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Abstract: Background: Radial nerve injury can cause severe impairment due to paralysis of the wrist and finger extensors.
Wrist drop is a hallmark feature of radial nerve injury. Various interventions are used for optimizing function. This case report
uses virtual reality (PABLO tyro motion) to prove that such sensor-based rehabilitation can bring about better outcomes in
current day clinical practice. Because radial nerve palsies improve over time with excellent prognosis, the current intervention
used in the study was to facilitate and speed up the rehabilitation process due to decreased length of stay and time constraints of
the subject staying long in the hospital. Objective: (1) To analyze the functional gain achieved from admission until discharge
from hospital, thereby understanding the effect of virtual reality; (2) to understand the effectiveness of advanced technology such
as virtual reality which can be used to facilitate function following nerve injuries. Method: We present a case of a 30-year old
working male, who sustained radial nerve injury after a right humeral fracture, resulting from road traffic accident. A complete
wrist drop was seen in the right hand, which was his dominant hand. This significantly affected his ability to independently
perform activities of daily living (ADL) and engage in any other work-related activities. Results: Progressive recovery was seen
following active rehabilitation, after an 8-week hospital stay. Improvements were seen in his abilities to perform ADL on the
functional independence measure (FIM), improved muscle strength and active range of motion of the right hand, particularly
wrist extensors, improved arm and hand function and decreased pain as measured by the outcome measures. Conclusion: Virtual
reality can be used as an advanced treatment option for those with nerve injuries, even though there is spontaneous recovery over
a period. This can be used to speed up the rehabilitation process to reduce length of stay and constraints in staying in the hospital.
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neurological disorder, or a musculoskeletal trauma or insult is
common and may cause functional limitations and
dependence in selfcare tasks and poorer quality of life [3].
Various rehabilitation programs aim at promoting function,
independence in tasks and they include constraint-induced
movement therapy, electromyographic biofeedback, mental
practice with motor imagery, repetitive task training,
functional electrical stimulation, virtual reality and

1. Introduction

Wrist drop is the hallmark clinical feature of a radial nerve
injury. It is a condition wherein the person cannot extend their
wrist as it hangs flaccidly [1]. Radial nerve injury causes
paralysis and weakness of the extensor group of muscles such
as the wrist and finger extensors, resulting in functional
impairment [2]. Upper limb motor impairments following a
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Robot-Assisted Therapy (RT) [4-6]. Virtual reality-based
therapy is an innovative approach and a more recent approach
to neurological rehabilitation that uses intensive, repetitive,
interactive, and individualized practice [7]. Previous reviews
have suggested that virtual reality improves upper limb motor
control and muscle strength [8-12]. There is growing evidence
of rehabilitation programs using various types of robotics and
virtual reality-enhanced devices to improve functional
outcomes in patients with neurologic disorders such as stroke.
But there is also evidence that such robotics and virtual reality
is used and proven effective in orthopedic rehabilitation such
as use of robotic assisted devices following traumatic lesions
of the hand after surgery [13]. This suggests how task-oriented
rehabilitation approach can also benefit patients with
orthopedic disorders of the wrist and hand [14]. This led to the
idea of using the PABLO Tyro motion, a virtually enhanced
device. PABLO consists of objective assessments, monitoring
and reporting system and a therapeutic software with many
games adapted to clinical status [15]. Hence, this device was
used in this case study to facilitate wrist extension, through
assessment and therapy as used in other studies [13, 16].

