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The literature reviews the status of the issue of prosthetic application for partial hand and finger truncation and deficiencies in Russia.
Special attention is paid to functional prostheses. Active prostheses that were previously produced or available at present were
analyzed. The possibilities of using 3D printing for hand prosthetics are shown. Objective and subjective quality evaluation methods

of functional prosthetics are presented.
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The value of the hand in a person's life cannot be
overestimated. The hand is not just an organ for labor
activity but also a creative body part that moves the
human being further along the evolutionary path. Hu-
mans unjustifiably forget to protect their hand and put
it at risk. High incidence of industrial injuries to the
hand in the working population under the age of 39
was reported that makes 60 % from all the industrial
trauma [1]. The share of hand injuries in the total of all
the injuries to the upper limb is 61.8 % [1, 2, 3, 4].
Traumatic amputation of fingers or parts of the hand
happens in 2.6 to 5.4 % of cases and leads to disability
in 52.8 % [1].

All over the world, the frequency of reduction de-
fects of the upper limb ranges from 4-5/10 000 to
1/100 of newborns [5]. There is a critical need for prac-
tical, easily replaceable, individual, aesthetic, and low
cost prostheses for children [6].

Amputation of the hand, for whatever reason it
happens, has a destructive impact on the psychological,
physical, and economic state of any person. Its conse-
quences are grief, depression, loss of self-esteem and,
frequently, social isolation [7]. Rehabilitation
measures, which component is a qualitative and timely
prosthetic application, should level the problems asso-

ciated with the loss of the limb, though not completely.

Prosthetic management of the hand and fingers
stumps is one of the most difficult practices for doctors
and prosthetic technicians. It is extremely difficult to
manufacture an active prosthesis of the hand that pro-
vides a sufficient grasp needed for everyday life and
which is within the boundaries of its normal anatomy.
It equally refers to production of an active prosthesis of
a finger that would be able to retain the existing func-
tions of the patient's hand.

In the beginning of 2000s, the RKK Energia and the
scientists Y.l. Zamilatsky and 1.V. Pankov from the
G.A. Albrecht Research Institute for Prosthetics de-
signed active prostheses PROE-1, PROE-3 for the hand
stump and PROE-2, PROE-4 for a hand stump with a
saved thumb (not manufactured at present) (Fig.1). The
prosthesis had carcass finger simulators the opening of
which was performed with the help of an axillary loop
and its closure with the help of a spring. In addition,
there was a mechanism for fixing the 4™ finger simulator
in a "hook". However, it did not find wide use. The
compensatory possibilities of the hand stump were not
taken into account by the designers. Also, the receptacle
of the stump transition zone frequently restricted the
movements in the radiocarpal joint [8].

Kruglov A.V., Shvedovchenko 1.V.Current state of functional prosthetic application in disabled persons with hand and finger
stumps (literature review). Genij Ortopedii. 2017. T. 23. No 3. pp. 368-373. DOI 10.18019/1028-4427-2017-23-3-368-373.

(In Russian)

Literature review

368



The llizarov Journal of Clinical and Experimental Orthopaedics Tom 23, No 3, 2017

Fig. 1 Components 2B021 (on the left) and 2B023 (on the right) for the manufacture of prostheses PROE-1 and PROE-2

The commercially available accessories for the
manufacture of a prosthetic hand with an external
power source produced by Touch Bionics and Vincent-
systems belong to the world experience of prosthetic
application for adactylia hand stumps. The I-digits
Touch Bionics prosthesis (Fig. 2) was designed for the
patients that suffered partial reduction of the hand at
different levels but not higher than the articulations in
the metatarsophalangeal joints. The design of the pros-
thesis is based on the use of separate modules of pha-
langeal electric fingers. The control signals are trans-
mitted from the muscles of the hand by myographic
sensors located inside the transition receptacle. The
cumbersome bracelet for control and power system is
one of this prosthesis shortcomings along with the ina-
bility to use the esthetic shell, and, of course, the cost
which reached 18 thousand UK pounds in 2015.

