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A B S T R A C T   

Introduction: Drop hand is the case of inability to dorsiflexion of the hand and fingers according to radial nerve 
palsy (complete syndrome) or PIN (Posterior Interosseous Nerve) palsy (partial syndrome). Therefore, the patient 
loses part of the normal function of his/her hand causing life problems especially if it is the dominant hand. 
Tendon transfer is the main surgical treatment. 
Case report: We present a case of a young male who sustained multiple traumatic war injuries especially in the left 
upper limb; open humerus fracture, open ulna fracture, open radius fracture with a clear drop hand syndrome. 
After quadruple tendons transfer, he got a very good result especially in thumb movements with good ROM 
(Range Of Motions) in the wrist. 
Discussion: Since it is difficult to restore full ROM and full muscular strength in the wrist and fingers of a drop 
hand with triple tendon transfer routinely, especially in the case of multiple injury to the upper extremity with 
the pronator teres being nonfunctional, we decided to perform quadruple tendon transfer depending on the 
tendons; FCR, PL, 3rdFDS, 4thFDS for stronger extension of the wrist, thumb, and other fingers. 
Conclusion: Our aim here is to confirm that the drop hand does not have standard findings in all cases. It may be a 
challenge, and may have atypical findings especially in the case of ipsilateral multiple traumatic limb, which in 
turn may have weakness or restriction in some important movements, so, it is important to keep in mind al-
ternatives of tendon transfer.   

1. Introduction 

Wrist drop is a disorder caused by radial nerve palsy. Because of the 
radial nerve's innervation of the extensor muscles of the wrist and digits, 
those whose radial nerve function has been compromised cannot 
actively extend them. As such, the hand hangs flaccidly in a position of 
flexion when the patient attempts to bring the arm to a horizontal po-
sition. Causes of wrist drop include a stab wound to the shoulder area 
just below the clavicle, as this is the area where the radial nerve is the 
terminal branch of the posterior cord of the brachial plexus. A knife 
wound, for example, may easily transect the cord. Traumatic contusions 
caused by crush or twisting injuries of the wrist or forearm can cause 
such a neuropathy. Entrapments are rare. Compressive lesions can be 
secondary to repetitive occupational pronation-supination movements, 
wristwatch bands, casts, or even handcuffs. Similar to “Saturday night 
palsy,” many patients with handcuff neuropathies are inebriated, Lead 
poisoning and thiamin deficiency (beriberi) may also result in wrist drop 
[1]. 

It is well known that wars present different kinds of injuries that can 

lead to permanent injury, disability or limb loss. The radial nerve is one 
of the most common war-related injury sites due to penetrating cutting 
tool injuries or gunshot wounds, resulting in drop-hand syndrome [2]. 
Although surgical treatment for this wound pattern is controversial 
among surgeons of the upper extremity, certain management principles 
are valid in all cases. 

The most common indication for upper extremity tendon transfer 
procedures is a peripheral nerve injury that has no potential to improve 
[3]. This includes nerve injuries that are physically irreparable such as 
root avulsions, nerve injuries that do not recover after direct nerve 
repair or grafting, or failed nerve transfers. In addition, tendon transfer 
procedures are often indicated when peripheral nerve injuries present so 
late that muscle re-innervation is impossible due to motor end-plate 
fibrosis. Other common indications include loss of muscle or tendon 
following trauma, central neurologic deficits such as spinal cord injuries 
and cerebral palsy [4], and tendon ruptures in patients with rheumatoid 
arthritis. Other rarer disorders, including poliomyelitis and leprosy, can 
result in disability that may benefit from a tendon transfer procedure. 

Tendon transfer is applied following peripheral nerve injuries that 
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present with delayed re-innervation of the related muscle, with a lack of 
function due to motor fibrosis [5]. In such cases, transferring tendons is 
the only chance for the patient to regain wrist or finger extension. 
Although different tendon options are available, surgeons prefer the use 
of specific tendon groups [6]. As a general reference, wrist extension 
restoration is employed with the transfer of the pronator teres (PNT) to 
the Extensor Carpi Radialis Brevis (ECRB) [7]. Palmaris Longus (PL) is 
the best choice for restoration of thumb extension and thumb radial 
abduction [8]. The repair approach for finger extension can be 
employed using the Flexor Digitorum Superficialis (FDS), Flexor Carpi 
Ulnaris (FCU), or Flexor Carpi Radialis (FCR) [9]. 

The principles of successful tendon transfer procedures have been 
identified and refined over the last century. They are 1) supple joints 
prior to transfer, 2) soft tissue equilibrium, 3) donor of adequate 
excursion, 4) donor of adequate strength, 5) expendable donor, 6) 
straight line of pull, 7) synergy, and 8) single function per transfer 
[10,11]. 

