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AmeriHealth Caritas has developed clinical policies to assist with making coverage determinations. AmeriHealth Caritas’ clinical policies
are based on guidelines from established industry sources, such as the Centers for Medicare & Medicaid Services (CMS), state regulatory
agencies, the American Medical Association (AMA), medical specialty professional societies, and peer-reviewed professional literature.
These clinical policies along with other sources, such as plan benefits and state and federal laws and regulatory requirements, including
any state- or plan-specific definition of “medically necessary,” and the specific facts of the particular situation are considered, on a case
by case basis, by AmeriHealth Caritas when making coverage determinations. In the event of conflict between this clinical policy and plan
benefits and/or state or federal laws and/or regulatory requirements, the plan benefits and/or state and federal laws and/or regulatory
requirements shall control. AmeriHealth Caritas’ clinical policies are for informational purposes only and not intended as medical advice
or to direct treatment. Physicians and other health care providers are solely responsible for the treatment decisions for their patients.
AmeriHealth Caritas’ clinical policies are reflective of evidence-based medicine at the time of review. As medical science evolves,
AmeriHealth Caritas will update its clinical policies as necessary. AmeriHealth Caritas’ clinical policies are not guarantees of payment.

Coverage policy

The robotic orthosis (exoskeleton) as an adjunct to upper limb rehabilitation is investigational/not clinically proven
and, therefore, not medically necessary.

Limitations
No limitations were identified during the writing of this policy.

Alternative covered services

¢ Rehabilitation services for improving or preserving upper limb function including, but not limited to,
physical therapy, occupational therapy, and home exercise therapy (V57.x).

e Durable medical equipment for the upper limb including, but not limited to, static and dynamic orthotic
devices for the upper limb (e.g., extension/flexion devices and mobile arm support) as deemed medically
necessary.

Background

People with neuromuscular disabilities often have trouble using their upper limbs and must rely on assistance
from others and/or assistive technology to perform routine functions. An orthosis (or orthotic device) for aiding
upper limb movement enables use of the limb in a larger range of motion than can be accomplished
independently (Herder, 2006). Choice of orthosis will depend on a number of objective and subjective factors.
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Assessment of upper limb impairment and activity using standardized measurement is essential, as are
functionality, comfort, safety, and aesthetics (Connell, 2012; Herder, 2006; Lemmens, 2012; Mazzone, 2012;
Wagner, 2012).

Three main groups of upper extremity orthoses are rehabilitation robots, powered (electromechanical) orthoses,
and passive orthoses. Passive (non-powered or body powered) orthoses are based on static balancing, typically
using springs. They require some muscle force for accelerating and decelerating, and for overcoming friction
and balancing errors. Users with some residual function generally preferred a non-powered device, because it
allows use of existing natural control, tends to be less conspicuous, and uses less energy consumption,
especially for persons using respiration augmentation. However, most currently available passive orthoses
cannot be adjusted by the user and have limited range of motion, imperfect balancing quality, or problems related
to comfort (i.e., donning and doffing, sliding, and perspiration in trough) (Herder, 2006).

Rehabilitation robots and powered orthoses are intended for the weakest patients, who in some cases have little
to no muscle force (Herder, 2006). They serve as means of increasing training intensity (e.g., number of
repetitions) and may allow the patient to train without a therapist. These devices amplify weak muscle signals
from nerve signals on the skin surface to activate arm and/or hand movement, as the user intends. A powered
orthosis helps to correct, rehabilitate, or support the limb, whereas a rehabilitation robot works in parallel with
the body to assist the user's movements. Current robots tend to train the shoulder and elbow, but devices for
improving hand dexterity are emerging that may improve self-reported function and perceptions of overall
recovery in stroke survivors (Peters, 2017; Willigenburg, 2017).

Rehabilitation robots are either end-effector types or exoskeletons depending on the way the limb is supported
and moved (Zhang, 2018). An end-effector type uses a device connected to the end of a robotic arm (e.g., a
gripper where the hand would be) that interacts with the environment as a substitute for limb movement. An
example is the MIME (Stanford University). End-effector robots can be easily adapted and used by several
patients with different pathologies. They provide information about end effector performance that allows the
therapist to objectively assess and customize therapy, but they cannot provide kinematic information about the
joints of the upper limb (Bertomeu-Motos, 2018).

