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INTRODUCTION 

Brachial plexus injured patients are difficult at best to 

treat from an orthotic or prosthetic perspective. Often times 

these patients present with multiple problems resulting from 

a flail arm presentation which may include distal “hanging” 

weight, lack of supporting musculature, chronic subluxation 

of the glenohumeral joint, scapular instability, and chronic 

pain [1]. Advancements in surgical management of brachial 

plexus injuries have resulted in greater return of functional 

capacity in the affected arm. Timing of reconstruction is 

critical as delays in surgical intervention can preclude 

options for successful direct repair or neurotization [2]. 

Delayed or late presentations, typically 3-12 months after 

the initial injury, can result in the need for free functioning 

muscle transfers for reliable elbow flexion [2]. A free 

functioning gracilis muscle transfer with corresponding 

anterior division of the obturator nerve has been described 

as a commonly used muscle transfer in brachial plexus 

reconstruction due to its proximally based muscle 

neurovascular pedicle and its long length [2]. The 

reestablishment of elbow flexion to position the hand in 

space should be the first priority to any reconstruction 

surgery. The second most important priority is stabilization 

of the shoulder complex [4]. 

Numerous orthotic and prosthetic designs have been 

created to accommodate and support the flaccid, paralyzed 

arm in an effort to provide protection and positioning to the 

shoulder complex, arm and hand [3]. An alternative to long 

term orthotic intervention that has been described in the 

literature involves amputating the patient’s paralyzed arm at 

the level of an elbow disarticulation or the mid humerus in 

combination with a shoulder fusion to increase overall 

stability of the shoulder complex [1,2]. This surgical 

procedure usually coincides with some form of prosthetic 

intervention. 

Shin describes transradial amputation and prosthetic 

intervention as a possibility when shoulder stability is 

maintained and when there is some elbow function spared2. 

He reports that even if the elbow is flail, proprioception may 

still be intact warranting the possibility of a more distal 

level amputation and some form of elbow orthosis or 

prosthesis that will allow for prepositioning of a terminal 

device in space [2]. 

A recent patient case within our clinical setting brought 

to light the consideration for treatment of this debilitating 

presentation. The following question was raised within our 

rehabilitation team: could a transradial amputation coupled 

with the utilization of a free-functioning gracilis muscle 

transfer be used to return active elbow flexion and allow for 

positioning of a prosthetic hand in space? Could this 

provide an alternative option for this patient who was 

considering amputation above the elbow? 

CASE PRESENTATION 

Patient Presentation 

The patient, a 21-year old female, was seen in our clinic 

on August 9th, 2009, to evaluate her potential for prosthetic 

rehabilitation. The patient presented with a short, right 

transradial amputation secondary to a motor vehicle 

accident in Pakistan which occurred on August 8th, 2004 

(Fig. 1). In addition to the right transradial amputation, the 

patient also sustained a right brachial plexus injury resulting 

in flaccid paralysis of her shoulder and arm distal to the 

shoulder complex (Fig. 1). A humeral fracture was also 

treated at this time utilizing external fixation techniques. 

Upon evaluation of the patient’s current physical 

condition, it was noted at the time that her overall health 

was good. Analysis of her residual limb showed good skin 

coverage distally but significant scarring was noted in the 

region of the biceps muscle. The patient presented with 

flaccid paralysis of her elbow with no obvious motion in 

flexion or extension. Her shoulder showed significant signs 

of wasting and atrophy and her scapula was unstable 

resulting in severe instability and scapular winging. 

At the time of evaluation, the patient had not utilized a 

prosthesis or orthosis for management of her brachial plexus 

injury or amputation presentation. The patient’s 

rehabilitation goals included regaining functional 

independence in bimanual tasks, performance of vocational 

activities in an office setting, and minimizing the reliance on 

the sound side left hand to reduce the potential for repetitive 

stress and overuse injuries. Also, protection of her right arm 

and support of her weakened shoulder complex were very 

important to her continued rehabilitation. 
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Figure 1: Initial evaluation presentation. Demonstration of 

the flaccid paralysis presentation 

Prosthetic Recommendations 

Based on her presentation, her rehabilitation goals, and 

her prosthetic requirements, we recommended the following 

prosthetic rehabilitation: 

