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Rehabilitasyon; günlük yaşam için ihtiyaç duyulan fiziksel ve bilişsel yetenek-
leri geri kazandırmak, korumak, geliştirmek ve mümkün olan en üst fonksiyonel 
seviyeye ulaştırmak için ihtiyaç duyulan çeşitli tedavilerin uygulanma sürecidir. 
Vücut sistemlerinden herhangi birinin düzgün çalışmaması nedeniyle edinilmiş 
ya da konjenital rahatsızlıkları olan kişilerin bağımsızlığını ve yaşam kalitesini 
artırmada rehabilitasyon hayati bir rol oynar. Tıpta geçmişten günümüze yaşanan 
gelişmeler, rehabilitasyon alanında da yaşanmaktadır. Elektronik ve bilgi işlem 
alanında yaşanan hızlı gelişmeler ve şüphesiz ki bu gelişmelerin en hızlı yaşandığı 
alan olan yapay zekâ, bu teknolojileri klinik rehabilitasyon uygulamalarına çevir-
mek için bir sorumluluk ve fırsat yaratmıştır. 

Yapay zekâ, insan zekasının kullanılarak birtakım sorunları çözmek için 
komplike makineler ve bilgisayar sistemlerinin geliştirilmesi ve üretilmesidir. 
Yapay zekanın, matematik, mühendislik, komünikasyon, tıp ve sağlık hizmetle-
ri gibi hayatımızın çok geniş ve çeşitli alanlarında uygulanabilir olduğu bilin-
mektedir. Tıp alanında; tıbbi testler, tanıya karar verme, teşhis ve tedavide yapay 
zekadan faydalanılmaktadır. Hastaların tedavisinde büyük bir yere sahip olan 
rehabilitasyonda da yapay zekâ giderek önemli bir hale gelmektedir. İlk zaman-
lar ortez-protez alanında mekanik ekstremite destekleriyle başlayan çalışmalara 
bilgisayar sistemlerinin eklenmesiyle ilerlemeler devam etmiş ve günümüzde de 
devam etmektedir. Elektrikli robotik dış iskelet sistemleri (eksoskeletal), sabit 
sistemli end-efektör tip robotlar, giyilebilir sağlık monitörleri, robotik yapay eks-
tremiteler, artırılmış gerçeklik ve sanal gerçeklik sistemleri gibi yeni teknolojik 
gelişmeler, rehabilitasyona ihtiyaç duyan bireylerin tedavisinde önemli bir rol 
oynamakta, günlük hayatta bağımsızlık düzeyini ve yaşam kalitesini artırmayı 
mümkün kılmaktadır.
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matik olarak kontrol etmesi tartışılması gereken sorulardan biridir. Günümüz-
de yapay zekâ bu seviyeye ulaşmamış olsa da bazı araştırmacılar, yapay zekanın 
arkasındaki büyük veri model ve modüllerin insan aklının klinik yargısı yerine 
geçebileceğini düşünseler de bu konu gelecekte en çok tartışılması gereken konu 
olacaktır. Klinisyenlerin işlevlerinin şu anda mevcut yapay zekâ sistemleri ile de-
ğiştirilemeyeceği ve akıllı tedavi sisteminin mevcut koşullarda klinisyenler tara-
fından denetlenmesi gerekmektedir. Günümüzde robotik rehabilitasyonun diğer 
tedavi yöntemlerinin yerine değil, planlanan tedaviyi tamamlayıcı olarak kulla-
nılması yönünde fikir birliği vardır. Dolayısıyla rehabilitasyona yardımcı olmayı, 
tedavi içeriğini zenginleştirmeyi, hasta değerlendirmelerinde objektif sonuçlar 
elde etmeyi amaçlar.

KAYNAKLAR
1.	 Ahuja AS. The impact of artificial intelligence in medicine on the future role of the physician. 

