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Abstract
The human hand is an organ of labor, self-service, touch. According to Kaplan E.V. the hand is an extension
of our brain in the environment around us. However, being one of the most functionally loaded systems, the hand ¢ pfiict of interest
and its bone segments are damaged quite often. The authors declare that they have no
The purpose of this work is to analyze a literary review of modern prostheses in the treatment of diseases  conflicts of interest
of the bones and joints of the hand.
Material and methods. We systematically searched the literature and selected sources from MEDLINE,
Cochrane databases, Google Scholar, PubMed, as well as research papers and online educational publications
in English and Russian. Forty papers that met the inclusion criteria were included. Keywords:
Results. The review article presents methods of treating patients with defects and injuries of the bones and o jon osihesis replacement,
Jjoints of the hand, the causes of the development of this pathological condition. bioprosthesis, bioprinting, hand joints,
Conclusion. Thus, the existing types of prostheses currently do not fully meet the needs of patients and do  hand injuries, reconstructive surgery
not have a 100% positive effect from their use in modern reconstructive surgery. The number of unsatisfactory
results of reconstructive operations and disability rates remain high.
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Llenb pa6omsi — nposecmu fumepamypHbIli 0630p COBPEMEHHBIX MPOME308 8 feYeHuU 3abonesaHull

kocmel u Ccycmasgoe Kucmu.

Mamepuan u memodsl. MblI npogenu cucmemamuy4eckull MoUCK umepamypHbIX 0aHHbIX U omo6parnu
ucmoyHuku u3 MEDLINE, 6a3ax daHHbix KokpeliHa, GoogleScholar, PubMed, a makxe uccrnedogamenbckue
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Komopsbie ydoenemeop,qnu Kpumepusm 8KITIO4YeHUS.

Pesynbmamel. B 0630pHoU cmambe npusedeHbl MemoObl fe4eHUs nayueHmos ¢ Oeghekmamu u
M08peXOeHUsIMU Kocmell U cycmasog Kucmu, Mpu4UHbI pa3gumusi aHHO20 Mamoo2uyecko2o COCMOSTHUSI.

Bbigodbl. Takum obpasom, cyuwecmeytowue eudbl MPome3o8 Ha OaHHbIU MOMEHM He MOIHOCMbH0
ydosnemeopsitom nompebHocmu nayueHmog u He okasbigatom 100% nonoxumensHbil 3ghghekm om
UX MPUMEHEHUSI 8 COBPEMEHHOU PEKOHCMPYKMUBHOU Xxupypeuu. Komuyecmeo HeydoenemeopumeribHbIX
pesynbmamos PEKOHCMPYKMUBHbIX onepayuli U mokasamesu UH8anudHOCMU COXPaHSIOMCS 8bICOKUMU.

Relevance

The human hand is an organ of a complex
anatomical structure, a fine physiological function,
and perfect coordinated movements. “In the absence
of other evidence, the thumb alone would convince
me of the existence of God” (Isaac Newton, cited in
James Le Fanu, 2003). This is the organ of labor, self-
service, touch. According to Kaplan E.V. the hand is
an extension of our brain in the environment around
us. However, being one of the most functionally
loaded systems, the hand and its bone segments are
damaged quite often [1,2].

The purpose of this work is to analyze a literary
review of modern prostheses in the treatment of
diseases of the bones and joints of the hand.

Material and methods

We conducted a systematic search of literature
data and selected sources from MEDLINE, Cochrane
databases, Google Scholar, PubMed, as well as

research papers and online educational publications
in English and Russian. Forty works that met the
inclusion criteria were included.

Inclusion criteria

We included 40 sources that met our inclusion
criteria: works in which studies were conducted in
patients with defects of bones and joints of the hand,
sources published no later than 10 years.

Reliability assessment and data extraction

We ftried to evaluate a sample of 30 sources
in which attention was paid to the treatment and
prevention of this pathological condition. We evaluated
the articles in random order based on key aspects.
The data elements taken for this article included:
study design, sampling method, number of patients
and operations performed, outcome determination,
randomized controlled trials.

Results
According to many authors, the share of injuries
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of the hand and fingers among injuries of the
musculoskeletal system ranges from 19.1 to 46.6%,
and disability - from 13-30%. The main reasons
leading to dysfunction of the fingers are: intra-articular
fractures of the phalanges and metacarpal bones with
a defect in the articular surfaces; non-fused intra-
articular fractures, ankylosis, and contractures of joints
in a functionally disadvantageous position [3,4,5].

In the general structure of fractures of the bones
of the hand, the bones of the wrist account for 9%,
fractures of the metacarpal bones account for up to
35%, and phalanges of the fingers — 15-20%. In
23%, there are multiple fractures of the bones of the
hand in combination with injuries to tendons, nerves,

ligaments, and other anatomical structures [6,7].
Victims after severe injuries to the hand are limited in
their choice of profession and often become disabled.
Disability in case of damage to this zone is consistently
held in the first position among all skeletal pathologies
and reaches 13-30% among all examined patients.
[8,9,10,11].

In case of a serious dysfunction of the joint (before
the development of significant deformities, joint
instability, contractures, and muscle atrophy), with a
pronounced pain syndrome that is not amenable to
conservative treatment, joint arthroplasty is indicated
in table 1[12,13].

Diseases that cause persistent dysfunction of
the joints of the hand and have indications for
arthroplasty

- idiopathic and post-traumatic arthrosis;

- post-traumatic defects of the joints of the fingers;
- degenerative and post-infectious arthrosis;

- bone ankylosis;

- incorrect position (for example, with arthrosis, due
to injury, improper loads, etc.);

- congenital bone pathology of the joints;

- the initial stages of rheumatoid arthritis and
psoriasis.