The robotic exoskeleton is a wearable device consisting of a protective and supportive shell with integrated
sensor and control information that allows the patient total control of the arm joints to perform limb movements
aided by the robot (Zhang, 2018). However, exoskeletons are difficult to adapt and attach to the patient’s arm,
as they require meticulous attention to detail to avoid misalignment between the robot and arm and potential
injury. Several robotic exoskeletons have been developed for the upper limb. Examples are (Zhang, 2018):
RUPERT (University of Arizona); the CADEN-77 (University of Washington); the Wilmington robotic exoskeleton
(JAECO Orthopedic, 2024); the Armeo Spring (Hocoma Inc., Norwell, Massachusetts); and the MyoPro®
(Myomo, Inc., Cambridge, Massachusetts, 2024).

Guidelines

The Department of Veterans Affairs and Department of Defense (2024) updated their guideline on the
management of stroke rehabilitation. There is insufficient evidence to recommend for or against robot-assisted
therapy to improve upper extremity motor outcomes based on systematic review evidence showing that the
short-term improvements in upper limb movements, as measured by Fugl-Meyer Assessment, only slightly
outweighed the potential harms, which were considered minimal and related to discomfort from the harnesses
and skin integrity issues.

Evidence reviews
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Systematic reviews and meta-analyses examined the use of robotic exoskeletons for upper limb rehabilitation in
predominately in adult stroke survivors, and to a lesser extent, adults with spinal cord injury and children with
stroke or cerebral palsy. The evidence lacks important details of the study population, intervention, and outcomes
necessary to inform a determination of medical necessity with regard to the optimal candidates for these devices
and the optimal treatment regimens using these devices. Robotic-led rehabilitation may improve upper limb
motor scores and strength in the short-term for people with upper limb disability, but neither the translation of
this improvement to performance of activities of daily living nor the superiority of robotic-led therapy to dose-
matched, classical therapist-led training has been determined.

A Cochrane review provides the most comprehensive and rigorous review of 45 trials (n = 1,619 participants) of
electromechanical and robot-assisted upper limb rehabilitation in stroke rehabilitation. The review rated the
quality of evidence as high. Electromechanical and robot-assisted arm training devices are safe and acceptable
to most participants and modestly improve activities of daily living, arm function, and arm muscle strength after
stroke. It was unclear if these slight improvements were clinically meaningful to most patients with stroke, and
because of the heterogeneity of trial designs, therapy variables, and participant characteristics, the optimal
therapeutic intensity could not be determined (Mehrholz, 2018).

One multisite trial carried out in the United Kingdom randomly assigned 257 participants to robot-assisted
training, 259 to an enhanced upper limb therapy protocol, and 254 to usual care. The primary outcome measure
was upper limb function success measured by the Action Research Arm Test at three months. Robot-assisted
training and an enhanced upper limb therapy protocol did not improve upper limb function after stroke compared
with usual care for patients with moderate or severe upper limb functional limitation after first stroke (Rodgers,
2019).

Evidence from newer systematic reviews compared robot-assisted arm training to other protocols in stroke
survivors. Randomized or quasi-randomized controlled trials of moderate to high quality reported mixed results
that fail to support a clear superiority of robot-assisted rehabilitation over standard rehabilitation protocols for the
upper limb following stroke (Chen, 2020; Ferreira, 2021; Wu, 2021). The comparative effectiveness of robotic
therapy may depend on treatment dose and duration, severity of impairment, and recovery phase (Everard,
2022; Zhang, 2022).

Rehabilitation of hand and finger function in stroke has significant implications for the ability to perform activities
of daily living, independence, and quality of life (Suarez-Escobar, 2018). Evidence from randomized controlled
trials found some improvement in motor function with a robotic adjunct, but small study sizes and variations in
devices studied, stroke chronicities, treatment protocols, and measured outcomes limit these conclusions. Most
devices remain in early stages of development or are not currently available in the United States (Cho, 2021;
Lee, 2021; Moggio, 2022; Park, 2021; Singh, 2021).

In cervical spinal cord injury, a systematic review (Singh, 2018) of one randomized clinical trial, six case series,
and five case studies of low quality examined five exoskeletons and three end-effector systems. The results
suggest robot-assisted interventions are safe, feasible, and may reduce active assistance provided by therapists,
but the optimal device, training protocol, and outcome measure(s) require further study.

In children with cerebral palsy, a systematic review (Chen, 2016) of seven case studies and two other small
observational studies examined three different robotic systems. These limited results suggest a moderate
improvement of robotic therapy in reaching duration, smoothness, or decreased muscle tone, and in
standardized clinical assessment (e.g., Fugl-Meyer).