This case report has been reported in line with the SCARE 2020 
criteria [12] 

2. Case report 

A 19 years old male patient presented to the orthopedic clinic of Al- 
Andalus private hospital in Damascus. He was a right-handed auto 
mechanic, and his weight was 73 kg. He walked into the clinic. He was 
nonsmoker and had no family, personal or medical history. His main 
compliant was drop hand with restricted supination and pronation 
movements in the left forearm and wrist after multiple previous injuries 
caused by an explosion in Damascus. The previous surgical treatments 
were as follow; 1- urgent closed reduction and external fixation of the 
left humerus, removal of some shrapnel with K-Wires fixation of left 
radius and ulna [Figs. 1A&B and 2A&B]. 2- Intra medullary (IM) nailing 
of the left humerus with bone grafting [Figs. 3 A&B, 4A&B] and open 
surgical bone grafting with lucked plate fixation of the non- united 
proximal third of the left radius [Figs. 5 A&B and 6A&B]. Clinical ex-
amination discovered a complete drop hand syndrome with inability to 
dorsiflexion of the left wrist and fingers and restricted supination and 
pronation of the forearm [Video No1]. X-ray imaging discovered good 
union of the humerus, ulna and radius fractures without any clear 

synthesis between the two forearm bones with mild palmar angulation 
of the proximal third of the left ulna, which may explain the restricted 
supination and pronation [Fig. 7A&B]. 

A new electromyography showed a severe injury and absent con-
nectivity of the left radial nerve at the level of the proximal third of the 
humerus, and a complete drop hand syndrome, with normal connec-
tivity in the ulnar and median nerves. The clinical examination 
confirmed the absence of the pronator teres muscle (PT) function, which 
may be injured with shrapnel or the open wound, and -as we know- this 
muscle is an important part of classic tendon transfer as a surgical 
treatment for drop hand. Therefore, we decided to do quadruple tendon 
transfer to get the best result. 

After thirteen months of the explosion, surgical treatment of drop 
hand syndrome was done as follow; with the patient in supine position, 
and through an eight cm exposure in the shape of C on the dorsal part of 
the distal third of the left forearm, the dorsal extensors of the thumb, 

Fig. 1. A&B show the primary urgent surgical treatment after the multiple traumatic injuries in the left arm and forearm. Here we can see the external fixator and the 
mid-shaft humerus fracture, a shrapnel in the posterior thoracic wall (blue arrow), and K-wires in radius and ulna. (For interpretation of the references to colour in 
this figure legend, the reader is referred to the web version of this article.) 

Fig. 2. A&B show urgent fixation of radius and ulna with intra medullary K- 
Wires with a clear gap and fragmentation in the proximal third of the radius 
(red arrow). (For interpretation of the references to colour in this figure legend, 
the reader is referred to the web version of this article.) 
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fingers and the wrist were exposed as follow: ECRL, ECRB, EPL, AbPL, 
and EDC (Extensor Carpi Radialis Longus, Extensor Carpi Radialis Bre-
vis, Extensor Pollicis Longus, Abductor Pollicis Longus, and Extensor 
Digitorum Communis). And through three separate palmar exposures, 
the tendons of the donor muscles which are; PL (palmaris Longus), FCR 

(Flexor Carpi Radialis) in addition to the 3rd and 4th tendons of FDS 
(Flexor Digitorum Superficialis) were harvested. Then, the harvested 
tendons were passed through the interosseous membrane towards the 
dorsal exposure to be reinserted (end to side) into their final sites as 
follow: 1- PL (Palmaris Longus) into the EPL (Extensor Pollicis Longus) 
to restore thumb extension 2- FCR (Flexor Carpi Radialis) into the EDC 
(Extensor Digitorum Communis) to restore the extension of the wrist and 
fingers. 3- the 3rd tendon of FDS (Flexor Digitorum Superficialis) into the 
tendons of ECRL & ECRB (Extensor Carpi Radialis Longus & Extensor 
Carpi Radialis Brevis) to restore wrist extension 4- the 4th tendon of FDS 
(Flexor Digitorum Superficialis) into AbPL (Abductor Pollicis Longus) to 
restore thumb abduction [Figs. 7 Aa,Ab,Ba,Bb & 8 Aa,Ab,Ba,Bb & 9A,B, 
C]. 

After surgery, an infra-elbow palmar slab was used for two weeks in 
position of 20◦ dorsiflexion of the wrist, 15◦ of palmar flexion at the level 
of the MP joints, and full extension in DIP and PIP joints. Then, an 
excessive gradual rehabilitation program was applied for two months to 
restore wrist and fingers extension and muscles strength [Video No2], 
and then he admitted another program to strengthen the muscles of the 
arm and the forearm bilaterally for about 6 months [Video No3] (this 
video is 3 years after the surgery). 

3. Discussion 

The radial nerve is the most frequently injured major nerve in the 
upper limb and etiology of its injury is quite varied, As result of its 
proximity to humeral shaft, as well as its long and tortuous course [13]. 

Fig. 3. A&B IM (intra Medullary) nailing with open bone grafting for the non- 
united fracture of the proximal third of the left humerus. 

Fig. 4. A&B Left humerus after IM nail removal 2 years after open 
bone grafting. 

Fig. 5. A&B lucked plate fixation with open bone grafting for the non-united fracture of the proximal third of the left radius.  