PeerJ. 2019;7:e7702. 
2.	 Hwang DK, Hsu CC, Chang KJ, Chao D, Sun CH, Jheng YC, et al. Artificial intelligence-based 

decision-making for age-related macular degeneration. Theranostics. 2019;9(1):232–45. 
3.	 Stoller O, Schindelholz M, Bichsel L, Hunt KJ. Cardiopulmonary responses to robotic end-ef-

fector-based walking and stair climbing. Med Eng Phys. 2014;36(4):425–31.
4.	 Macko RF, Smith G V., Dobrovolny CL, Sorkin JD, Goldberg AP, Silver KH. Treadmill training 

improves fitness reserve in chronic stroke patients. Arch Phys Med Rehabil. 2001;82(7):879–84. 
5.	 Taborri J, Agostini V, Artemiadis PK, Ghislieri M, Jacobs DA, Roh J, et al. Feasibility of muscle 

synergy outcomes in clinics, robotics, and sports: A systematic review. Appl Bionics Biomech. 
2018;2018. 

6.	 Singh RE, Iqbal K, White G, Hutchinson TE. A systematic review on muscle synergies: From 
building blocks of motor behavior to a neurorehabilitation tool. Appl Bionics Biomech. 
2018;2018. 

7.	 Ayad S, Ayad M, Megueni A, Spaich EG, Struijk LNSA. Toward Standardizing the Classification 
of Robotic Gait Rehabilitation Systems. IEEE Rev Biomed Eng. 2019;12:138–53. 

8.	 Mang CS, Campbell KL, Ross CJD, Boyd LA. Promoting Neuroplasticity for Motor Rehabil-
itation After Stroke: Considering the Effects of Aerobic Exercise and Genetic Variation on 
Brain-Derived Neurotrophic Factor. Phys Ther. 2013;93(12):1707–16. 

9.	 Esquenazi A, Talaty M. Robotics for Lower Limb Rehabilitation. Phys Med Rehabil Clin N Am. 
2019;30(2):385–97. 

10.	 Yozbatiran N, Francisco GE. Robot-assisted Therapy for the Upper Limb after Cervical Spinal 
Cord Injury. Phys Med Rehabil Clin N Am. 2019;30(2):367–84. 

11.	 Reinkensmeyer DJ, Wolbrecht ET, Chan V, Chou C, Cramer SC, Bobrow JE. Comparison 
of three-dimensional, assist-as-needed robotic arm/hand movement training provided with 
pneu-wrex to conventional tabletop therapy after chronic stroke. Am J Phys Med Rehabil. 
2012;91(11 Suppl.3):1–16. 

12.	 Reinkensmeyer DJ, Boninger ML. Technologies and combination therapies for enhancing 
movement training for people with a disability. J Neuroeng Rehabil. 2012;9(1):1–10. 

13.	 Molteni F, Gasperini G, Cannaviello G, Guanziroli E. Exoskeleton and End-Effector Robots for 
Upper and Lower Limbs Rehabilitation: Narrative Review. PM R. 2018;10(9):S174–88. 



108 Yapay Zeka

14.	 Jamwal PK, Hussain S, Ghayesh MH. Robotic orthoses for gait rehabilitation: An overview 
of mechanical design and control strategies. Proc Inst Mech Eng Part H J Eng Med. 2020; 
0954411919898293. 

15.	 Bruni MF, Melegari C, De Cola MC, Bramanti A, Bramanti P, Calabrò RS. What does best 
evidence tell us about robotic gait rehabilitation in stroke patients: A systematic review and 
meta-analysis. J Clin Neurosci. 2018;48:11–7. 

16.	 Pinto D, Garnier M, Barbas J, Chang SH, Charlifue S, Field-Fote E, et al. Budget impact anal-
ysis of robotic exoskeleton use for locomotor training following spinal cord injury in four SCI 
Model Systems. J Neuroeng Rehabil. 2020;17(1):1–13. 

17.	 Maranesi E, Riccardi GR, Di Donna V, Di Rosa M, Fabbietti P, Luzi R, et al. Effectiveness of 
Intervention Based on End-effector Gait Trainer in Older Patients With Stroke: A Systematic 
Review. J Am Med Dir Assoc. 2019.

18.	 Asakawa T, Sugiyama K, Nozaki T, Sameshima T, Kobayashi S, Wang L, et al. Can the latest 
computerized technologies revolutionize conventional assessment tools and therapies for a 
neurological disease? The example of parkinson’s disease. Neurol Med Chir. 2019;59(3):69–78. 

