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Introduction

A careful analysis of the published literature, however, fails to offer a clear panorama of the functional results of reconstruction. Over the years, opinions concerning the treatment of lesions of the brachial plexus have changed. The first report of successful surgery on a traction injury of the brachial plexus was reported in 1900, by Thoburn [1] but the initial enthusiasm was replaced with pessimism because of the poor subsequent results [2].

The last three decades have witnessed a resurgence of interest in the pathology of the brachial plexus. Seddon [3] demonstrated that continuity of the neural substance can be repaired with auto logous nerve grafts, and surgeons were stimulated to consider reconstruction of traction lesions of the brachial plexus [4-15]. The development of microsurgery and improvements in imaging, electro diagnosis, surgical instruments and suture material renewed interest in surgical reconstruction, and has given rise to more favourable results. Surgical options, such as neurolysis, nerve grafts, nerve transfer, and palliative surgical procedures (tendon transfer or functioning free muscle transplantation and arthrodesis) offer different modalities to improve the clinical outcome of brachial plexus lesions. Evaluating outcomes of reconstructive surgery for lesions of the brachial plexus is extremely complex.

Surgical Treatment

 Timing of surgical procedure

The time between accident and surgical intervention is one of the more important factors and may be an important predictor of the final outcome. Narakas and Hentz [16] found a correlation between preoperative duration and recovery. When reconstruction was delayed for more than 8-12 months, the recovery was poor, but if reconstruction was carried out before the fourth month, the functional outcome was better. Bentolila et al. [14] pointed out that the delay between the moment of injury and the surgical intervention presages the final outcome.Monreal [15] found that the preoperative duration inversely influenced the probability of motor recovery.

Indications for emergency operative procedures include vascular injury, open penetrating injuries, and open infected crushing/stretching wounds. In the case of closed BPI wounds and when there are no other emergent injuries, surgical exploration and recovery may not take place immediately. After 3-6 months surgical operation is recommended for traumatic palsy injuries with no clinical sign of functional restoration or electromyography signs of denervation. A delay of more than eight months implied a bad prognosis for functional recovery [7] and nerve reconstruction is not recommended for traumatic lesions more than 9 months after the accident although there have been reports of successful procedures after 9 months [8,9].

Repair priorities

The surgical plan should be individualized and a priority list must be established, based on functional importance and the prognosis after nerve reconstruction.

In our opinion, an ideal sequence of priorities:

A. Elbow flexion against (Figure 1).
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Figure 1: Postoperative photograph of a patient who previously had a supination deformity of the right forearm which now has been placed in slight pronation after biceps rerouting procedure.


B.	Shoulder stabilization and recovery of abduction and external rotation (Figure 1).

C.	Elbow extension.

D.	Brachio thoracic pinch (abduction of the arm against the chest).

E.	Wrist and finger extension.

F.	Wrist and finger flexion.

G.	The ulnar innervated structures are the last priority because of the poor prognosis for recovery.

Surgical procedures

Neurolysis is indicated when the nerve lesion is in continuity. Anterior epineurectomy is recommended and interfascicular neurolysis should be avoided in order to preserve the intrinsic vascularity of the nerve. Nerve Grafting is the predominant technique for clear cut injuries with a healthy proximal stump and with no axial damage. The sural nerve, the sensory branch of ulnar nerve, and the medial cutaneous nerve of the forearm are the usual donor nerves. The outcome is influenced by the length of the nerve graft, the presence of scar tissue at the wound site, the number of grafts used, and the presence of a healthy proximal stump available. Narakas and Hentz [16] found that the functional outcome was favorable in cases with grafts less than 5 cm but that it was less favorable in those with grafts longer than 10 cm and Monreal [15] found that graft length inversely influenced the motor results after surgical treatment. A significant positive correlation was found between the number of grafts and muscular strength [15].

Neurotization: This type of procedure is used for preganglionic root injury in BPI to achieve motor reinnervation. The nerve transfer may be extraplexus or intraplexus. Intraplexus transfer options include intact nerve roots and extraplexus transfer options include the use of intercostal [17], spinal accessory nerve [18], phrenic nerve [19], and deep motor branches of the cervical plexus [20]. More recently, fascicles from a functioning ulnar and/or median nerve [21-23] have started, as well as branches of the radial nerve that go to the triceps muscle [24], and the contra lateral C7 [25]. Surgeons should always include sensory transfers in the surgical plan, in an attempt to recover protective sensation of the hand (median nerve area).

Reimplantation of brachial plexus: Carlstedt et al. [26,27] reported the first successful spinal cord implantation of an avulsed spinal nerve root [26,27]. Many questions remain about this type of procedure and further research is needed to bring conclusions.

Secondary Reconstruction

Restorative procedures for upper extremity functions after brachial plexus injuries are principally determined according to their pathological conditions. Repair of the brachial plexus is only one part of the treatment [15]. In the absence of spontaneous recovery or when the first surgical procedure does not provide satisfactory outcomes then a second palliative surgery may be required. Tendon and muscular transfers, arthrodesis, tenodesis, and functional free muscle transplantation should be done in order to improve the functional results.

Arthrodesis

Shoulder: Arthrodesis of the shoulder has stood the test of time, mainly to improve upper-limb function after paralysis. The optimum position for arthrodesis of the shoulder is debateable610 and the recommended positions are: 20 degrees of abduction, 30 degrees flexion, and 30 degrees of internal rotation to allow the patient to be independent in his daily life with a mean range of 60 degrees abduction and flexion through the scapulothoracic joint [28].

