYTCTBUE SABHBIX
1 MOTEHLMANBHBIX KOH(QIMKTOB MHTEPECOB, CBA3aHHbLIX C NybvKa-
LMeN HaCTOoSLLIEN CTaTbM.

WHdopMupoBaHHoe cornacue Ha ny6aukaumio. MauneHTka aana
CBOE MWCbMEHHOE COrflacve Ha NybnMKaumio eé MeQULIMHCKUX AaH-
HbIX 1 QoTOrpaduit.
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KnuHuko-naroreHeTM4yeckoe 3Ha4yeHue
MUKpoOCOCYyAUCTOro KOMIMOHEHTa KOCTHOM TKaHU

A.A. AradoHoBa, A.W. Kpynatkux, A.1. [lopoxuH

HMWLL tpaBmartonoruv 1 optoneaum uM. H.H. Mpuopoea, Mockea, Poccuitckas Pepepaums

AHHOTALIUA

KpOBOOﬁpaLIJ,EHME U MUKpPOLUPKYNnALunA KOCTHOWM TKaHW ABNSOTCS HEOTLEMJIEMBIMUA KOMIMOHEHTaMU noaaepxaHua eé 006-
MEHHbIX U penapaTtuBHbIX NMPoLeccoB. [a3006MeH, TPaHCNOPT NUTaTesIbHbIX BELLLECTB U BbiBeAEHWE NPOAYKTOB meTabonusma
HEBO3MOXHbI be3 y4acTtmna KOCTHOM MMKpOLIMpI{YJ'IFITOPHO-TKaHEBOﬁ cuctemsl. [ins pereHepauun KOCTHOM TKaHu XapaKTepHa
CMapeHHOCTb aHrMoreHesa U octeoreHesa, 4Yto nNo3BoJiIAeT NPUMEHATb NOKasaTesIn MUKPOLUUPKYNALMK B Ka4ecTBe O0N0JIHU-
TeJIbHbIX KpuTepueB COCTOAHUA penapaTUBHbIX NPoLeccos. B KnnHuKe Hambonee LI,EJ'IEC006[J83H0 MUCMnoJsib3oBaHMe HeUHBaA-
3UBHbIX METOA0B AMAarHOCTUKU COCTOAHUA nepmd)epw-lecr(oro KpOBOOﬁpaLIJ,EHVIFI M MUKPOLUUPKYNALUK, KOTOPbIE NMO3BONAKOT
OLEeHUTb ANHAaMUKY COCyaucToro d)aKTopa MpX NaTosiorMnM KoCctu, B TOM 4ncne nocne nepesioMos.
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Clinical and pathogenetic significance
of the microvascular component of bone tissue
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ABSTRACT

Bone tissue’s blood circulation and microcirculation are critical to its metabolic and reparative processes. Without the
participation of the bone microcirculatory tissue system, it is difficult to exchange oxygen and carbon dioxide, transport of
nutrients, and excrete metabolic products. The regeneration of bone tissue is characterized by the pairing of angiogenesis and
osteogenesis, which allows the use of microcirculation indicators as additional criteria for the state of reparative processes.
Non-invasive approaches for detecting the state of peripheral circulation and microcirculation, which would enable assessing
the dynamics of the vascular factor in bone pathology, including after fractures, are most practical in the clinic.
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0B30PHI

BBEJEHUE

KpoBoobpallieHne M MUKpOLMPKYNALMA KOCTHOM TKa-
HW SBNSKOTCA BaXKHbIMA KOMMOHEHTaMU MOALEepHaHUs
M aKTMBaLMU €€ 0OMEHHbIX M pereHepaTMBHbIX MPOLIECCOB.
[a3000MeH, TPaHCMOPT MUTaTeNbHBIX BELLECTB M BbiBee-
HWe NpOAYKTOB MeTabonMsMa HeBO3MOXHbI De3 ydyacTus
KOCTHOM MUKPOLIMPKYNATOPHO-TKAHEBOW cUCTeMbl. CuHTE3
KonnareHa M 3kcnpeccusi GaKTopoB pocTa WMHULMMpYIOT
(epMeHTbI TMAPOKCUNAasy U LMKN0OKCUreHasy, paboTy KoTo-
pbix obecrieunBaeT HenmpepbiBHOE MOCTYMNIEHUE KUCIOpOAa
U3 MUKpoumpKkynaTopHoro pycna [1, 2]. 3HpoTenmanbHble
KIETKU COCYAMCTON CTEHKM QYHKLMOHANBHO B3aMMOCBSA3aHbI
C KJETKaMM KOCTHOW TKaHW: KIIETKW KOCTHOW TKaHW CeKpe-
TUPYIOT aHTMOreHHble aKTopbl, TOrAA KaK 3HA0TeNUaNbHbIe
KNeTKN NPOAYLMPYIOT aHTMOKPUHHbIE QaKTOpbI, perynupyto-
Wwme Metabonmueckne npouecchl B KocTv [2]. KocTHbIM Mo3r
TaKkKe 061aaeT pasBUTbIM MUKPOLIMPKYNSTOPHBIM PYCIIOM,
obecrneuunBaloLLUM KU3HeLeATENbHOCTb CTBOJIOBLIX KIIETOK
W KNeToK-npepLecTBeHHMKoB [1, 3].

MET0/A0/10rMs NOUCKA UCTOYHMUKOB

Astopamu Bbin npoBefEH 0BLIMPHBLIA MOMCK W aHanu3
Hay4HbIX 0TEYECTBEHHbIX M 3apyOeXHbIX CTaTel ¢ UCMosb-
30BaHMeM TaKkux 6a3 AaHHbIX, kak PubMed, Web of Science,
Scopus, Google Scholar u eLibrary.Ru. [JaHHbiit 0630p nu-
TepaTypbl OTPAXaeT COBPEMEHHbIE NOAX0AbI B AMArHOCTUKE
COCTOSAHMA Nepudepuyeckoro KpoBooOPaLLeHNs U MUKpO-
LMPKYNAILMM KOCTHOMW TKaHW, @ TaKXKe ero KIMHUKO-natore-
HETUYECKOe 3HaueHue B MPOLLECCax pereHepaLmu KocTu.

OBCYXOEHWUE

MUKpOLMPKYNALUA KOCTHOW TKaHU

MuTalowme apTepuM U BbICOKOBACKYNIAPM3MPOBaHHaA
HaJKOCTHWLA SIBNAKOTCA OCHOBHbIMKM MCTOYHMKAMU KPOBO-
cHabxenma Koctv [5]. Mpu 3TOM cucTeMa KpoBoobpalLeHus
pacnpefesnieHa B KOCTU HEOAHOPOAHO — B 3nudKU3apHoM 06-
NacT A/IMHHBIX KOCTEN KPOBOTOK MHTEHCUBHEE, YeM B [Ma-
¢uzapHoi [6]. CucteMa donbKMaHOBCKUX KaHanoB obecne-
UMBaeT MpUTOK apTepuanbHOW KPOBM K MMKPOCOCYAMCTOM
cMCTEMEe KOCTHOrO MO3ra, COCYAbl BHYTPU FaBepCoBbIX Ka-
HamoB pacnpefensioT NOTOKU ANA KOPTUKANbHOrO KpOBO-
cHabxeHus KocTu. OHaKo Hespernias KOCTHas TKaHb Y JeTell
MMeeT HeopraHM30BaHHYH CUCTEMY raBepcoBbIX U QoNbKMa-
HOBCKMX KaHanoB, auddepeHumMaums KoTopbiX NpOUCXOAUT
TOJIbKO MOC/Ie OKOHYATEsbHOr0 CO3peBaHus Koctu [7].

CocyamcTble CeTM ANIMHHBIX KOCTEW UMEIOT [Ba TUMa Ka-
nunnsipos — H u L. B MeTadu3apHoii obnactv B Henocpen-
CTBEHHOM BAM30CTM K 30HE pOCTa COLEpaTca Kanunnspel
TMna H, B AvMadusapHoii obnactm — Kanunnsapbl Tvna L.
Cocynbl TMna H wrpaioT pelualoLlylo ponib B 3aMeLLeHUH
XPALLEBOro MaTPUKCa KOCTHOM TKaHbl0 BO BpeMS pas3Bu-
TMA W pereHepaumn Koctu [8]. IMuUccapHble BEHbI U BeHbI
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HAJIKOCTHUYHOTO CMJIETEHUS OTBEYAIOT 3@ BEHO3HbIA OTTOK
KpoBw 0T KocTu [9].

Kpome TOro, Mexay HagKOCTHULEN U KOCTHbIM MO3roM
CYLLECTBYHOT [LOMOJIHUTESIbHbIE BHYTPUKOCTHBLIE COCYAMCTbIE
CeTH, TPaHCKOPTMKaNbHbIe Kanunnspel, obecneuunBaroLime
HEeMNoCpefCTBEHHYI0 CBA3b MEXAY MUKPOLMPKYNATOPHOM
CUCTEMON HaJKOCTHULIbI M KOCTHbIM Mo3roM [10]. Ha akcne-
pUMeHTanbHbIX Moaensx bblno foKasaHo, uyto 80% apTepu-
anbHOro KpoBOTOKA M 59% BEHO3HOTO COCTaBASOT CUCTEMY
TPaHCKOPTUKANbHbIX KanuinspoB. Y YenoBeka Hanuuue Ta-
KOro Tvna Kanunnspos Obi10 BbISBMEHO NYTEM MarHUTHO-pe-
30HaHCHOM TOMOrpaumn B CBEPXBLICOKOM NoJie W AOMOJIHM-
TENIHOTO MMCTOJIONMYECKOr0 UCCNeA0BaHMS.

CnapeHHoCTb KpoBOObpaLLeHMA U ocTeoreHesa
B MpoLiecce pereHepaLyum KOCTHOW TKaHM

B npouecce ocTeoreHe3a cyllecTByeT TecHasi B3auWMo-
CBA3b AWHAaMWKM KPOBOTOKA M aKTMBHOCTW pereHepauuy
KOCTHOW TKaHu. be3 pgoctatouHoro Tpoduueckoro obecne-
UEHUs U Mpex[e BCEero COCYAMUCTOro KOMMOHeHTa TPoduKy,
[0CTaBKU ONTUMaNbHOr0 KOJMYECTBa KMCNOpoja U nuta-
TeNbHbIX BELLECTB HEBO3MOXHO 0OecneyeHue afieKBaTHOM
TKaHeBOW pereHepauuu. [lna afeKkBaTHoro obecneyeHus no-
TpebHoCTeil ocTeoreHe3a BOCCTAHOB/IEHME KPOBOTOKA B 30He
pereHepaLmm KOCTHOW TKaHU JOMKHO N0 BPeMeHW npejlLue-
CTBOBATb € U MOJYNNPOBATLCA BOCCTAHOBUTENbHBIMU MpO-
ueccamu [11, 12].

PereHepauus KOCTHOW TKaHU WMeeT onpefeNéHHbIe
(a3bl, B peanu3aumMm Kaxnon U3 KOTOPbIX MUKPOLMPKY-
NATOPHOE PYCNO UrpaeT CyLLecTBeHHY pofb. QopMupoBa-
HWe reMaToMbl U CTa3 KPOBU MEX[Y OT/IOMKaMU ABNSKOTCS
KOMMOHeHTaMn nepeon dasbl pereHepauuu. B obnactu
nepesioMa BO3HMKAeT HEKPOTUYECKWIA mpoLecc, rmnoKcus
TKaHel. TMNoKcmsa akTMBUPYeET paboTy 0CTEOKNACTOB U UHU-
LuMpyeT 0bpa3oBaHMe rpaHyNALMOHHOW TKaHu. B cpegHeM
HauyMHas co BTOPOW HeLEeNu NpoUCXOAMT (GopMUpOBaHUe
COCYAMCTON CETM 3a CYET aKTMBALMM aHTMoreHesa W npo-
pacTaHus U3 COCYAOB MSAKUX TKAHEN, OKPYALLMX KOCTb.
B reMaToMe Mexay OTNOMKaMMW COLLEPKATCA aHMMOreHHbIE
(akTopbl, HeobxoauMble Ans HOPMUPOBAHUS COCYLUCTOM
cetu, obecneunBaloLLieii BOCCTaHOBNIEHWE HOPMaJIbHOIA
LMPKYIALMW, U YAANEHUS HEKPOTM3UPOBaHHbIX ovaros [13,
14]. Mpun yaaneHun reMaToMbl U3 MecTa NepesioMa npowuc-
XOAMT HapyLUeHUe BOCCTAHOBNEHUS KOCTHOM TKaHW, OfHaKO
€€ TpaHCMNaHTaLWa aKTUBMPYET pereHepaTUBHBINA MpoLece
[15]. MNMpoaHruoreHHble akTopbl pocTa, BbICBOBOXAEHHbIE
M3 reMaToMbl, y4acTBYKT B TpaHcnopTe ¢ubpobnactos,
BOCMANUTESIbHBIX KJIETOK, KNETOK-NpeALIeCTBEHHUKOB
0cTeobnacTtoB M CTUMYNALMM aHTUOreHe3a U3 KOCTHOrO
MO03ra, HaAKOCTHULBI U KOpTUKanbHoro cnosi. OKoHuaTesb-
HOe peMojeNIMpoBaHNe KOCTU COMPOBOXAAETCS MOSHBIM
BOCCTaHOBIEHUEM COCYLMUCTON CETH.