In 2018, we updated the literature with no policy changes.
In 2019, we added no new information. The policy ID was changed from CP# 15.02.06 to CCP.1076.
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In 2020, we expanded the scope of the policy to include all robotic exoskeletons for upper limb rehabilitation. No
policy changes are warranted.

In December 2020, we updated the references and made no policy changes.
In 2021, we updated the references with no policy changes warranted.

In 2022, we updated the references and made no policy changes.

In 2023, we found no new large reviews to add to the policy.

In 2024, we reorganized the findings, deleted older references, and updated one guideline. No policy changes
are warranted.
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established evidence hierarchies (typically systematic reviews, meta-analyses, and full economic analyses,
where available) and professional guidelines based on such evidence and clinical expertise.

” i LT ” ”

Bertomeu-Motos A, Blanco A, Badesa FJ, et al. Human arm joints reconstruction algorithm in rehabilitation
therapies assisted by end-effector robotic devices. J Neuroeng Rehabil. 2018;15(1):10. Doi: 10.1186/s12984-
018-0348-0.

Biorobotics Laboratory. Technology for arm training. Department of Mechanical and Aerospace Engineering.
University of California, Irvine website. http://biorobotics.eng.uci.edu/armrehab. Published 2024.

Chen YP, Howard AM. Effects of robotic therapy on upper-extremity function in children with cerebral palsy: A
systematic review. Dev Neurorehabil. 2016;19(1):64-71. Doi: 10.3109/17518423.2014.899648.

Chen Z, Wang C, Fan W, et al. Robot-assisted arm training versus therapist-mediated training after stroke: A
systematic review and meta-analysis. J Healthc Eng. 2020;2020:8810867. Doi: 10.1155/2020/8810867.

Cho KH, Song WK. Effects of two different robot-assisted arm training on upper limb motor function and
kinematics in chronic stroke survivors: A randomized controlled trial. Top Stroke Rehabil. 2021;28(4):241-250.
Doi: 10.1080/10749357.2020.1804699.

Connell LA, Tyson SF. Clinical reality of measuring upper-limb ability in neurologic conditions: A systematic
review. Arch Phys Med Rehabil. 2012;93(2):221-228. Doi: 10.1016/j.apmr.2011.09.015.

Department of Veterans Affairs and Department of Defense. VA/DoD clinical practice guideline for the
management of stroke rehabilitation. Version 5.0. Department of Veterans Affairs website.
https://www.healthquality.va.gov/quidelines/Rehab/stroke/VADOD-2024-Stroke-Rehab-CPG-Full-
CPG final 508.pdf. Published 2024.

Everard G, Declerck L, Detrembleur C, et al. New technologies promoting active upper limb rehabilitation after
stroke: An overview and network meta-analysis. Eur J Phys Rehabil Med. 2022;58(4):530-548. Doi:
10.23736/S1973-9087.22.07404-4.

CCP.1076 4 of 6


http://biorobotics.eng.uci.edu/armrehab
https://www.healthquality.va.gov/guidelines/Rehab/stroke/VADOD-2024-Stroke-Rehab-CPG-Full-CPG_final_508.pdf
https://www.healthquality.va.gov/guidelines/Rehab/stroke/VADOD-2024-Stroke-Rehab-CPG-Full-CPG_final_508.pdf

Ferreira F, Chaves MEA, Oliveira VC, et al. Effect of robot-assisted therapy on participation of people with
limited upper limb functioning: A systematic review with grade recommendations. Occup Ther Int.
2021;2021:6649549. Doi: 10.1155/2021/6649549.

Herder JL, Vrijlandt N, Antonides T, Cloosterman M, Mastenbroek PL. Principle and design of a mobile arm
support for people with muscular weakness. J Rehabil Res Dev. 2006;43(5):591-604. Doi:
10.1682/JRRD.2006.05.0044.

JAECO Orthopedic. WREX: Wilmington Robotic EXoskeleton arm. htips://jaecoorthopedic.com/product/jaeco-
wrex/. Published 2024.

Lee HC, Kuo FL, Lin YN, et al. Effects of robot-assisted rehabilitation on hand function of people with stroke: A
randomized, crossover-controlled, assessor-blinded study. Am J Occup Ther. 2021;75(1):7501205020p1-
7501205020p11. Doi: 10.5014/ajot.2021.038232.