19.	 Aprile I, Germanotta M, Cruciani A, Loreti S, Pecchioli C, Cecchi F, et al. Upper Limb Robot-
ic Rehabilitation After Stroke: A Multicenter, Randomized Clinical Trial. J Neurol Phys Ther. 
2020;44(1):3–14. 

20.	 Luo L, Peng L, Wang C, Hou ZG. A Greedy Assist-as-Needed Controller for Upper Limb Reha-
bilitation. IEEE Trans Neural Networks Learn Syst. 2019;30(11):3433–43. 

21.	 Xu D, Zhang M, Xu H, Fu J, Li X, Xie SQ. Interactive Compliance Control of a Wrist Rehabili-
tation Device (WReD) with Enhanced Training Safety. J Healthc Eng. 2019;2019. 

22.	 Jakob I, Kollreider A, Germanotta M, Benetti F, Cruciani A, Padua L, et al. Robotic and Sensor 
Technology for Upper Limb Rehabilitation. PM&R. 2018;10(9):S189–97. 

23.	 Tang S, Chen L, Barsotti M, Hu L, Li Y, Wu X, et al. Kinematic synergy of multi-DOF move-
ment in upper limb and its application for rehabilitation exoskeleton motion planning. Front 
Neurorobot. 2019;13. 

24.	 Duret C, Grosmaire AG, Krebs HI. Robot-assisted therapy in upper extremity hemiparesis: 
Overview of an evidence-based approach. Front Neurol. 2019;10:1–8. 

25.	 Beaudoin M, Lettre J, Routhier F, Archambault PS, Lemay M, Gélinas I. Impacts of robotic 
arm use on individuals with upper extremity disabilities: A scoping review. Can J Occup Ther. 
2018;85(5):397–407. 

26.	 Busnel M, Cammoun R, Coulon-Lauture F, Détriché JM, Le Claire G, Lesigne B. The robotized 
workstation “MASTER” for users with tetraplegia: Description and evaluation. J Rehabil Res 
Dev. 1999;36(3):217–29. 

27.	 Laffont I, Biard N, Chalubert G, Delahoche L, Marhic B, Boyer FC, et al. Evaluation of a Graph-
ic Interface to Control A Robotic Grasping Arm: A Multicenter Study. Arch Phys Med Rehabil. 
2009;90(10):1740–8. 

28.	 Germanotta M, Gower V, Papadopoulou D, Cruciani A, Pecchioli C, Mosca R, et al. Reliability, 
validity and discriminant ability of a robotic device for finger training in patients with subacute 
stroke. J. Neuroeng. Rehabil. 2020;17:1–10. 

29.	 Schwarz A, Kanzler CM, Lambercy O, Luft AR, Veerbeek JM. Systematic review on kinematic 
assessments of upper limb movements after stroke. Stroke. 2019;50(3):718–27. 

30.	 Gandolfi M, Valè N, Dimitrova EK, Mazzoleni S, Battini E, Filippetti M, et al. Effectiveness 
of robot-assisted upper limb training on spasticity, function and muscle activity in chronic 
stroke patients treated with botulinum toxin: A randomized single-blinded controlled trial. 
Front Neurol. 2019;10:1–11. 



109Robotik Rehabilitasyon

31.	 Miller KJ, Gallina A, Neva JL, Ivanova TD, Snow NJ, Ledwell NM, et al. Effect of repetitive 
transcranial magnetic stimulation combined with robot-assisted training on wrist muscle acti-
vation post-stroke. Clin Neurophysiol. 2019;130(8):1271–9. 

32.	 Goffredo M, Mazzoleni S, Gison A, Infarinato F, Pournajaf S, Galafate D, et al. Kinematic Pa-
rameters for Tracking Patient Progress during Upper Limb Robot-Assisted Rehabilitation: An 
Observational Study on Subacute Stroke Subjects. Appl Bionics Biomech. 2019;2019. 

33.	 Rohrer B, Fasoli S, Krebs HI, Volpe B, Frontera WR, Stein J, et al. Submovements grow larger, 
fewer, and more blended during stroke recovery. Motor Control. 2004;8(4):472–83. 

34.	 Rohrer B, Fasoli S, Krebs HI, Hughes R, Volpe B, Frontera WR, et al. Movement smoothness 
changes during stroke recovery. J Neurosci. 2002;22(18):8297–304. 