OaWH U3 OCHOBHBIX MeJMaTopoB aHruoreHesa — (ak-
TOp pocCTa 3HAOTENNA COCYLLO0B — OTBEYAET, KPOME MpOoYe-
ro, 3a XeMoTaKcuc 0cTeobnactoB. AHIMOMO3TWH, TPOMOWH,
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dakTop pocta ¢ubpobnactoB BMecTe ¢ MopdoreHeTuye-
CKkuMK Benkamu yyacTBytoT B mpouecce AnddepeHLMpOBKM
n nponudepaumu octeobnactos, B pesynbTate uyero gop-
MUpYeTCA KOCTHast Mo30Ab [16, 17]. Beepenue dakTopa po-
CTa 3HAOTENUs COCYLOB CTUMYNIMPYET aHr1oreHe3 B MecTe
nepesioMa U yckopsieT GOpMUpPOBaHWE KOCTHOM MO030.M
[18]. UHpyKums cuHTe3a dakTopa pocTa 3HAOTENMs cocy-
[,0B OCYLLECTBASAETCA B YC/I0BUAX OCTPOM FMNOKCUW YHaCTKOB
MOBPEXAEHHON KOCTHOM TKaHu. OcTeoumMTbl NOA, BAMUSIHMEM
TUMOKCUW CUHTE3UPYIOT CUTHANBHYI0 MOJIEKYITY, TUMOKCHeN
WHOYUMPOBaHHBIN (haKTop, 0TBeYaloLLyto 3a aHruoreHes [19].
TMNOKCcMeN MHAYLMPOBaHHbIN QaKTop LONOSHUTENbHO Bio-
KUpYeT CMHTE3 U Nposudepaumio 0CTEOKIACcTOB, UCKIIYas
yrHeTeHue KoctHon Macchl [20]. Mpu uHrnbuposaHmm dak-
TOpa pOCTa 3HA0TENUSA COCYA0B 06pa3oBaHMe KOCTHON TKaHM
M WHBA3Us COCYAMCTOM CETWU CHUMXaUCh; B CBOKO O4Yepeab,
3amycK npouecca aHruMoreHesa W penapaTMBHOW pereHe-
paLMM KOCTW MPOMCXOAWAW MPU KOHTPOSIMPYEMOM BbICBO-
boxaeHun dakTopa pocTa aHaoTenus cocyaos [20]. Kpome
TOr0, AaHHbIA (aKTOpP LENCTBYET CMHEPrUYHO C KOCTHBIMU
MopdoreHeTUyeckumMm benkamu, uto cnocobeTByeT obpaso-
BaHWI0 KOCTHOW TKaHm [21]. Takum obpa3oM, B HacTosLee
BPEMS YETKO [10Ka3aHO, YTO HEOTHEMJIEMBIM YC/IOBUEM pe-
reHepaLmmn KoCTu ABNSIeTCSA BPEMEHHas M NPOCTPaHCTBEHHanA
CMapeHHOCTb NMPOLIECCOB aHrMo- WU OCTeOreHesa, a npu ux
pa30bLLeHNM MOHOLIEHHOE BOCCTAHOBEHNE KOCTHOW TKaHH
HEeBO3MOXHO [22].

BBuay BbILIECKA3aHHOMO B KIMHWKE C LIEb0 NPOrHO3u-
pOBaHUA penapaTMBHOW pereHepauuu Koctv u Bbibopa on-
TUMarbHO TaKTUKM JIeYeHUs MPOBOAUNIOCH 0JHOBPEMEHHOE
UccneaoBaHue MUKPOLMPKYNATOPHOTO pycnia U pereHepaumm
KOCTHo TKaHu. Tak, B pabotax C.I1. MupoHoBa ¢ coasr. bbino
MOKa3aHo, YTO MOKa3aTeNi MUKPOLMPKYNALMK, U3MEPEHHbIE
C MOMOLLb0 Nla3epHoii gonnneposckon droymeTpumn (J140)
KOXW B MPOEKLMK JIOXKHOO cycTaBa, IQdeKTMBHbI Ans fo-
0onepaLyoHHOM OLIEHKM M NPOrHO3MpoBaHMs TeYeHUs penapa-
TUBHOrO OCTeOreHesa. B cnyyasx, Koraa BenMumMHbl 0bLuero
noKasatenii MUKpouMpKynauun (M) n HyTpUTMBHOMO Kpo-
BoTOKa (M,,,) COOTBETCTBOBAIM KOHTPOSIbHBIM 3HAYEHUSM
UMW NpeBbILAnK MX, Ko3hdULMEHT BapuaLuW nokasatens
MUKpOLMpKynaummM (Kv) He npeBbilan KOHTPOSIbHbIE 3HaYe-
HWs, NapaMeTpbl HeIMHE HOM AMHAMUKKM KPOBOTOKa (dpak-
TanbHas pa3MepHocTb Xaycaopda, KoppensumnoHHas pasmep-
HocTb (a30BOro MopTpeTa NoBeAeHNs MUKpPOKpoBoToKa D2)
He OMyCKanMCb HUME KOHTPOJIbHbIX BEJIMYKH, YTO MO3BOMIS-
N0 [0 onepauuu Mo noKasaTensiM MUKpOreMOoLMpKYIsLmM
NPOrHo3MpOBaTh afeKBaTHbIA pPenapaTUBHLIA OCTEOreHes,
He TpebyloLmMin AONONHATENBHOW BUONOTUYECKON CTUMYNA-
umn. B cnyyasnx, Koraa BesmunHbl M u M, - Bbinn cHkKeH,
Kv — noBbiLeHbl, a 3HayeHus DO 1 D2 cHuxeHbl, 310 No3Bo-
NSN0 MPOrHO3UpOBaTh AePUUMT penapaTMBHOIO OCTEOreHe3a.
Y TaKkux naumeHToB TpebyeTca LONONHUTENbHAsA CTUMYNIALMS
KocTeobpas3oBaHus UM NpUMeHeHWe CBOBOAHbIX BacKyns-
PU3MpOBaHHbIX ayToTpaHcnaHTaToB [23]. Takum obpasom,
MOKa3aTenn MUKPOLMPKYNIALMM MOTYT BbICTYNaTh B KaYecTee
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LA0NOJIHUTEJIbHbIX KpVITepVIeB COCTOAHUA perlapaTVIBHbIX I'IpO-
LIeCCOB KOCTHOW TKaHM.

HenHBa3uBHbIe Noaxoabl K AUArHOCTUKE
CoCTOAHUA Hposooﬁpamenuﬂ KOCTU

B KnnHuKe Hanbonee LenecoobpasHo NPUMEHSTb HEWH-
Ba3MBHblE METOAbI MCC/E0BaHWA KpoBOOOpaLLEHUS U MU-
KPOLIMPKYNALMM KOCTHOWM TKaHW, NO3BONSIOLLME, B OTAM4ME
0T ManojoCTyMHbIX PaAMOM30TOMNHBIX METOAMK, B peXuMe
peanbHOro BpEMEHW OLEHUTb NapaMeTpbl KPOBOTOKA. Yb-
Tpa3ByKOBblE METOAMKM AAl0T BO3MOXKHOCTb 3O (EKTUBHO UC-
CreoBaTh apTepuu M BEHBI, HO B CUIY (M3MYECKUX 0cobeH-
HOCTe# YNbTPa3BYKOBOTO CKAHUPOBAHMSA He MOTYT B MOJIHOV
Mepe OLEeHUTb (PyHKLMOHUpOBaHWe boniee MEeNIKOro MUKpo-
LMPKYNATOPHOro 3BeHa. [lnA OLEHKM KOCTHOTO KPOBOTOKA
NPUMEHSAETCA YNbTPA3BYKOBAA BbICOKOYACTOTHAA AONNNIEPO-
rpadus ¢ ucnonb3oBaHWeM fatymkoB Ha 20 u 25 M, B Ha-
LUeN CTpaHe NPUMEHSIIOT cneLyanbHble paboTatoLume Ha 3Toi
yactoTe [JaTuuky, paspaboTaHHble ¢upMoit «MUHUMaKC»
(Cankr-IeTepbypr). pn noMoLumM yNbTPa3BYKOBOM BbLICOKO-
4acToTHOM Aonnneporpadum n3Mepanach MHelHas CKopoCTb
KpOBOTOKA B KOCTHOM pereHepare Mpu NepefioMax LIMHHbIX
KOCTEMN B YCIOBUAX BHEOYAroBOrO OCTEOCMHTE3A MO METoAY
I"A. Minu3zapoBa Ha pa3HbIX CpoKax KoHconupaumu. B xope
uccnefoBaHna bbiNo BbIABIEHO, YTO CKOPOCTb KPOBOTOKA
B 0bnactu nepenoma u3bbITOYHO BO3pacTaeT MpeuMyLue-
CTBEHHO B MepBble 2 HeAenu nocne TPaBMbl C JabHedLUM
CHUeHMeM npupocTa. KpoMe Toro, cKopocTb KpOBOTOKa
YBENMYMBANach TaKKe NpW HaNM4UW U MOCTENEHHOM YBENN-
YEHUW OCEBOI Harpy3KU Ha KOHEYHOCTb, YTO NOATBEPKAAET
MOJIOKMTENBHOE BNIUSHWE OCEBOM Harpy3kuM Ha KOHConMMpa-
LIMI0 KOCTHBIX OT/IOMKOB [24].

B otpenbHbIX paboTax npuMeHsnachb Apyras pasHoBWA-
HOCTb YNbTPa3BYKOBbIX METOAMK — YNbTPa3ByKOBOE Ay-
MeKCHOe CKaHMpoBaHWe B B-pexxuMe ans uccnepoBaHus
MoKasaTesied KpOBOTOKA HaAKOCTHULbI B 30HE KOCTHOMO
pereHeparta. bbino nokasato, 4To Yepes Mecsu, nocne nepe-
JIOMOB KOCTe FoNeHu B YCII0BUSX OCTEOCUHTE3a KOJIMYECTBO
COCYA0B Ha eAuHULY nnolwlanv B 0bnacTu nepenoma Bos-
pactano Ha 84% no cpaBHeHWI C pesynbTaTamMu U3Mepe-
HWi Ha 10-e cyTKM, Yepes 2 MecsLa OMPeSeseHo 3Ha4YUMOoe
yBeNMYeHWe KOMMYecTBa COCYAOB HAa eOMHWLY NOLLAAW.
[lnactas mMexay oTnoMKamm yepe3 3 MecsLa nocsie TpaBMbl
He BW3yanu3upoBascs, MPOUCXOAUIIO CHUKEHWUE KONMYECTBa
nouMpyeMbIX COCYA0B Ha (oHe NOBbILIEHUS UX Nepudepu-
yeckoro conpoTuenenus. pn 3aMefneHHO KOHCONMAALMK
Bbino 3aperucTpupoBaHo 6onee HU3KOe KOIMYECTBO COCYA0B
Ha e[MHULY MNIOLLAAM Ha BCEX CPOKaxX uccrnefoBaHus [24].
Ecnu coxpaHsnca HU3KWIA NpUPOCT BacKynapu3aLmm Ha npo-
TSIKEHWUM 2 MecsiieB Npu NepenoMax KocTen rofieHu, 1o ato
CBWAETENbCTBOBANO O HApYLUEHWUM MPOLECCOB pereHepaLmuu
KOCTHO TKaHM 1 GOpMUPOBaHMM JIOXKHOTO cycTaBa [25].