Fig. 2 I-digits prosthesis

The provision of patients with active hand prosthe-
ses is not a mass manufacture. It is referred to atypical
and experimental prosthetic applications [9].

To date, there is a need to create a new generation
of prosthetic appliances. Active hand prostheses raise a
great interest. Their continuous reverse control of the
mechanism is performed by the residual segment of the
hand, that is, by metacarpals or preserved segments of
the fingers. In this case, the feedback on position and
effort is provided with the transmission of the load ac-
tion directly to the control organ [8]. Creation of a uni-
fied set of parts and connecting elements should be
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considered in further development and manufacturing
of prosthetic hands [8].

3D printing technologies have been actively ex-
plored in the world for solving design issues and small-
scale production of components in the recent years
[10]. This technology has become widespread and af-
fordable as well as relatively inexpensive for use [11,
12]. Rapid prototyping has been used in numerous
medical industries over the past decades. It includes
research, education, individual patient care, surgery,
and prosthetic application [13].

There are companies in developing countries that
use low cost 3D printers to manufacture prostheses.
Despite being cumbersome and requiring further de-
sign, these artificial limbs have significantly increased
the independence of patients with amputated upper
limbs. This work represents a huge step forward in en-
suring the high quality of health care in poor countries
[14, 15, 16].

To date, electronic data have been distributed
worldwide for independent printing and assembly of
active prosthetic hands for children. The requirements
for pediatric prostheses are complex because of the
child's continuous growth and psychosocial develop-
ment [17, 18, 19]. Most modern prostheses do not re-
adapt to the normal size of the children's limbs and
require regular visits to health facilities for adjustment
or replacement. These facts result in a refusal to use
them [20]. Advances in computer modeling programs,
layered printing, and open source software offer the
possibility of designing, printing and individualizing
active prosthetic hands at a very low cost [13, 19].
They also make it possible to change prostheses more
frequently as the child grows.

One example is an inexpensive 3D active hand
prosthesis called Cyber Beast (Fig. 3). It was devel-
oped with the help of a modeling software program
Blender 7.2 (Blender Foundation, Amsterdam, the
Netherlands) and fabricated at a scientific laboratory
using a desktop 3D-printer Makerbot Replicator.
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Fig. 3 Active prosthesis of the hand Cyborg Beast: A) top view (Al — tensioning disc, A2 — nylon rods, A3 — fastening screws, A4 —
tension system); B — bottom view (B1 — forearm sleeve, fixed with Velcro strap, B2 — handpiece case with artificial fingers, fixed with

Velcro) [19]

The authors of this project conducted a survey that
was not considered statistically significant. However, it
provided useful information related to the use and feel-
ing of improving the quality of life. Nine children re-
ported using the prosthesis for one or two hours a day,
three of using the hand prosthesis for more than two
hours and one reported that he used it only if neces-
sary. The children talked about the use of a hand pros-
thesis for entertainment (n = 10), for household activi-
ties (n = 10), for playing (n = 6), for work at school (n
= 4), and for sports (n = 2). The development of low-
cost prostheses that are practical, esthetic and manufac-
tured remotely will have a significant social impact on
children around the world [19].

In Russia, the development and implementation of
printed prostheses has been carried out by the Motorika
company. However, it should be noted that this com-
pany uses 3D printers of the top level. Therefore, their
final product cannot be called low-cost.

The solutions of creating medical and technical re-
quirements for functional prostheses has been searched
for in all developed countries of the world [21], includ-
ing Russia. Due attention to the appearance of the final
active hand and finger prosthesis design is necessary
along with functional properties. Prostheses should be
the hand element of the style for a person with a defect,
a kind of decoration that is very individual. Examples
include Grace Mandeville, an actress, Rebecca Marina,
a fashion model, Viktoria Moskalova, a singer, or
Emmy Malins, a model athlete, and many others. De-
signers involved in the development of decorated pros-
theses have become known, for example, Sophie del
Oliveira Barata from Great Britain.
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A rational method for an objective assessment of
the immediate and long-term results of active hand and
fingers prostheses has not been currently developed.
All methods of their assessment can be divided into
objective (various power and functional tests) and sub-
jective (interviewing and questionnaires).