- oncological bone formations requiring the removal
of large areas of the bone.

During the medical rehabilitation of patients with
the consequences of injuries to the bones and joints
of the fingers, various methods of conservative and
surgical treatment are used: open repositioning, metal
osteosynthesis with Kirschner wires or screws, hinge-
distraction devices for external fixation, arthroplasty
or remodeling resection of the articular surfaces,
corrective osteotomy, tenolysis and capsulotomy,
endoprosthesis replacement, arthrodesis, resection of
articular surfaces [14,15].

As practice shows, arthroplasty of joints in the
hand with their persistent deformity, as well as adult
patients with deforming arthrosis of a traumatic and
degenerative-dystrophic nature, is the method of
choice in restoring lost function [16,17].

The most common are hingeless and hinged
designs of endoprostheses. Recently, prostheses
Swanson, Synthes (Mathys), WEKO, the hinged
prosthesis Link, New Flex and a number of others
have been implanted. However, the piston-like
movement of the stem of a hingeless endoprosthesis
in the bone marrow canal in the long term leads to
erosion, lysis of the bone mass and, in 46-57%, to
destabilization of the prosthesis. According to T.J.
Joyce, R.H. Millner, A. Unsworth , during revisions of
one-piece endoprostheses designed by Swanson and
Sutter in terms of 32 to 53 months, fractures of the
prosthesis stem were observed in 27-45% of cases,
which were removed. Articulated types of prostheses
do not correspond to the geometric and biomechanical
features of the metacarpophalangeal joints. When the
prosthesis moves at the level of the joint, the tissues
are constantly injured, which leads to inflammation of
the tissues and necrosis of the skin [18,19].

In addition, there is a NEUFLEX silicone implant
offered by the Institute of Rheumatology named
after .M. Sechenov, Moscow. This implant is used
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to treat ulnar deviation in rheumatoid arthritis.The
results of arthroplasty with such an implant were
obtained: elimination of the extension deficit. Of the
complications noted: dislocation of the implant, fracture
of the implant. At the same time, it is not possible to
detect fractures of silicone implants on X-ray images.
Silicone synovitis was also noted as a reaction to
microcorticosteroids intraarticularly, bayonet deformity
of the Il metacarpophalangeal joint [20,21,22,23,24].

The llizarov apparatus, created in 1951, is
still offered as a method of treating post-traumatic
deformities of the bones of the hand, while maintaining
a fairly high percentage of complications of its use
[25,26,27,28,29].

A functional method of treatment (skeletal traction
for the nail phalanx) often causes complications in the
form of necrosis and suppuration of the nail phalanx,
and bedsores on the palmar surface of the finger from
tire pressure.

There is a report on the use of carbon composite
material in the creation of a prosthesis that does not
exactly repeat anatomical structures. The material
successfully took root and patients returned to working
capacity immediately after the operation. But 18 years
after a household injury, the endoprosthesis was
dislocated, the prosthesis was forced to be removed,
and the patient was taken to the disability group [30].

Foreign authors, including domestic ones, prefer
ceramic prostheses.Ceramic prostheses have shown
themselves in practice as the most biocompatible
materials, they do not corrode and do not have a toxic
effect on the body. However, according to the Institute of
Orthopedics and Traumatology. R.R. Harmful, ceramic
prostheses in friction pairs release microparticles of
aluminum oxide and gradually come to destruction
within 10-15 years. The stages of the operation on the
hand are shown in figure 1 [31,32,33,34,35].

Table 1.
Indications for surgery
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Figure 1.

a - resection

of articular surfaces,

b - prosthesis implantation

All the types of hand joint prostheses presented
above do not have the property of an exact repetition
of anatomical structures, that is, they are unnatural
and, by their nature, are foreign to the human body,
causing various kinds of complications.

With the creation of 3D printing technologies and
their application in industry, the idea arose to introduce
them into medicine. There are first successful tests of
3D technology in the creation of prostheses for bones
and joints. Among them: The Next21 Japanese team of
scientists from the Institute of Physical and Chemical
Research and the University of Tokyo, which used 3D
printing technology to create exact copies of human
bones. The material from which NEXT21 creates
prostheses is calcium phosphate, which is found in
natural bones. The technology has so far only been
applied to animals and is awaiting approval from the
Pharmaceutical Control Committee. In addition, the
prosthesis, according to scientists, will fuse with natural
bone on its own within a few weeks. Information that
the prosthesis will be replaced by bone tissue has not
yet been provided.

Scientists from the US also report successful proof
of the hypothesis of creating a 3D copy of a human
bone, consisting of hydroxyapatite and bioactive glass.
The result has not yet been applied in clinical trials
[36,37,38].

References

Computed tomography images are used to create
copies of human bones, after their processing a 3D
image is obtained that can be used to print exact copies
of bones [39,40]. According to the same sources, the
possibility of bioprinting articular ligaments is reported.

Conclusion

Thus, our analysis of the literature indicates the
high importance of the problem of dysfunction of the
hand, as a result of injuries and diseases of the joints
of the fingers, leading to severe disability. The existing
types of prostheses at the moment do not fully satisfy
the needs of patients and do not have a 100% positive
effect from their use in modern reconstructive surgery.
The number of unsatisfactory results of reconstructive
operations and disability rates remain high. The
consequences of damage to the joints of the fingers
of the hand are distinguished by a variety of forms of
lesions and require individualization of approaches
to the construction of treatment tactics. The issue of
using 3D technologies in the creation of hand bone
prostheses that can be replaced by bone tissue
remains controversial and relevant.

All of the above determines the medical and social
significance of the problem of restorative treatment of
patients and disabled people with the consequences
of injuries of the joints of the fingers, which requires
further scientific development.
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