Lemmens RJM, Timmermans AAA, Janssen-Potten JM, Smeets RJEM, Seelen HAM. Valid and reliable
instruments for arm-hand assessment at ICF activity level in persons with hemiplegia: A systematic review.
BMC Neurol. 2012;12:21. Doi: 10.1186/1471-2377-12-21.

Mazzone ES, Vasco G, Palermo C, et al. A critical review of functional assessment tools for upper limbs in
Duchenne muscular dystrophy. Dev Med Child Neurol. 2012;54(10):879-885. Doi: 10.1111/j.1469-
8749.2012.04345.x.

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 Database Syst
Rev. 2018;9:Cd006876. Doi: 10.1002/14651858.CD006876.pub5.

Mirkowski M. Nonpharmacological rehabilitation interventions for motor and cognitive outcomes following
pediatric stroke: A systematic review. Disabil Rehabil Assist Technol. 2019;178(4):433-454. Doi:
10.1007/s00431-019-03350-7.

Moggio L, de Sire A, Marotta N, Demeco A, Ammendolia A. Exoskeleton versus end-effector robot-assisted
therapy for finger-hand motor recovery in stroke survivors: Systematic review and meta-analysis. Top Stroke
Rehabil. 2022;29(8):539-550. Doi: 10.1080/10749357.2021.1967657.

Myomo MyoPro. What is a MyoPro Orthosis? https://myomo.com/what-is-a-myopro-orthosis/. Published 2024.

Park JH. The effects of robot-assisted left-hand training on hemispatial neglect in older patients with chronic
stroke: A pilot and randomized controlled trial. Medicine (Baltimore). 2021;100(9):e24781. Doi:
10.1097/md.0000000000024781.

Peters HT, Page SJ, Persch A. Giving them a hand: Wearing a myoelectric elbow-wrist-hand orthosis reduces
upper extremity impairment in chronic stroke. Arch Phys Med Rehabil. 2017;98(9):1821-1827. Doi:
10.1016/j.apmr.2016.12.016.

Singh H, Unger J, Zariffa J, et al. Robot-assisted upper extremity rehabilitation for cervical spinal cord injuries:
A systematic scoping review. Disabil Rehabil Assist Technol. 2018;13(7):704-715. Doi:
10.1080/17483107.2018.1425747.

Singh N, Saini M, Kumar N, Srivastava MVP, Mehndiratta A. Evidence of neuroplasticity with robotic hand
exoskeleton for post-stroke rehabilitation: A randomized controlled trial. J Neuroeng Rehabil. 2021;18(1):76.
Doi: 10.1186/s12984-021-00867-7.

Suarez-Escobar M. An overview of robotic/mechanical devices for post-stroke thumb rehabilitation. Disabil
Rehabil Assist Technol. 2018;13(7):683-703. Doi: 10.1080/17483107.2018.1425746.

CCP.1076 50f6


https://jaecoorthopedic.com/product/jaeco-wrex/
https://jaecoorthopedic.com/product/jaeco-wrex/
https://myomo.com/what-is-a-myopro-orthosis/

Wagner LV, Davids JR. Assessment tools and classification systems used for the upper extremity in children
with cerebral palsy. Clin Orthop Relat Res. 2012;470(5):1257-1271. Doi: 10.1007/s11999-011-2065-x.

Willigenburg NW, McNally MP, Hewett TE, Page SJ. Portable myoelectric brace use increases upper extremity
recovery and participation but does not impact kinematics in chronic, poststroke hemiparesis. J Mot Behav.
2017;49(1):46-54. Doi: 10.1080/00222895.2016.1152220.

Wu J, Cheng H, Zhang J, Yang S, Cai S. Robot-assisted therapy for upper extremity motor impairment after
stroke: A systematic review and meta-analysis. Phys Ther. 2021;101(4):pzab010. Doi: 10.1093/ptj/pzab010.

Zhang K, Chen X, Liu F, Tang H, Wang J. System framework of robotics in upper limb rehabilitation on
poststroke motor recovery. 2018;2018:6737056. Doi: 10.1155/2018/6737056.

Zhang L, Jia G, Ma J, Wang S, Cheng L. Short and long-term effects of robot-assisted therapy on upper limb
motor function and activity of daily living in patients post-stroke: A meta-analysis of randomized controlled
trials. J Neuroeng Rehabil. 2022;19(1):76. Doi: 10.1186/s12984-022-01058-8.

Policy updates

12/2013: initial review date and clinical policy effective date: 6/2014
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