Fig. 6. A&B good union of the left radius and ulna with lucked plate fixation of 
the radius (2 years after bone grafting surgery). 
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Most authors believe that tendon transfers will result in good outcomes 
in cases of radial nerve palsy with irreparable damage or reconstruction 
failure [14].  

1- Sunderland recommended that one year is enough to go on tendon 
transfer if nerve recovery has not happened in this time [15].  

2- Burkhalter believed that the greatest functional loss in patient with 
radial nerve injury is weakness in grip and recommended early 
transfer to eliminate the need for external splint and reduce the 
period of disability after injury [16]. 

So, there is no consensus on the best method for tendon transfer in 
patients with radial nerve palsy [17]. Classically, surgeons use different 
combinations of tendon transfers in order to achieve three major goals in 
treatment of radial nerve palsy including restoration of finger extension, 
restoration of thumb and wrist extension in cases of severe radial nerve 
palsy [18]. In early transfer, this was intended as substitute for internal 
splint during regeneration of the nerve after repair and there are quite 
acceptable functional results in first weeks after removing plaster splint 
and patients were able to return to work early than expected before 
nerve healing and regeneration had happened [19]. 

Fig. 7. A a&b show the effect of the EDC, B a&b show the effect of EPL and the new insertion of PL.  

Fig. 8. A a&b show the effect of ECRL&B, B a&b show the effect of AbPL.  
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The rationale for Jones transfer (FCU to EDC) was a matter of sur-
geon's preference and some patients have ulnar deviation of the wrist 
pre-operatively while Brands (FCR to EDC) transfer was advocated 
instead of FCU to restore finger extension to preserve FCU which is more 
important wrist flexor than FCR because normal axis of wrist motion is 
from dorsal-radial to volar-ulnar [20]. 

Boyes then Chuinard et al.; suggested that Flexor Digitorum Super-
ficialis (FDS) tendons, with their greater excursion, would be better 
motors for finger and wrist extensors. Their major proof was the fact that 
amplitude of action and power of wrist flexors is too small to allow 
simultaneous extension of wrist and fingers [21]. 

The FDS transfer was primarily employed as it provides thumb 
extension independent from wrist and fingers extension, because the 
FDS control each finger is independent from other fingers. The FDS of 
the middle finger was preferred as motor for EPL because it provides 7 
cm of excursion, while FCR provides only 3 cm; therefore, the FDS is 
more efficient, noting that EPL normally provides 5 cm excursion [22]. 

In this case report, we introduced a rare case of multiple traumatic 
left upper limb contained a full drop hand syndrome with injured Pro-
nator terse muscle. Therefore, and according to the studies that suggest 
the wrist and fingers flexors as a better donor for wrist and fingers 
extension, we decided to use alternatives like the third and fourth ten-
dons of the FDS (Flexor Digitorum Superficialis). Moreover, we added 
the thumb abduction to the group of the restored movements along with 
the extension of the wrist, fingers and thumb to get a powerful extension 
and a functional hand that abduction gives the thumb a full ROM, and 
additional maneuvers to catch and fix then release grasped things. 

The good results were clear after 12 weeks as the patient got good 
active flexion and extension in the affected wrist and started again his 
routine works. Nevertheless, as we know, it is very weak to rely on only 
one case to give a final judgment on this method and the extent of its 
usefulness in managing hand drop. Therefore, we suggest conducting in- 
depth and specialized studies dealing with a comparison between the 
flexor muscles of the forearm in terms of muscle strength and thus their 
ability to give the strongest extension after tendon transfer, taking into 
account the comparison with the pronator teres muscle, to get depend-
able results. 

4. Conclusion 

Drop hand should be suspected in any case of absent dorsiflexion and 
extension of the wrist and fingers after cutting wounds, displaced frac-
tures of the humerus or war accidents that may affect the radial nerve. 
Careful clinical examination that concentrate on the functional muscles 
and deep reading of electromyography are essential to get enough in-
formation about the type of the injury, the predicted plans for treat-
ments, and the presence of accompanying injuries like fractures, 
muscular destruction or de-innervation that may require alternatives in 
physiotherapy or surgical plan. In the medical practice, orthopedists 
tend to deal with classic drop hand that caused by radial nerve injuries 
with normal flexors and pronator teres function. Therefore, the most 
popular tendon transfer contains transferring the tendon of PT into FCR 
(Flexor Carpi Radialis) to restore wrist extension. In the case of absent or 
nonfunctional Pronator Teres, we suggest quadruple tendons transfer by 
using the third and fourth tendons of the FDC (Flexor Digitorum Com-
munis), and adding the thumb abduction to the restored movements, to 
get a powerful extension and a functional thumb. It is important to use a 
perfect length of tendons and suitable suturing type to get firm ways to 
transfer power into new effect points. In addition, the follow up and 
physiotherapy for suitable periods are essential to get the best results. 

Supplementary data to this article can be found online at https://doi. 
org/10.1016/j.ijscr.2022.106880. 
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