35.	 Duret C, Courtial O, Grosmaire AG. Kinematic measures for upper limb motor assessment 
during robot-mediated training in patients with severe sub-acute stroke. Restor Neurol Neu-
rosci. 2016;34(2):237–45. 

36.	 Mirbagheri MM, Rymer Z. Time-Course of Changes in Arm Impairment After Stroke : Vari-
ables Predicting Motor Recovery Over 12 Months. Arch Phys Med Rehabil. 2008;89(8):1507-
1503. 

37.	 Kwakkel G, Peppen R Van, Wagenaar RC, Dauphinee SW, Richards C, Ashburn A, et al. Effects 
of Augmented Exercise Therapy Time After Stroke. Stroke. 2004;35(11);2529–2536. 

38.	 Feys H, Weerdt W De, Verbeke G, Steck GC, Capiau C, Kiekens C, et al. Early and Repetitive 
Stimulation of the Arm Can Substantially Improve the Long-Term Outcome After Stroke : A 
5-Year Follow-up Study of a Randomized Trial. Stroke. 2004;35(4);924–929. 

39.	 Grosmaire AG, Duret C. Does assist-as-needed upper limb robotic therapy promote participa-
tion in repetitive activity-based motor training in sub-acute stroke patients with severe paresis? 
NeuroRehabilitation. 2017;41(1):31–9. 

40.	 Cinnera AM, Pucello A, Lupo A, Gimigliano F, Mammucari E, Cicero D Lo, et al. Upper limb 
motor improvement in chronic stroke after combining botulinum toxin A injection and mul-
ti-joints robot-assisted therapy : a case report. OMCR. 2019;10:omz097. 

41.	 Yue Z, Zhang X, Wang J. Review Article Hand Rehabilitation Robotics on Poststroke Motor 
Recovery. Behav Neurol. 2017;55. 

42.	 Veerbeek JM, Langbroek-amersfoort AC, Wegen EEH Van, Meskers CGM, Kwakkel G. Effects 
of Robot-Assisted Therapy for the Upper Limb After Stroke : A Systematic Review and Me-
ta-analysis. Neurorehab Neural Re. 2017;31(2);107-121. 

43.	 Mehrholz J, Pohl M, Platz T, Kugler J, Elsner B. Electromechanical and robot-assisted arm 
training for improving activities of daily living , arm function , and arm muscle strength after 
stroke. Cochrane Review. 2018;(9). 

44.	 Jung JH, Lee HJ, Cho DY, Lim J, Lee BS, Kwon SH, et al. Effects of Combined Upper Limb 
Robotic Therapy in Patients With Tetraplegic Spinal Cord Injury. Ann. Phys. Rehabil. Med. 
2019;43(4):445–57. 

45.	 Lu Z, Stampas A, Francisco GE, Zhou P. Offline and online myoelectric pattern recogni-
tion analysis and real-time control of a robotic hand after spinal cord injury. J Neural Eng. 
2019;16(3). 

46.	 Yoshikawa K, Koseki K, Endo Y, Yamamoto S, Kanae K, Takeuchi Ryoko, et al. Adjusting 
Assistance Commensurates with Patient Effort During Robot-Assisted Upper Limb Train-
ing for a Patient with Spasticity After Cervical Spinal Cord Injury: A Case Report. Medicina. 
2019;55(8):404. 

47.	 Vojinovic TJ, Linley E, Zivanovic A, Loureiro RC V. Effects of Focal Vibration and Robotic 
Assistive Therapy on Upper Limb Spasticity in incomplete Spinal Cord Injury. 2019 IEEE 16th 
Int Conf Rehabil Robot. 2019;542–7. 



110 Yapay Zeka

48.	 Scott S, Yu T, White KT, Harlinger W Van, Otr L, Gonzalez Y, et al. A Robotic Hand Device 
Safety Study for People With Cervical Spinal Cord Injury. 2018;35(Suppl 3):21–5. 

49.	 Oña ED, Balaguer C, Cuerda RC, Collado-vázquez S, Jardón A. Effectiveness of Serious Games 
for Leap Motion on the Functionality of the Upper Limb in Parkinson’s Disease : A Feasibility 
Study. Comput Intel Neurosc. 2018;2018. 