Wrist: In cases where the hand has some function, wrist arthrodesis may stabilize the joint and provide motor units for tendon transfers (i.e. flexor carpi radialis to extensor digitorum communis transfer) so as to enhance finger function. Wrist arthrodesis may stabilize the joint and increase grip strength. Arthrodesis places the wrist in a stable functional position, and subsequent tendon transfers can improve movement and power in the elbow when Steindler flexorplasty is done [29].

Tendon transfer

Tendon transfers are useful in restoring upper extremity function after BPI. An absolute indication for tendon transfer is in partial upper or lower brachial plexus paralysis.

Shoulder: Flail shoulder secondary to a brachial plexus injury is difficult to treat. After neurosurgical treatment and adequate physiotherapy, reconstructive surgery may be needed to improve the stability and function of the shoulder. Many tendon transfer techniques have been described for treating partial shoulder paralysis.

Several muscle transfers have been advocated to restore movement and stability of the shoulder after brachial plexus palsy [30-33]. Passive shoulder abduction of 80° is an important prerequisite, and requires intensive physiotherapy before transfer. If 80° is not obtained, shoulder arthrodesis is recommended [29].

Among the most common procedures are the following:

A.	Trapezius to deltoid transfer to restore abduction of the shoulder.

B.	Latissimus dorsi transfer as described by L' Episcopo,to improve external rotation.

C.	Anterior transfer of the posterior branch of the deltoid muscle to restore nonfunctional anterior segment.

Trapezius transfer can provide satisfactory functional improvement and it is better than arthrodesis for paralysis of the shoulder after brachial plexus injury [34-38] (Figure 2).
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Figure 2: Postoperative photograph showing abduction of the shoulder after trapezius transfer.


Elbow: Loss of elbow flexion due to traumatic palsy of the brachial plexus represents a major functional handicap. Then, the first goal in the treatment of the flail arm is to restore elbow flexion by primary direct nerve surgery or secondary reconstructive surgery. The surgical goal is to restore good muscle strength through a range of elbow motion (30 to 130 degrees).

There are various methods to restore elbow flexion which are well documented in the medical literature. One of the earliest procedures for restoring function to the elbow, Steindler flexorplasty first reported in 1918 [39] is still preferred by many surgeons.

A.	transfer of the common origin of the flexor forearm muscles to a proximal section

B.	transfer of latissimus dorsi muscle to the tendon of the biceps brachialis

C.	transfer of pectoralis major brachial branch tendon to brachial biceps but a fused shoulder is required

D. transfer of triceps tendon to biceps (Figure 3).
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Figure 3: Triceps tendon transferred and sutured to biceps. Functional result. Note the mild 20-degree loss of extension in a resting position.



In patients with C5-C6-C7 palsy where the wrist and finger extensors are paralyzed or weaked, the flexor-pronators muscles of the forearm are strong but the triceps is not available for transfer; Monreal [29] proposed Steindler flexorplasty to restore elbow flexion should be complemented with wrist arthrodesis.

Forearm:Forearm rotation depends on the integrity of the proximal and distal radioulnar joints and utilizes four muscles: two pronators (pronator teres and) and two supinators (the biceps and the supinator). In severe brachial plexus palsy in children and adults, supination contracture results from muscle imbalance and shrinkage of inter osseous membrane. The surgical correction of a supination deformity may involve tendon transfers or correction of the axis of rotation by derotation osteotomies which may be open or closed. The biceps then becomes a pronator which provides a dynamic correction [40] (Figure 1).

Wrist and hand: The functional deficits of the hand in the brachial plexus injured patient are badly tolerated when the patient notices recovery of the shoulder and elbow function after surgical procedure. Most patients respond to classical transfers [41,42]. Tendon transfers are a routine procedure used to improve hand function in brachial plexus injuries; however, muscles from forearm donors are not always available for transfer. In this situation a distant muscle may be used.

Wrist extension is the first priority, even if all other muscles are paralyzed; it provides automatic finger flexion by tenodesis effect when the wrist is extended. Monreal [43] proposed an effective and simple procedure (extensor dynamic tenodesis) to restore grip function in patients with C5, 6, 7, and 8 nerve root lesions (Figure 4).
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Figure 4: Photographs displaying the patient's postoperative functional recovery after dynamic tenodesis of the finger extensors to improve hand function in patients with C5, 6, 7, and 8 nerve root lesions.



A valid strategy in the reconstruction of finger and thumb flexion and wrist extension after brachial plexus injury when forearm donor muscles are not available is to transfer the brachialis muscle to the forearm muscles [44]. In residual paralysis involving the C7-C8 and T1 nerve roots, the recovery of finger flexion is always incomplete or absent. Restoring active finger flexion is useful for finger flexion grasp. The pronator teres transfer is a good and reliable method for restoring finger flexion in a paralyzed hand after brachial plexus palsy when others options are not available [45] (Figure 5).
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Figure 5: Restoring active finger flexion after pronator teres to FDP tendon transfer.




Conclusion

Neurolysis, nerve graft or nerve transfer in the early stage or tendon transfer and arthrodesis in the late stage after brachial plexus injury may result in a significant improvement of motor function of the upper limb.
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