Objective assessment methods

The literature describes a variety of tests to assess
the motor function of the upper limb which can be di-
vided into power and functional.

Power tests:

1) Manual Muscle Test (MMT) [22, 23];

2) Manual dynamometry [24, 25].

Functional tests:

3) Minnesota Rate of Manipulation (MRM) test
[26];

4) Upper Extremity Function Test (UEFT) [27];

5) Purdue Pegboard Test [28];

6) Jebsen test of hand function [29, 30];

7) Sollerman Hand Function Test. The Sollerman
test [27].

A test to assess the quality of the prosthetic applica-
tion can be composed by combining several tests to
maximize the objectification of the results.

Methods of expert assessment

To date, various tests and questionnaires have been
widely used to assess the function of the hand. Alt-
hough, they are subjective tools but are able to depict
in detail the function of the patient's limb [31].

The DASH questionnaire [32] is based on the pa-
tient's self-assessment of the level of inabilities and
symptoms in both upper limbs simultaneously. It was
designed to measure the function and symptoms asso-
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ciated with the diseases and consequences of upper
limb injuries, as well as to evaluate treatment out-
comes. In 2005, the DASH questionnaire underwent a
process of intercultural adaptation in Russian. Its Rus-
sian version is available on the website of the Institute
for Work and Health (Canada) [33].

To objectify the patient’ feedback on the prosthesis
use, it is advisable to apply the SF-36 quality of life
(QL) questionnaire. Quality of life (QL) is an integral
characteristic of the patient's physical, psychological,
emotional and social functioning, based on his subjec-
tive perception [34]. The SF-36 questionnaire was de-
veloped in 1992 by American doctors John E. Ware
and Cathy D. Sherbourne at the Center for the Study of
Medical Results [35]. This questionnaire was validated
for Russia. In 2007, TP. lonova with co-authors con-
ducted a population-based QL study using the SF-36
guestionnaire for the first time in Russia. QL was as-
sessed in a healthy population of St. Petersburg [34].

Application of the international classification of
functioning (ICF)

In the international practice, the ICF is widely used
in both its detailed and short versions. In recent years,
the amount of information about the results of studies
using the ICF has increased in several directions, and,

namely, the use of classification fragments for various
purposes such as professional rehabilitation [36], phys-
iotherapy practice, medical practice, comparative anal-
ysis of functioning in various forms of diseases, and
evaluation of treatment efficiency [37].

It is necessary to focus the attention on the fact that
we did not meet any national publication dealing with
an objective and subjective evaluation of the hand
function before and after prosthetic application, as well
as with the quality of life. Probably, it is due to the fact
that the process of prosthetic application has formally
ceased to be a medical service, despite the fact that the
prosthesis is a product for an exclusively medical pur-
pose. In part, this information vacuum resulted in the
situation when medical and technical requirements
were no longer made. And as a consequence, not only
new components and prostheses but also improved
hand receptacles, more comfortable and functional,
have ceased to be designed.

All of the above confirms that the problem of pros-
thetic management for patients with recutions at the
level of the hand and fingers exists and necessitates the
development of a modular active prosthesis, improve-
ment of receptacles with the use of the newest materi-
als for prosthesis construction.