Haubonee nogpobHo UccneaoBaTh MUKPOLIMPKYNATOPHOE
PYycno ¢ WWpOKMM HabopoM noKasaTeneid, aAanTMpoBaHHbIX
Ons OU3MONOTUYECKMX U KIIMHWUYECKUX LieNeid, BO3MOXHO
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MpW NOMOLLM MEeTOA0B, UCMONb3YILIMX ONTUYECKUE CUCTe-
Mbl BAIMXKHEro MHpaKpacHoro AuanasoHa [26]. Itn MeToabl
MMeloT pasHble GU3NYECKMe CBOICTBA U NPUKIIAHOE NpuMe-
HeHue. HanbonbLumi MHTEpec Ans TpaBMaTosorm 1 optone-
LV NPeACTaBNAT Nla3epHas LonniepoBcKas GnoyMeTpus,
dotonnetuamorpadms, HGpakpacHas CNEKTPOCKONHUSA U ap.
[20]. [laHHble MeToAbl AMArHOCTUKM OCHOBaHbI Ha Mepeaade
W MpUEME ONTUYECKMX BOSIH ONpeAenéHHon AnuHbl (600—
1200 HM). OnTuyeckue cucTeMbl BAMMHEro MHgpaKpacHoro
AVanasoHa HanpaeneHbl Ha OMpefAeNieHne Takux napame-
TPOB MUKPOLIMPKYNATOPHO-TKAHEBbIX CUCTEM, KaK CKOpOCTb
MOTOKA 3PUTPOLIMTOB, YPOBEHb OKCUreHaUMM TKaHew, 00b-
EMHble XapaKTepUCTUKW KpoBoToKa. Hambonee wwmpokue
BO3MOXHOCTM NpejoCTaBNisieT MeTof JlasepHoi ponnie-
POBCKOM (bIOyMeTpUMW, NO3BONASA NMPOBECTU TaKKE PaCcUET
HYTPUTMBHOIO W LUYHTOBOTO KPOBOTOKA, OMPEAEeNUTb KOmn-
YeCTBEHHbIE MapaMeTpbl PerynsuyMv KPOBOTOKA CO CTOPOHbI
3HA0TENMaNbHBIX, HEMPOreHHBIX, MUOreHHbIX (aKTopoB, Be-
HYNSPHOTO 3BeHa W MepQy3vMOHHOro AaBieHMs, NOKa3aTeNn
OKMcIUTENbHOro Metabonuama. BcnepcTBue MopmynbHOMO
XapaKTepa perynsuuu KpoBoobpalleHUs KOHEYHOCTH MOKa-
3aHO, YTO BE/IMYMHBI KPOBOTOKA KOXM B MPOEKLMUW Nepeno-
Ma WM NaTosIorMYecKoro o4ara KoCTU NpAMO KOppenupyT
C XapaKTepuUCTMKaMM KOCTHOW reMoanHaMuku. OCHOBHLIMM
MpeuMyLLLeCTBaMM OMTUYECKMX CUCTEM ABNAIOTCA UX Be3onac-
HOCTb 1 HEMHBA3WBHOCTb [27].

B TpaBmatonoruv v opToneauu ONTMYECKME CUCTEMBI
BnvxkHero uHdpaKpacHoro AmanasoHa MHOMOKpaTHO WC-
Mo/b30BannChb 4151 OLEHKW AMHAMUKW KOHCONMAALMM nepe-
NoMa npy TpaBMe, BOCCTAHOBJIEHUS! MUKPOLMPKYNSLMM Mo-
/e 3HLONPOTE3UPOBAHUA, KOCTHOMNACTUYECKUX OnepaLmii
C MPUMEHEHMEM TPaHCMNAHTaTa, MOHWUTOPUHra CTeneHu
aKTMBHOCTM MaToJIONMYECKOro NpoLecca npu ocTeoMuenu-
Te, MPX apTpo3ax W apTpuUTax pasfMyHON 3TUONOTWMW, AUC-
nacTM4ecknx 3aboneBanunsax ckeneta, octeonopo3e [22, 23,
26—-28, 30-35]. OcHoBHOE NpMKNAAHOE 3HaYeHWe OaHHbIX
MeTO[l0B B TPaBMaTo/Iory M OpTONeaun COCTOMT B OLIEHKE
reMoMHaMMYeCKUX NPOLECCOB B KOCTHOM TKaHU B HOpME
W B NaTONOTMYECKUX YCIIOBUSX.

JlasepHas ponnnepoBckas dnioyMeTpus ABNSETCA OA-
HUM U3 CaMbIX LUMPOKO MCMONb3yeMbix MeToA0B. B ocHoBe
AaHHOTO METoAa JIEXWT 30HAMPOBaHME TKaHW MOHOXpO-
MaTUYECKUM M3Ny4eHneM C AJIMHaMu BonH 632, 780, 785
unn 830 HM, KOTOpoe OTpaaeTcs OT ABMKYLUMXCSA 3pU-
TpouuToB. N3MepseMblii NokasaTenb MUKPOLMPKYNALUK
COAEPHMUT MHAOPMALMI0 O KOHLEHTpaLMM JBUXKYLUMXCS
3PUTPOLIMTOB U CKOPOCTU UX OBUMEHWUA B LaHHOM 00bEMe
30HAMpYeMoii TKaHw [18, 34, 35]. MeTog JIAD ycnewwHo npu-
MEHSAETCA L1 UCCNeL0BAHNA MUKPOLMPKYNALMUM B YCIIOBU-
X NepenioMoB, NOC/e PEKOHCTPYKTMBHBLIX BMELUATESbCTB,
NPy NaToaornyeckux 06pas3oBaHUsAX KOCTHOW TKaHW [42—44].
B pabote C.[l. MupoHoBa ¢ coaBT. NpPOAEMOHCTPUPOBAHA
3(hEKTUBHOCTb OLEHKW MUKPOLMPKYNALUM B MPOEKLMM
KOCTHOr0 oyara C MOMOLLb Na3epHOi AO0NNNepoBCKOM
dnoymeTpumn Ans onpeneneHus MeTabosuyecKoii 3penocTyu
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reTepoTonuMyeckux 0ccMUKaTOB Nepes UX XUPYPruieckum
neyenueM. [ns aToro Mcnosb3oBanu 3HaueHUs Nokasarens
MUKPOLWMPKYNAUMM M 1 aMNAMTYABI MUOTEHHBIX OCLMINISA-
LMiA B BeMBNET-CNEKTpe KonebaHui KpoBOTOKa. B cnyvasx,
KOrza BenMumHa M He NpeBbILLAET KOHTPOSIbHbIE BESIMUUHBI,
a B BEMBJIET-CMEKTPE OTCYTCTBYHT MUOTEHHbIE OCLMNNALMUK
UNW X aMNAKTYLA CHUXEHA N0 CPaBHEHUIO C KOHTPOJIbHBI-
MW BESIMYMHAMM, YCTaHaBNMBAETC (aKT 3aBepLIEHHOCTH
npouecca 0bpa3oBaHMa ocTeomaa M ero MMHepanu3aumu,
AocTatoyHas MeTabonuyeckas 3peniocTb occuduKara u Le-
necoobpasHOCTb XMPYPruveckoro atana sieyeHus. Mpu Bbl-
COKMX BeNMYMHAX M 1 aMnInTyL MMOTeHHbIX OCLMINIALMA,
KOTOpble AOMMHUPYIOT B BEMBNET-CMEKTPE, ONpeAeNflTCs
BbICOKas aKTMBHOCTb pereHepaTopHOro npoLecca, HesaBep-
WEHHOCTb 00pa3oBaHWA OCTEOMAA U €ro MUHEpann3aLmu,
a 3Ha4uT, NPEXAEBPEMEHHOCTb XMPYPrUYECKOr0 SeYeHUs
occudmkara [36].

B uccneposanumn A.A. BekosueBsa c coasT. MeTogoM JIA®
OLLeHMBANCA PaHHMIA 3Tan aHr1oreHe3a B HEMOCPEACTBEHHOM
BnM30CTH K KOCTM Y AeTel nocie 3aKpbITOM py4YHON penosu-
LM Ha 3-1, 8-e u 16-e cytkm [39]. Mo3gHKKM 3Tan aHrMoreHe-
3a KaK (aKTop yCcneLwHoro Te4eHUs penapaTvBHOM pereHepa-
LM KOCTU Y AeTel Npu nepeioMax KOCTeN rofieHn u3yyancs
B pabote A.U. lopoxuHa c coaBT. [40]. AKTMBHOCTb MMKPOCO-
CyAMCTOro KpoBoToKa MeToaoM JIAD nccneposanack y Aeteil
yepe3 4—6 Hefenb nocne nepenoMa Npu HaaWuMM peHTre-
HorpadMyeckux MpU3HAKOB KOHCONMAALMM, YTO MO3BOMIO
Bonee TOYHO onpefenUTb MHAMBUAYaNbHbIE 0COBEHHOCTH
MWKPOreMOLMPKYNIALMU.

CneKkTpocKonus B BAMMHEM MH(PaKPacHOM AuanasoHe
OCHOBaHa Ha NpOCTPAHCTBEHHO pa3peLLEHHbIX UK Moaudu-
LMpOBaHHbIX anroputMax 3akoHa Beer—Lambert. MpuMens-
eTCcsA He MeHee 2—3 AMCKPeTHbIX AnuH BosH (600—1200 Hm)
ONs 00HapyKeHUs1 M3MEHEHWU KOHLIEHTPALMKU OKCUreHMpo-
BaHHOIO M [e30KCUreHnpoBaHHOro remornobuHa [39, 40].
JlaHHbIN MeToL NpPUMEHANCA ANA UcCnefoBaHUs OKCUreHa-
UMM B MATOYHON KOCTW, NPOKCUMANbHOM W [UCTasbHbIX OT-
Jenax Jly4eBoi KocTu, bonbluoM BepTesie bepeHHON KOCTM
¥ noKasan ceoto addexTuBHOCTb. KpoMe Toro, BO3MOXHOCTH
[aHHOr0 NOAX0Aa CBA3aHbI C TEM, YTO BHELPEHUE LUMPOKO-
MOJI0CHOr0 30HAMPOBAHUA NO3BONISET UCCIEA0BaTb He TOfb-
KO OKCUreHaLuio U MUKPOLIMPKYASLMIO KOCTH, HO M 0cobeH-
HOCTW BMOXMMWYECKOro MONEKYNAPHOr0 COCTaBa KOCTHOW
TKaHU (MMNMAOB, KoNnareHa U ApYrux KOMMOHEHTOB). 310
MpeLCTaBNseT 0cobbI MHTEPEC, B YACTHOCTM, NMpU OCTEOMNO-
pose [41, 42].

(®oTonneTamMorpadms No3BoNAeT OLEHUTb MHTErPasbHYH
MaKpO- ¥ MUKPOLMPKYNATOPHYK) aKTUBHOCTb B KOXE, MblLL-
LiaX M KOCTHOW TKaHW, HO e€ He[JOCTaTKOM AIBNSETCS OrpaHu-
YeHHbIN Habop KOMMYeCTBEHHBIX MapaMeTpoB [42-45]. Tak,
ONs UCCNef0BaHNsA reMOANHAaMUKU B KOCTHOM TKaHW HagKo-
NeHHWKa bbin pa3paboTaH HaKoXHbIM doTonneTuaMorpadu-
UECKWUN [aTuMK, pacnoiarallumniics Ha Koxe HaKoNeHHMKa.
C ero nomoLblo OLEHMBaNUCL 0cobeHHOCTU nepdy3uu Ko-
CTU npu natennodemopanbHoM 60neBoM cUHAPOME, Bbino
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BbIIBIEHO 3HAYUTENBHOE YMEHbBLLEHNE KPOBOTOKA B KOCTHOM
TKaHw [46]. J.H. Siamwala ¢ coaBT. npumeHsnu dotonnets-
Morpaduio ans oLeHKU nepdy3noHHOM CNOCOBHOCTM KOCTel
FOfIEHN B YCNOBMSAX MUKporpaButaumm [47]. B HeKoTopbIx
UCMbITaHUAX UCMONb30Banu 0b0pynoBaHWe NS pa3fenbHo-
ro dbotonneTuamMorpaguyeckoro UcciefoBaHUs KPOBOTOKA
KOXMU U KocTw [48].