2. Case Presentation

A 30- year old male suffered from polytrauma due to road
traffic accident. It was a pedestrian hit by car scenario. He was a
plumber by profession. He had multiple fractures which included
fractures of the left anterior ribs 47", right humerus fracture,
right tibial open fracture and other comorbidities like small
bilateral pneumothorax, bilateral lung contusions. On August 21%,
2020, he had an open reduction and compression 4.5 plate
fixation for the right humeral shaft wedge fracture and an
intra-medullary nailing (T2 stryker) for right tibia shaft open
fracture. Following the procedure, he noticed weakness in the
right hand specifically in the right wrist as he was unable to move
it. On initial assessment, the patient was conscious and alert.
Cognition and speech were within normal limits. Sensation was
intact. A complete flaccid wrist drop was seen on admission. His
muscle weakness corresponded to MRC (Medical Research
Council) grade 3 in the affected shoulder and elbow were grade 3
according to manual muscle testing system. The muscle power in
the wrist extensors was grade 1 (flicker). He was hospitalized for
8 weeks at Hamad General Hospital, later shifted to Qatar
Rehabilitation Institute and discharged from the hospital in
October, 2020, after he was able perform self-care under close
supervision/setup. Performance in the activities of daily living
and functional assessments and functional status were measured
every 2 weeks until discharge from hospital. Functional
Independence Measure (FIM) to assess activities of daily living
performance [17, 18]. Upper limb functioning was also
measured using the Action Research Arm test (ARAT)[19]. The
ability of the patient to perform certain upper extremity activities
was measured using the Disabilities of Arm, Shoulder and Hand
(DASH) [20, 21]. Patient-Rated Wrist Evaluation (PRWE) was
used to measure wrist pain and disability in activities of daily
living [22]. Muscle power of the upper extremity was evaluated
using Manual muscle testing system according to Medical

Research Council (MRC) guidelines. The active range of motion
was measured using Goniometer.

Functionally, the patient was maximally dependent in most of
the self-care tasks due to difficulty in using the right hand in
activities. He was under the orthopedic follow-up and was
under all regular routine investigations. The multi-disciplinary
team decided for an active rehabilitation program for 6 to 8
weeks. The goals set were to be independent in ADLs and
ambulation for job reintegration. The daily living occupational
therapy and virtual reality training were performed every day.
The sessions included 1 hour/day for the virtual reality training,
Functional electrical stimulation (FES) for 30 min/day in
addition to conventional Occupational therapy was also given
for 30 min- 40 min every day. Adequate rest breaks were given
between activities, considering the patient’s fatigue and therapy
tolerance levels. The intensity of the virtual reality training was
increased by adding more challenging levels, requiring more
active range of motion, in all degrees of movements. The study
purpose and methods were explained to the participant before
his inclusion in the study, and he provided informed consent.
The expected outcome of the study was to see an increase in
various aspects such as the active range of motion, change in
muscle power (mainly of the wrist extensors), functional status
of the hand in performing self-care and functional tasks and
functional gain in occupational performance and a decrease in
pain and increased satisfaction overall. The study was reviewed
and approved by the Medical Research Council. Written
consent was obtained from the participant for his participation
in the study.

3. Results

Table 1 shows a steady progress from 80 points at the time
of admission, 96 points after 2 weeks, 102 points after 4 weeks
and 111 points at the time of discharge. This showed a
functional gain of 38.75% overall. The power in the wrist
extensors were seen to improve from grade 1/5 (flicker) to
grade 3/5 at the end of the rehabilitation program (table 2).
Table 3 shows changes in AROM of the wrist extension
(which was particularly noted) from 10 degrees to 55 degrees.
A graphical representation of the improvements in FIM scores
and active wrist extension (figure 1) and noted functional
improvements in wrist extensors (figure 2) are seen.
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Figure 1. Graphical representation showing progress in FIM scores and wrist
extension AROM.
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Figure 2. Graphical representation showing improvements in wrist extensors
power (MRC).