REFERENCES

Timerbulatov M.V., Ibragimov R.K., Galimov T.R., Kazbulatov S.S., Kutuev Z.Z. Replantatsiia pal'tsa kisti posle mekhan-
izma otchleneniia «otryv» [The hand finger replantation after “avulsion” detachment mechanism]. Med. Vestnik Bashkorto-
stana, 2014, vol. 9, no. 1, pp. 29-30. (In Russian)

Grishin 1.G., Kodin A.V. Kompleksnoe lechenie sochetannykh travm sukhozhilii sgibatelei pal'tsev kisti [Complex treatment
of concomitant injuries of the hand finger flexor tendons]. Aktual'nye voprosy khirurgii, travmatologii i ortopedii : tez. dokl.
[Relevant problems of surgery, traumatology and orthopaedics: proceedings]. Vladimir, 1999, pp. 120-123. (In Russian)
Grishin 1.G. Shiriaeva G.N., Bogdashevskii D.R. Odnomomentnoe vosstanovlenie neskol'kikh struktur kisti s primeneniem
mikrokhirurgicheskoi tekhniki [Acute restoration of several structures of the hand by microsurgical technique]. IV Vsesoiuz-
nyi Simpozium "Problemy mikrokhirurgii": tez. dokl. [Abstracts of IV All-Russian Symposium “Problems of Microsur-
gery”]. M., 1991, pp. 75-76. (In Russian)

Beaton D.E., Bombardier C., Guillemin F., Ferraz M.B. Guidelines for the process of cross-cultural adaptation of self-report
measures. Spine, 2000, vol. 25, no. 24, pp. 3186-3191.

Bethge M., Von Groote P., Giustini A., Gutenbrunner C. The World Report on Disability: a challenge for rehabilitation med-
icine. Am. J. Phys. Med. Rehabil., 2014, vol. 93, no. 1 suppl. 1, pp. S4-S11. doi: 10.1097/PHM.0000000000000016.

Resnik L. Development and testing of new upper-limb prosthetic devices: research designs for usability testing. J. Rehabil.
Res. Dev., 2011, vol. 48, no. 6, pp. 697-706.

Sabolich J., Sabolich S. You’re not alone, stories of 38 people who conquered the challenges of a lifetime. Oklahoma, Scott
Sabolich Prosthetic and Research, 2005, pp. 354.

Burov G.N., Bol'shakov V.A., Burov A.G. Aktivnye mekhanicheskie ustroistva nepreryvnogo upravleniia protezom ruki
posle amputatsii v predelakh kisti [Active mechanical mechanisms for controlling the upper limb prosthesis after amputation
within the hand]. Vestn. Gil'dii protezistov-ortopedov, 2004, no. 2, pp. 25-32. (In Russian)

Ibrahim A.M., Jose R.R., Rabie A.N., Gerstle T.L., Lee B.T., Lin S.J. Three-dimensional Printing in Developing Countries.
Plast. Reconstr. Surg. Glob. Open, 2015, vol. 3, no. 7, pp.  e443. doi: 10.1097/G0OX.0000000000000298.

Literature review 371



senij Ortopedii Tom 23, No 3, 2017

10.

11.

12.

13.

14,

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

Gerstle T.L., Ibrahim A.M., Kim P.S., Lee B.T., Lin S.J. A plastic surgery application in evolution: three-dimensional print-
ing. Plast. Reconstr. Surg., 2014, vol. 133, no. 2, pp. 446-451. doi: 10.1097/01.prs.0000436844.92623.d3.

Hoy M.B. 3D printing: making things at the library. Med. Ref. Serv. Q, 2013, vol. 32, no. 1, pp. 94-99. doi:
10.1080/02763869.2013.749139.

Rengier F., Mehndiratta A., Von Tengg-Kobligk H., Zechmann C.M., Unterhinninghofen R., Kauczor H.U., Giesel F.L. 3D
printing based on imaging data: review of medical applications. Int. J. Comput. Assist. Radiol. Surg., 2010, vol. 5, no. 4, pp.
335-341. doi: 10.1007/s11548-010-0476-X.