3AKJIKYEHUE

MWKpoLMpKynaTOpHOe pycrio, 0becneynBaloLLee KpoBo-
CHabXeHWe M MeTabonM3M KOCTHOM TKaHW, UrpaeT BaHYI0
PoJib B XMU3HEAEATeNbHOCTM U penapaTUBHOWM pereHepaumnu
KocTu. [Ina pereHepaumy KOCTHO! TKaHM XapaKTepHa TecHas
BPEMEHHas U NpOCTPAHCTBEHHas CMapeHHOCTb aHrMoreHe-
3a M 0CTEOreHe3a, YTo NO3BOJISIET NPUMEHATL MOKa3aTesn
MUKPOLMPKYNALMK B Ka4eCTBe LONOJHUTENbHBIX KpUTEPUEB
COCTOSIHMA penapaTuBHbLIX NpOLECCoB. B KnMHKUKe Hanbonee
LenecoobpasHo MUCNOMb30BaHWE HEWMHBA3MBHLIX METOAO0B
AMarHoCTUKM COCTOSHWA nepudepuyecKoro Kpoeoobpatue-
HWS, KOTOpble MO3BONIAKOT OLEHUTL AMHAMMKY COCYAMUCTOro
(aKTopa Npu NaTosIorMK KOCTH, B TOM YKUCne Noche nepe-
nomoB. be3onacHocTb U HEMHBA3WMBHOCTb 3TUX METOA0B AiB-
NAKTCA UX OCHOBHbIMW NpenMyLiecTBaMu. HanbonbLumi uH-
Tepec NpefcTaBnsoT METOAMKM, B OCHOBE KOTOPbIX JIeXar
ONTUYECKME CUCTEMBI BIMIKHErO MH(PaKPaCcHOro AManasoHa
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Teno lNodda, 6onesup Nodda, nepenom MNoddda:
MCTOPUA 3NOHMMOB

A.C. 3onotos, E.A. 3uHbKOBa, B.A. ATosH

[lanbHeBocTOUHbIA peaepanbHbli yHuBepcuTeT, Bnagusoctok, Poccuiickas ®enepaums

AHHOTALIMA

NMs HemeLKoro xupypra AnbbepTa lodda cBa3aHo ¢ TpeMs NOMyAPHBIMUA 3NOHUMUYECKUMM TEPMUHAMM, @ UMEHHO — TOJ -
HaJKONeHHUKOBOE upoBoe Teno (Teno Modda), natonorus atoro aHaTOMUYeCcKoro 0bpasoBaHusa (bonesHb Modda), ppoH-
TanbHbIA NepenoM faTepanbHoro Melllenka bepeHHoit koctu (nepenom Modda). Bonpockl npuopuTeTa B OTHOLIEHWM YNOMS-
HYTbIX 3MOHWMOB NPOAOIKAKT AUCKYTUPOBATLCA. ABTOpaMW NPOBELEH NOUCK MHPOPMALIMKM B OTEHECTBEHHBIX U MHOCTPAHHbIX
nybnmKaumsx, pyKoBOACTBaX Mo TPaBMaToNOrMM U 0pToneauy, NePUOANYECKUX U3LAHUAX, MHTepHeT-pecypcax Scopus, WosS,
Google Scholar u eLibrary ¢ uenbto cobpatb focTOBEpHblE AaHHbIE 06 MCTOPUN BO3HUKHOBEHMS 3MOHUMOB «KUPOBOE TEO0
Fodda», «bonesHb Moddax, «nepenom loddar, onpesenuts ponib HEMELKOT0 0pToNesa U ero NPUOPUTET B MPOUCXOXIEHUN
AaHHBIX aBTOPCKWX Ha3BaHMi. OHO M3 paHHMX YNOMUHaHWIA NOJHaAKONEHHUKOBOIO XMPOBOr0 Tena BCTpeyaeTcs B pabote
npodeccopa [oHa l'yacupa 1855 ropa, Ho 6e3 pacKkpbiTUa aHaToMuM U Mopdonorum camoi cTpyKTypbl. Anbbept Modda
B 1904 romy onybnukosan cTatbio, rae NoApPOBHO onMcan CUHTOMMIO M MAaKPOCKONMYECKOe CTPOEHWE KMPOBOIo TeNa, a TaKKe
3aboneBaHue, CBAI3aHHOE C MaTONOrMei MogHAAKONEHHUKOBOMO upoBoro Tena. Onucalue dpoHTanbHoro nepenoMa na-
TepanbHOro MbillenKa befipeHHoi KoCTu BriepBble onybnmkoBan HeMeukuid xupypr Opuapux byw B 1869 rogy. Anbbept
lodda onucbiBaeT 3T0T e nepenom Tonbko B 1888 rogy B nepeoM u3paHum «YuebHUKa NepenioMoB 1 BbIBUXOB NS Bpayell
U cTyneHToB. [lpuoputeT Anbbepta lNodda B onnMcaHM X1pOBOro Tena 1 ero NaToiorMM NPU3HAETCA NpeaCcTaBUTENAMU pas-
JINYHBIX MEMLMHCKUX CreumranbHocTeln. Yto Kacaetcs GpoHTabHOro nepenoma natepanbHoro Mblllesika bepeHHon KocTu,
10 Anbbepta Nodda MOXHO cuMTaThb TONILKO COABTOPOM 3TOMO 3MOHUMA.
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Hoffa's fat pad, Hoffa's disease, Hoffa's fracture:
the history of eponyms

Aleksandr S. Zolotov, Ekaterina A. Zinkova, Varsik A. Atoian

Far Eastern Federal University, Vladivostok, Russian Federation

ABSTRACT

Albert Hoffa's is associated with three popular eponymous terms: the infrapatellar fat pad (Hoffa's fat pad), the pathology of
this anatomical development (Hoffa's disease), and a frontal fracture of the lateral condyle of the femur (Hoffa's fracture).
Issues of priority about the mentioned eponyms continue to be debated. The authors searched for information in domestic
and foreign publications, traumatology and orthopedics manuals, periodicals, and Internet resources — Scopus, WoS, Google
Scholar, and eLibrary — to collect reliable data on the history of the emergence of the eponyms “Hoff's fatty body,” “Hoff's
disease,” “Hoff's fracture” and to determine the role of the German orthopedist and his priority in the origin of these copyright
names. Professor John Goodsir’s paper in 1855 contains one of the earliest mentions of the infrapatellar fat pad but without
revealing the anatomy and morphology of the structure itself. In 1904, Albert Hoffa published an article describing fully the
syntopic and macroscopic anatomy of the infrapatellar fat pad and the disease associated with infrapatellar fat pad pathology.
A German physician, Friedrich Busch, first described the frontal fracture of the lateral condyle of the femur in 1869. A similar
was described by Albert Hoffa in the first edition of the “Textbook of Fractures and Dislocations for Doctors and Students” in
1888. Albert Hoffa's priority in describing the infrapatellar fat pad and its pathology is recognized by representatives of various
medical specialties. As for the frontal fracture of the lateral condyle of the femur, Albert Hoffa may only be considered a co-
author of the frontal fracture of the lateral condyle of the femur.

Keywords: eponyms; Hoffa's fat pad; Hoffa's disease; Hoffa's fracture.
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BBEJEHUE

B MeauumHe HacumtbiBaeTcs 6onee 20 000 anoHMMMye-
CKUX TepMUHOB [1]. B Te4eHMe HECKOSbKMX CTONETMI 3MOHK-
Mbl SBNAOTCA YOOOHBIM cpeacTBOM Ans oblieHus Bpadeid-
KAMHULMCTOB [2, 3], a KpoMe TOro, OHM JaloT NpeacTaBieHne
0 TOM, KaK pa3BMBaNNCb Pa3fiNyHble pasfenbl MeaWLMHbI
M Ha NeYM KaKMUX FMraHTOB OMMPAIOTCA COBPEMEHHbIE Bpayu
B CBOEMN KaXA0AHEBHOM paboTe, HOBATOPCTBE U TBOPYECTBE.
HekoTopble BblAaloLLmecs Xupypru SBASOTCS aBToOpaMu cpa-
3y HECKOJIbKMX 3MOHUMOB. Hanpumep, GpaHuy3ckuid xupypr
Paul Ferdinand Segond onucan ocobble Tvmbl nepesnoMoB
B 06n1acTv KUCTW M B 061acTU KOJIEHHOrO CycTaBa, a ero co-
oTeyecTBeHHUK Joseph Francois Malgaigne siBnsietcs aBTO-
POM 3MOHUMOB HECTabMNLHOrO MepenioMa Tasa, nepenoma
OMCTanbHOro OTAENa Myeya W nepesoMoBbiBUXa B 061acTy
nokTeBoro cyctasa [2, 4]. CoBceM pefKoi npeacTaBnseTcs
UCTOpWMSA, KOrAa OAMH W TOT e UccnefoBaTenb CTan aBTo-
pOM TPEX 3MOHUMOB B OJHOW aHaToMuueckon obnactu. Mms
HemeLKoro opTonea Modda HOCAT BaXKHOE aHaTOMUYECKOoe
obpa3oBaHue KONEHHOro CycTaBa, ero NaronorMyeckoe co-
CTOSIHWE M BHYTPUCYCTABHOI NepenoM B 061acT KONEHHOro
cycTaBa.

Lenb nccnepoBaHus — cobpaTb MaKCMMarbHO [OCTO-
BEPHYI0 MH(OpMaLWMo 06 MCTOPUM BO3HUKHOBEHMS 3MOHUMOB
«kuposoe Teno loddar, «bonesHb Moddar, «nepenoM Mog-
(a»; onpeaennTb posib HEMELIKOr0 opTonefa 1 ero npuopu-
TET B NPOMCXOXAEHUM [LaHHbIX aBTOPCKUX Ha3BaHU.

MATEPWUAJIbI U METOAbI

MpoBeAEH NOMUCK MHDOPMALMM B OTEYECTBEHHBIX W MHO-
CTPaHHbIX Ny6AMKaumMsX, pyKOBOACTBaX MO TPaBMaTosorum
W opTOMeamMH, NEPUOSNYECKMUX U3LAHUSX, UHTEPHET-PEecypcax
Scopus, WaS, Google Scholar v eLibrary.

PE3Y/IbTATbI U OBCYXXOEHUE

Anbbept Nododa (Albert Hoffa; 1859-1907) — HeMeukui
Xupypr-opToneg, npodeccop, AMPEKTOP YHWUBEPCUTETCKOMO
OTAENEeHNs OpTOMeAMYECKON XMPYPruM — BHEC 60NbLUOVA
BKNaJ B pa3sutue xupypruu u optoneguun. Anbbept lod-
da poounca B Puumonge (H0xkHas Adpuka). OH 6bin cbiHOM
Mopuua lodda — nepBoro B UCTOpUM HEMELIKOTO Bpaya
B H0xHoi Adpuke [1]. MeauumHcKoe obpasoBaHue Anbbept
nonyuun B [epMaHWM, CTan U3BECTHBIM XUPYProM, YYEHBIM
u neaarorom. Mo ero uHmumaTuee B ['epMaHum bbina oTKpbITa
nepBas YacTHas opToneauyeckas KnuHuka (Btopubypr, basa-
pus), OCHOBaH CreLmanu3vpoBaHHbIi xypHan “Zeitschrift fur
orthopadische Chirurgie”. Anbbept MNodda — aBTop HECKOSb-
KMX MaHyanoB Ans Bpayen W CTYAEHTOB MO JIEYEHWHo nepe-
JIOMOB, opToneauyeckux 3aboneBaHuii, Maccaxy. bnaroaaps
€ro aKTUBHOM Bpa4ebHOI 1 Hay4HOI AesTenbHOCTU opToneaus
Bbina npu3HaHa BpayebHbLIM CO0BLLUECTBOM HEMELKOSA3bIYHBIX
CTpaH 0COBEHHBIM W BaXKHbIM HanpaBneHueM [5, 6].
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besycnoeHo, y A. lodda bbin aBTOPUTET He TONBKO Cpeau
XMpYProB B HEMeLKOroBopsiLumx ctpaHax. B 1907 r. A. Tog-
(a, Kak oauH U3 Haubonee aBTOpUTETHBIX OpTOMenoB [ep-
MaHuw, 6bin npurnaweH B MNeTepbypr Ans oueHku pesrenb-
HOCTM He1aBHO OTKPbIBLLEroCs OpPTONeAMYECKOro UHCTUTYTA.
YUYEHbII fan NONOXKMTENbHbINA 0T3bIB 06 MHCTUTYTE U BbICOKO
oueHun paboty ero aupektopa PoMaHa PomaHoBuya Bpepe-
Ha, NoALEepIKaB MCNOSb3YeEMble UM METOAMKM XUPYPriyecKo-
ro neyenus [7]. 310 cobbiTe cbirpano onpefenéHHyo posb
B pa3BuUTMM NepBon B Poccun HayYHO-KNMHMYECKON LLKONbI
OpTONEAO0B-XVUPYProOB M CTAHOBNIEHUW HOBOW XMPYPryeCcKoid
cneumaneHocTy [8].

Huposoe teno Nodda

0nHO M3 paHHMX YMOMMHAHWA NOAHaAKONEHHUKOBOrO
XMPOBOro Tefla BCTpeyaetcs B pabote npodeccopa [xoHa
l'yacupa. 3T0T TepMMH aBTOp MCMOAL30Ban B NybavMKauuu
HECKO/bKO pas, Ho be3 pacKpbITiA aHaToMuu M Mopdooruu
camoi CTpYKTypbl [9]. TepMUH «MOAHALKONEHHUKOBOE XM-
poBOe TeJsio» BCTpeYaeTcs 1 B bonee nosgHux nybnukaumsx,
Ho 6e3 noapobHoro onucanmsa [10-12].