Table 1. Changes in Functional Independence Measure scores.
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Table 2. Change in muscle power (according to Medical Research Council;
Manual Muscle testing system).

lst znd 3rd 4[]1
Sh. Flexors 2-/5 2-/5 3-/5 3+/5
Extensors 2-/5 2-/5 3-/5 3+/5
Abductors 2-/5 2-/5 3-/5 3+/5
Adductors 2-/5 2-/5 3-/5 3+/5
Ext. Rotators 2-/5 2-/5 3-/5 3+/5
Int. Rotators 2-/5 2-/5 3-/5 3+/5
ElbowFlex 3-/5 3-/5 3/5 3+/5
Extensors 3-/5 3-/5 3/5 3+/5
ForearmPron 1/5 2-/5 3-/5 3/5
Supinators 1/5 2-/5 3-/5 3/5
Wrist ext 1/5 2-/5 2-/5 3/5
Flexors 2-/5 2/5 3-/5 3/5
Hand 3+/5 3+/5 4/5 4/5

Table 3. Changes in AROM degrees (wrist).

lst znd 3rd 4[]1
Wrist Ext/ Flexion 10/40 20/45 35/55 55/70
Radial/ Ulnar 5/10 5/12 10/20 15/30

4. Discussion

This case study demonstrates that 8 weeks of daily living
occupational therapy and virtual reality training program can
improve performance in the activities of daily living and
muscular fitness in a patient recovering from radial nerve
injury. Conventional Occupational Therapy and Functional
electrical stimulation was also part of the therapy program.

Recovery from radial nerve injuries take a longer time than
ulnar and median nerve injuries in accordance with
neurological literature and with clinics- the flexion of the wrist
and fingers recovered before extension [13]. Patients who
worked with virtual reality training as in the use of PABLO
tyro motion system for 30 minutes in addition to classical
rehabilitation program, experienced better functional scores.
The benefits of PABLO game therapy showed improvement not
only of locomotor values (ROM, strength, prehension), but also
of attention, motivation, dexterity, based on audio-visual and
haptic feedback that can help the patient in the early recovery
process, according to previous studies [13, 23]. In the present
study, PABLO therapy was used for lhr/day and had shown
improvements in function from the time of admission until
discharge. As a result, functional gain was seen with increase in
the FIM scores. A significant functional gain of 38.75% was
achieved, as shown in table 1. This was gradually achieved over
the course of rehabilitation from admission to discharge. This
suggests that the rehabilitation program was effective in
bringing about greater functional independence and ability to
perform work-related activities.

In addition, the present study found that in terms of muscular
fitness, increase in muscle power were seen in shoulder, elbow,
forearm, wrist and hand muscle groups. The muscle power in
the wrist extensors on admission was just a flicker. Following
virtual reality training, the power in the wrist extensors were
seen to improve to grade 3/5 at the end of the rehabilitation
program, which was 6 weeks from admission (table 2). Hence,
virtual reality training has shown to have a significant effect and
change in function in areas of wrist rehabilitation, particularly
following radial nerve injury. Notable progress was also seen in
active range of motions of the wrist extension in the affected
extremity. According to table 3, the active range of motion at
the time of admission was 10 degrees of wrist extension. With
subsequent PABLO and rehabilitation therapy programs, the
active ROM improved to 55 degrees of wrist extension, which
was a remarkable change. The patient also reported decrease
in pain over the course of therapy, based on the numeric pain
rating scale. This change in muscle power and range of motion
had a direct impact on the patient’s functional status in terms
of performing self-care, and increased levels of satisfaction
and motivation to use the virtually enhanced device and
therapy programs. This is supported by previous studies which
analyzed the effects of VR intervention on upper limb motor
function. It was found that the focus of majority of these
studies were on improving the upper limb range of motion [24],
upper limb strength/power and functional performance in
activities [25].