Chivers T. Printing new lives: how 3D printing could change the developing world. The Telegraph. 2014. Available at:
http://blogs.telegraph.co.uk/news/tomchiversscience/  100253441/printing-new-lives-how-3d-printing-could-change- the-
developing-world/

McCracken H. How a Time article led to the invention of a $100 3D-printed artificial limb. Time. 2014. Available
at: http:/techland.time.com/2014/01/07/how-a-time-article-led-to-the-invention-of-a-100-3d-printed-artificial-
limb/#ixzz2plDB48q8.

Nowak P. The promise and peril of 3D printing. UTNE. 2013. Available at: http://www.utne.com/science-
technology/promise-and-peril-3d-printing-zm0z13ndzlin.aspx#axzz2zuRJOD1Q.

Escorpizo R., Ekholm J., Gminder H.P., Cieza A., Kostanjsek N., Stucki G. Developing a Core Set to describe functioning
in vocational rehabilitation using the international classification of functioning, disability, and health (ICF). J. Occup. Re-
habil., 2010, vol. 20, no. 4, pp. 502-511. doi: 10.1007/s10926-010-9241-9.

Krebs D.E., Edelstein J.E., Thornby M.A. Prosthetic management of children with limb deficiencies. Phys. Ther., 1991, vol.
71, no. 12, pp. 920-934.

Zuniga J., Katsavelis D., Peck J., Stollberg J., Petrykowski M., Carson A., Fernandez C. Cyborg beast: a low-cost 3d-printed
prosthetic hand for children with upper-limb differences. BMC Res. Notes, 2015, vol. 8, pp. 10. doi: 10.1186/513104-015-
0971-9.

Davids J.R., Wagner L.V., Meyer L.C., Blackhurst D.W. Prosthetic management of children with unilateral congenital be-
low-elbow deficiency. J. Bone Joint Surg. Am., 2006, vol. 88, no. 6, pp. 1294-1300.

Dragulesku D., Ungureanu L., Menikhardt K., Stantsiu A. O dinamicheskoi modeli kisti cheloveka [Dynamic model of hu-
man hand]. Ros. Zhurn. Biomekhaniki, 2007, vol. 11, no. 1, pp. 70-75. (In Russian)

Rudhe C., van Hedel H.J. Upper extremity function in persons with tetraplegia: relationships between strength, capacity, and
the spinal cord independence measure. Neurorehabil. Neural Repair, 2009, vol. 23, no. 5, pp. 413-421. doi:
10.1177/1545968308331143.

Schmid A.B., Brunner F., Luomajoki H., Held U., Bachmann L.M., Kiinzer S., Coppieters M.W. Reliability of clinical tests
to evaluate nerve function and mechanosensitivity of the upper limb peripheral nervous system. BMC Musculoskelet. Dis-
ord., 2009, vol. 10, pp. 11. doi: 10.1186/1471-2474-10-11.

Geere J., Chester R., Kale S., Jerosch-Herold C. Power grip, pinch grip, manual muscle testing or thenar atrophy - which
should be assessed as a motor outcome after carpal tunnel decompression? A systematic review. BMC Musculoskelet. Dis-
ord., 2007,vol. 8, pp. 114.

Kaymak B., Inanici F., Ozcakar L., Cetin A., Akinci A., Hascelik Z. Hand strengths in carpal tunnel syndrome. J. Hand
Surg. Eur. Vol., 2008, vol. 33, no. 3, pp. 327-331. doi: 10.1177/1753193408090105.

Pataky T.C., Savescu A.V., Latash M.L., Zatsiorsky V.M. A device for testing the intrinsic muscles of the hand. J. Hand
Ther., 2007, vol. 20, no. 4, pp. 345-350.

Tander B., Akpolat T., Durmus D., Canturk F. Evaluation of hand functions in hemodialysis patients. Ren. Fail., 2007, vol.
29, no. 4, pp. 477-480.

Fernandez-de-Las-Pefias C., Pérez-de-Heredia-Torres M., Martinez-Piédrola R., De la Llave-Rincon A.l., Cleland J.A. Bilat-
eral deficits in fine motor control and pinch grip force in patients with unilateral carpal tunnel syndrome. Exp. Brain Res.,
2009, vol. 194, no. 1, pp. 29-37. doi: 10.1007/s00221-008-1666-4.