50.	 Abbruzzese G, Marchese R, Avanzino L, Pelosin E. Parkinsonism and Related Disorders Re-
habilitation for Parkinson’s disease:Current outlook and future challenges. Park Relat Disord. 
2016;22:S60-S64. 

51.	 Mirelman A, Giladi N, Hausdorff JM. Body-fixed sensors for Parkinson disease. Jama. 
2015;314(9):873–4. 

52.	 Cancela J, Pastorino M, Tzallas AT, Tsipouras MG, Rigas G, Arredondo MT, et al. Wearability 
assessment of a wearable system for Parkinson’s disease remote monitoring based on a body 
area network of sensors. Sensors. 2014;14(9):17235–17255. 

53.	 Oung QW, Muthusamy H, Lee HL, Basah SN, Yaacob S, Sarillee M, et al. Technologies for 
assessment of motor disorders in Parkinson’s Disease: A review. Sensors. 2015;15(9): 21710-
21745.

54.	 Del Din S, Godfrey A, Mazzà C, Lord S, Rochester L. Free-living monitoring of Parkinson’s 
disease: Lessons from the field. Mov Disord. 2016;31(9):1293–313. 

55.	 Castrillo-Fraile V, Peña EC, Gabriel Y Galán JMT, Delgado-López PD, Collazo C, Cubo E. 
Tremor Control Devices for Essential Tremor: A Systematic Literature Review. Tremor Other 
Hyperkinet Mov. 2019;9:1–6. 

56.	 Sampson P, Freeman C, Coote S, Demain S, Feys P, Meadmore K, et al. Using Functional Elec-
trical Stimulation Mediated by Iterative Learning Control and Robotics to Improve Arm Move-
ment for People with Multiple Sclerosis. IEEE Trans Neural Syst Rehabil Eng. 2016;24(2):235–48. 

57.	 Xydas E, Louca LS. Planar conformity of movements in 3D reaching tasks for persons with 
Multiple Sclerosis. Hum Mov Sci. 2018;62:221–34. 

58.	 Lamers I, Maris A, Severijns D, Dielkens W, Geurts S, Van Wijmeersch B, et al. Upper limb re-
habilitation in people with multiple sclerosis: A systematic review. Neurorehabil Neural Repair. 
2016;30(8):773–93. 

59.	 Carpinella I, Cattaneo D, Bertoni R, Ferrarin M. Robot training of upper limb in multiple scle-
rosis: Comparing protocols with or withoutmanipulative task components. IEEE Trans Neural 
Syst Rehabil Eng. 2012;20(3):351–60. 

60.	 Gijbels D, Lamers I, Kerkhofs L, Alders G, Knippenberg E, Feys P. The Armeo Spring as train-
ing tool to improve upper limb functionality in multiple sclerosis: a pilot study. J Neuroeng 
Rehabil. 2011;8(5):1–8. 

61.	 Carpinella I, Cattaneo D, Abuarqub S, Ferrarin M. Robot-based rehabilitation of the upper limbs 
in multiple sclerosis: Feasibility and preliminary results. J Rehabil Med. 2009;41(12):966–70. 

62.	 Vergaro E, Squeri V, Brichetto G, Casadio M, Morasso P, Solaro C, et al. Adaptive robot training 
for the treatment of incoordination in Multiple Sclerosis. J Neuroeng Rehabil. 2010;7:37. 

63.	 Zhang H, Chang BC, Andrews J, Mitsumoto H, Agrawal S. A robotic neck brace to characterize 
head-neck motion and muscle electromyography in subjects with amyotrophic lateral sclerosis. 
Ann Clin Transl Neurol. 2019;6(9):1671–80. 

64.	 Nakamura R, Atsuta N, Watanabe H, Hirakawa A, Watanabe H, Ito M, et al. Neck weakness is a 
potent prognostic factor in sporadic amyotrophic lateral sclerosis patients. J Neurol Neurosurg 
Psychiatry. 2013;84(12):1365–71. 

65.	 Portaro S, Cimino V, Accorinti M, Pidalà A, Naro A, Calabrò RS. A promising tool for flail 
arm in amyotrophic lateral sclerosis rehabilitation: A case report. Eur J Phys Rehabil Med. 
2019;55(4):515–8. 