Positive changes in scores were also reported on the ARAT
scale, which measured hand functions. He was able to
functionally use the right hand in picking and manipulating
items. With regards to DASH scores and PRWE, the patient
reported that he experienced lesser extent of pain as when
compared to the initial stages. This is supported by the results
of one of the studies [13], which also mentioned that the use of
such game modules with the PABLO showed better evolution
of the DASH score and significant decrease in pain.
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5. Conclusion

In conclusion, the present study suggests that the
combined daily living occupational therapy and PABLO
therapy was effective in improving performance in
activities of daily living and muscular fitness and
functional status. The present study can also strongly
suggest that the PABLO device can be used as an objective
testing measure that can be very useful in clinical
assessment and treatment of patients with post-traumatic
hand. Since this was a case report of a patient with radial
nerve injury, further studies on a large scale is required to
establish a strong evidence that virtual reality alone can be
an effective therapy program in wrist and hand
rehabilitation. Considering the spontaneous recovery of
such nerve injuries, it is imperative to use such treatment
interventions to facilitate faster recovery to optimal
function and to promote return to home.

Acknowledgements

The authors wish to acknowledge the therapy team,
Muhaiadeen (physiotherapist) for his constant support and
providing inputs for this study. The study involving one
human participant was reviewed and approved by the Medical
Research Center- Hamad Medical Corporation
(MRC-04-20-1013). The participant provided his written
informed consent to participate in this study.

This study was not funded by the Medical Research Center-
Hamad Medical Corporation (HMC). The research team
provided feedback on an early draft of this paper.

References

[1] Thomson RM, Parry GJ (2006) Neuropathies associated with
excessive exposure to lead. Muscle Nerve 33, 732-41.

[2] Ricci F. P. F., Barbosa R. 1., Elui V. M. C., Barbieri C. H.,
Mazzer N., Fonseca M. C. R.: Radial nerve injury associated
with humeral shaft fracture: a retrospective study. ActaOrtop
Bras 2015; 23: pp. 19-21.

[3] Maciejasz P, Eschweiler J, Gerlach-Hahn K, Jansen-Troy A,
Leonhardt S. A survey on robotic devices for upper limb
rehabilitation. J NeuroengRehabil 2014; 11: 1-29.

[4] Langhorne P, Coupar F, Pollock A. Motor recovery after stroke:
a systematic review. Lancet Neurol 2009; 8: 741-754.
https://doi.org/10.1016/S1474-4422(09)70150-4 PMID:
19608100.

[5] Jarrasse” N, Proietti T, Crocher V, Robertson J, Sahbani A,
Morel G, et al. Robotic exoskeletons: a perspective for the
rehabilitation of arm coordination in stroke patients. Front Hum
Neurosci 2014; 8: 1-13.

[6] Duret C, Courtial O, Grosmaire A, Hutin E. Use of a robotic
device for the rehabilitation of severe upper limb paresis in
subacute stroke: exploration of patient/robot interactions and the
motor recovery process. Biomed Res Int 2015; ID 482389: 1-7.

[71 Hsieh Y, Wu C, Lin K, Yao G, Wu K, Chang Y. Dose-response

9]

[10]

[11]

[12]

[13]

[14]

(18]

[20]

relationship of robot-assisted stroke motor rehabilitation—the
impact of initial motor status. Stroke 2012; 43: 1-7.

Prange GB, Jannink MJA, Groothuis-Oudshoorn CGM,
Hermes HJ, IJzerman MJ. Systematic review of the effect of
robot-aided therapy on recovery of the hemiparetic arm after
stroke. J Rehabil Res Dev 2006; 43: 171-184. PMID:
16847784.

Kwakkel G, Kollen BJI, Krebs HI. Effects of robot-assisted
therapy on upper limb recovery after stroke: a systematic
review. Neurorehabil Neural Repair 2008; 22: 111-121.
https://doi.org/10.1177/ 1545968307305457 PMID: 17876068.

Norouzi-Gheidari N, Archambault PS, Fung J. Effects of
robot-assisted therapy on stroke rehabilitation in upper limbs:
systematic review and meta-analysis of theliterature. J Rehabil
Res Dev 2012; 49: 479— 496. PMID: 22773253.

Mehrholz J, Pohl M, Platz T, Kugler J, Elsner B.
Electromechanical and robot-assisted armtraining for
improving activities of daily living, arm function, and arm
muscle strength after stroke (review). Cochrane Database Syst
Rev 2015; 11: 1-128.