Blennerhassett J.M., Carey L.M., Matyas T.A. Clinical measures of handgrip limitation relate to impaired pinch grip force
control after stroke. J. Hand Ther., 2008, vol. 21, no. 3, pp. 245-252. doi: 10.1197/j.jht.2007.10.021.

Hummel F.C., Heise K., Celnik P., Floel A., Gerloff C., Cohen L.G. Facilitating skilled right hand motor function in older
subjects by anodal polarization over the left primary motor cortex. Neurobiol. Aging, 2009, vol. 31, no. 12, pp. 2160-2168.
doi: 10.1016/j.neurobiolaging.2008.12.008.

Belova A.N., Shchepetova O.N. Shkaly, testy oprosniki v meditsinskoi reabilitatsii [Scales, tests, questionnaires in medical
rehabilitation]. M., Antidor, 2002, 440 p. (In Russian)

372 Literature review


https://www.ncbi.nlm.nih.gov/pubmed/?term=Gerstle%20TL%5BAuthor%5D&cauthor=true&cauthor_uid=24469175
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ibrahim%20AM%5BAuthor%5D&cauthor=true&cauthor_uid=24469175
https://www.ncbi.nlm.nih.gov/pubmed/?term=Kim%20PS%5BAuthor%5D&cauthor=true&cauthor_uid=24469175
https://www.ncbi.nlm.nih.gov/pubmed/?term=Lee%20BT%5BAuthor%5D&cauthor=true&cauthor_uid=24469175
https://www.ncbi.nlm.nih.gov/pubmed/?term=Lin%20SJ%5BAuthor%5D&cauthor=true&cauthor_uid=24469175
https://www.ncbi.nlm.nih.gov/pubmed/?term=Zuniga%20J%5BAuthor%5D&cauthor=true&cauthor_uid=25601104
https://www.ncbi.nlm.nih.gov/pubmed/?term=Katsavelis%20D%5BAuthor%5D&cauthor=true&cauthor_uid=25601104
https://www.ncbi.nlm.nih.gov/pubmed/?term=Peck%20J%5BAuthor%5D&cauthor=true&cauthor_uid=25601104
https://www.ncbi.nlm.nih.gov/pubmed/?term=Stollberg%20J%5BAuthor%5D&cauthor=true&cauthor_uid=25601104
https://www.ncbi.nlm.nih.gov/pubmed/?term=Petrykowski%20M%5BAuthor%5D&cauthor=true&cauthor_uid=25601104
https://www.ncbi.nlm.nih.gov/pubmed/?term=Carson%20A%5BAuthor%5D&cauthor=true&cauthor_uid=25601104
https://www.ncbi.nlm.nih.gov/pubmed/?term=Fernandez%20C%5BAuthor%5D&cauthor=true&cauthor_uid=25601104

The llizarov Journal of Clinical and Experimental Orthopaedics Tom 23, No 3, 2017

31. Engelhardt T.O., Jeschke J., Piza-Katzer H. About the self-reported quality of life after amputation of the hand in patients
with upper extremity tumors. Handchir. Mikrochir. Plast. Chir., 2008, vol. 40, no. 1, pp. 23-30. doi: 10.1055/s-2007-989452.

32. lagdzhian G.V., Abraamian D.O., Grigorian B.E., Azatian A.T. Russkaia versiia oprosnika DASH: instrument issledovaniia
iskhodov lecheniia porazhenii verkhnikh konechnostei [Russian version of DASH Questionnaire: a research tool of the out-
comes of treating the upper limb injuries]. Annaly Plasticheskoi, Rekonstruktivnoi i Esteticheskoi Khirurgii, 2005, no. 1, pp.
52-58. (In Russian)

33. Novik A.A., lonova T.l. Rukovodstvo po issledovaniiu kachestva zhizni v meditsine [A guide to study quality of life in med-
icine]. M., ZAO "Olma Media Grupp", 2007, 320 p. (In Russian)

34. Wann-Hansson C., Klevsgéard R., Hagell P. Cross-diagnostic validity of the Nottingham Health Profile Index of Distress
(NHPD). Health Qual. Life Outcomes, 2008, vol. 6, pp. 47. doi: 10.1186/1477-7525-6-47.