 Externally powered prosthesis 

 7 ¼” Sensor Hand Speed with stain resistant gloves 

 Electric wrist rotator 

 Linear transducer control of her terminal device 

 Outside locking hinge with triceps cuff 

 Internal lithium ion battery system 

 Inner flexible socket 

 Outer laminated frame with integrated locking joint 

 Figure-of-8 style harness 

Therapy Recommendations 

The patient also required extensive therapy intervention 

to help strengthen her scapula and shoulder complex as 

much as possible. The following recommendations were 

made for therapeutic rehabilitation: 

 Training for overall physical performance of 

functional movement 

 Adaptive techniques training for functional activities 

 Physical training for optimal UL stabilization, 

mobility, strength and endurance 

 Patient family education for activity performance, 

adaptive ADL techniques, wound care and home 

exercise performance training 

 

Surgical Recommendations 

Because of the patient’s transradial amputation 

presentation, we collaborated with a local plastic surgeon 

that specializes in brachial plexus injuries to see what 

options the patient might have to regain some functional 

elbow flexion. Based on the late presentation and severity of 

her brachial plexus injury, there was no potential to perform 

a primary nerve repair or interposition nerve cable grafting. 

The surgical recommendation was as follows: 

 Perform a staged surgery that would ultimately use a 

free-functioning gracilis muscle transfer to provide 

active elbow function.  

 The main goal of this surgery was to provide the 

patient the ability to pre-position a prosthetic hand in 

space to increase her overall function and ability to 

perform activities of daily living.  

SURGICAL PROCEDURE 

The surgery required a two stage approach. The first 

stage was performed in February of 2010 in which a sural 

nerve graft was attached to the accessory nerve in the 

patient’s right neck. On August 31st, 2010, the patient 

underwent a second surgical procedure to her right arm with 

the goal of providing active elbow function. The procedures 

performed in the second stage surgery were the following: 

1. Harvest of the right myocutaneous gracilis free flap. 

2. Exploration of the right axilla and upper extremity in 

preparation for the functional muscle transfer. 

3. Tenotomy and tendon repair of the right pectoralis 

major muscle. 

4. Tendon repair of the free gracilis to right coracoid 

process with large Mitek suture suspension. 

5. Tendon repair of the distal free gracilis to distal 

biceps tendon with a Pulvertaft weave. 

6. External neurolysis of a previously placed sural nerve 

graft and neurorrhaphy to the free gracilis nerve 

branch. 

7. Microscopic anastomosis of the posterior circumflex 

humeral artery to the free gracilis. 

8. Microanastomisis of the brachial vein to the free 

gracilis. 

RESULTS 

Surgical Results 

In the nine months following her surgery, the patient 

has experienced a noticeable improvement in her ability to 

flex her elbow. Upon measurement of active elbow flexion, 
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the patient has approximately 30 degrees of elbow flexion 

against gravity with compensatory internal rotation. The 

patient does not exhibit active external rotation at this time. 

It is predicted that the patient will gain even more elbow 

flexion as her free functioning muscle transfer continues to 

heal and re-innervate. 

Prosthetic Results 

Since the patient’s surgery in August of 2010, we have 

been working on a prosthetic design that would provide 

functional support of the patient’s arm and forearm without 

causing subluxation of her glenohumeral joint or exacerbate 

her weakened shoulder condition. During the fitting process, 

we were able to observe the increased function of the elbow 

secondary to the free functioning muscle transfer. 

Our initial preparatory prosthesis was modified to 

accommodate a post-operative splint and sling (Fig. 2). This 

device utilized an Otto Bock Sensor Hand Speed with 

Program number three for single input proportional open 

and close using a linear transducer.  

 

Figure 2: Initial preparatory prosthesis with post operative 

arm sling to immobilize the elbow in 90 degrees of flexion 

As the patient healed and was able to remove the 90 

degree elbow splint and sling, we moved to a second 

preparatory prosthesis (Fig. 3). We attempted to fit this 

device using short triceps cuff, an anterior Y-strap for 

suspension, and an axilla loop for control of the linear 

transducer. An outside locking elbow joint was used for 

control of the elbow. The patient was able to take this 

device with her for trial use and within a few hours of wear, 

her glenohumeral joint began to subluxate causing increased 

pain and discomfort. 