Veerbeek JM, Langbroek-Amersfoort AC, Van Wegen EEH,
Meskers CGM, Kwakkel G. Effects of robot-assisted therapy
for the upper limb after stroke: a systematic review and
meta-analysis. Neurorehabil Neural Repair 2016; 1-15.

Consuela Brailescu, Rodica Scarlet, Adriana Nica, loan Lascar.
A study regarding the results of a rehabilitation program in
patients with traumatic lesions of the hand after surgery.
Palestrica of the third millennium — Civilization and Sport Vol.
14, no. 4, October-December 2013, 263-270.

Renee M. Hakim, Brandon G. Tunis & Michael D. Ross.
Rehabilitation robotics for the upper extremity: review with
new directions for orthopedic disorders. J Disability and
Rehabilitation: Assistive Technology Vol-12, 2017-Issue 8.

Burdea G, Coiffet P. Virtual Reality Technology. 2nd Edition
Wiley-Interscience, New York 2003, 5-28.

Nica AS, Brailescu CM, Scarlet RG. Virtual reality as a method
for evaluation and therapy after traumatic hand surgery. Stud
Health Technol Inform. 2013; 191: 48-52. (PMID: 23792841).

Linacre JM, Heinemann JW, Wright BD, Granger CV,
Hamilton BB. The structure and stability of the functional
independence measure. Arch Phys Med Rehabil. 1994. 75:
127-132.

Heinemann AW, Linacre JM, Wright BD, Hamilton BB,
Granger C. Relationships between impairment and physical
disability as measured by the functional independence measure.
Arch Phys Med Rehabil. 1993. 74: 566-573.

Yozbatiran N, Der-Yeghiaian L, Cramer SC. A standardized
approach to performing the action research arm test.
Neurorehabilitation and Neural Repair. 2008; 22: 78-90. doi:
10.1177/1545968307305353.

The DASH outcome measure. Available at
http://www.dash.iwh.on.ca, Accessed March 12, 2011. Beaton
DE, Katz JN, Fossel AH, Wright JG, Tarasuk V, Bombardier C.
Measuring the whole or the parts?: validity, reliability, and
responsiveness of the Disabilities of the Arm, Shoulder and
Hand outcome measure in different regions of the upper
extremity. Journal of Hand Therapy. 2001 Apr 1; 14 (2):
128-42.



[21]

[22]

[23]

Clinical Neurology and Neuroscience 2022; 6(3): 45-49 49

Beaton DE, Davis AM, Hudak P, McConnell S. The DASH

(Disabilities of the Arm, Shoulder and Hand) outcome measure:

what do we know about it now? The British Journal of Hand
Therapy. 2001 Dec; 6 (4): 109-18.

Angst F, John M, Goldhahn J, et al. Comprehensive assessment
of clinical outcome and quality of life after resection
interposition arthroplasty of the thumb saddle joint. Arthritis
Rheum 2005; 53: 205-213.

Nica, Adriana & Brailescu, Consuela & Scarlet, Rodica. (2013).

Virtual reality as a method for evaluation and therapy after

[24]

[25]

traumatic hand surgery. Studies in health technology and
informatics. 191. 48-52. 10.3233/978-1-61499-282-0-48.

Kowalczewski J, Chong SL, Galea M, Prochazka A. In-Home
Tele-Rehabilitation Improves Tetraplegic Hand Function.
Neurorehabil Neural Repair 2011 Mar 03; 25 (5): 412-422.

Gil-Agudo A, Dimbwadyo-Terrer I, Pefiasco-Martin B, de los
Reyes-Guzman A, Bernal-Sahun A, Berbel-Garcia A.
Experiencia clinica de la aplicacion del sistema de realidad
TOyRA en la neuro-rehabilitacion de pacientes con lesion
medular. Rehabilitacion 2012 Jan; 46 (1): 41-48.