B 1904 rony A. lodda B nsBecTHoM m3panmm “Journal
of the American Medical Association” ony6nukoBan cratbto
C ONMcaHWeM 3aboneBaHNs KONEHHOMO CYCTaBa, CBA3AHHOMO
C NaTosioruein NofHaLKONEHHWKOBOrO JupoBoro Tena [13].
B atoi1 pabote aBTop NpuBEN NoApobHOE ONMUCaHNE CUHTOMUM
KMPOBOTO Tefa 1 ero MaKpOCKONMYecKoro cTpoexms. Xupo-
BOe Tesio B hopMe KIIMHA NEXUT nof, cOBCTBEHHON CBSA3KOA
HaJKONIEHHUKA B MEXMBILLENIKOBON AIMKE, BEPXHEN CBOEWA
YacTbi0 MPUKPENNSETCA K CBA3KE HAZKONEHHUKA, a HUMX-
HeW — K MEHUCKY ¥ nepeaHen yactu bonbluebepLioBoi Ko-
ctu. Ha cpe3se xwuposoro tena A. lodda obHapyxun obLump-
HYI0 CETb TOHKMX BOJIOKOH M MHOXKECTBO MESIKUX BOPCUHOK,
YBENMUMBAIOLLMXCS B KOIMYECTBE K Nepudepum 1 CocToALLMX
W3 HEXHOW BOSIOKHUCTOM TKaHW, MOKPBITOW 3HA0TENMANbHbI-
MW CETOYKaM, MMeloLMMK Hebonbluylo ByrpucTocTb. 3T
CTPYKTYpbI NEpEMEKANNCH HUPOBLIMU [OSIbKaMu 1 Bbiam no-
KpbITbl OHUM CI0EM 3HA0TENMaNbHbIX KIeToK. 1o MHeHuIo
aBTOpa, XMPOBOE TEJ0 UMEET TaKOE PacrofioxeHume u hopmy
C CaMOro paHHero BO3pacTa YeSIOBEKA, @ Y aCTEHUKOB MM-
POBOE TENO MHOTAA UMEET BOSbLLMIA pa3Mep, YeM Y MOJHbIX
nofen. NHTepecHo, YTo COBpEMEHHbIE AaHHbIE O B3aUMO-
CBAI3M Macchl Tefla M pa3MepoB }KMPOBOro Tefa JO0CTaTouHO
MPOTVUBOPEUMBBI: O[JHW aBTOPbI YTBEPHAAIOT, YTO NPU OXKMpe-
HWM y YenoBeKa yBeNMYMBaKOTCA 06BEM M Macca UpoBOro
Tena, Apyrue uccnefoBarteniv NofobHoOA KOpPENALMM He Bbl-
aum [14, 15].

Ha cerogHsWHWA AeHb M3BECTHO, YTO MOLHAAKONEHHM-
KoBoe xupoBoe Teso odda ABNAETCA MHTPaKaNCyNAPHON,
HO 3KCTPacUHOBMAJIbHOW CTPYKTYPOK, YBENMYMBAIOLLLEN NAO0-
Lafib CUHOBMANbHON NOBEPXHOCTH, CMOCOBHOM K U3MEHEHMIO
CBOEW KOHUIypaLmmn npu ABUMKEHUAX B KONEHHOM CYCTaBe,
TeM cambIM obecreynBaloLLeli MeXaHUYECKY0 aMOpTU3aLMio
U obnervaiowien pacnpefefieHue CUMHOBMANbHOW KUAKO-
ctv. KpoMe Toro, upoBoe Teno obnafaet 3HAOKPUHHBIMY
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CBOWCTBaMW W BbICBODOXAAET MHOrOYUCNIEHHBIE MPOBOC-
nanuTeNibHble W MpoaHruoreHHble daktopbl [16]. MogHaa-
KonleHHUKoBoe upoBoe Teno [odda cocTouT U3 KMpoBOiA
TKaHM, CXOLHOW C MOAKOXHO-XMpoBOM Knetdyatkon (MKK),
C KapKacoM u3 ¢ubposHbix Tskel. Ho B otnmune ot MKK
JKMPOBOE TENO0 COLEPHUT NIIIOPUMNOTEHTHBIE KNETKU, KOTOPbIE
MoryT AnddepeHUMpoBaTbCA B 0CTE0OACTbl M XOHAPOLM-
bl [17]. KpoMe Toro, oTMeyaeTcs 6oratas MHHepBaLus 3T0ro
aHaToMuuecKoro obpasoBaHus BeTBAMU befpeHHoro, obLue-
ro ManobepLoBoro M MoAKOXHbLIX HEPBOB, NO3TOMY flobble
M3MEHEHWS KMPOBOI0 TeJla MOTYT ABMATLCA UCTOYHWUKOM BO3-
HWKHOBEHMS1 bonel B mepefiHEM 0TAene KOJIEHHOro CycTaBa
[18-20].

Bonesub MNodda

B ynomsnyTon ctatbe Anbbept lodda onucbiBaet u na-
TONOTMYecKoe COCTOSIHWE NOLHAAKONEHHUKOBOIO JWUPOBOIO
Tena — runepnniasuio u ¢Gnbpo3, ¢ xapaKTepHbIM KIMHMYE-
CKWM NposIBNEHMEM, KOTOpOe xvpypr Habmopan y 21 nauveH-
Ta. Bce naumeHTsl anosanuch Ha 6onib B nepegHeM oTaene
KOJleHHoro cycTaBa. beina ycTaHoBneHa cBsisb 3aboneBaHus
C NOBTOPHBIMW WU, PEXE, eAMHUYHBIMU TPaBMUPYIOLLUMH
3nu304amu (NasieHue Ha KOMEHO, BHE3aMHbINA PbIBOK), KOTO-
pble NPUBOAMAM K KPOBOW3NMAHMWIO B NOLHAAKONEHHUKOBOM
)XMPOBOM Tenle, BC/ef, 3a 3TUM pasBMBaNMCb BOCMANUTENb-
HbIi mpoLecc 1 ByiHbIA POCT BOPCUHOK XMPOBOro Tena. 310
MPMBOAMIO K YLIEMIEHUIO Pa3pOCLUMXCA BOPCUHOK MEXAY
benpeHHOM 1 bonbliebepLoBOi KOCTAMK, YTO BbI3bIBAJIO
ocTpble 60nM B NepeiHeEN YacTH KoneHa U QYHKLMOHAbHbIE
Hapywehnws. CornacHo Habntogenuam A. Modda, yepes He-
KOTOpOe BpeMS BO3HWKaNM aTpodus YeTbIPEXTNaBOoi MbiLL-
ubl 6efpa, TMMWUYHBINA OTEK KONEHHOrO CycTaBa C CUMMTOMOM
nceBodIOKTyaLmK.

Bo BpeMs onepatuBHbIx BMewatenbct A. Nodda 06-
HapyXun, 4YTo B pe3y/bTare 3abosieBaHWUs KMUPOBOE TeJo
MeHsieT pa3Mepsbl, UBET U MioTHOCTb. OHO yBenMuMBaeTcH,
MNOTHOCTb MOBLILIAETCA 3@ CYET YNPOUHEHUS BONOKHUCTOM
TKaHW, BCTPEYAKOTCA CrYCTKW KPOBU W YUYACTKU KPaCHO-KEN-
TOFO OTTEHKA, YKA3blBalOLLME HA HaJMuMe KPOBOM3NUSIHUIA.
McTONOrMYECKMe U3MEHEHWSA XKMPOBOTO TeNa 3akilyannch
B 06HapyXeHuM 04yaroB KIeTOYHOW WHGUIbTpauum, ¢u-
Opo3HOI TKaHW, NeMKouMToB, a Ha bonee No3aHeN cTaguun
0TMeYanucb BOCMAUTENTbHBIE U3MEHEHUS C TPaHYNALMAMM,
KOTOpble MOCTEMEHHO 3aMeLLany XUPOBYH TKaHb, 0bpasys
BOJIOKHA, @ B HEKOTOPbIX CNy4asX BbI3bIBaJIM HEKPO3.

B cTatbe aBTOp cooblmn M 0 Apyrux BO3MOXHbIX 3a-
DoneBaHMAX KOMEHHOr0 CycTaBa, Bbi3BaHHbIX NaToONOrK-
e/l XWpOBOro Tena, — COMMTapHOW NIMMOME, OMUCaHHOM
Konig, npeBoBuaHoM nunoMe, onucanHoit J. Miller. OaHako,
no MHeHuio A. Todda, He BCe Cily4an JIMNOM UMEKT onyxone-
BYIO MPUpOLY, CKOpee BCEro, MX MOXHO KNaccuuumpoBaTh
Kak (mbpo3Hylo rvnepnnasuio CyCTaBHOM XUPOBOW TKaHM.

Cam lodda He HasblBan CBOMM MMEHEM XWPOBOE TENO
W onucaHHoe UM 3aboneBaHWe KONEHHOro cycTaBa. 310 cAe-
nanu nocnegosatenn. B yacTHOCTW, TEPMUH «KUpOBOE TeNo
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lodda» BcTpeyaetcs B nybnmkaumm F.G. Kautz B 1945 1. [21].
JlaHHbIA TepMUH MCMONb3yeTCH U BO BTOPOM M3LaHUW W3-
BECTHOro aHaToMuueckoro atnaca Hetrepa (1997) [22], xota
B nepsoM m3gaHuu (1989) TepMuH «xmposoe Teno Moddax
otcyTcTByer [23].

Hanbonee paHHee ynoTpebneHve TepMuHa «bone3Hb
lodda» obHapyxeHo B nydnukaumm H. Friedman (1919)
[24]. B pyccKosisbluHOW nuTepaType BnepBble AaHHbIA Tep-
MWH BcTpeTuncs B nybnukaumm IA. Banawko B 1932 roay
[25]. B knaccuyeckoM pykoBoacTee Asis Bpauei A.B. Kanna-
Ha (1978) bonesnm lodda nocesALLeHa Lenas cTpaHuua [26].
CaMo xvpoBoe Teno aBTop Ha3bliBaeT MapHOM KPbIIOBUAHOV
CKINaZIKOM C BKJIOYEHWEM XUPOBOM TKaHM.

TepMuHbl «xupoBoe Teno Nodda», «bonesHb Moddar
B HacToALLEee BPeMs LUMPOKO UCNONb3YOT aHaToMbl [27], cne-
LManucThbl N0 YNbTpa3ByKoBoM auarHoctuke [19], Bpaun MPT-
AMarHoCTUKM M peHTreHonoru [28, 29], a Takke xmpypru, 3a-
HVUMaloLLMeCs apTPOCKONMeN KoneHHoro cyctasa [30-32].

B n3BecTHoOM 0TeuecTBEHHOM atyiace Mo PeHTreHoNorum
A.B. Pyuruii u A.H. Muxaiinos Ha3biBaloT 0bcykaaemoe 3a-
bonesaHue «bonesHbto Moddbi» [33]. MoXKHO M U HyXKHO Nn
CKIOHATb MMS HEMELIKOTO XMUpYpra B PyCCKOM fA3bIKE — BO-
NpOc K JIMHrBUCTaM.

Mepenom MNogda

Mepenom Nodda — penkoe noepexaeHne, GpoHTaNb-
Hblii NEPEeNoM flaTepanbHOro (pexe MeananbHoro) MbILLEesKa
BenpeHHoi KocTu. [laHHbIi 3noHUM siBRseTca obLLenpuHs-
TbIM W L0CTaTO4HO ycTosBLWKMMCA. OfHaKo BOMPOC O MpUopU-
TeTe 3TOr0 3MNOHWMA B HacTosLLee BpeMs ABNAETCS Npef-
METOM JMCKYCCUN.

[leno B ToM, uto B 1869 rogy Apyroit HeMeLKuid XUpypr,
Opuapux byw (1844-1916), B aHaTOMMYECKUX KOMMEKLMAX
JlenaptamenTta xupyprum (r. bepnuH) obHapyxun obpaseu
KOJIEHHOro CycTaBa C TPEeLIMHOW Ha AMCTaNbHOM OTAene
BenpeHHoi KOCTM, KOTOpas OTAeNANa 3afHIoK YacTb nare-
pabHOro MbILLESIKa BO POHTANbHOM MOCKOCTY [34]. Xupypr
He TOJIbKO OMKCaJ, HO M 3apuCOoBan 3TOT pPeAKUiA NepesioM.