35. Minis M.A., Heerkens Y., Engels J., Oostendorp R., Van Engelen B. Classification of employment factors according to the
International Classification of Functioning, Disability and Health in patients with neuromuscular diseases: a systematic re-
view. Disabil. Rehabil., 2009, vol. 31, no. 26, pp. 2150-2163. doi: 10.3109/09638280902951838.

36. Brunani A., Liuzzi A., Sirtori A., Raggi A., Berselli M.E., Villa V., Ceriani F., Tacchini E., Vicari V., Parisio C., Vismara
L., Zanini A., Vinci C., Contini F., Braga E., Ricappi A., Camerlengo M., Ristea M., Leonardi M. Mapping an obesity clini-
cal evaluation protocol to the International Classification of Functioning, Disability and Health. Disabil. Rehabil., 2010, vol.
32, no. 5, pp. 417-423. doi: 10.3109/09638280903171535.

37. Nel'zina Z.F., Chudakova T.N. Neotlozhnaia khirurgiia otkrytykh povrezhdenii kisti [Emergency surgery of the hand open
injuries]. Minsk, Nauka i Tekhnika, 1994, 239 p. (In Russian)

38. Parker S.E., Mai C.T., Canfield M.A., Rickard R., Wang Y., Meyer R.E., Anderson P., Mason C.A., Collins J.S., Kirby R.S.,
Correa A.; National Birth Defects Prevention Network. Updated National Birth Prevalence estimates for selected birth de-
fects in the United States, 2004—-2006. Birth Defects Res. A. Clin. Mol. Teratol., 2010, vol. 88, no. 12, pp. 1008-1016. doi:
10.1002/bdra.20735.

39. Sheng B., Lin M. A longitudinal study of functional magnetic resonance imaging in upper-limb hemiplegia after stroke treat-
ed with constraint-induced movement therapy. Brain Inj., 2009, vol. 23, no. 1, pp. 65-70. doi: 10.1080/02699050802635299.

Received: 30.01.2017

Information about the authors:

1. Anton V. Kruglov, M.D., FSBI Saint-Petersburg Albrecht Scientific Practical Centre of Medical and Social Expertise, Pros-
thetics and Rehabilitation of the Disabled of the RF Ministry of Labor, Saint-Petersburg, Russia; Email: k-a-v58teres@mail.ru

2. lgor' V. Shvedovchenko, M.D., Ph. D., Professor, General Director of FSBI Saint-Petersburg Albrecht Scientific Practical
Centre of Medical and Social Expertise, Prosthetics and Rehabilitation of the Disabled of the RF Ministry of Labor, Saint-
Petersburg, Russia; Email: schwed.i@mail.ru

Literature review 373



	Current state of functional prosthetic application in disabled persons with hand and finger stumps (literature review)
	A.V. Kruglov, I.V. Shvedovchenko

	1. Anton V. Kruglov, M.D., FSBI Saint-Petersburg Albrecht Scientific Practical Centre of Medical and Social Expertise, Prosthetics and Rehabilitation of the Disabled of the RF Ministry of Labor, Saint-Petersburg, Russia; Email: k-a-v58teres@mail.ru
	2. Igor' V. Shvedovchenko, M.D., Ph. D., Professor, General Director of FSBI Saint-Petersburg Albrecht Scientific Practical Centre of Medical and Social Expertise, Prosthetics and Rehabilitation of the Disabled of the RF Ministry of Labor, Saint-Peter...