111Robotik Rehabilitasyon

66.	 Haumont T, Rahman T, Sample W, King MM, Church C, Henley J, et al. Wilmington robotic 
exoskeleton: A novel device to maintain arm improvement in muscular disease. J Pediatr Or-
thop. 2011;31(5):44–9. 

67.	 Hasegawa Y, Kikai T, Eguchi K, Shimada S. Exoskeletal meal assistance system (EMAS III) for 
progressive muscle dystrophy patient. IEEE/ASME Int Conf Adv Intell Mechatronics, AIM. 
2011;1–6. 

68.	 Chen B, Zi B, Qin L, Pan Q. State-of-the-art research in robotic hip exoskeletons: A general 
review. J Orthop Transl. 2020;20:4–13. 

69.	 Lo K, Stephenson M, Lockwood C. Effectiveness of robotic assisted rehabilitation for mobility 
and functional ability in adult stroke patients: a systematic review. JBI database Syst Rev Imple-
ment reports. 2017;15(12):3049–91. 

70.	 Jayaraman A, Burt S, Rymer WZ. Use of Lower-Limb Robotics to Enhance Practice and Partic-
ipation in Individuals with Neurological Conditions. Pediatr Phys Ther. 2017;29:S48–56. 

71.	 Tedla JS, Dixit S, Gular K, Abohashrh M. Robotic-Assisted Gait Training Effect on Function 
and Gait Speed in Subacute and Chronic Stroke Population: A Systematic Review and Me-
ta-Analysis of Randomized Controlled Trials. Eur Neurol. 2019;81(3–4):103–11. 

72.	 Eiammanussakul T, Sangveraphunsiri V. A lower limb rehabilitation robot in sitting position 
with a review of training activities. J Healthc Eng. 2018;2018. 

73.	 Esquenazi A, Talaty M, Jayaraman A. Powered Exoskeletons for Walking Assistance in Persons 
with Central Nervous System Injuries: A Narrative Review. PM&R. 2017;9(1):46–62. 

74.	 Díaz I, Gil JJ, Sánchez E. Lower-Limb Robotic Rehabilitation: Literature Review and Challeng-
es. J Robot. 2011;2011(i):1–11. 

75.	 Cherni Y, Begon M, Chababe H, Moissenet F. Use of electromyography to optimize Lokomat® 
settings for subject-specific gait rehabilitation in post-stroke hemiparetic patients: A proof-of-
concept study. Neurophysiol Clin. 2017;47(4):293–9. 

76.	 Hidler JM, Wall AE. Alterations in muscle activation patterns during robotic-assisted walking. 
Clin Biomech. 2005;20(2):184–93. 

77.	 Chisari C, Bertolucci F, Monaco V, Venturi M, Simonella C, Micera S, et al. Robot-assisted gait 
training improves motor performances and modifies Motor Unit firing in poststroke patients. 
Eur J Phys Rehabil Med. 2015;51(1):59–69. 

78.	 Galli M, Cimolin V, De Pandis MF, Le Pera D, Sova I, Albertini G, et al. Robot-assisted gait 
training versus treadmill training in patients with Parkinson’s disease: A kinematic evaluation 
with gait profile score. Funct Neurol. 2016;31(3):163–70. 

79.	 Mazzoleni S, Focacci A, Franceschini M, Waldner A, Spagnuolo C, Battini E, et al. Robot-as-
sisted end-effector-based gait training in chronic stroke patients: A multicentric uncontrolled 
observational retrospective clinical study. NeuroRehabilitation. 2017;40(4):483–92. 

80.	 Hidler J, Nichols D, Pelliccio M, Brady K, Campbell DD, Kahn JH, et al. Multicenter rand-
omized clinical trial evaluating the effectiveness of the Lokomat in subacute stroke. Neuroreha-
bil Neural Repair. 2009;23(1):5–13. 

81.	 Morone G, Paolucci S, Cherubini A, De Angelis D, Venturiero V, Coiro P, et al. Robot-assisted 
gait training for stroke patients: Current state of the art and perspectives of robotics. Neuropsy-
chiatr Dis Treat. 2017;13:1303–11. 