Mo3aHee pucyHok @. Bywwa, Bo3MoxHO (HO He AOKa3aH-
Ho), b6b1n ncnonb3oBaH AnbbepToM Modda B 1888 rony B nep-
BOM M3aaHuK «YuebHuKa NepesioMoB U BbIBUXOB 15 Bpayeil
u ctyaeHToB» (“Lehrbuch der Fracturen und Luxationen fiir
Arzte und Studierende”) 6e3 ccbinKM Ha NEPBONCTOUHUK [35,
36]. Mpw 3toM caM nepenoM A. Todda onmcan [ocTaTouHO
KpaTKo M BECbMa pacniblBYaTo KaK «TPeLLMHbI MEXAY Mbl-
LLeIKaMM B NPOJ,0/IbHOM HanpaBNeHUU KOCTH, LOCTUraloLLmMe
pvadusa 1 orpaHMumMBaloLLMe 60MbLLYH YaCTb OAHOMO U3 Mbl-
LLEIKOB», @ «00pa3ylTCa 3TW TPEeLUMHbI B pesynbTaTe BO3-
LEeCTBMA CWfbl B MPOAOCSIbHOM HanpaBieHUM KOCTH, Hanpu-
Mep, Npu1 NpAMOM nageHuny [35]. B nocneaytoLumx u3gaHusx
YNOMSHYTOr0 MaHyana 1Sl CTyAeHToB 1 Bpadeii (1891, 1904)
UCMOMb30BanMCh Te 3Ke WMoCTpauuu hpoHTanbHOro nepe-
NloMa naTepanbHOro MbllLenka beapeHHol KocTu 6e3 cebiku
Ha nybnukaumio ©. bywa. bnarofapst HECKONBKUM U3LaHUAM
nonynapHoro y4ebHuka A. lodda o peakom nepenome beppa
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y3Hanu MHorue cTydeHTol U Bpaun. B 1891 roay atot Bug
nepenoMa BCTPETUNICS B KJIMHMYECKOW NpaKTUKe XpucTua-
Ha [eHpuxa bpayHa. lepenom bbin 0bHapyeH cpasy nocne
TPaBMbl U BbIHYXEHHON aMnyTaLumu KoHeyHocTm [37].

B nocrnenytowme pecatunetus GpoHTanbHbIA NepesioM
natepanbHoOro MblllenKa befpeHHoN KOCTU HEOAHOKPaTHO
ynoMuHancs B page y4eOHUKOB No TPaBMaTosoru 1 opTone-
LMK, HO He CBA3bIBaNCA aBTopamMu ¢ uMeHeM [odda. TepMuH
«nepenoM lodda» ctan nossnaTecs Ha pybexe 1970-x ro-
[0B, MPEUMYLLECTBEHHO B HEMELKOM W (paHLy3CKOW uTe-
patype [36].

TaK, 0AHOW W3 BaXKHbIX MybNMKaLmii TOro BpeMeHH, Kaca-
loLLelics PpOHTaNbHOro nepenoMa NlatepanbHoro MbILLENKa
benpeHHOM KocTw, sBnseTca cratba J. Letteneur nop Ha-
3BaHueM “Fractures de Hoffa", B koTopoit aBTOp onucbiBaeT
20 cnyyaeB ¢poHTanbHbIX NEpenoMOB MbILLeNKoB befpa.
J. Letteneur npeasiomn CNOXHY KnaccUPuKaLumio 3TUxX
nepenomos: | TN — nepenoM Ha ypoBHe 3afHero paciuvpe-
HWA gucTanbHoro otaena 6egpenHon Kocty; Il TN — nnHUS
nepenoMa HaxoauTcs bnvke K 3aiHeN YacTu MbILLENIKa C Ae-
nenveM Ha noatunel A, B u C B 3aBUCMMOCTM OT BENUYMHBI
KocTHoro ¢parMenTa; lll TMIm — nepenoM Kocol, Megnanb-
HbI, NaTepanbHbIN, LBYXMbILLENKOoBbIN [38].

B 1996 ropy Accoumauuein TpaBMaTonoroB M opToneaoB
(Orthopaedic Trauma Association, OTA) bbina npuHsATa Knac-
cudmkaumn nepenomos (English version of AQ Classification
of Fractures), KoTopass aKTMYECKW «y3aKOHUNa» 3NOHUM
«nepenoM Fodda» [39]. Muller ¢ coasr. (1990) npuumcnmnnm
MBbILLESIKOBbIE NepesioMbl BO QpOHTanbHoO/ nnockocti Mod-
¢a K rpynne B3. Nudopmaumio o nepenome Modda MoxHo
BCTPETUTB B CaMbIX MONYAAPHBIX MEXAYHAPOAHBIX U3JAHUSAX
no TpaBMatonorumn v optoneamm — “Rockwood and Green's
Fractures in Adults” [40], “Campbell’s operative orthopaedics”
[41], “Apley’s System of Orthopaedics and Fractures” [42].
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OpHako B nocnegHue rofsl NosBUIUCHL ybeautenbHble
nybnukaumy, yKasbiBaloLLMe Ha MCTOPUYECKYI0 HecrpaBef -
JMBOCTb B OTHOLLIEHUW AAPYrOr0 HEMELIKOro Xvpypra-opTone-
naa — Opuapuxa bywa [36, 43].

3AKJIO4YEHUE

TakuMm obpasom, npuoputet Anbbepta lodda B onuca-
HWW NOLHAAKONEHHWUKOBOMO MPOBOrO Tela M ero Natosio-
WM NPU3HAETCA aHaTOMaMM W KIIMHMLMCTaMK. YTo KacaeTcs
(poHTaNLHOrO NepesioMa natepanbHOro Mblllesika befpeH-
HoM KocTu, To Anbbepta Modda normyHo cumTaTh COABTOPOM
3MoHNMa.

AO0NOJIHATESIbHO

Brniag, aBTOpoB. Bee aBTOpbl NOATBEPXKAAIOT COOTBETCTBME CBOET0
aBTOPCTBA MeXOyHapoaHbIM kputepmam ICMJE (ce aBTopbl BHEC/N
CYLLLeCTBEHHBIN BKIAZ, B pa3paboTKy KOHLENLMM U MOArOTOBKY CTa-
bW, MPOYAM 1 0f0bprAn dUHaMBHYO Bepcuio Nepes nybnamkaumen).
UcTouHmnk dmHaHcupoBaHms. He ykasaH.

KoHbnuKT uHTepecoB. ABTOpLI [EKNApMPYIOT OTCYTCTBUE ABHbIX
U NoTeHUMAnNbHbIX KOHPMKTOB MHTEPECOB, CBA3aHHBIX C MybnnKa-
LiMer HacToALLLEeN cTaTby.

ADDITIONAL INFO

Author’s contribution. Thereby, all authors made a substantial
contribution to the conception of the work, drafting and revising the
work, final approval of the version to be published and agree to be
accountable for all aspects of the work.

Funding source. Not specified.

Competing interests. The authors declare that they have no
competing interests.

7. BanHwrenn B.I. P.P. Bpegen (K ucTtopum oTedyecTBEHHOM
optoneamv) // OpToneawms, TpaBMaTonorus U NpoTe3vpoBaHye.
1985. N2 5. C. 64-66.

8. Tuxunos PM, Koumw AlQ. Poman PomaHoBuy BpepgeH —
BbIJALWIMACA OTEYECTBEHHbIA XMPYPr, YYEHbIA W neparor
(k 150-netnio co aHs poxaeHws) // TpaBMatonorus U optoneams
Poccuu. 2017.T. 23, N2 4. C. 158-162.

9. Goodsir J. On the Horizontal Curvature of the Internal Femoral
Condyle: On the Movements and Relations of the Patella; Semilunar
Cartilages; and Synovial Pads of the Human Knee-Joint // Edinburgh
Medical Journal. 1855. Vol. 1, N2 1. P. 91-95.

10. Benington R.C. Dissection of a Symelian Monster // J Anat
Physial. 1891. Vol. 25, N° 2. P. 202-209.

11. Ballantyne JW. Sectional Anatomy of an Anencephalic
Foetus // J Anat Physiol. 1892. Vol. 26, N° 4. P. 516-529.

12. Cotterill JM., Edin F.R.0.S. Notes of 15 cases of operation for
internal derangement of the knee-joint // The Lancet. 1902. N° 7.
P.510-512.

3N


https://doi.org/10.17816/VTO�
https://doi.org/10.1007/s00590-017-2005-x
https://doi.org/10.21823/2311-2905-2021-27-3-143-148

372

REVIEWS

13. Hoffa A. The influence of the adipose tissue with regard to the
pathology of the knee joint // Journal Am Med Assoc. 1904. N2 42.
P.795.

14. Burda B,, Steidle-Kloc E., Dannhauer T., Wirth W., Ruhdorfer A,
Eckstein F. Variance in infra-patellar fat pad volume: Does the body
mass index matter? — Data from osteoarthritis initiative participants
without symptoms or signs of knee disease // Annals of Anatomy.
2017.N® 213. P. 19-24. doi: 10.1016/j.aanat.2017.04.004

15. Chuckpaiwong B., Charles H.C., Kraus V.B., Guilak F.,
Nunley J.A. Age-associated increases in the size of the infrapatellar
fat pad in knee osteoarthritis as measured by 3T MRI // Journal
of Orthopaedic Research. 2010. Vol. 28, N® 9. P. 1149-1154.
doi: 10.1002/jor.21125

16. Clockaerts S., Bastiaansen-Jenniskens Y.M., Runhaar J., Van
Osch G.J.,, Van Offel J.F., Verhaar JA, et al. The infrapatellar fat
pad should be considered as an active osteoarthritic joint tissue:
a narrative review // Osteoarthritis Cartilage. 2010. Vol. 18, N° 7.
P. 876—882. doi: 10.1016/j.joca.2010.03.014

17. Wickham M.Q., Erickson G.R., Gimble J.M., Vail T.P., Guilak F.
Multipotent stromal cells derived from the infrapatellar fat pad of the
knee // Clin Orthop Relat Res. 2003. N° 412. P. 196-212.

18. T'ymepo A.A. KnuHmKo-mopdonornyeckme acnekTsl 6one3Hm
lodda, bonesns Modda y aetelt // 3apaBooxpaHeHue balukopko-
cTaHa. 2006. N2 2. P. 143-144.

19. MaBpuniok B.B. YnbTpassykoBble npu3Haku bonesum Modda Ko-
NeHHOr o cycTasa // AkTyanbHble NPobieMbl ryMaHUTapHbIX 1 ecTe-
CTBeHHbIX HayK. 2012. N2 2. C. 255-259.

20. Saddik D., McNally E.G., Richardson M. MRI of Hoffa's
fat pad // Skeletal Radiol. 2004. Vol. 33, N® 8. P. 433-444.
doi: 10.1007/s00256-003-0724-z

21. Kautz F.G. Capsular Osteoma of the Knee Joint. Report of Four
Cases // Radiology. 1945. Vol. 45, N° 2.

22. Netter F.H. Atlas of Human Anatomy. 2" edition. Novartis, 1997.
525 p.

23. Netter F.H. Atlas of Human Anatomy. 1% edition. Elsevier-Health
Sciences Division, 1989. 592 p.

24. Friedman H. Hringre of it ehiral Srientre // New York Medical
Journal. 1919. Vol. 95, N° 18. P. 749.

25. Bonkos M.B. HexoTopble BpoxAEHHbIE 3ab0/1eBaHNA KONEHHOMO
cyctasa v bone3Hb [odda // PykoBogcTBo no opToneauun u Tpas-
martonoruu: B 3 7. Mocksa: MeaumumHa, 1968. T. 1 (XXIV). C. 644—664.
26. Kannan A.B. MoBpexaeHus Kocteit u cycrasos. 3-e u3g. Mo-
ckBa: MeauumHa, 1979. 568 c.

27. Bannynnuu [1.P. Mopdonorus xunpoBoro Tena KOJeHHOMo
cycTaBa y flofiei 3penoro Bo3pacTa W ero pasBuTWe B NpeHa-
TanbHOM OHTOreHe3e: aBTopedepat AnC. ... KaHA. Med. HayK. Yda,
2003. 24 c.