Two main issues were noted in this preliminary design. 

The first was a lack of posterior humeral containment which 

allowed the arm from the glenohumeral joint down to 

migrate posteriorly (Fig. 3, left picture). This posterior arm 

migration was caused from anterior displacement of the 

humeral head which allowed for posterior positioning of the 

elbow. This created stress to the anterior glenohumeral joint 

which was secondary to the instabililty seen at the scapular 

and glenohumeral joint. The change in proximal socket 

design provided better approximation of the head of the 

humerus in the glenoid fossa, relieving anterior pressure on 

the joint, thus minimizing the effects of subluxation. 

Second, the harness crossed over the anterior shoulder 

musculature creating pressure in an area of potential trigger 

release for the shoulder musculature (Fig. 3, right picture). 

This was confirmed by a replicable pinpoint pressure that 

created the same effect the harness did after one hour of 

wear time. 

 

Figure 3: Second preparatory prosthesis. Notice the 

arrows pointing at the two main areas of concern in this 

design.  

A third socket design was created for the patient to use 

that provided better overall support and stabilization of the 

entire arm, especially along the posterior aspect of the 

humerus. Also, we incorporated an anterior strap similar to 

that of a Wilmer Carrying Orthosis™ (WCO) to help 

distribute the weight of the distal forearm and terminal 

device5 (Fig. 4). The intent of the WCO device is to use the 

weight of the hand to lever the humerus into the 

glenohumeral joint. 

  

Figure 4: Better support along the posterior aspect of the 

humerus and overall distribution of distal weight 

 

Ultimately, the design seen in Figure 4 worked well for 

the patient and we proceeded with definitive fabrication of 

this device (Fig. 5). 

Another major change was the replacement of the linear 

transducer with a myoelectrode along the posterior deltoid 

muscle. The control of the Sensor Hand Speed achieved by 

the use of the myoelectrode worked better and eliminated 

the need for the patient to provide excursion to the system 

which appeared to exacerbate her shoulder instability. 
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Figure 5: Finished device 

After evaluation of the finished device, we considered 

changing the terminal device from the Sensor Hand Speed 

to a System 2000 hand from Otto Bock. The patient found 

the lighter terminal device to be more comfortable and she 

was able to tolerate the weight for longer periods of time. A 

custom made quick disconnect wrist device was created in-

house for use with a MyoRotonic wrist rotator in 

conjunction with the System 2000 hand. This allowed for 

active open / close of the hand and supination / pronation 

using impulse control with MyoRotronic processor. 

Therapy Results 

Recovery from nerve graft and muscle transfer is 

ongoing and will continue for many months. Functional 

training will continue to progress with gradual 

improvements in muscular strength, endurance and active 

range of motion. Therapy intervention will continue to focus 

on adaptive techniques training for use with the prosthesis 

as an assistant for bimanual functional activities. 

Interestingly, the patient began to develop referred pain 

from pressure points in the infraspinatus region in her right 

shoulder (Fig. 6). Also, the patient’s scapular weakness is an 

ongoing problem that results in severe winging and 

instability in external and internal rotation (Fig. 6). 

DISCUSSION 

As surgical techniques improve and the ability to return 

active muscle function to patients suffering the effects of a 

brachial plexus injury, we may find that higher levels of 

amputation coupled with shoulder fusions are less optimal. 

Retention of the elbow and the ability to return function to 

this joint seems like a viable method of treatment. This case 

presentation provided to us the ability to investigate the 

possibility of a transradial amputation coupled with a free-

functioning muscle transfer as a viable alternative to 

complete amputation above the elbow. 

 

  

Figure 6: Demonstration of trigger points creating distal 

anterior pain in the arm. Severe scapular winging on the 

right side is noted. 

As this patient develops more return in the function and 

strength at her elbow joint we may find that the current 

prosthetic socket design can be modified to a lower profile. 

Due to the nature of the patient's injury, concomitant 

muscular limitations will likely continue to limit full active 

range of motion at the shoulder. The prosthesis design does 

appear to support shoulder deficits and supplements the 

patients post surgical strengths for effective prosthesis use. 

Whether or not the patient will gain enough strength to 

independently lift a distal terminal device is yet to be seen. 
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