82.	 Piira A, Lannem AM, Gjesdal K, Knutsen R, Jørgensen L, Glott T, et al. Quality of life and 
psychological outcomes of body-weight supported locomotor training in spinal cord injured 
persons with long-standing incomplete lesions. Spinal Cord. 2019;1-10. 

83.	 Cheung EYY, Ng TKW, Yu KKK, Kwan RLC, Cheing GLY. Robot-Assisted Training for People 
With Spinal Cord Injury: A Meta-Analysis. Arch Phys Med Rehabil. 2017;98(11):2320–2331.
e12. 



112 Yapay Zeka

84.	 Jang YC, Park HK, Han JY, Choi IS, Song MK. Cardiopulmonary function after robotic exoskel-
eton-assisted over-ground walking training of a patient with an incomplete spinal cord injury: 
Case report. Medicine. 2019;98(50):2–4. 

85.	 Kang M-G, Yun SJ, Shin HI, Kim E, Lee HH, Oh B-M, et al. Effects of robot-assisted gait train-
ing in patients with Parkinson’s disease: study protocol for a randomized controlled trial. Trials. 
2019;20(1):1–8. 

86.	 Alwardat M, Etoom M. Effectiveness of robot-assisted gait training on freezing of gait 
in people with Parkinson disease: Evidence from a literature review. J Exerc Rehabil. 
2019;15(2):187–92. 

87.	 Picelli A, Melotti C, Origano F, Waldner A, Fiaschi A, Santilli V, et al. Robot-assisted gait train-
ing in patients with parkinson disease: A randomized controlled trial. Neurorehabil Neural 
Repair. 2012;26(4):353–61. 

88.	 Lo AC, Chang VC, Gianfrancesco MA, Friedman JH, Patterson TS, Benedicto DF. Reduction 
of freezing of gait in Parkinson’s disease by repetitive robot-assisted treadmill training: a pilot 
study. J Neuroeng Rehabil. 2010;7:51. 

89.	 Picelli A, Melotti C, Origano F, Neri R, Waldner A, Smania N. Robot-assisted gait training 
versus equal intensity treadmill training in patients with mild to moderate Parkinson’s disease: 
A randomized controlled trial. Park Relat Disord. 2013;19(6):605–10. 

90.	 Carda S, Invernizzi M, Baricich A, Comi C, Croquelois A, Cisari C. Robotic gait training is not 
superior to conventional treadmill training in parkinson disease: A single-blind randomized 
controlled trial. Neurorehabil Neural Repair. 2012;26(9):1027–34. 

91.	 Furnari A, Calabrò RS, De Cola MC, Bartolo M, Castelli A, Mapelli A, et al. Robotic-assisted 
gait training in Parkinson’s disease: a three-month follow-up randomized clinical trial. Int J 
Neurosci. 2017;127(11):996–1004. 

92.	 Picelli A, Melotti C, Origano F, Neri R, Verzè E, Gandolfi M, et al. Robot-assisted gait train-
ing is not superior to balance training for improving postural instability in patients with mild 
to moderate Parkinson’s disease: A single-blind randomized controlled trial. Clin Rehabil. 
2014;29(4):339–47. 

93.	 Beretta E, Storm FA, Strazzer S, Frascarelli F, Petrarca M, Colazza A, et al. Effect of Robot-As-
sisted Gait Training in a Large Population of Children With Motor Impairment Due to Cere-
bral Palsy or Acquired Brain Injury. Arch Phys Med Rehabil. 2020;101(1):106–12. 

94.	 Ammann-Reiffer C, Bastiaenen CHG, Meyer-Heim AD, van Hedel HJA. Effectiveness of ro-
bot-assisted gait training in children with cerebral palsy: A bicenter, pragmatic, randomized, 
cross-over trial (PeLoGAIT). BMC Pediatr. 2017;17(1):1–9. 

95.	 Graham H, Rosenbaum P, Paneth N, Dan B, Lin J, Damiano D, et al. Cerebral Palsy. Nat Rev 
Dis Prim. 2016;1–24. 

96.	 Schroeder AS, Homburg M, Warken B, Auffermann H, Koerte I, Berweck S, et al. Prospective 
controlled cohort study to evaluate changes of function, activity and participation in patients 
with bilateral spastic cerebral palsy after Robot-enhanced repetitive treadmill therapy. Eur J 
Paediatr Neurol. 2014;18(4):502–10. 