REFERENCES

1. Somford MP, Weme RAN, Hoornenborg D, Wiegerinck JI,
van Raay JJAM, Brouwer RW, Williams A. Biographical
background and origin of common eponymous terms
in orthopedic surgery: anatomy and fractures in knee

Vol. 30 (3) 2023

DOl https://doiorg/10.17816/VT0409584

NN. Priorov Journal of Traumatology and Orthopedics

28. Imaging of the knee: Techniques and Applications / ed. by
AM. Davies, V.N. Cassar-Pullicino. Berlin, Heidelberg: Springer-
Verlag, 2003. 336 p. doi: 10.1007/978-3-642-55912-9

29. Subhawong T.K,, Eng J., Carrino J.A., Chhabra A. Superolateral
Hoffa's Fat Pad Edema: Association With Patellofemoral Maltracking
and Impingement // American Journal of Roentgenology. 2010.
Vol. 195, N 6. P. 1367-1373. doi: 10.2214/AJR.10.4668

30. Ogilvie-Harris D.J., Giddens J. Hoffa's disease: arthroscopic
resection of the infrapatellar fat pad // Arthroscopy. 1994. Vol. 10,
N 2. P. 184—187. doi: 10.1016/s0749-8063(05)80091-x

31. Wu H,, Xu Q., Zhou W. Hoffa disease: diagnosis and arthroscopic
treatment // Zhonghua Wai Ke Za Zhi. 1995. Vol. 33, N 10. P. 581-583.
32. Saha P., Bandyopadhyay U., Mukhopadhyay AS., Kundu S.,
Mandal S. Ganglion Cyst of Knee from Hoffa's Fat Pad Protruding
Anterolaterally Through Retinacular Rent: A Case Report // Journal
of Orthopaedic Case Reports. 2015. Vol. 5, N2 3. P. 69-71.

33. Pyukui A.B., Muxaiino A.H. PeHTreHoaMarHoCTMYeCKMiA atnac.
Y. |. bone3Hu onopHo-ABuraTensHoro annapata. MuHck: Bellwaiiuas
LwKosa, 1987. 288 c.

34. Busch F. Mehrere Falle seltener Knochenverletzungen // Arch
Klin Chir. 1869. N2 10. P. 703-719.

35. Hoffa A. Lehrbuch der Frakturen und Luxationen fiir Arzte
und Studierende. I edition. Wiirzburg: Verlag der Stahel'schen
Universitats-Buch- & Kunsthandlung, 1888. 772 p.

36. Bartonicek J., Rammelt S. History of femoral head fracture and
coronal fracture of the femoral condyles // International Orthopaedics.
2015. Vol. 39, N2 6. P. 1245-1250. doi: 10.1007/s00264-015-2730-x
37. Braun H. Qaerbruch des hinteren Theiles des Condylus. In:
Seltenere Fracture des Oberschenkels // Archiv fiir klinische
chirurgie. 1891. N2 42. P. 107-109.

38. Letteneur J., Labour P.E, Rogez J.M,, Lignon J., Bainvel J.V.
Fractures de Hoffa — A propos de 20 observations // Ann Chir.
1978. Vol. 32, N2 3—4. P. 213-219.

39. Miiller M.E., Nazarian S., Koch P., Schatzker J. The comprehensive
classification of fractures of long bones. Berlin: Springer, 1990. 208 p.
doi: 10.1007/978-3-642-61261-9

40. Court-Brown CM., Heckman J.D., McQueen MM., Ricci W,
Tornetta Ill P. Rockwood and Green's Fractures in Adults. In two
volumes edition. Eighth: LWW, 2015. 2814 p.

41. Canale S.T., Beaty JH. Campbell's operative orthopaedics.
9™ edition. Mosby, 2007. 5512 p.

42. Solomon L., Warwick D., Nayagam S. Apley's System of
Orthopaedics and Fractures. 9 edition. CRC Press, 2010. 992 p.
doi: 10.1201/b13422

43. Patel P.B., Tejwani N.C. The Hoffa fracture: Coronal fracture of
the femoral condyle a review of literature // J Orthop. 2018. Vol. 15,
N 2. P. 726-731. doi: 10.1016/j.jor.2018.05.027

surgery. Eur J Orthop Surg Traumatol. 2018;28(1):79-84.
doi: 10.1007/s00590-017-2005-x

2. Zolotov AS, Berezin PA, Sidorenko IS. Mallet Fracture:
I.F. Busch Fracture, W. Busch Fracture or P. Segond Fracture?



https://doi.org/10.17816/VTO�
https://doi.org/10.1007/s00590-017-2005-x
https://doi.org/10.1016/j.aanat.2017.04.004
https://doi.org/10.1002/jor.21125
https://doi.org/10.1016/j.joca.2010.03.014
https://doi.org/10.1007/s00256-003-0724-z
https://doi.org/10.1007/978-3-642-55912-9
https://doi.org/10.2214/AJR.10.4668
https://doi.org/10.1016/s0749-8063(05)80091-x
https://doi.org/10.1007/s00264-015-2730-x
http://dx.doi.org/10.1007/978-3-642-61261-9
https://doi.org/10.1201/b13422
https://doi.org/10.1016/j.jor.2018.05.027

0B30PHI

Travmatologiya i ortopediya Rossii. 2021;27(3):143-148. (In Russ).
doi: 10.21823/2311-2905-2021-27-3-143-148

3. Schmitt R, Lanz U. Diagnostic imaging of the hand. Stuttgart,
New York: Thieme; 2008. 608 p.

4. Zolotov AS. Fracture eponyms: proper names. Irkutsk: Irkutskij
nauchnyj centr hirurgii i travmatologii; 2017. 98 p. (In Russ).

5. Markwart M. Hoffa, Albert. Neue Deutsche Biographie. Berlin:
Duncker & Humblot; 1972. 9 p.

6. Paul U. Our surgical heritage. Albert Hoffa. Zentralbl Chir.
1981;106(13):901-903.

7. Vajnshtejn VG. RR. Vreden (To the history of Russian orthopedics).
Ortopedija, travmatologija i protezirovanie. 1985;(5):64—66. (In Russ).
8. Tikhilov RM, Kochish AYu. Roman R. Vreden — Outstanding
Surgeon, Scientist and Teacher (150" Anniversary of the Birth).
Travmatologiya i ortopediya Rossii. 2017;23(4):158-162. (In Russ).
9. Goodsir J. On the Horizontal Curvature of the Internal Femoral
Condyle: On the Movements and Relations of the Patella; Semilunar
Cartilages; and Synovial Pads of the Human Knee-Joint. Edinburgh
Medical Journal. 1855;1(1):91-95.

10. Benington RC. Dissection of a Symelian Monster. J Anat Physiol.
1891,25(2):202-209.

11. Ballantyne JW. Sectional Anatomy of an Anencephalic Foetus. J
Anat Physiol. 1892;26(4):516-529.

12. Cotterill JM, Edin FROS. Notes of 15 cases of operation for internal
derangement of the knee-joint. The Lancet. 1902;(7):510-512.

13. Hoffa A. The influence of the adipose tissue with regard to the
pathology of the knee joint. Journal Am Med Assoc. 1904;(42):795.
14. Burda B, Steidle-Kloc E, Dannhauer T, Wirth W, Ruhdorfer A,
Eckstein F. Variance in infra-patellar fat pad volume: Does the body
mass index matter? — Data from osteoarthritis initiative participants
without symptoms or signs of knee disease. Annals of Anatomy.
2017;(213):19-24. doi: 10.1016/.aanat.2017.04.004

15. Chuckpaiwong B, Charles HC, Kraus VB, Guilak F, Nunley JA.
Age-associated increases in the size of the infrapatellar fat pad in
knee osteoarthritis as measured by 3T MRI. Journal of Orthopaedic
Research. 2010;28(9):1149-1154. doi: 10.1002/jor.21125

16. Clockaerts S, Bastiaansen-Jenniskens YM, Runhaar J, Van
Osch GJ, Van Offel JF, Verhaar JA, et al. The infrapatellar fat pad
should be considered as an active osteoarthritic joint tissue: a
narrative review. Osteoarthritis Cartilage. 2010;18(7):876-882.
doi: 10.1016/j,joca.2010.03.014

17. Wickham MQ, Erickson GR, Gimble JM, Vail TP, Guilak F.
Multipotent stromal cells derived from the infrapatellar fat pad of
the knee. Clin Orthop Relat Res. 2003;(412):196-212.

18. Gumerov AA. Clinical and morphological aspects of
Hoffa's disease, Hoffa's disease in children. Zdravoohranenie
Bashkorkostana. 2006;(2):143—144. (In Russ).

19. Gavrilyuk VV. Ultrasound signs of Hoffa disease of the knee.
Aktual'nye problemy gumanitarnykh i estestvennykh nauk.
2012;(2):255-259. (In Russ).

20. Saddik D, McNally EG, Richardson M. MRI of Hoffa's fat pad.
Skeletal Radiol. 2004;33(8):433—444. doi: 10.1007/s00256-003-0724-z
21. Kautz FG. Capsular Osteoma of the Knee Joint. Report of Four
Cases. Radiology. 1945;45(2).

T.30,Ne 3, 2023

DOl https://doiorg/10.17816/VT0409584

BecTHwK TpaBMaTonoriv 1 opToneami uM. HH. Mproposa

22. Netter FH. Atlas of Human Anatomy. 2" edition. Novartis; 1997.
525 p.

23. Netter FH. Atlas of Human Anatomy. 1% edition. Elsevier-Health
Sciences Division; 1989. 592 p.

24, Friedman H. Hringre of it ehiral Srientre. New York Medical
Journal 1919;95(18):749.

25. Volkov MV. Some congenital diseases of the knee joint and
Hoffa's disease. In: Rukovodstvo po ortopedii i travmatologii: v 3 t
Moscow: Medicine; 1968. II(XXIV). 644—664. (In Russ).

26. Kaplan AV. Damage to bones and joints. 3-e izd. Moscow:
Medicina; 1979. 568 p. (In Russ).

27. Valiullin DR. Morphology of the fat body of the knee joint in
mature peaple and its development in prenatal ontogenesis [abstract
of the dissertation]. Ufa; 2003. 24 p. (In Russ).

28. Davies AM, Cassar-Pullicino VN, editors. Imaging of the knee:
Techniques and Applications. Berlin, Heidelberg: Springer-Verlag;
2003. 336 p. doi: 10.1007/978-3-642-55912-9

29. Subhawong TK, Eng J, Carrino JA, Chhabra A. Superolateral
Hoffa's Fat Pad Edema: Association With Patellofemoral
Maltracking and Impingement. American Journal of Roentgenology.
2010;195(6):1367-1373. doi: 10.2214/AJR.10.4668

30. Ogilvie-Harris DJ, Giddens J. Hoffa's disease: arthroscopic
resection of theinfrapatellar fat pad. Arthroscopy. 1994;10(2):184—
187. doi: 10.1016/50749-8063(05)80091-x

31. Wu H, Xu Q, Zhou W. Hoffa disease: diagnosis and arthroscopic
treatment. Zhonghua Wai Ke Za Zhi. 1995;33(10):581-583.

32. Saha P, Bandyopadhyay U, Mukhopadhyay AS, Kundu S,
Mandal S. Ganglion Cyst of Knee from Hoffa's Fat Pad Protruding
Anterolaterally Through Retinacular Rent: A Case Report. Journal of
Orthopaedic Case Reports. 2015;5(3):69-71.

33. Ruckij AV, Mihajlov AN. X-ray diagnostic atlas. Part |. Diseases of the
musculoskeletal system. Minsk: Higher school; 1987. 288 p. (In Russ).
34. Busch F. Mehrere Félle seltener Knochenverletzungen. Arch Klin
Chir. 1869;(10):703—719. (In German).

35. Hoffa A. Lehrbuch der Frakturen und Luxationen fiir Arzte und
Studierende. " ed. Wiirzburg: Verlag der Stahel’'schen Universitéts-
Buch- & Kunsthandlung; 1888. 772 p. (In German).

36. Bartonicek J, Rammelt S. History of femoral head fracture and
coronal fracture of the femoral condyles. International Orthopaedics.
2015;39(6):1245-1250. doi: 10.1007/s00264-015-2730-x

37. Braun H. Qaerbruch des hinteren Theiles des Condylus. In:
Seltenere Fracture des Oberschenkels. Archiv fiir klinische chirurgie.
1891;(42):107-109.

38. Letteneur J, Labour PE, Rogez JM, Lignon J, Bainvel JV.
Fractures de Hoffa — A propos de 20 observations. Ann Chir.
1978;32(3—-4):213-219.

39. Miiller ME, Nazarian S, Koch P, Schatzker J. The comprehensive
classification of fractures of long bones. Berlin: Springer; 1990. 208 p.
doi: 10.1007/978-3-642-61261-9

40. Court-Brown CM, Heckman JD, McQueen MM, Ricci W,
Tornetta lll P. Rockwood and Green's Fractures in Adults. In two
volumes edition. Eighth: LWW; 2015. 2814 p.