97.	 Wallard L, Dietrich G, Kerlirzin Y, Bredin J. Robotic-assisted gait training improves walking 
abilities in diplegic children with cerebral palsy. Eur J Paediatr Neurol. 2017;21(3):557–64. 

98.	 Yazıcı M, Livanelioğlu A, Gücüyener K, Tekin L, Sümer E, Yakut Y. Effects of robotic rehabilita-
tion on walking and balance in pediatric patients with hemiparetic cerebral palsy. Gait Posture. 
2019;70:397–402. 

99.	 Digiacomo F, Tamburin S, Tebaldi S, Pezzani M, Tagliafierro M, Casale R, et al. Improvement of 
motor performance in children with cerebral palsy treated with exoskeleton robotic training: A 
retrospective explorative analysis. Restor Neurol Neurosci. 2019;37(3):239–44. 



113Robotik Rehabilitasyon

100.	Druzbicki M, Rusek W, Snela S, Dudek J, Szczepanik M, Zak E, et al. Functional effects of 
robotic-assisted locomotor treadmill therapy in children with cerebral palsy. J Rehabil Med. 
2013;45(4):358–63. 

101.	Reyes F, Niedzwecki C, Gaebler-Spira D. Technological Advancements in Cerebral Palsy Reha-
bilitation. Phys Med Rehabil Clin N Am. 2020;31(1):117–29. 

102.	Fasoli SE, Fragala-Pinkham M, Hughes R, Hogan N, Krebs HI, Stein J. Upper limb robotic 
therapy for children with hemiplegia. Am J Phys Med Rehabil. 2008;87(11):929–36. 

103.	Meyer-Heim A, van Hedel HJA. Robot-assisted and computer-enhanced therapies for chil-
dren with cerebral palsy: Current state and clinical implementation. Semin Pediatr Neurol. 
2013;20(2):139–45. 

104.	So WC, Wong MKY, Lam WY, Cheng CH, Ku SY, Lam KY, et al. Who is a better teacher for chil-
dren with autism? Comparison of learning outcomes between robot-based and human-based 
interventions in gestural production and recognition. Res Dev Disabil. 2019;86:62–75. 

105.	Babik I, Kokkoni E, Cunha AB, Galloway JC, Rahman T, Lobo MA, et al. Feasibility and Effec-
tiveness of a Novel Exoskeleton for an Infant with Arm Movement Impairments. Pediatr Phys 
Ther. 2017;28(3):338–46. 

106.	Chen X, Ragonesi C, Galloway JC, Agrawal SK. Training toddlers seated on mobile robots to 
drive indoors amidst obstacles. IEEE Trans Neural Syst Rehabil Eng. 2011;19(3):271–9. 

107.	Case LE, Apkon SD, Eagle M, Gulyas A, Juel L, Matthews D, et al. Rehabilitation Management 
of the Patient With Duchenne Muscular Dystrophy. Pediatrics. 2018;142(Suppl 2):S17-S33. 

108.	Fridin M, Belokopytov M. Robotics agent coacher for CP motor function (RAC CP Fun). 
Robotica. 2014;32(8):1265–79. 

109.	Brisben A, Safos C, Lockerd A, Vice J, Lathan C. The cosmobot system: Evaluating its usability 
in therapy sessions with children diagnosed with cerebral palsy. Retrieved. 2005;3(25):13. 

110.	Butchart J, Harrison R, Ritchie J, Martí F, McCarthy C, Knight S, et al. Child and parent per-
ceptions of acceptability and therapeutic value of a socially assistive robot used during pediat-
ric rehabilitation. Disabil Rehabil. 2019:1–8. 

111.	Lefmann S, Russo R, Hillier S. The effectiveness of robotic-assisted gait training for paediatric 
gait disorders: Systematic review. J Neuroeng Rehabil. 2017;14(1):1–10. 

112.	Carvalho I, Pinto SM, Chagas D das V, Praxedes dos Santos JL, de Sousa Oliveira T, Batista 
LA. Robotic Gait Training for Individuals With Cerebral Palsy: A Systematic Review and Me-
ta-Analysis. Arch Phys Med Rehabil. 2017;98(11):2332–44.