41. Canale ST, Beaty JH. Campbell's operative orthopaedics.
9™ edition. Mosby; 2007. 5512 p.

373


https://doi.org/10.17816/VTO�
https://doi.org/10.21823/2311-2905-2021-27-3-143-148
https://doi.org/10.1016/j.aanat.2017.04.004
https://doi.org/10.1002/jor.21125
https://doi.org/10.1016/j.joca.2010.03.014
https://doi.org/10.1007/s00256-003-0724-z
https://doi.org/10.1007/978-3-642-55912-9
https://doi.org/10.2214/AJR.10.4668
https://doi.org/10.1016/s0749-8063(05)80091-x
https://doi.org/10.1007/s00264-015-2730-x
http://dx.doi.org/10.1007/978-3-642-61261-9

374

REVIEWS

42. Solomon L, Warwick D, Nayagam S. Apley's System of
Orthopaedics and Fractures. 9™ edition. CRC Press; 2010. 992 p.
doi: 10.1201/b13422

0b ABTOPAX

* 3onotoB Anekcanap Cepreesuy, A.M.H., npodeccop,
Bpay TpaBMaToor-opTones;

appec: Poccms, Bnagmeoctok, 690920, octpoB Pycckui,
nocénok Askc, a. 10;

ORCID: 0000-0002-0045-9319;

eLibrary SPIN: 3925-9025;

e-mail: dalexpk@gmail.com

3uHbkoBa EkaTepuHa AnekcaHppoBHa, CTy[EHT;
ORCID: 0000-0003-0873-1505;

eLibrary SPIN: 1531-4964;

e-mail: k762000@mail.ru

AtosH Bapcuk ApaMoBHa, acnumpaHT;

ORCID: 0000-0002-2259-8950;

e-mail: atoian.va@dvfu.ru

* ABTOp, 0TBETCTBEHHbIV 3a nepenucky / Corresponding author

Vol. 30 (3) 2023

DOl https://doiorg/10.17816/VT0409584

NN. Priorov Journal of Traumatology and Orthopedics

43. Patel PB, Tejwani NC. The Hoffa fracture: Coronal fracture of the
femoral condyle a review of literature. J Orthop. 2018;15(2):726-731.
doi: 10.1016/j.jor.2018.05.027

AUTHORS’ INFO

* Aleksandr S. Zolotov, MD, Dr. Sci. (Med.), professor,
traumatologist-orthopedist;

address: 10 Ajax settlement, Russky Island, Vladivostak,
690920, Russia;

ORCID: 0000-0002-0045-9319;

eLibrary SPIN: 3925-9025;

e-mail: dalexpk@gmail.com

Ekaterina A. Zinkova, student;
ORCID: 0000-0003-0873-1505;
eLibrary SPIN: 1531-4964;
e-mail: k762000@mail.ru

Varsik A. Atoian, post-graduate student;
ORCID: 0000-0002-2259-8950;
e-mail: atoian.va@dvfu.ru



https://doi.org/10.17816/VTO�
https://doi.org/10.1201/b13422
https://doi.org/10.1016/j.jor.2018.05.027
https://orcid.org/0000-0002-0045-9319
https://www.elibrary.ru/author_profile.asp?id=242337
mailto:dalexpk@gmail.com
https://orcid.org/0000-0003-0873-1505
https://www.elibrary.ru/author_profile.asp?id=1081501
mailto:k762000@mail.ru
https://orcid.org/0000-0002-2259-8950
mailto:atoian.va@dvfu.ru
https://orcid.org/0000-0002-0045-9319
https://www.elibrary.ru/author_profile.asp?id=242337
mailto:dalexpk@gmail.com
https://orcid.org/0000-0003-0873-1505
https://www.elibrary.ru/author_profile.asp?id=1081501
mailto:k762000@mail.ru
https://orcid.org/0000-0002-2259-8950
mailto:atoian.va@dvfu.ru

HEKPOSIOT T.30,N\° 3,2023 BecTHvK Tpasmatonoriv v opToneaui uM. HH. Mpuoposa 3
75

DOI: https://doi.org/10.17816/vto4657158

AkapeMuk Poccuitickod akapeMmm Hayk
Cepreit NlaBnosuy MupoHos
(06.08.1948-14.08.2023)

AHHOTALIMA

OTeyecTBeHHOE 3[paBOOXpaHEHME MOHECN0 HeBOCMONHMMYIO noTepto: 14 aBrycta Ha 76-M rogy yLUEN U3 KWU3HM BblAAIOLLMACA
YYEHBIW, OT/MYHBIA OpPraHWU3aTop, NPEKPaCcHbIN KIMHWLMCT, 3pYAMPOBaHHBIN Neaaror, 3amMeyartesibHbliA 00LLECTBEHHbIN fes-
TeNb, AOKTOP MeAMLMHCKUX HayK, Npodeccop, akaaeMuk Poccuiickon akagemumn Hayk Ceprei Maenoeuy MupoHos. Accouma-
LM TpaBMatosioroB-optonesoB Poccum, KonnekTue HaumoHanbHOro MeavLMHCKOro UCCNe0BaTesbCKOro LIEHTpa TpaBMato-
norumn u optoneaun uM. H.H. NpropoBsa, pearkonnerus xypHana «BecTHuK TpaBMatonorim u optoneauv uM. H.H. MNproposa»
rnyboKo cKopbAT o TAXKENOIA yTpaTe.

KnioueBble cnoBa: Cepreit [1aBnoBuy MupoHOB; HeKposior; akageMuK POCCUIACKON aKafeMuW Hayk; Bpad TpaBMaTosior-
opTones.
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Sergey Pavlovich Mironov,
Academician of the Russian Academy of Sciences
(06.08.1948-14.08.2023)

ABSTRACT

The national health care has suffered an irreplaceable loss: on August 14, at the age of 76, Sergey Pavlovich Mironov, an
outstanding scientist, excellent organisator, a great clinician, erudite teacher, a remarkable public figure, Doctor of Medical
Sciences, Professor, Academician of the Russian Academy of Sciences, passed away. The Association of Traumatologists and
Orthopaedists of Russia, the staff of the N.N. Priorov National Medical Research Center of Traumatology and Orthopedics,
editorial board of the N.N. Priorov Journal of Traumatology and Orthopedics deeply grieve about the loss.
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HEKPOJIOP

T.30,Ne 3, 2023

BecTHwK TpaBMaTonoriv 1 opToneami uM. HH. Mproposa

MUPOHOE
€ NABOS

L
A |

OTequTBeHHoe 3[paBoOXpPaHEHNE MOHECIO HEBOCMOJHM-
Myto noTepto: 14 aBrycta Ha 76-M rogy yLEn n3 JKWU3HM
BbIJAKOLLMIACA YYEHBIW, OTIMYHBIM OpraHuW3aTop, npekpac-
HbI KIMHULMCT, 3pYAMPOBaHHbINA Nefaror, 3aMeyatenbHblii
06LLeCTBEHHbIN AeATeNb, AOKTOP MeAULMHCKMX HayK, npo-
deccop, akageMuK Poccuitckoii akageMum Hayk Cepreii MaB-
nosuy MupoHos.

Cepreit MNaBnosuy pogunca 6 asrycra 1948 roga B Mo-
ckBe. Bca TpypoBas pestenbHocte Ceprea [laBnoBuya
Ha npoTtsixeHun 50 net Bbina HepaspbiBHO cBsidaHa ¢ LieH-
TpasbHbIM MHCTUTYTOM TPaBMaToaorui U OpTONeAUU UMEHU
H.H. Mpuoposa (UXTO). Ewe 6yayun ctypeHTom [epsoro
MocKoBCKOro MeAMLIMHCKOTO UHCTUTYTa, OH Havan pabotatb
B LIUTO canutapoM, a 3ateM MeabpatoM. locne okoHYaHus
uHctutyTa B 1973 ropy pacnpegenuncs B UNTO B otaeneHmne
AeTCKOW TpaBMatonoruu, rae B 1979 rogy 3alwiuTun KaH-
AVOATCKYK guccepTaumio Ha TeMy «OnepaTuBHoe neyeHve
MOCTTPaBMaTUYECKUX KOHTPAKTYpP W aHKWUNIO30B JIOKTEBOrO
cyctaBay peteii». B 1983 roay 611 u3bpaH no KoHKypcy 3a-
BEAYHLUMM OTAENEHNEM CTOPTUBHOW W 6aneTHOM TpaBMBbI,
npogonan paboty Haj AOKTOpCKOW auccepTaumeit «[locT-
TpaBMaTuyeckue AedopMauuu M KOHTPAKTYPbl KPYMHbIX
CYCTaBOB Yy [ieTeli U MOAPOCTKOB U WX JIeYEHUE», KOTOPYIO
ycnewwHo 3awmtun B 1984 roay.

Hayunas pestensHocTb Cepres laBnosuya bbina ceasa-
Ha C pa3paboTKoii M BHeOPeHWEM B MpaKTUYeCKoe 3ApaBo-
OXPaHEHWE MaJloMHBA3MBHBIX apTPOCKOMMYECKUX METOLOB

DOl https://doi.org/10.17816/VT04657158

neyeHus TpaBM 1 3aboneBaHWI CycTaBOB, CMIMHANBHOW TpaB-
Mbl, MUKPOXMPYPriW B TPaBMaTosioruu U opToneamn.

C 1995 no 2011 rog Cepren [aBnoBuy sBnsnca 3ame-
cTUTeneM ynpasnsiowero genamu lpesugeHta Poccuidckoit
®epepaunn, HayanbHUKOM [NaBHOr0 MeAMLMHCKOrO yrpas-
nenmd, a ¢ 1998 no 2019 rog — ampektopoMm UNTO, roe
APKO nposBun TanaHT opranusartopa. C 2019 ropa Ceprent
laBnoBny — noyéTHbI Npe3naeHT LIUTO.

Ha npotsokenuu 25 net Cepren [laBnoBuuy 3aHuMan
LOJKHOCTb [NTAaBHOr0 BHELUTATHOMO CreLuManqcTa TpaBMaro-
nora-optoneaa Munsapasa Poccuu, npoBoas 0rpoMHyto pa-
60Ty No pasBMTUIO TPAaBMATONIOr0-0PTONEANHECKOW CIYHObI
BO Bcex permoHax Poccuiickon QOepepaumm.

Cepren MaBnoBuY psiMTeNbHOE BPeEMA PYKOBOAMN Kade-
Apamu TpaBMatonorum u optoneguu MY um. M.B. JloMmoHo-
coBa, a 3ateM — OIbOY BO «MI'MY umM. .M. CeyeHoBa»
MuH3gpasa Poccum, roe rotoBunuch TpaBMaTonoru-oprone-
Obl He TonbKo Ans Poccuiickon ®epepaunu, Ho U LIS CTpaH
CHI.

C 1999 ropa Cepreii MaBnoBuy Bbin rnaBHbIM pefak-
TOPOM XypHana «BecTHWK TpaBMaTtonoruv M opToneaum
uM. H.H. lpuopoBa» — 0AHOrO M3 BEAYLLMX HAyYHbIX pe-
LEH3MpYEMbIX U3JaHWUi N0 TPaBMAToNoOrUu W OPTOMELUU.
Mop pykoBoacTeoM Cepres lNaBnoBuya 3ypHan Ha BbICOKOM
Hay4YHOM YpOBHE OCBELLan aKTyaslbHble OpraHW3aLMOHHbIE
U KIMHUYecKue npobnembl coBpeMeHHOW TpaBMaTonoruu
U opTonesuu.
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O6wectBeHHan pestencHocTb Cepres laBnoBuya He-
pa3pbIBHO CBA3aHa ¢ co3paHueM B 1996 rogy npodeccumo-
HanbHOW 06LLeCTBEHHON opraHu3aumn «Poccuitckoe apTpo-
cKonuyeckoe obwecteo» u B 2014 rogy ObLiepoccuiickon
06LLecTBEHHOMN OpraHM3aLmn «Accoumalms TpaBMaTonoros-
opTonenoB Poccum», Npe3naeHTOM KOTOPbIX OH SBASUICS
Ha NPOTAXKEHWMN [TUTENLHOMO BPEMEHM.

B mamaTth pofHbIX M BAW3KWX, ApY3ed M COPaTHMKOB,
Konner B Hawei cTpaHe u 3a pybexom Cepreii laBnosuy
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MWpOHOB OCTaHETCA He TONbKO NPEKPacHbIM CMeLManucToM,
HO M YENOBEKOM BbICOKMX AYLUEBHbIX M 3TUYECKUX KayecTB.
lmy6oko ckopbuM KM BblpaxaeM cobone3HOBaHWA POAHBIM
U1 6AIM3KUM.

Accoyuayus mpasmMamonozoe-opmonedos Poccuu,
Konnekmue HMUL, mpaemamonozuu u opmoneduu
uM. H.H. puopoea, pedxonneaus xypHana «BecmHuk
mpaemamosio2uu u opmoneduu uM. H.H. lpuopoea»
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